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INTRODUCTION

This annual report summarizes the activities
and accomplishments of the Institute for
Telecommunication Sciences for the fiscal year
ending September 30, 1983. It is intended to
serve as a reporting mechanism to agency man-
agement, to our other—-agency sponsors, and to
interested members of the public.

The Institute for Telecommunication Sciences
(ITS) is the chief research and engineering
arm of the National Telecommunications and
Information Administration (NTIA), U.S.
Department of Commerce. Its mission is
divided into two major elements: 1) to pro-
vide direct support to the NTIA Administrator
and the Secretary of Commerce and 2) to serve
as a central Federal resource to assist other
agencies of the Government in the planning,
design, maintenance, and improvement of their
telecommunications activities. The work
performed in carrying out the latter responsi-
bility is reimbursable, is relevant to
national goals and commitments, cannot be
readily performed by the private sector, and
contributes to NTIA's goals.

In order to meet the responsibilities assigned
to it by NTIA and the Department of Commerce
and to meet requests placed upon it by other
Federal agencies, the program carried out by
the Institute falls under two broad categor-
ies: Spectrum Research and Analysis and
Systems and Networks Research and Analysis.

The program of Spectrum Research and Analysis
includes research directed toward development
of models of radio-wave transmission applic-
able to optimization of spectrum use and
communication system performance prediction.
It also includes research directed toward
developing spectrum use concepts and models
that can lead to more efficient use of the
spectrum resource. This is primarily related
to the interactions between radio systems and
the electromagnetic environment.

Radio waves are strongly influenced by the
environment in which they propagate. The ITS-
developed transmission models, depending upon
radio frequency, consider the effects of
terrain, electrical properties, shape, and
surface cover; the nonionized lower atmos-
pheric gases, meteorology, and spatial
structure; and the highly-variable time and
spatial properties of the ionized region of
the upper atmosphere. These models provide
statistical estimates of signal attenuation,
dispersion, multipath, and other factors that
determine the rate of information transmission
and quality of systems performance. Improye-
ments in spectrum planning techniques and ways
to more intensively share the spectrum have
resulted from additional information obtained
from measurement and evaluation of the
spectrum-consuming properties of antennas,
receivers, and transmitters and from measure-
ment of spectrum occupancy. These efforts
directly relate to NTIA and FCC roles in
spectrum manayement.

The Systems and Networks Research and Analysis
program conducts studies directed toward
assessing and developing domestic and inter-
national technical performance standards to
facilitate competition in the provision of
enhanced telecommunication products and
services and to expand U.S. industry oppor-
tunities to compete in international markets.
Also, technology alternatives for the develop-
ment of competitive, lower cost, communication
networks are investigated; and research and
analysis of advanced networks for future
application are accomplished.

In both program categories, significant
involvement in the activities of the Inter-
national Telecommunication Union (ITU) and
especially, its major subdivisions, the Inter-
national Consultative Committees on Radio
(CCIR) and Telephone and Telegraph (CCITT),
has been essential and continues a long
history of active involvement by Institute
staff in such activities. Work in support of
these international commitments is reported
within the succeeding chapters at relevant
places.

In total, the work summarized in this report
is intended to assist in maximizing the
efficient use of the national spectrum
resource, the efficient use of Government
telecommunication systems, and new technology
toward achieving national goals. It is
directed toward incorporating technical,
economic, market, regulatory, and other
factors in an integrated manner into policy
development in telecommunications matters and
toward translating Administration policy for
use in national and international arenas.






CHAPTER 1. EFFICIENT USE OF THE

SPECTRUM AND EM WAVE TRANSMISSION

The electromagnetic spectrum has seen dramatic
growth in demand and use since the beginning
of World war II, and a great range of new
spectrum-dependent telecommunication services
have evolved. To provide for new and expanded
use of the spectrum, two major alternatives
exist: (1) to exploit new regions of the
spectrum at progressively higher frequencies
and (2) to determine more effective means of
managing spectrum use. The National Telecom-
munications and Information Administration,
Institute for Telecommunication Sciences
(NTIA/ITS), conducts a program of applied re-
search and engineering development that ad-
dresses both of these alternatives. In this
chapter, some highlights of the NTIA/ITS pro-
gram directly concerned with these issues are
reviewed. Many of these projects draw heavily
on experience from other programs in ITS, in-
cluding antenna design and measurement, chan-
nel characterization and system performance,
and the many propagation related efforts.

Specific spectrum engineering techniques that
have been developed by ITS personnel will be
discussed in the next section of this chapter.
In Section 1.2, the application of these tech-
niques for spectrum resource assessments is
discussed. Section 1.3 provides an outline of
the work being undertaken by the Institute to
develop advanced instrumentation and spectrum
measurement techniques. In Section 1.4, the
work that is being undertaken to assess and
predict telecommunication system performance
in light of the known characteristics of the
properties of the EM wave transmission medium
is discussed.
SECTION 1.1 SPECTRUM ENGINEERING TECHNIQUES
The concern in this portion of the program is
the development of techniques that can be used
by policy makers, frequency managers, system
designers, and system planners in effecting
decisions regarding use of the electromagnetic
spectrum for telecommunication purposes. These
are techniques that address problems in opti-
mum choice of frequencies and rational trade-
offs between limits on broad classes of equip-
ment (limits on factors such as antenna height
or power), the ability of a system to provide

a required service, and the efficiency with
which available spectrum is used. Techniques
of this kind are extremely varied and must ad-
dress a wide range of problems from the very
specific (for the designer of a specific sys-
tem at a particular location) to the very gen-
eral (for the policy maker and regulator who
must consider national or regional conse-
quences in a single action).

Traditionally, spectrum engineering techniques
have been developed to evaluate a specific
situation, usually with a series of "safe" or
"conservative" assumptions. The spectrum re-
source can be conserved by assigning specific
frequencies to stations in a way that mini-
mizes the total bandwidth required to license
all applicants. In the past two years, ITS
has been developing the mathematical models
and computer algorithms to make such assign-
ments. The earlier research results are being
translated into practical capability in the

Tradeoffs for Efficient Use of the Spectrum

project. There are two useful forms of out-
put: (1) a user-oriented, interactive com-
puter program for making spectrum-conserving
frequency assignments and (2) general princi-
ples of efficient frequency assignment that
can guide the development of frequency-dis-
tance separation rules for a service.

During the past several years, we have devel-
oped computer methods for optimum frequency

of the Spectrum project. These efforts cul-

minated this year in the production of user-
oriented, portable software for assigning a set
of stations in the minimum total bandwidth.

The program for optimum frequency assignments
is called ASIGN, is written in ANSI Fortran,
and is implemented on a large main-frame com-
puter at Boulder. It is interactive and modu-
lar, with flexible input and output.

The input options include:

o a set of station locations and a set of
frequency-distance rules

o a set of station locations and an
associated constraint matrix

o a set of frequency-distance separation
rules and a number of station locations to
be randomly generated.

In each case, there may also be a number of
stations with prior frequency assignments that
are to be retained. The user may designate a
total allocation bandwidth that will not be
exceeded. If a station or stations cannot be
assigned within the allocated bandwidth, the
program will print a warning message, discard
the station, and try to assign the remaining
stations.

The program makes assignments with a number of
different, nearly-optimum algorithms (an exact
optimum algorithm takes an impractically long
time to run on a computer) and chooses the best
assignment as the optimum one. As an alterna-
tive, the user can specify one or more partic-
ular algorithms, and no others will be used.

The output of ASIGN is a list of the station
locations and their assigned frequency for the
optimum assignment. In addition, certain aux-
iliary output is available:

o the size of the initial clique (a group of
stations that all mutually-constrain each
other)

o tabulations of the number of stations

assigned to each channel

o the stations constraining (or constrained
by) any particular station.

The program will be made available to inter-
ested users for the cost of reproduction and
handling. A User's Guide is being written,
and will be published as an NTIA Report in
FY 84. 1Its completion was delayed by diver-
sion of project personnel to higher priority
tasks.



The predecessor program to ASIGN was used to
study the spectrum costs of adjacent-channel
frequency-distance separation rules. The re-
sults were incorporated into proposed revision
to CCIR Report 842. This revision has been
forwarded to Geneva by the U.S. National Com-
mittee of CCIR and will be considered at the
Interim Meeting in November 1983.

With the completion of the User's Guide, the
project, Tradeoffs for Efficient Use of the
Spectrum, will be terminated.

For several years ITS has been providing tech-
nical assistance to NTIA's Public Telecommuni-
cations Facilities Program.- Principally, this
assistance has consisted of estimating the
number of people presently served, or soon to
be served, by the various public television
and radio facilities in the contiguous United
States. One concern with these estimates has
been that they used 1970 census figures. This
has now been remedied by the acquisition of
new data from the 1980 census, so that more
accurate estimates are possible. For example,
in 1982 it was estimated that 85.6 percent of
the population could obtain service from
licensed, full-service, public television
stations. Using the more up-to-date informa-
tion, this value changes to 84.6 percent.

In future efforts, we hope to help determine
in what parts of the country outreach activ-
ities to encourage new public telecommunica-
tions would be most effective.

In support of NTIA's Minority Telecommunica-
tion Development Program, ITS has prepared a
Technical Planning Service intended to help
minority entrepreneurs assess the potential
market of a proposed FM or TV station. This
service uses a computer program to provide a
quick look at the coverage area of a suggested
broadcast station together with a count of the
minority population living in that area. A
sample of the output is shown in Figure 1-1, a
map of the region proposed to be served with
three estimated service contours, and in
Figure 1-2, the accompanying sheet of statis-
tics.

The Spectrum Engineering bevelopment Support
project provides analysis support to the Spec-
trum Engineering and Analysis Division (SEAD)
of NTIA. This year, we used the optimum fre-
quency assignment program to study the rela-
tive efficiency of land mobile radio systems
with different bandwidths and different inter-
ference rejection.

Using standard FM systems and proposed ampli-
tude-compandered single-sideband (ACSB) sys-
tems as models, SEAD developed frequency-dis-
tance (f-d) separation rules for two generic
systems--called the "wideband" and "narrow-
band" systems respectively. These f-d rules
are shown in Table 1-1.

The total bandwidth required to assign fre-
quencies to a given number of randomly-located
transmitters was computed with the program for
a variety of scenarios. We reached the fol-
lowing conclusions:

If the non-co-channel separation distances are
less than about one-third of the co-channel

separation distance, the number of channels,
M, that are required to assign channels to N
base stations uniformly and randomly located
in a square with side S is given approximately
by the empirical formula:

M= 4.19 + N(.140 R + .722 Rz):

where R is the ratio of the co-channel separa-
tion distance to the square side. This equa-

tion holds if 0.1 < R < 0.7. Under these con-
ditions, the narrowband systems always require
less total bandwidth than the wideband systems.

We also considered cases in which the trans-
mitters were concentrated at preferred loca-
tions, were clustered with an exponential dis-
tribution of distances from an urban center,
or were located in sguares with sides less
than the co-channel separation distance. 1In
all these cases, the narrowband systems re-
quired less total bandwidth than the wideband
systems, although the difference was not
always as dgreat.

We considered interleaving wideband and nar-
rowband systems by assigning wideband systems
only on even multiples of 12.5 kHz and assign-
ing narrowband systems only on odd multiples
of 12.5 kHz. This arrangement automatically
satisfies most of the non-co-channel f-d
rules. For base stations randomly located in
a square, then, the empirical formula can be
applied separately to the two systems, and the
total bandwith required can be computed. 1In-
terleaving the systems this way takes the same
total bandwidth as segregating the systems in-
to adjacent frequency bands.

Another spectrum planning tool with a strong
potential for applications to many kinds of
spectrum planning problems is referred to as
Network Service and Interference Predictions.
The NOAA Weather Radio Program administered by
the National Weather Service (NWS) broadcasts
current weather conditions and forecasts on a
24-hours—-a-day basis. Recently this broadcast
network has also been designated as the pri-
mary element in the national disaster warning
system. In order to effectively reach their
goal of 95 percent of the population of the
United States with these broadcasts, NWS ex-
panded the network by adding new stations and
increased the number of transmission frequen-
cies to seven. The network must be carefully
designed in order to minimize the co-channel
self-interference that may result from operat-
ing closely-spaced stations on only seven
channels. To assist NWS in siting new weather
broadcast stations and selecting the optimum
channels to meet their objectives, the Insti-
tute has developd an interactive computer
model called NETWORK.

NETWORK is designed to help NWS plan the ex-
pansion of the broadcast network by-predicting
the coverage that results when stations are
added to or deleted from the network, or have
their location or characteristics (i.e., fre-
qguency assignment, transmitter power, antenna
height, etc.) changed. The NETWORK data base
contains the required information about each
station in the network to determine service
and interference areas (see Fig. 1-3). NET-
WORK's editing capability allows the user to
easily modify any of these station data, and
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Figure 1-1. Sample output from the Technical Planning Service:
three estimated contours for a proposed FM station.
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BLACK 1.1 1.5 1.9
HISPANIC 3.7 Sel 6.3
ASTAN 3 o 5
NATIVE AM. o2 o3 b
OTHER* 1.4 2.0 264

*CONSTITUTES RACES»s GENERALLY MIXEDs OTHER THAN WHITE» BLACK),
ASIANs OR NATIVE AMERICAN,

PREPARED BY THE NATINNAL TELECOMMUNICATIONS AND
INFORMATICON AODMINISTRATINN

Figure 1-2. Sample output from the Technical Planning Service:
statistics concerning coverage by a proposed FM station.
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Table 1-1. Frequency-Distance Separation Rules for Two
Generic Land Mobile Radio Systems

W: Wideband Systems - 12.5 kHz Channel Spacing
N: Narrowband Systems - 5 kHz Channel Spacing
Frequency Channel Distance
Interaction | Separation (kHz) Scparation Scparation (mi)
1 W-w 0 0 110
2 W-W 12.5 1 35
3 W-wW 25 2 1
4 W-N 0 0 155
5 N-N 5 1 8
6 N-N 10 2 4
7 N-N 15 3 2
8 N-N 20 4 1
9 N-N 25 5 1
10 W-N, N-W 0 0 130
11 W-N, N-W 12.5 1 8
12 W-N, N-W 25 2 1
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An example showing station characteristics in the NETWORK data base.

Figure 1-3.



the resulting changes in service and interfer-
ence areas are then calculated and added to
the data bases used to display coverage. Thus
the service and interférence areas plotted on
the interactive terminal will always reflect
the current station parameters contained in
the data base. This capability allows the
user to select the combination of station lo-
cation and technical characteristics that will
maximize service and minimize interference for
the network. By revising the station data and
comparing the resulting coverage predictions,
the user can effectively plan the expansion of
the network to obtain the desired coverage at
minimum spectrum usage.

NETWORK's predictions of service coverage and
self-interference areas are based on the val-
ues of field intensity calculated using the
propagation loss data calculated by the Inte-
grated Terrain Model (ITM) area prediction
model. The ITM model is used to calculate
basic transmission loss for a path given a
particular time availability, location vari-
ability, and prediction confidence. Basic
transmission loss, denoted by L, when measured
in decibels, is the coupling loss between
transmitting and receiving antennas. Because
random changes occur in atmospheric conditions
affecting the propagation of radio waves, and
small variations in antenna siting and the
shape of the terrain can cause other random
changes in L, , basic transmission loss is
treated as a random function of both time and
space. Time availability, g is defined as
the fraction of time during which the hourly
median basic transmission loss does not exceed
the predicted value L, . For a desired signal,
dp is usually chosen %o be large, and corre-
spondingly, g- is chosen to be small for un-
desired signaTs. The statistic location vari-
ability, g,, must also be included since
random changes in the antenna siting and prop-
agation path cause changes in gp. Thus the
location variability is defined to be the
fraction of similar paths for which there will
be a fraction of time at least as large as g
during which the hourly median basic transmis-
sion loss will not exceed L. The prediction
confidence, Q, is a measure of how well the
predicted value of L, for a given g, and qr,
agrees with the measured data that the model
is based on. NETWORK uses a prediction confi-
dence of 50 percent; that is, the predicted Lb
will be the median of the distribution of
measured values for the desired q.. and q,.
This median value is sometimes regerred o as
the "best estimate" of the basic transmission
loss for a particular case.

NETWORK calculates and displays on an interac-
tive-graphics computer terminal areas where
the service and co-channel self-interference
are predicted to occur for a specified portion
of the broadcast network. Service is defined
using the "best estimate" of field intensity
for 95 percent of the time and in 95 percent
of the local area. Interference is defined
using the "best estimate" of field intensity
predicted to occur for 10 percent of the time
in 50 percent of the local area. To store the
data necessary for these predictions in a uni-
form manner, a 4-minute grid has been super-
imposed on the contiguous United States ex-
tending from the southwest corner at 24°N.
125°W. to the northeast corner at 49°N. 66 °W.

For every grid point, the median power density
and its associated statistics for every station
with 200 km of the grid point are stored.

This information is automatically updated with
the ITM whenever a station is added, deleted,
moved, or the technical characteristics
changed. Consequently, the service or inter-
ference coverage plotted always reflects the
current station data.

Service or interference for the 4-minute area
centered at a grid point is determined by com-
paring the desired signal level field inten-
sity from the desired (closest) station with
the interference level field intensity from
each of the other stations within 200 km. A
grid point is considered to be served by its
desired station if the service level field in-
tensity from the closest station is greater
than or equal to 18 dBu and co-channel power
levels are not high enough to cause interfer-
ence.

Co-channel interference is defined to occur
when the field intensity from an undesired co-
channel station is greater than or equal to

10 dB less than the service level field inten-
sity from the desired station. For example,
if the service level field strength at a grid
point 1is 23 dBuH, co-channel interference is
defined to occur when an undesired station on
the same channel creates a signal that is
greater than or equal to 13 dBu.

Co-channel interference is only calculated for
grid points that would otherwise have service
from their desired station. If the point has
a service level field intensity from its de-
sired station of less than 18 dBu, it will be
considered not served even though it may have
signal levels high enough to be considered
service from a more distant station.

Based on comparisons of the predicted service
signal levels and interference signal levels
from the desired and undesired station, a
coverage code is assigned to each grid point
and stored in the computer for plotting cover-
age areas and calculating population data.
These codes are updated whenever the changes
to the station data base require new signal
predictions. The three types of coverage
codes used are as follows:

0 - not served by desired station,
1 - served by desired station,
2 - co-channel interference present.

NETWORK may be run from either a CRT interac-
tive-graphics terminal or a hard-copy printing
terminal. If a CRT graphics terminal is used,
the output options available include listing
stations and their characteristics, and plot-
ting service and interference areas that may
be superimposed on state or county boundaries
for a selected area of the network. Figures
1-4 and 1-5 show two options of displaying the
coverage and interference patterns calculated
by NETWORK. The planner may interactively se-
lect the display option and the geographic
area to be viewed. The plotting capability
is, of course, not available when NETWORK is
run from a nongraphic terminal.

A link performance analysis tool has been de-
veloped as a result of the Ground Network




I0 LOCATION FREQ
1=ALHUNTS
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Figure 1-4. An example NETWORK plot showing coverage as polygons
and interference as vertical shading.

IO LOCATION FREQ
1=ALHUNTS
2=ALMOBIL
3=ALBRMNG
4=ALANSTN
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Figure 1-5. An example NETWORK plot showing coverage as horizontal
shading and interference as vertical shading.
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Communications project that allows a system
designer or network analyzer to examine, in
both a broad and detailed sense, the operation
of a ygyround-based communication net. The
model is valid over a 50 km by 50 km area, and
with up to 300 nodes in the network. 1In the
maximum size, the net would consist of 44,450
links. Using this tool, the overall param-
eters of the net are given in numbers of con-
nected nodes and their connections. The de-
signer 1is given the option of easily changing
the network parameters (node location, antenna
types, equipment types, etc.) in order to
determine the effects of these changes to the
network performance. The model is based on
the Integrated Terrain Model (ITM) that cal-
culates path loss from digitized topographic
data. The model has choices in output of
either plotting the connected links or listing
the details of the link calculations. Using
these outputs, the user can decide to redesign
the net by any of the several options that are
most cost effective. The options may be to
move one or more nodes to better locations,
add one or more relay nodes, adjust antenna
patterns and gain, increase power, etc. The
model can also be used to limit the parameters
to those needed to satisfy the net require-
ments. This has the advantage of limiting the
net interference to other users, and conserv-
ing spectrum for other uses.

SECTION 1.2 SPECTRUM RESOURCE ASSESSMENT
As a result of decisions taken at the 1979
General World Administrative Radio Conference,
there will be changes in frequency allocations
in certain bands for certain classes of ser-
vices. In some instances, these changes could
result in substantial impacts to current
United States spectrum usage because of con-
siderations such as large capital investments
in equipment or specific frequency management
concepts being employed under specific opera-
tional scenarios. In response to direction
from the NTIA Office of Spectrum Management
(0OSM), the Institute undertakes Spectrum Re-
source Assessments to determine these impacts
on particular frequency bands.

The Spectrum Resource Assessment (SRA) of the
1605-2000 kHz_¥reguency Band project examines
the 1605-2000 kHz band to assess current and
future spectrum use by both Government and
non-Government services; to identify present
or future compatibility problems between major
users; to evaluate technically the feasibility
of sharing between the services; and to recom-
mend, where appropriate, changes to improve
spectrum management procedures.

Pursuant to the allocation changes adopted at
the 1979 World Administrative Radio Conference
(WARC-79) and approved by the United States,
Broadcasting Service will be allocated on a
primary basis to the 1605-1705 kHz band in
Region 2. Services now utilizing this band
will either be moved into the upper adjacent
band, 1705-1800 kHz, or proven to be compat-
ible with the broadcasting service. This
spectrum resource assessment identifies some
compatibility problems and recommends spectrum
management procedures needed to minimize the
effects of these changes.
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To assist NTIA in fulfilling its spectrum man-
agement missions, ITS is currently undertaking
the following tasks:

o review the characteristics of existing and
proposed Government and non-Government

Systems within the 1605-2000 kHz band,

including those that could be expected

move out of the band in response to the
results of the WARC-79 and other national
agreements

to

review previous compatibility analyses of
systems within this band

identify and document the potential prob-
lem areas, showing potential impact on ef-
ficient use of the spectrum, and evaluate
the feasibility of sharing between exist-
ing and proposed services

review existing technical standards and
channeling plans and determine the impact
of state-of-the-art technology on band
usage

identify and outline specific problem
areas requiring additional analysis,
any

if

recommend specific changes to the existing
rules, regulations, and frequency manage-
ment practices, which will allow compati-
bility with WARC-79 changes.

A report that describes the results of this
study in detail will be available in FY 83.

The effects of WARC-79 on the 1605-2000 kHz
band are significant. The characteristics of
the band will undergo great change in the next
5 to 10 years. The major spectrum management
issues are summarized in the following para-
graphs.

Radiolocation and the Broadcast Service

As an outcome of WARC-79, broadcasting will
become the exclusive service in the 1605-

1625 kHz and primary in the 1625-1705 kHz seg-
ments of the band in Region 2. It is very
likely the United States will implement these
changes by excluding other services from these
bands after the Region 2 MF Conference sched-
uled in 1988. Exclusion of the Radiolocation
Service from 1605-1625 kHz will not seriously
affect the service since few systems are as-
signed frequencies below 1625 kHz. The prob-
lem arises when the 1625-1705 kHz allocation
to the Broadcast Service 1is implemented and
radiolocation becomes secondary in this por-
tion of the band where most of the radioloca-
tion assignments are presently made.

There are some kinds of radiolocation systems
that require use of frequencies that are har-
monically related. In the Government alloca-
tions, these are now assigned within 1650-
1655 kHz and 3300.4-3310.4 kHz. Based on the
analysis of this study, it is possible to as-
sign radiolocation frequencies in both a co-
channel and off-channel sharing plan on a
case-by-case basis to be compatible with the
Broadcast Service. This, however, assumes
that the transmitters can be geographically
separated far enough. Sufficient distances



can be easily obtained if the broadcast as-
signments near this small band segment are
confined to Class IV stations.

Radionavigation

The WARC-79 allocations in the 1605-2000 kHz
band for Region 2 do not include allocations
for the Radionavigation Service, which is
principally used by Army aircraft during tac-
tical and training missions. There are pres-
ently 215 Government assignments for radio-
navigation within the 1605-1750 kHz band, and
the Army purchased 566 new radionavigation
systems during 1981-82 with transmitters
designed to operate in either of two bands,
200-535.5 kHz and 1605-1750.5 kHz.

To provide the necessary spectrum for these
requirements, the proposed Ad Hoc 172 Govern-
ment and non-Government allocation table has a
footnote, US 240, which states: The bands
1715-1725 kHz and 1740-1750 kHz are allocated
on a primary basis and the bands 1705-1715 kHz
and 1725-1740 kHz on a secondary basis to the
aeronautical Radionavigation Service (radio
beacons).

Traveler's Information Stations (TIS)

The TIS have been allocated the 1605-1615 kHz
portion of the band in the new allocation
table. However, it would seem more consistent
with past allocations to have TIS at the top
of the AM broadcast band at 1700 kHz rather
than remaining at the present 1610 kHz. This
would improve frequency management by keeping
the broadcast band continuous, and with only a
few low-power Government and non-Government
assignments around 1700 kHz, the compatibility
problems may be eased. Additionally, the
slightly lower value of ground wave attenu-
ation at 1610 kHz compared to 1700 kHz favors
the use of 1610 kHz for broadcasting.

The NTIA Manual of Regulations and Procedures
for Federal Radio Frequency Management con-
tains no rules and regulations for Government
use of TIS. Since there are 172 Government
assignments to TIS, it may be appropriate to
either make a statement to the applicability
of FCC rules or to list some rules and regula-
tions pertaining to these assignments.

Cordless Telephore and the Radiolocation

Services

In the past, cordless telephones have used
frequencies throughout the 1600-2000 kHz band
in a more or less random manner with each man-
ufacturer making a frequency choice. After
September 1982, cordless phone manufacturers
are likely to confine their frequency choices
within the 1625-1800 kHz band in order to com-
ply with a condition of an FCC waiver of FCC
Rules, Part 15.7. This waiver provides a
practical standard by which the manufacturer
can measure cordless telephone output power.
Currently, available information indicates
that nearly all manufactured cordless phones
do not comply with the provisions of Part 15.7
that govern the radiated field from the
phones. In general, the radiated field value
is much higher than the allowable value.
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As increasing numbers of cordless phones are
sold (11 million units are predicted in 1987),
the interference potential is likely to be
severe. Government radiolocation receivers
aboard vessels at dockside in an urban en-
vironment will be very susceptible to inter-
ference from cordless phone transmissions
close by if the radiolocation transmitter is
several hundred miles away.

In the spectrum Resource Assessment of the

5650-5925 MHz Frequensy Band, the 5650-

5925 MHz band was examined to assess current
and future spectrum use by both Government and
non-Government services; to identify present
and future compatibility problems between
major users; to evaluate technically the fea-
sibility of sharing between Government and/or
non-Government services; and to recommend,
where appropriate, changes to improve spectrum
management procedures.

In the United States, 5650-5925 MHz has been a
shared band with the primary allocation as-
signed to the Government Radiolocation Service
with an industrial, scientific, and medical
(ISM) allocation at 5800 * 75 MHz. There is a
secondary allocation for the amateur service.
Government allocation is for military radio-
location and is used for air surveillance
radar, transponder tracking and positive air-
craft guidance, missile and rocket radio, and
radar equipment.

At the 1979 WARC, the portion of this band
from 5850-5925 MHz was reallocated to the
fixed, fixed satellite (earth-to-space), and
mobile services on a primary basis with radio-
location and amateur services on a secondary
basis for Region 2. Interdepartment Radio
Advisory Committee (IRAC) Ad Hoc 172 has rec-
ommended adding only non-Government fixed sat-
ellite services (FSS) (earth-to-space) in the
5850-5925 MHz band on a primary basis in the
United States. The Ad Hoc 172 has also pro-
posed U.S. Footnote 245, which states that the
FSS is limited to international systems and
subject to case-by-case electromagnetic com-
patibility analysis.

From a spectrum management standpoint, the
major issue of this particular frequency band
study is the need to accommodate the Fixed
Satellite Service uplink assignment in the
5850-5925 MHz portion. At present the 5650-
5925 MHz band is a Government Radiolocation
Service occupied by the Army, Navy, Air Force,
NASA, and DoE users along with a few manufac-
turers of equipment and systems used in the
band by the Government. The main problem
dealt with here is the interference potential
of high-power radars with international commu-
nication satellites of INTELSAT-type coming
into the band in the mid 1980s.

The current proposal calls for two satellite
uplink terminals, probably one located on each
coast within CONUS. As shown in Figure 1-6,
even though the greatest density of assign-
ments is on the coastal areas, there would be
many locations where uplink terminals could be
located well away from current radar sites.

In addition, terrain topology could be used to
minimize interference potentials between up-
link transmitters and radar wideband receiver
front ends.
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Figure 1-6.

Geographic distribution of Government frequency assignments in the 5650-5925 MHz band.




There is some difficulty in assessing the
mainbeam-to-mainbeam coupling problem since
satellite antenna patterns are shaped to re-
ceive transmissions from almost every possible
terrestrial direction. Another point of dif-
ficulty is encountered when attempting to find
an agreed upon criteria or an acceptable defi-
nition of "harmful radar-to-satellite inter-
ference." One of the problems considered at
present by Ad Hoc 183 of the IRAC is to
develop and recommend to the IRAC spectrum
management procedures that will allow imple-
mentation of the Fixed-Satellite Service in
the frequency bands 3600-3700 MHz and 5850-
5925 MHz consistent with the National Table of
Allocations as implemented as a result of
WARC-79. The outputs from this committee
should be of great help to studies involving
radar/satellite interference.

The NASA measurements reported in a recent
CCIR document (1980) indicated that the
carrier-to-interference ratio (C/I) of 11 dB
to 17 dB is necessary to protect analog FM TV
from incoherent interference from radar sig-
nals. The COMSAT measurements indicated that
the C/I of -10 dB to 6.5 dB are required to
protect FDM/FM carriers from interfering radar
emissions. For analysis purposes in this re-
port based on the types of radars involved,
two values of C/I will be used to bound the
problem:

Cc/I
c/I

15 dB for FM/TV
-1.5 dB for FDM/FM.

on

Another reference point for the evaluation of
interference from radar may be taken as the
saturation level at the satellite receiver in-
put. Table 1-2 gives the saturation flux den-
sity for the INTELSAT VI used in this report.
For power flux densities that meet or exceed
the saturation flux density of the satellite
receiver, nonlinear regions of the front end
may be reached and intermodulation products
begin to appear at the receiver output. These
nonlinear distortions may appear at frequen-
cies other than that of the interfering signal
and be demodulated into unpredictable voice
channels.

INTELSAT VI Communication
Satellite Technical
Characteristics

Table 1-2.

Earth Station Transmitter
Power - 1 kW ERIP 90 dBW
Polarization - Left hand circular
Antenna Gain - 60 dB

Satellite Transponder Receiver
Saturation poyer flux density
-79 dBW/m- /80 MHz beam edge
-82.6 dBW/m%/80 MHz within beam

GT -8.5 dB/k beam edge
GT -5.5 dB/k within beam
Out-of-band Receiver Filter Response
-30 dB at 5840 MHz
-40 dB at 5830 MHz

The AN/FPS-16 is representative of a typical
tracking radar used in the band and the most
widely used at the tracking ranges in CONUS.
The technical characteristics are given in
Table 1-3 and will be used in the following
analysis:

For mainlobe-to-mainlobe coupling

C/I:PT+GT—PI—GI+GSE—GSR_
(LT—LI)—M+E‘DR (1)
where: PI = radar transmitter power, dBW
GI = radar antenna gain, dBi

Pp = earth station transmitter power,

dBW
GT = earth station antenna gain, dBi
G = satellite antenna gain in the
SE . .
direction of the earth sta-
tion, dBi

Ggr = satellite antenna gain in the
direction of the radar, dBi

L. = path loss between earth station
and satellite, dB

L = path loss between radar trans-
mitter and satellite, dB

M = path loss margin for the earth
station signal, dB (assumed to
be equal to 1.2 dB)

FDR = frequency dependent rejection of
receiver, dB.

The maximum differential path loss of two
points on the surface of the earth to a satel-
lite is 1.3 dB. L., - L, = 1.0 dB will be used
in the calculations here as an approximation.
For the worst case analysis, it could be as-
sumed that the earth station is located at the
3-dB satellite beam contour and the radar is
located at the beam center. Hence,

G - G

SE sg = "3.0 dB (2)

is a good approximation and will be used in
this analysis.

Substituting equation (2) above into (1) gives

C/1 = P+t G - P = Gy + (=3) - (1) - (1.2) + O
= PT + GT - PI - GI 5.2. (3)
(Note, FRD = 0 for co-channel case)

Substituting values in Tables 1-2 and 1-3,

C/I = (30 + 60) - (60 + 47) - 5.2 = =-22.2 dB.
For the shipboard AN/SPS-10 type radars with
less power and wider beamwidths, the calcula-

tion becomes:
C/I = 90 - (54.5 + 30) - 5.2 = 0.3 dB.

Using the C/I criteria as discussed earlier,
the AN/FPS-16 radar would then fail to meet
the C/I = -7.5 dB criteria by 14.7 dB and

37.2 dB for the C/I = 15 dB criteria. The
AN/SPS-10 type radars would have a safe margin
of 7.8 dB for the co-channel case using the
C/I = -7.5 dB criteria and would fail to meet
the C/I = 15 dB criteria by 14.7 dB.



Table 1-3. AN/FPS-16 (MPS-25) Technical
Characteristics
Type Instrumentation
Frequency > 5650-5900 MHz
Power 1 MW peak

For the shipboard AN/SPS-10 type radars, which
use a wider beamwidth, the calculation be-
comes:

c/I = 90

(54.5 + 30)

5.2 0.3 dB.
Here the C/I criteria is exceeded by 24.7 dB
for mainbeam-to-mainbeam coupling.

For the case of the radar sidelobe-to-satel-
lite mainbeam interactions, the worst case
will be pursued here--that involving the first
sidelobe of the radar. The actual earth sta-
tion antenna to be used with the INTELSAT VI
was not totally specified at this writing, but
the gain and patterns may be estimated from
knowledge given by COMSAT Labs by private com-
munication and ITU recommendations. The ITU
Appendix 29, Annex III, gives a method for
calculating radiation patterns.

Assuming the earth station antenna has a diam-
eter of 32 m, the gain pattern of the antenna
was calculated and is listed in Table 1-4. 1In
contrast, a typical tracking radar antenna ap-
proximately 4.88 m diameter (AN/FDS-16) was

calculated and the results are listed in Table

1-5.

Table 1-4. Gain for 32 m Diameter
Antenna at Selected Angles
off Boresight

deo G(dB) Remarks
0° 60.0 Main lobe
0.12-0.33° 44,1 lst sidelobe
5¢° 14.5
10° 7.0
20° -0.5
40° -8.1
48 <9<180° -10.0
Table 1-5. Gain for 4.88 m Diameter
““““ "7 Antenna at Selected Angles
off Boresight
¢° G(dB) __Remarks
0° . 47.0 Main lobe
0.84-1.07° 31.5
5¢° 14.8
10° 7.3
20° -0.2
40° -7.6
38 <$<180° -9.7

For the radar sidelobe-to-satellite mainbeam
coupling case, equation {3) can be rewritten
in a more convenient form as

= - P, o= G, Gy - 5.
c/1 PT Pl (l (G} 5,2 (4)
where
Py = radar transmitter power, dBW
Gi{G) = radar antenna gain in the direction

of the satellite mainlobe as a
function of pointing angle 8,
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For the tracking radar case, the AN/FPS-16 ra-
dar characteristics will be used, giving for
the first sidelobe

G

D \
i 2 + 15 log x—31.62 dBi

c/I = 90 - (60 + 31.6) - 5.2 = -6.8 dB

which exceeds the C/I criteria of 15 dB by
21.8 dB but is just within the C/I criteria of
-7.5 dB by 0.7 dB.

For the minimal angle, 6, that the radar must
be pointed away from the geostationary orbit

position for C/I = 15 dB
PT—Pi-Gi(e)—5.2+9=15 (5)
G; (B) = 9.8 dB
52 - 10 log %—25 log ® = 9.8
0 = 7.9° .

Other interference studies involve earth sta-
tion transmitter-to-radar receiver coupling,
earth station-to-radiolocation transponder
coupling, ISM, and Restricted Radiation De-
vices/Radar Interactions which are given in an
NTIA Report published in January 1983. Also
given in the report are the frequency-depend-
ent rejection characteristics of the satellite
that help establish how far away from the
operational frequency band of the satellite a
radar must operate to meet sharing criteria.

International communication satellite systems
such as the INTELSAT VI series are scheduled
to be operational in the 5850-5925 MHz portion
of the band under study here in the 1985-86
time frame. As shown here, the interference
potential to the satellite receiver systems
from inband radar energy presents an incompat-
ible situation. The earth station transmitter
could also pose some compatibility problem for
transponder systems in the radiolocation ser-
vice sharing this portion of the band. How-
ever, only the first sidelobe provides enough
energy to be a problem. Judicious placement
of the earth station should minimize this
problem.

Measurements by the ITS Radio Spectrum Meas-
urement System described in the next section
show this band to be heavily used by military,
test ranges, and shipboard radars. However,
few radars were measured above 5850 MHz.
Transponders were found to operate above

5580 MHz and, as mentioned previously, would
experience possible interference from the
FSS. Careful selection of sites for the FSS
earth station uplink will help in limited
sharing by the two services. However, radars
whose tracking angles may cause mainbeam-to-
mainbeam coupling with the satellite would
have to be power limited to 6.8 dBW radiated
power to provide a C/I = 10 dB criteria and
92.3 dBW for the C/I = -7.5 dB criteria.
Another option is to off-tune the radars far
enough away from the 5850-5925 MHz portion of
the band until some agreed upon C/I criteria
are met. A combination of reduced power and
off-tuning could also be used.

The project for Spectrum Resource Assessment
of the 947 MHz to 17.7 GHz frequency portion

of the electromagnetic spectrum addresses the



uses of all Government allocations for fixed
and mobile services. There are 109 distinct
bands within this portion of the spectrum--44
that contain fixed and mobile services. Some
of the fixed and mobile bands were combined
for ease of study into 22 bands as follows:

Government Exclusive Bands

1350-1400 MHz
1710-1850 MHz
2200-2290 MHz
4400-4500 MHz
4800-4990 MHz
7125-8450 MHz
14.5-15.35 GHz

Government/non-Government Shared Bands

1427-1535 MHz
1700-1710 MHz
2290-2390 MHz
2655-2690 MHz
4500-4800 MHz
8450~8500 MHz
10.6-10.68 GHz
14.4-14.5 GHz

947- 960 MHz
1850-2200 MHz
2450-2655 MHz
3700-4200 MHz
5925-7125 MHz

10.55-10.6 MHz
10.7 -13.25 MHz

The Federal Communication Commission (FCC) is
now examining alternative approaches to
achieve more efficient spectrum use. 1In
General Docket 82-334, the FCC has issued a
Notice of Inquiry (NOI) (dated July 9, 1982,
FCC 82-286, IRAC 22785) and a Notice of Pro-
posed Rule Making (NPRM) that addresses the
fixed and mobile radio services operating in
the band from 947 MHz to 40 GHz. The NOI and
NPRM thus far focus on regulations for only
the following specific bands pertaining to
this particular study between 947 MHz and
17.7 GHz:

1.99 - 2.11 GHz
6.525 - 7.125 GHz
12.7 - 13.25 GHz.

A major impetus for this FCC action is the
Commission's decision on June 23, 1982, to
authorize Direct Broadcasting Satellite (DBS)
services in the 12.2 12.7 GHz band, and the
need to identify spectrum for the private
fixed services currently authorized in this
band. Although the 18 GHz band was initially
considered a likely candidate for accommodat-
ing these services to be displaced by DBS in
the 12 GHz band, the Commission is now consid-
ering extensive rule changes for additional
bands that are intended to achieve more effi-
cient spectrum use through improved matching
of spectrum access requirements and operating
frequencies. The FCC is proposing to estab-
lish common technical standards for a pool of
frequencies yet to be defined. These frequen-
cies would be available for licensed use to a
variety of eligible users--private, cable,
broadcast, and common carrier entities.
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The frequencies between 947 MHz and 17.7 GHz
represent a very large portion of the usable
radio frequency spectrum and represent a very
important and valuable asset as part of this
national resource. There is a need at this
time to review the Government use and stand-
ards of this portion of the spectrum in light
of the FCC NOI and NPRM, changes in alloca-
tions and standards proposed as a result of
the 1979 WARC, changes in market demands and
applications of new technologies being ad-
dressed by the FCC, and continued examination
of Government spectrum requirements to assure
that assigned mission functions are satisfied
and that the spectrum is used efficiently.

SPECIFIC TASKS

To assist NTIA in fulfilling the mission and
to assist IRAC in responding to the FCC NOI,
the following tasks will be performed:

¢} review and document the existing and pro-
posed uses of the bands between 947 MHz
and 17.7 GHz by the Government fixed and
mobile services, including those that
could be expected in response to the
results of the 1979 WARC and other inter-
national or national agreements

review previous NTIA, ECAC, and other
Government and private sector reports
containing compatibility analysis, user
needs, system descriptions, etc., of
systems used in the bands between 947 MHz
and 17.7 GHz

identify and document the potential prob-
lem areas that may have an impact on the
efficient use of the spectrum, and evalu-
ate the feasibility of .sharing between
existing and proposed services

identify and assess the severity of poten-
tial interference to and impact on Govern-
ment systems and spectrum use that could
result from the operation of those non-
Government services that are under consid-
eration by the FCC

recommend specific changes to the existing
rules, regulations, and frequency manage-
ment practices that would improve overall
management of the Government fixed and
mobile services in the bands involved.
This will include an analysis of the im-
pacts of relaxing coordination require-
ments for new users of shared spectrum as
suggested by the FCC.

An NTIA Report that will document the findings
of the above study is scheduled to be pub-
lished in April 1984.

SECTION 1.3 ADVANCED INSTRUMENTATION
AND SPECTRUM MEASUREMENTS

Many forms of system design, spectrum engi-
neering, and even tactical use of electronic
systems depend on a realistic understanding of
the electromagnetic environment in which the
systems will be operating. Unfortunately, en-
vironmental measurements of spectrum usage are
not always straightforward because of the
large amounts of data needed for a reliable
statistical model and because of the very



detailed measurements needed to describe tech-
nical system interactions. Some of these
problems can be overcome with the aid of
computer-controlled medsurement. systems. These
computer-controlled measurement systems can
provide several advantages over earlier manual
systems including economical measurement of
massive amounts of data, real-time measurement
and analysis of high-speed phenomena, and
sophisticated processing of data to provide a
relatively untrained operator with answers
that are not otherwise obvious.

The Institute has developed a sophisticated
mobile system for providing measurements of
the electromagnetic environment on a detailed
basis. This system, referred to as the Radio
Spectrum Measurement System (RSMS) is inte-
grated into the van shown in Figure 1-7. In
FY 83, RSMS activities were divided into two
major sections. Measurement Van Operations
continued to provide measurements of the elec-
tromagnetic environment for various Federal
frequency management projects, while major
work was continued with Measurement Van Devel-

opment and RSMS upgrade to provide for an im-

proved measurement capability in FY 84.

As in earlier years, RSMS measurements con-
tained a mixture of directly-funded and
sponsor-supported measurements. The directly-
funded measurements continued to support
spectrum resource assessments (SRAs) being
performed in Boulder and Annapolis and other
frequency management issues coming under
investigation in FY 83. The SRAs (detailed in
Section 1.2) are intensive studies of individ-
ual frequency bands; several of them have used
RSMS measurements of current spectrum usage as
a key piece of data for predicting future
usage in those bands. Although RSMS measure-
ment activities were substantially curtailed
in FY 83 to allow maximum effort on the devel-
opment of a new measurement system, several
major sets of measurements were made. These
are listed here and will be discussed more

completely later:

o Denver area land mobile radio usage

o general spectrum usage measurements near
White Sands Missile Range

o site survey for the Air Force

o field strength measurement verification
for National Weather Service

o Power Line Carrier (PLC)

o radar close-in hazards.

The computer-controlled radio measurement sys-
tem in the RSMS (Fig. 1-8) allows measurements
of a selected frequency band to be made in a
rapid and accurately repeated manner, as di-
rected by the computer program being executed.
Within the land mobile radio (LMR) bands, the
RSMS makes usage measurements by tuning to
each channel in the band and observing the
presence or absence of a signal. This is ac-
complished at the rate of 125 channels each
second; a typical LMR band with 500 channels
will be measured completely every 4 s. This
measurement rate can be maintained on a 24-
hr/day basis, with or without operator
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intervention, to furnish the very large number
of samples required for accurate estimation of
LMR band usage.

Measurements of channel usage were made on a
number of selected Government LMR bands in the
Denver area. These measurements were made as
part of a continuing effort to monitor crowd-
ing in the Government LMR bands. Figure 1-9
shows a representative sample of channel usage
in a 1-MHz segment of the 162-174 MHz band.
This graph is based on about 17,000 measure-
ments on each channel, made over a 2-day per-
iod during the week. The data are summarized
on two graphs. The upper graph shows the
average and maximum signal levels received
during the measurement period for each chan-
nel--using the lower and upper ends of the
respective lines. The lower graph shows the
percentage of time that a signal was observed
in each channel. Similar data were measured
for other LMR bands, using automatic measure-
ment and analysis programs that made about
10,000,000 individual channel occupancy meas-
urements each day and produced hourly statis-
tical summaries of the measurements.

Two series of more general spectrum occupancy
measurements were made in FY 83. The RSMS
Measurements at Holloman AFB were made to help
plan a new test site, and another series was
made from a mountaintop site to provide usage
measurements over a wider area. Each of these
general occupancy surveys covered the 150 MHz
to 18 GHz range, making simultaneous measure-
ments with peak and average detectors. To be
able to automatically make measurements over
this frequency range, it was necessary to
mount additional antennas to the RSMS antenna
tower and to the rooftop antenna pedestal, re-
sulting in a configuration shown in Figure 1-
10. Three types of antennas were used for all
frequencies--an omnidirectional antenna, an
antenna with approximately 90 degree beam-
width, and a dish antenna with 2-20 degree
beamwidth. For frequencies below 1000 MHz,
only the omnidirectional and quadrant antennas
were used. A set of bandpass filters and
wideband, low noise preamplifiers were located
near the antennas and connected appropriately
as needed for the frequency band being meas-
ured. Typical noise figures of 4-8 dB at the
antenna terminals were available with this
configuration.

The programs used to make the measurements
were designed to (1) calibrate across the
whole frequency range, using noise diodes near
the antennas; (2) measure across the frequency
range using omnidirectional antennas; (3)
measure across the frequency range using quad-
rant antennas; (4) measure across the fre-
quency range using dish antennas (quadrant an-
tennas if below 1 GHz); and (5) calibrate and
start again. This program was designed to op-
erate without requiring intervention from an
operator, and data for nine days were gathered
on a 24-hr/day basis.

At each frequency, measurements were made with
a peak detector (for radars and other impul-
sive signals) and with an average detector
(for cw signals). Figure 1-11 shows a typical
example of data produced by this program. The
"tic" marks along the right-hand edge of the
graph are thresholds for the peak and average
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Measurement system used in RSMS.

Figure 1-8.

19



& DE

MYER, COLO.

GMF 2Epzel

g

i
T
[

I
10
b

I
—
[
—
15

FERCEMTRGE OF TIME

CRAEZE FZ&aF.0881

THREZHOLD (dEMI -1

(X
Ia

CHAMMEL OQOCCUFIED

b 1 1 1 ]
I 1 1 | £
.......... BT LT T T 3 e L e Tty I J
i 1 i 1 ' 1
1 1 ' 1 ' 1
1 | | 3 E
___________ S T U OO N
1 ] 1 1 1
1 I ' 1 f 1
I o 1 t [} ' i
e R e A B S [ T T
1 1 1 1
3 1 1 1
"""""""" " r T T T T e e T
1 i ] |
| 3 3 I
1 ! | I
"""""" [ I e P B e e S
X t i 1 1
' 1 1 1 i
————— T T T s T e me ke ] TS TS T S e e e e R o TR e e M S S = s s -
' I 1 v 1 r t
1 1 t I t i
- [l -

MAIMUM

1az.

AHD AVERAGE R

5 18

' .
. '
————————————————— T m i = - e o m om o= L R L T e e T T R R
T )\ i 1
' ! .
f I I |
. ! v
| ' ' 1
. . '
I 1 t |
. .
i ) | 1
..... L Tt o
1 1 E I
. . . .
| } 1 t 1
. ' . )
1 t t [
. . ! i
' v ! i
. ' ! f
__________ e
| h B J
' 1 1 I
. ' .
' ) ' b
1 1
i 1 I 1
. '
I ' ' 1
J '
J. e e el e e e e b e e - e T doe m e e .
1 I I
.
F 1 1
H 1 I

ECEIVED FOWER (dEM)

Figure 1-9.

FREGQUERDY

Example of LMR ch

20

TMHz

annel usage measurements.



Figure 1-10. RSMS configured for site surveys.
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detectors. If neither the peak nor average
signals on a graph exceeds its respective
threshold, the data are discarded. This real-
time data sorting substantially decreased the
amount of data to be incorporated into other
analyses. In general, data were recorded on
magnetic tape, but hard-copy output like
Figure 1-11 was also produced as required.

Two different versions of the measurement pro-
grams were used--a low resolution (lo-res) and
a high resolution (hi-res) version. The hi-
res version provided 10 dB better sensitivity
and 10 times better frequency resolution, but
also required 10 times as much measurement
time. The pertinent characteristics of the
two versions are described in the following
table:

Lo-res Hi-res
Bandwidth, f < 1 GHz 1000 kHz 100 kHz
Bandwidth, £ > 1 GHz 100 kHz 10 kHz
No. of scans, 0.15-18 GHz 255 2500
Meas time, 0.15-18 GHz 17 min 3 hr

The measurement process resulted in thousands
of graphs, which needed to be combined to per-
mit a reasonable level of comprehension. The
process of combination was done in two stages.
The first stage compressed the frequency scale
by a factor of 100. This "frequency compres-
sion" stage saved only the highest amplitude
peak measurement and the highest amplitude
average measurement from each of the original
graphs. These sets of two points were com-
bined with 99 other similarly derived sets of
points and used to draw another graph which
covered 100 times as much frequency range as
the original graphs.

The second stage of the analysis involved com-
bining dozens of the frequency-compressed
graphs to give maximum and average values at
each frequency for the peak and average detec-
tors. Figure 1-12 shows a portion of the set
of finished graphs. The upper graph shows
data gathered with the peak detector; the
lower graph shows data gathered with an aver-
age detector. In each graph, the upper line
represents the maximum value measured and the
lower line shows the average value measured.
These graphs show the advantage of the meas-
urement and analysis process used here.
Although the graph covers a relatively large
frequency range, the measurement sensitivity
is that associated with a much smaller meas-
urement bandwidth. Note the 10 dB better sen-
sitivity of the average measurement graph,
compared with the peak measurement data.
Finally, note that the average measurement
data almost completely miss the low-duty-cycle
radars in the 2700-3000 MHz range.

NWS Field Strength Calibrations were performed
using the RSMS to calibrate some portable
field strength meters for the National Weather
Service (NWS). The NWS uses this portable
measurement equipment to make spot checks of
signal levels produced by their weather radio
information transmitters, to assure adequate
signal levels in areas of planned coverage.
Since some initial measurements with the NWS
equipment had shown substantial disagreement
with predicted signal levels, it was important
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for NWS to know whether the measurement equip-
ment, the tested transmitters, or the predic-
tion process were causing the discrepancy.

The RSMS was configured to make measurements
in parallel with the NWS system, while driving
over highways in the Denver area. The high-
ways were chosen to give approximately radial
paths from the NWS transmitter under test.
During the RSMS measurements, the NWS equip-
ment was operated in a car closely following
the RSMS. Radio contact between the two vehi-
cles allowed NWS measurements to be incorpo-
rated with the RSMS measurements on a real-
time basis. When the measurements were fin-
ished, the RSMS data were compared to the NWS
data, as well as being compared with predic-
tions of received signal levels.

Figure 1-13 shows an example of the comparison

for one of the segments of the measurement
route. The NWS data are shown with a dashed
line and the RSMS data are shown with a solid
line. Predictions made for this path are also
plotted on this graph and show a high degree
of agreement with the measurements. The meas-
urements shown here were made after an equip-
ment malfunction in the NWS equipment was
identified, which was believed to have caused
the earlier measurement problems.

Measurements were made on power line carrier
(PLC) signals in the Denver and Pueblo, CO,
areas. The PLC signals are used by most elec-
trical utilities to control and sense the
status of large power line systems. These
signals range between 100 kHz and 400 kHz and
are transmitted along the same lines that
carry high voltage electrical power. Although
most of the PLC signal stays within the path
provided by the electrical wires, the wires
also tend to act as inefficient antennas.
Because of recent plans to use the same fre-
quency band for other various types of trans-
mitted signals, it has become very important
to establish exactly how many signals are
received or transmitted by these power lines.
Serious interference could be caused or expe-
rienced by PLC systems. Measurements were
made at various distances from several power
lines. Figure 1-14 shows a summary of one of
these sets of measurements. The answers fit
existing models quite closely, tending to con-
firm the basis for some of the spectrum man-
agement planning in this band.

Measurement operations were substantially
curtailed this year to permit more effort to
be committed to Measurement Van Deveolopment
and the RSMS lpgrade.

R The present RSMS was
placed into operation by ITS more than 10
years ago. Maintenance problems and an aware-
ness of the advantages of newer systems led to
an FY 82 decision to upgrade the RSMS with
more modern instrumentation and computers.
FY 82, basic system design was accomplished
for an upgraded RSMS. In FY 83, most of the
major procurements were finished, equipment
was received, construction was begun on most
of the specialized measurement equipment, ma-
jor software design was finished, and detailed
software implementation was begun. The up-
graded RSMS will be involved in the first
field operations in late FY 84.

In

The RSMS Upgrade includes three main systems:
A laboratory computer system in Boulder will
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be used for data analysis and development of
measurement programs. One computer system in
the RSMS will operate .the "radar" measurement
system. A second computer in the RSMS will
operate the LMR measuremgnt system. This will
allow simultaneous radar and LMR measurements
to be made at tull speed. In the event of a
computer failure in the RSMS, a single com-
puter will be able to handle both measurement
systems at a somewhat reduced rate.

Each of the three computer systems will use
identical components except that the labora-
tory disc has a larger capacity. The com-
puters will have 512 K-bytes of memory, a
graphics terminal with a built-in thermal
printer, a 10 M-byte or a 28 M-byte winchester
disc, and a 1600 bpi 0.5 in. magnetic tape
unit for data storage and transportation. The
computers in the van will also have IEEE-488
bus interfaces tor the measurement equipment
and ADC and DAC cards to handle analog inter-
taces to the measurement system. Modems will
be available to allow RSMS status to be re-
motely interrogated and to allow data to be
directly transferred between the RSMS and the
Boulder computer.

The radar receiver will allow measurements of
signals between 10 MHz and 18 GHz with band-
widths between 10 Hz and 30 MHz. It will
incorporate a number of features to ensure
measurement inteygrity, including large-signal
overload detection and auto-ranging, automatic
tracking routines for the YIG preselectors,
noise diode calibration, and sensing contacts
on many of the rf relays. A block diagram of
the radar measurement system is shown in
Figure 1-15. Although this receiving system
was designed especially for radar signals and
incorporates pulse train separation equipment,
it will be used to measure most types of sig-
nals in the 10-18,000 MHz range. Construction
on the radar system is well under way and
should be completed by December 1983.

A second system in the RSMS has been designed
specifically to make measurements on land mo-
bile radio (LMR) signals. The LMR receiver
(Fig. 1-16) has been designed to have the
special characteristics needed for efficient
and accurate LMR measurements, including ex-
treme dynamic range (as much as 140 dB without
input attenuators), 250 channels/s measurement
speed, very low noise sidebands, and rectangu-
lar IF filters with bandwidths of 3 kHz,

7.5 kHz, 15 kHz, and 30 kHz. Figure 1-17
shows the finished LMR receiver system. The
measurement software that will be developed
for this system will enable it to interleave
measurements of several LMR bands as well as
to change bandwidths on a channel-by-channel
basis, as required.

Another measurement system developed by ITS is
the AN/MSR-T4 Multipic Receiver System. The
AN/MSR-T4 is a mobile, fully automatic, multi-
ple receiver system that is to be employed by
the Air Force for autonomous and/or integrated
operation with ground-based radar emitters
that simulate various threat signals to pro-
duce a realistic rf environment during the
conduct of electronic warfare (EW) operational
test, training, and evaluation (OTT&E) of
equipment and aircrews at EW ranges. The pri-
mary function of the AN/MSR-T4 is to acquire,
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analyze, and output key operational param-
eters/characteristics of the radar threat(s)
radiated emission profiles during EW tests and
exercises. The output data are then used to
(1) assess operational tests of new and im-
proved ECM systems and techniques, (2) provide
a measure of aircrew proficiency in tactics
and the employment of available ECM assets,
and (3) evaluate functional operational readi-
ness of SAC and TAC aircraft.

The design of the AN/MSR-T4 is based on a pro-
totype model developed by the Institute which,
after extensive field tests, served as the
basis for the production decision by the Air
Force Systems Command to equip all of its
worldwide EW ranges with similar models.
duction was initiated in 1980 and ITS was
tasked by the Air Force to provide technical
support during the procurement cycle that ex-
tends over a 30-month period. The effort of
ITS has been primarily technical guidance to
Air Force procurement officers and engineers
to ensure that hardware/software design ap-
proaches and operational strategies by the
AN/MSR-T4 contractor are in compliance with
specification requirements.

Pro-

The Institute was also tasked to provide a
Factory Acceptance Test Plan, Method, and
Procedure that will be conducted by the Gov-
ernment to evaluate operational compliance
with production requirements prior to field
operational acceptance tests. This factory
test is scheduled in November 1983 with com-
pletion of the first of eight production
units. To conduct these tests, ITS has
designed and fabricated a "laboratory type"
threat/ECM simulator. This unit produces rep-
resentative and realistic emission profiles of
the more complex signals that will be encoun-
tered in a real-world EW environment. The
simulator has an automatic time programmer
that calls up different threats and ECM re-
sponses as often as once per second or any
other longer period up to eight minutes. The
threat/ECM parameters of pulse width, pulse
repetition interval, modulations, depth of
modulation, etc., and their time/frequency
varying characteristics are programmed into
EPROM's. The outputs are read into control-
ling and generating circuitry on a pulse-by-
pulse basis as often as necessary to ensure
the integrity of the function being generated.
Special control circuitry is provided to se-
lectively and randomly produce in the ECM sig-
nals, discontinuities, dropouts, and distor-
tions within the generated waveforms. These
intentional distortions are produced to simu-
late known real-world occurrences caused by
propagation anomalies, multipath, clutter, and
equipment under test momentary malfunctions.
The waveform outputs are then fed to PIN diode
modulators for modulating energy from external
rf signal sources to complete the threat/ECM
generation and produce the simulated signals
for injection into the AN/MSR~T4 item(s) under
test. The test procedure involves the simula-
tion of threat signals and ECM signal re-
sponses that occur in a sequence of events
postulating a real-world EW environment.

Other technical support efforts by ITS for the
AN/MSR-T4 procurement have included (1) the
derivation of data bases for radar threat
emitters based on current intelligence sources
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Block diagram of new RSMS radar measurement system.
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and ECM performance requirements and capabili-
ties based on current Air Force equipment and
(2) a comparative analysis of the operational
performance of a multiple threat emitter sys-
tem currently in production/procurement versus
recent intelligence estimates of actual per-
formance. The results of these efforts are
reported in classified NTIA Technical Memo-
randa NTIA-TM-81-58C entitled "Information and
Data Base for Threat/ECM Operational Perform-
ance Evaluation During Deployment of the
AN/MSR-(), Volume I REVISED, Airborne ECM
Systems--Signal Dbescriptions and Operational
Tolerances," "Volume II: Groundbased Threat
Radar Systems--Signal Descriptions and Opera-
tional SIMVAL Requirements," and NTIA Tech-
nical Memorandum NTIA-TM-82-74C entitled
"Comparative Analysis of the AN/MSR-TIA
Multiple Threat Emitter System Performance
with the EWIR Data Base."

The data bases of radar threat emitter system
operational capabilities and airborne ECM sys-
tem operational capabilities are to be used as
resident library files in the AN/MSR-T4 for
comparison with operational measurements of
actual performance during the conduct of in-
situ EW tests and exercises at the various Air
Force ranges. The comparative analysis is
then used to evaluate operational readiness of
SAC and TAC aircraft, assess aircrew opera-
tional proficiency, and evaluate operational
tests of new or improved ECM systems.

The Air Force also requested and ITS provided
a series of EW training scenarios that would
be representative of those employed by SAC and
TAC forces. This was provided in an NTIA
Technical Memorandum entitled "SAC/TAC
Operational Scenarios for Employment of the
AN/MSR-T4," dated June 1983. The report de-
tails various scenario time-line-of-events
describing ground-based threat radar activity
as various SAC/TAC aircraft equipped with var-
ious ECM systems perform EW mission support
functions.

System Measures of Performance for the EP-3
Aircraft Sensor Update. The Institute's par-
ticipation in the EP-3 Aircraft Sensor Update
was to assist in the evaluation methodology
for the associated ELINT and COMINT systems
for the Commander, Operational Test and Evalu-
ation Force, U.S. Navy. The Institute devel-
oped measures of performance for the automated
portion of the two systems. A general review
of each subsystem was conducted. The func-
tional operation of each important segment of
the system was evaluated to determine its
basic contribution to the system performance
and related role in meeting mission objec-
tives.

The objective of the ELINT and COMINT systems
is to provide fleet support in terms of inter-
cepting and exploiting information obtained
from monitoring the electromagnetic signals
present in the aircraft environment. Each of
the planned missions was reviewed to determine
individual functional requirements. This was
done to make certain that the proposed testing
program for Combat Effectiveness Measures
(CEM) and Measures of Effectiveness (MOE)
would represent currently-planned mission
requirements. The basic functions of signal
detection, signal location, signal
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classification, threat assessment, and plat-
form identification were reviewed for each
planned mission for the ELINT system. The
COMINT functions consisted of signal detec-
tion, signal location, and signal classifica-
tion. The evaluation of each of these major
functions must be accomplished during the test
and evaluation program.

Given the functional requirements and specifi-
cations for the system, it is then necessary
to provide the methodology for performing the
measurements required to meet specified levels
of confidence. This, of course, leads to sta-
tistical considerations. The estimation of
the CEMs is reduced to the standard statisti-
cal problem of estimating the probability of
success (or failure) in a sequence of repeated
independent Bernoulli trials (sometimes simply
referred to as "coin flips"). The establish-
ment of CEMs was based on probability of de-
tection, probability of classification, proba-
bility of determining location, probability of
platform identification, and probability of
determining imminent threat to the aircraft.
CEMs for these specified signal sets were
given exactly the same way as for any signal
set, but with much higher level of importance
for aircraft survival. Joint probabilities
were also investigated to establish composite
system performance requirements.

A proposed test evaluation program was devel-
oped. The purpose of this test program was to
determine the effectiveness and suitability of
the ELINT and COMINT systems in an operational
environment that replicates a realistic envi-
ronment when the system is operationally de-
ployed. The data collected during these
recommended tests will serve to evaluate the
operational effectiveness of the ELINT/COMINT
systems.

Another system, the Mobile Test and Exercise
System-Radar (MOTES-R) (Figure 1-18 was devel-
oped by ITS for the Air Force as a pre-produc-
tion prototype in the MSR-T1 program. It is a
receiver system capable of analyzing elec-
tronic signals from airborne and ground-based
radar transmitters. Upon completion of its
task as a breadboard development system, it
was transferred to the Electronic Warfare
Center at Kelly Air Force Base, Texas. Since
then it has participated in EW training exer-
cises at Radar Bomb Scoring (RBS) sites
throughout the contiguous 48 states.

is
for
the

The purpose of the MOTES-R Upgrade project
to incorporate state-of-the-art techniques
control by the central computer of many of
peripheral subsystems in the MOTES-R. In-
cluded in this upgrade are devices for con-
trolling the various video, timing, and track-
ing data that are sent to the MOTES-R from RBS
site equipment with which it is co-located, as
well as controlling directional antennas.

The present mode of access and control to
these peripherals is by way of a central
microprocessor system employing individual
parallel interface techniques. With such sys-
tems the inter-unit cabling is cumbersome and
prone to failure in a system that is con-
stantly being transported cross-country.
interface system for this upgrade is the
IEEE 488 interface bus. This method is

The
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capable of high speed communication between
devices using a common set of data lines while
at the same time providing reliability, flexi-
bility, and maintainability.

In order to facilitate the serial interface
requirements of the various tracking system
data formats found at the RBS sites, a special
RS-232 to IEEE-488 adapter was developed.
Custom firmware allows the central computer
operator to configure the interface adapter to
accept any synchronous serial data format that
might be found at the sites.

This project has been coordinated with an
overall upgrade of the central computer in the
MOTES-R in order to bring the system up to
date in both hardware and software and prevent
the system from becoming obsolete and unser-
viceable.

The Institute also develops specialized
instrumentation in support of spectrum
studies. The microwave refractometer devel-
oped by ITS is an instrument to reliably meas-
ure the refractive index of a sample of air.
The refractive index of the atmosphere is com-
posed of temperature, pressure, and relative
humidity:

N = 77.6 P/T + 3.73 x 10° e/T®
where
N = refractive index,
P = atmospheric pressure in millibars,
e = partial pressure of water vapor, and
T = temperature in degrees Kelvin.

The refractometer measures.the refractive in-
dex by tracking the resonant frequency of a
microwave cavity. This sampling cavity is
open to the air, and the air is aspirated
either naturally or artificially through the
cavity. Any change in the temperature, pres-
sure, or water vapor pressure in the air will
cause a change in the resonant frequency of
the sampling cavity. A submultiple of this
resonant frequency is recorded as the refrac-
tive index, and the rapid changes that occur
when the air is aspirated through the cavity
is detected as the turbulence within the
media.

The refractive index is read out as absolute
with 0.1 N resolution in 1 s samples and is

available in digital form and analog form to
be used with a chart recorder for monitoring.

The application of the microwave refractometer
is to collect real-time refractive index data
in a specific region or a particular path.

The radio refractive index is central to all
theories of radio propagation through the
lower atmosphere. The atmosphere causes a
curvature of horizontally-launched radio
waves, and the curvature of a radio wave is
proportional to the gradient of the refractive
index. The gradients of the refractive index
are caused by temperature inversions, cold and
warm weather fronts, and thermal effects over
varying terrain.

The refractometer can be mounted at a fixed
site to monitor a particular location or it

can be mounted on an airplane. The airborne
refractometer is the most useful in collecting
real-time data over a large area because:

o The aircraft can be flown in vertical
spirals to obtain refractive index vs.
altitude at any point along a path of
interest.

o The aircraft can be flown along a given
path to determine the refractive index
gradients at that particular time.

o The aircraft can be flown along a given
path to determine the air turbulence.

The resulting refractive index and altitude
data are used with ray-tracing programs to
show the bending or trapping of the radio
waves along the path, and the turbulence data
are used to show the scattering effects and
phase distortion of radio waves.

The AFGL Refractometer was developed by ITS in
support of their microwave structure constant
profile (CN“) studies. The refractometer was
configured to be used at a fixed location or
as an airborne unit.

As a fixed site instrument, it can sample up
to four sampling cavities. These cavities can
be located on a tower at different heights so
the refractive index and the turbulence can be
studied close to the ground.

As an airborne refractometer it uses only one
sampling cavity, and the aircraft can be flown
in the areas of interest.

ITS has flown the airborne refractometer in
support of many other-agency programs in the
past and will assist AFGL in some of their
future data collection.

SECTION 1.4 EM WAVE TRANSMISSION
The ground, the atmosphere, and the ionosphere
degrade radio waves in varying degrees, de-
pending on circumstances. It is the purpose
of the EM Wave Transmission Program to study
these effects and provide models to the system
designer that will aid in providing more cost-
effective and spectrum-efficient designs. The
phenomena that cause these detrimental effects
on radio systems are, in general, frequency
dependent; therefore, specific studies and
tests are required for specific frequency
ranges and applications.

Some of the phenomena that affect radio sig-
nals and are studied in this program are:

o attenuation by atmospheric gases, rain,
snow, hail, clouds, or ionization

) scattering by irregularities in the re-
fractive index of the lower atmosphere or
ionosphere

o refraction, ducting, and multipath re-
sulting from atmospheric or ionospheric
layers

o dispersion resulting from frequency
dependent properties of the atmosphere,
ionosphere, and earth



o scintillation of amplitude, phase, polari-
zation, and angle of arrival resulting
from turbulence and irregular structure in
the atmosphere and ionosphere

o reflection, scattering multipath, and

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

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

One driving force behind the EM Wave Transmis-
sion Program is the need for more spectrum
space. Therefore, this program provides
models, techniques, and information to aid the
system designer and frequency manager in their
decisions for better spectrum use. These in-
clude experimental and theoretical determina-
tions of the properties of the radio wave
transmission medium, the development and
testing of models and prediction methods that
characterize the performance of telecommuni-
cation systems, and applications of the
knowledge and tools to specific problems be-
setting frequency managers and spectrum users
in various Government agencies.

1.4.1 Properties of the Radio Wave
Transmission Medium

Experimental determinations and theoretical
estimates of the properties of the transmis-
sion medium on the performance of telecommuni-
cation systems are reported in this section.
Particular emphasis is paid to those effects
produced by the lower (<10 km) atmosphere.

In the project devoted toward Experimental
Determination of Millimeter Wave System
Effects, recent studies by ITS have indicated
that if certain easily achieved design cri-
teria are met, practical narrow-bandwidth
transmission links would have few problems in
climates similar to the climate of the
Denver/Boulder, CO, area. Basically this en-
tails providing adequate fade margin for line-
of-sight links up to 50 km in length at fre-
quencies up to 100 GHz, excluding the mole-
cular oxygen absorption band around 60 GHz.
At 60 GHz, the absorption is about 15 dB/km
sea leVel and about 12 dB/km at 1500 meters
(Boulder's elevation), which restricts path
lengths to no more than 3 to 4 km. However,
this offers advantages such as operation of a
system without the possibility of reception or
detection at greater distances (covertness)
and frequency reuse without mutual interfer-
ence. The oxygen absorption band acts much
like a band reject filter, yet bandwidths of
several hundred megahertz are available with-
out appreciable distortion in either amplitude
or phase for these limited ranges.

at

Observations near Boulder, CO, over a 3-1/2-
year period indicate that with fade margin of
35 dB in the 30 to 50 GHz band and 45 dB in
the 70 to 100 GHz band, a 50 km link could
maintain up to 5 MHz bandwidth with less than
10 minutes of outage per year from weather-
related sources. Rain attenuation was moni-
tored for about 2 years (1980 and 1981) on a
28.8 GHz, 23 km path with a maximum recorded
rain attenuation of 26 dB. During this
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period, the month of May 1981 produced much
above average rainfall. In July 1982, rain
attenuation of slightly over 30 dB was ob-
served for 5 minutes on a 12 km, 30 GHz path.

Very high rain attenuation is always associ-
ated with convective type thunderstorms. Con-
vective storms produce the highest rain rates,
in excess of 100 mm/hr within a cell, but sel-
dom does the intense storm cell exceed 5 to 8
km in diameter. Therefore, the highest peak
rain attenuation does not generally change
significantly whether the path length is 10 km
or 50 km. Rains that cover a wider area typi-
cally have much lower rain rates and the total
attenuation measured during these storms is
less even when extended over 50 km.

Attenuation ratios as a function of frequency
were taken from data recorded at Boulder over
the summer months of 1976 through 1978 for 30
and 60 GHz. Extrapolation of rain attenuation
to higher frequencies is possible from these
data and theoretical predictions.

No time delay spread distortion produced by
forward scattering from raindrops could be
detected. The main effect of rain attenuation
is a reduction in signal-to-noise ratio of the
link.

Next to rain, the most important mechanism ob-
served in terms of fade depths is produced by
multipath signal within the atmosphere. An
atmospheric multipath occurs when a refractive
layer exists at a path height that bends the
signal over two routes that differ by a half
wavelength. When two signals arrive at the
received antenna at almost equal amplitudes,
greatly reduced received signal results from
destructive phase interference. A 40 dB fade
of this type was observed on a 30 GHz, 23 km
link briefly (1 to 2 minutes) during a time
near local sunrise. Atmospheric multipath
fades of lesser depths were seen on occasion
between midnight and one to two hours after
local sunrise. Their occurrence might be
expected to increase with frequency since the
required delay path is less as the wavelength
becomes shorter. Even though layers form
regularly in the lower atmosphere in the
Denver/Boulder area, there is usually motion
within the layer of a scale size that reduces
the probability of generating only two sig-
nals; or if formed, their durations are
brief. This small-scale motion may prevent
fade occurrence at the high frequencies.

a

For narrow bandwidth channels there is very
little distortion associated with atmospheric
multipath because the fade occupies the entire
channel without appreciable amplitude disper-
sion.

Other fade mechanisms, such as refractive de-
focusing, ground multipath, beam decoupling,
and scintillation occurred at various times,
but the only effect on a narrowband channel is
a small change in the system signal-to-noise
ratio. A paper entitled "Height-Gain Studies
for 23 km Links at 9.6, 11.4, and 28.8 GHz" by
K.C. Allen, et al., published in the IEEE
Transactions on Antennas and Propagation, Vol.
AP-30, No. 4, July 1982, describes these
observations.



Obtaining the required fade margin to reduce
outage time to minutes per year is not diffi-
cult for a link with a few megahertz of band-
width. A 2-foot parabolic antenna provides
sufficient gain when combined with readily
available low-noise receiver front-end
mixer/preamplifiers and solid-state trans-
mitter sources.

It should be noted that the climate of Colo-
rado may be representative of a large area
within the CONUS, but very humid climates will
surely require trade-offs in path length
and/or fade margins.

The desirable feature of millimeter waves is
the inherent bandwidth capability of 2000 MHz
or more. Systems developed in the United
States and Japan are already approaching these
bandwidths. Problems encountered with very
wide bandwidth millimeter wave channels
through the atmosphere are much more complex
than at narrow bandwidth and require further
investigation. To provide a tool for this
investigation, a millimeter wave diagnostic
probe that can fully describe the propagation
characteristics of a wide-band channel has
been developed by ITS (NTIA-R-83-128).
Emphasis for the application of the probe is
on high data rate digital links where the
received signal characteristics are compli-
cated by experiencing refraction, reflection,
and/or diffraction, as well as attenuation
enroute from the transmitter.

The primary instrumentation consists of a

30.3 GHz, 1000 mb/s coherent QPSK or 500 mb/s
coherent PSK transmitter-modulator, a 2 GHz
bandwidth receiver-demodulator with a 5.5 dB
double sideband noise figure, and a baseband
processor bit-error-rate (BER) detector.

Built into this digital system is the capabil-
ity of selecting a channel impulse response
mode using cross-correlation of pseudo.random
binary words that permit a 1/2 nanosecond time
resolution in idenfifying time delay disper-
sion. A third mode Erovided by the probe is a
spectrum of 2.5 x 10° coherent frequency lines
for a 1 GHz bandwidth amplitude dispersion
monitor. The output of the diagnostic probe
describes the transfer function of the channel
that can be translated in terms of BER for
path lengths up to at least 50 km. At 50 km,
the excess signal-to-noise ratio is 20 dB
using 3-foot parabolic reflectors, for ex-
ample, or 32 dB if 6-foot reflectors are used.

By accompanying the 30.3 GHz wideband probe
with a set of narrowband coherent probes at
11.4, 28.8, 57.6, and 96.1 GHz, fades and
channel distortion mechanisms can be identi-
fied and labelled according to the degree of
frequency dependence. This multiple frequency
probe will enable the collection of informa-
tion to verify and judge theoretical propaga-
tion models and permit statistical models to
be established for prediction of system per-
‘formance within the 10 to 100 GHz band.

The diagnostic probe was placed on a 12 km
test path. Figure 1-19 displays a plot of
received signal level and BER for an atmo-
spherically calm period when the effective
transmitter power was reduced to 2 microwatts
to force a readable BER. Figure 1-20 is the
same path except the receiving antenna is

pointed down 2 degrees. The effective trans-
mitter power was increased to 20 microwatts to
compensate for the signal lost by the antenna
pointing error. In this case a multipath sig-
nal with 3.4 ns delay appeared in the impulse
response of Figure 1-21. Three impulse re-
sponse measurements were taken at about 30-
minute intervals in Figure 1-22 showing the
time variability of the multipath signal.

In January 1983, the path length was extended

to 27.4 km and the effects of snow, fog, and
rain were observed. A heavy, wet, snowstorm
(temperatures at or above freezing) produced

slightly greater signal attenuations than for
a heavy, dry, snowstorm; a maximum of 5 dB in
total loss was recorded at 30.3 GHz. Lower
frequency channels experienced less loss with
a maximum loss ratio of about 2 to 1 for the
highest to the lowest frequency. No BER
change was noted as a result of time delay
scattering during snow. Fog attenuation was
somewhat higher than expected being about 5 dB
at 30.3 GHz for a maximum suspended water
droplet content estimated at .5 gm/m°, or
about 100 meter daytime visibility, which
occured over at least 2/3 of the path.
Numerous rains permitted observations of
relative drop-size distribution for a variety
of seasons and storm types. A 96.1 GHz chan-
nel was added in August that allowed an esti-
mate of drop size by comparing the attenuation
ratios between frequencies. In order to de-
velop rain models, drop-size distribution sta-
tistics are needed, and the use of 96.1 GHz
has added an indicator of smaller drop-size
effects that has not been previously available
to verify theoretical distribution curves.
Figure 1-23 shows a major rain event that
occurred August 21, 1983. The reason signal
attenuation and rain rate are not correlated
is that the rain rate gauge is located at the
receiver terminal. It was observed that the
rain extended to both ends of the path but the
rate varied along the 27.4 km path. It is
obvious that the ratios of attenuation vary
between link frequencies, and this feature re-
lates to drop-size distribution during the
storms. A scatter plot comparison of the
ratio of received signal levels between the
11.4 and 28.8 GHz channels is shown in Figure
1-24. The same comparison is made between
28.8 and 96.1 GHz in Figure 1-25. Data in
this form are used to calculate drop-size
distribution. The top curve in Figure 1-23
indicates the change in bit error rate for the
30.3 GHz 500 Mb/s channel as a result of rain
attenuation.

As the frequency of the channel through the
atmosphere increases, the loss due to water
vapor also increases. The actual attenuation
produced by water vapor has been an uncer-
tainty in models of the atmosphere at milli-
meter wavelengths. With the on-line computer
and the meteorological data collected, it has
been possible to precisely measure water vapor
absorption, which should allow the model to be
considerably improved up to 100 GHz. Water
vapor absorption as high as 20 dB was seen on
the 27.4 km path. A plot of measured water
vapor pressure and total absorption is shown

in Figure 1-26.

Propagation project, a measurement program was

35



-5 ¥ T ¥
Received =57} 4
Signal . i
{dBm)
L 4
63 W‘W‘WMWMWWWVWW
i 1
-9 1 o
¥ 107 | ) ) ) . 1
BER IR 4
3 4
Lk 1078 4
d 4
2 [ 1
TR I . . X
2200 2230 2300
TIME (MDT)
Pt = 2yl
July 22, 1982 Receiving Antenna = 0°
Figure 1-19. A plot of received signal level and BER for a calm
period on the 12 km path with the 30.3 GHz probe.
-5!? L ¥ L
Received -57
Signal
(dBm)
61k ]
[F
1 x
BER d
| x 1
1x 1378 - N
1122 1152 1222
TIME (MDT) Pt =20 W
July 23, 1982 Receiving Antenna = -2°.

Figure 1-20. A plot of received signal level and BER for the 12 km
path with multipath signals present.

36



DATE: B7 23 82
TINE: 1838
CLR 11.8 KH

Pt =20 W

BER ~ 1 x 107°
Receiver Antenna Pointing =~ -2°

Relative Amplitude [dH]

-10 -5 +5 +10 P14 +20
Delay (ns)

Figure 1-21. An impulse response curve showing the direct signal
and a multipath signal delayed 3.4 ns.
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Three impulse response curves showing the effect of an
atmospherically-induced phase shift between the direct
and multipath signals.
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A scatter plot comparison of the ratio of
received signal levels between the 11.4 and
28.8 GHz channels during rain on the 27.4 km
path recorded September 19, 1983.
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A scatter plot comparison of the ratio of
received signal levels between the 28.8 and
96.1 GHz channels during rain on the 27.4 km
path recorded September 19, 1983.
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conducted in FY 81 to determine the effects on
millimeter wave signals propagated along paths
obscured with deciduous and conifer trees.

The objective of the project was to obtain in-
formation on signal loss as well as spatial,
polarization, and scattering characteristics
for propagation through a variety of foliage
and atmospheric conditions at 9.6, 28.8, and
57.6 GHz. Results of this work are reported
in the U.S. Army Report CECOM-81-CS020-F
entitled "SHF-EHF Propagation Through
Vegetation on Colorado East Slope." The
principal results of the FY 81 work included
measure of signal loss through vegetation as
function of tree depth, height above ground,
foliage (leaves and no leaves for deciduous),
antenna polarization, vertical and horizontal
terminal displacement, and frequency.

In FY 82, the vegetation studies for the U.S.
Army continued with emphasis on determining
signal properties as a function of foliage
depth in order to develop the best theoretical
model for predicting link performance. In
forested areas, the density of foliage was
found to be nonuniform and difficult to de-
scribe in terms of depth. To remove the den-
sity variable, an evenly planted orchard would
best permit a controlled measurement. Because
of the tree size, foliage density, and humid
climate, a pecan orchard near Wichita Falls,
TX, was selected as best suited to the meas-
urement requirements.

The first series of measurements was completed
in April 1982 when the trees were in a defoli-
ated state. In August, a second measurement
series was conducted that repeated the April
measurements to determine the added losses and
propagation differences that occurred with
leaves present. The results of these measure-
ments are contained in U.S. Army Report CECOM-
83-2 entitled "Vegetation Loss Measurements at
9.6, 28.8 and 57.6 GHz Through a Pecan Orchard
in Texas." Figure 1-27 shows the vegetation
loss per tree in decibels relative to the num-
ber of trees (no leaves and with leaves) on
the path as a function of frequency at a 4-
meter height above ground. Note that the path
length increased in proportion to the number
of trees, but free-space losses were normal-
ized so that only vegetation losses are
plotted. For these measurements, all paths
were established by positioning the terminals
(transmitter and receiver) directly in line
with the center of the trunk or trunks at the
l-meter height.

The most significant finding is the rapid
roll-off of loss per tree as the number of
trees in the path increased. An abrupt break
in the plot of vegetation loss versus number
of trees can be seen in Figure 1-27. 1In the
no leaves case, the break occurs after the 8-
tree point. For the measurement with trees in
leaf, the break in the curve is very pro-
nounced after three trees. It is assumed that
this break occurs when the dominant propaga-
tion mode changes from absorptive (direct sig-
nal) to diffractive. With no leaves, the
small twigs and branches allow transmission
through the material; but when their density
becomes sufficiently great, multiple diffrac-
tion from the large number of scattering
objects defines a lower loss propagation mech-
anism. With leaves there is a much higher

attenuation per unit volume so that the trans-
ition takes place with fewer trees in the path
and at a much greater loss.

Figurcs 1-28, 1-29, and 1-30 show a plot of
vegetatlon Toss versus foliage depth at 9.6,
28.8, and 57.6 respectively, at 4 and 6 meter
heights. The average foliage depth at the 4
meters height was 9 meters, and at the 6 me-
ters height, it was 11 meters. Curves showing
predicted values from a modified exponential
decay model are .plotted in each figure. Be-
cause of the disagreement of measured data
versus this model, a transport theory predic-
tion method, which takes into account the
scattering component, is being tested. For
the transport theory predictions, the higher
attenuation at short ranges are considered
primarily coherent components, but at greater
depths, only incoherent scattering components
remain.

Because of the unusual propagation mode that
occurred when diffraction scattering appeared
to become dominant, directional properties of
the arriving signals are most interesting. A
series of receiving antenna azimuthal scans
(beamwidths 4° at 9.6 and 1° at 28.8 and

57.6 GHz) are presented for all three frequen-
cies at 6-meter terminal heights, for depths
of 1, 3, 8, and 11 trees with leaves present,
as shown in Figure 1-31. An unobstructed
reference scan is superimposed on each data
scan. These scans show a rapid loss of signal
directivity, with increasing tree depth. This
suggests that, after only three trees, the en-
ergy 1s scattered nearly equally from all the
trees within the 30° scan.

of data were recorded to measure
signal level .with the transmitter
moving along the perimeter of the orchard with
the receiver at various locations in the
orchard. One of these runs is shown in Figure
1-32 where the receiver was located at a depth

Several sets
the received
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of 720 meters into the orchard and midway be-
tween two rows of trees. As the transmitter
transversed a 200 meter path approximately
perpendicular to a line between terminals,
signal traces shown in Figure 1-32 were re-
corded. The highest received levels for each
frequency occurred in the line-of-sight por-
tion of the scan where greater than first
Fresnel Zone clearance existed. These ampli-
tudes are slightly less than the free-space
value (0 dB) by 1 to 2 dB, but this reduced
and fluctuating level is attributed to surface
multipath and/or slight antenna misalignment.
During these runs, the receiver antenna posi-
tioner was manually controlled, accounting for
a possible pointing error and the mobile
transmitter van could not perfectly maintain a
constant radius arc because of terrain re-
strictions. Of interest are the general high
signal levels when the path was non-line-of-
sight considering the distance and number of
trunks obstructing the path.

the

In the Urban Millimeter Wave Pfoqqiat-on

project, measurements of millimeter wave prop-
agation in urban areas have been made. The
objective of the program has been to study
millimeter wave propagation characteristics in
a city environment with principal emphasis on
the evaluation of communications link
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reliability, detectability, and usable band-
width as a function of position of terminals.

Backscatter and oblique reflection measure-
ments were performed on building surfaces of
concrete aggregate, painted smooth concrete
with protruding ribs, brick, and metal siding.
Frequencies 9.6, 28.8, and 57.6 GHz were used
to compare reflection coefficients for these
surfaces with widely different conductivity
and roughness. Data were recorded to deter-
mine aspect sensitivity of the reflected sig-
nal in a backscatter mode. To obtain a data
point with known properties, a 3-foot square
flat reflector was used as a reference for
this type of measurement.

Signal level and multipath data were recorded
as a function of distance for several runs
over paths of about 1 km in the center of the
Denver metro area using vertical, horizontal,
and crossed antenna polarization. Figure 1-33
is a recording of one of the downtown observa-
tions with vertical antenna polarization show-
ing signal amplitude for each frequency as a
function of the transmitter terminal position
as it travelled at a constant speed down the
street toward the receiver terminal. This
plot provides an indication of occurrence of
fades resulting from multipath for this envi-
ronment. Note that after the last 100 meters
it was not possible to maintain antenna point-
ing due to maneuverability limitations of the
vehicles. As a comparison, similar types of
runs were recorded over paths in an open (non-
urban) area to aid in separating ground multi-
path (asphalt road or street) from other re-
flecting paths. Figure 1-34 shows one such
recording. The dashed line accompanying each
plot is the level the signal trace would take
if the terminals were in a free-space environ-
ment. The free-space trace for the 57.6 GHz
rides above the recorded signal at the longer
ranges because of the molecular oxygen absorp-
tion, which was not removed in the free-space
trace.

A series of non-line-of-sight observations
were made in urban Denver that showed substan-
tial signals even with the terminals separated
by several large multi-story buildings along
the direct path. All received signals were a
result of multiple reflectors and/or edge dif-
fraction and these were most pronounced at

9.6 GHz and decreased with increasing fre-
guency.

By means of a horizontal angle scan with 1°
beamwidth receiving antennas, the angle of
arrival of signals propagated down a street
surrounded by buildings was plotted. Figure
1-35 displays this type of scan for two
frequencies—--28.8 and 57.6 GHz--and for both
horizontal and vertical polarization. The
signal peak occurring at 0° is the line-of-
sight signal and all other signal peaks are
reflected from buildings. Using the path
geometry, distance between terminals, and
building separation from the street, a good
estimate of signal delay is possible. This
delay information coupled with the multipath
signal amplitude permits a calculation of
channel bandwidth potential. For the case
cited over a 500 meter path, using 4° antenna
beamwidths, a 25 mb/s link could run with
little intersymbol interference.

To determine the effects of multipath signals
on a digital communication link operating in
an urban environment, the impulse probe (NTIA-
R-83-128) was set up on a controlled multipath
link. Data were taken on a 250 meter folded
path with dual reflectors (one fixed and one
movable) using the 30.3 GHz, 500 mb/s coherent
BPSK probe to compile data on multipath ef-
fects on bit error rate (BER). Figure 1-36
contains a plot of contributions to BER by S/N
variations and intersymbol interference as a
function of the time delay of a multipath sig-
nal relative to the direct signal normalized
to bit duration. For this plot, the direct-
to-multipath signal ratio (R /R2) is 7 dB
taken for the ratio of bit energy to noise

(E /NO) of 14 dB. With no multipath pres?nt
ang a'l4 dB S/N ratio, the BER is 5 x 10~ /.

At zero multipath delay, the change in BER is
due only to S/N _changes with an average BER of
about 1.5 x 107°. This average BER is greater
than the no multipath case because fades of
5.1 dB and enhancements of only 3.2 dB occur
for a Rl/R2 of 7 dB. Since a psuedo-random
sequence bilt generator is used to produce the
data stream, the amplitude variations diminish
as the multipath delay extends to l1-bit dura-
tion. Hence, the error changes due to S/N
diminishes as shown by the narrow hatch-lines,
"BER due to S/N only." Delay times greater
than l-bit duration theoretically produce no
changes in BER due to S/N because no amplitude
variations occur as a result of the multipath
signal.

Errors due to intersymbol interference for
this controlled multipath case (Fig. 1-36) are
shown to déverge from zero delay, where a BER
of 5 x 107" 1is that for a no multipath state.
This indicates that there is no intersymbol
interference contribution at zero multipath
delay relative to the direct signal. As the
multipath delay increases, the maximum and
minimum contributions from intersymbol inter-
ference are shown by the broad spaced hatch-
lines extending to coincide with the total
contribution of errors at a delay time equal
to l-bit duration. Part of the errors attri-
buted to intersymbol interference are the
result of the composite of the direct signal
and multipath signal producing a phase shift
in the reconstructed carrier. The recon-
structed carrier is manually phase adjusted to
provide a zero reference to the phase detector
in the demodulator for recovery of the base-
band signal. This composite signal phase
shift is cyclic at the rf rate and the result-
ing phase error accounts for most of the
maximum-minimum BER excursions.

The BER due to a multipath signal is dependent
on the channel S/N and the strength of the
multipath signal. For a direct-to-multipath
signal ratio of 8 dB, Figure 1-37 shows meas-
ured and extrapolated values of BER as a func-
tion of S/N compared to a curve showing system
performance without a multipath signal. All
values plotted are for a case where the multi-
path signal delay is l-bit duration or
greater. The measured points using the pas-
sive reflectors to produce controlled multi-
path are indicated by the small circles on the
figure. These points include minimum, aver-
age, and maximum BER as a result of the multi-
path signal being continuously varied in delay
time over several rf cycles.
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Bit Error Rate {BER}
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Figure 1-36. BER in the presence of multipath signals due to intersymbol
interference for a S/N of 11 dB and a direct-to-multipath
signal ratio of 7 dB.
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Bit error rate versus S/N curves are extrapol-
ated from measured data for three different
ratios of direct-to-multipath signal level in
Figure 1-38. An estimated scale of Rl/R2
starting at 7 dB and extending to «, which is
the no multipath state, is included for the
case where the multipath delay time is l-bit
duration or greater.

Multipath signals in a high data rate channel
have a serious effect on data transfer rates
due to increased errors. This treatment of
multipath involving a single discrete signal
does not usually represent an actual path
where several components of multipath may oc-
cur or numerous scatters may exist. However,
the measurements made for this analysis will
provide an order of magnitude of channel de-
gradation for the conditions that may be en-
countered in an urban environment.

The results of this project are contained in a
report to the sponsor, U.S. Army Report CECOM

83-3 entitled, "Urban Millimeter Wave Propaga-
tion Studies."

With the current high interest in millimeter
waves, there is a need for a reliable model to
predict average loss and delay effects of the
atmospheric propagation medium from easy-to-
obtain meteorological data. Such a model
would find considerable practical application
through conversion of generally available
climatologies into transfer characteristics of
a radio path. Water in both vapor and liquid
states is the major deterrent to an unre-
stricted exploitation of millimeter wave-
lengths. For the ITS propagation model, moist
air is characterized for the frequency range

1 to 300 (1000) GHz as a nonturbulent propaga-
tion medium. The medium is treated as an en-
semble of molecules and particles in which
spectral features of water vapor, oxygen, sus-
pended water droplets (hydrosol), and precipi-
tation constitute the main absorbers.

The spectroscopic data base consists of:

o resonance information for 30 H20 lines
between 22 and 987 GHz

o resonance information for 48 0, lines
between 49 and 834 GHz

o a continuum spectrum due to >2000 H20
lines above 1000 GHz

o a continuum spectrum due to nonresonant 02
and pressure-induced N, absorption

o a suspended water droplet (haze, fog,
cloud) attenuation term

o a simple rain attenuation model.

The data base is applied in two computer pro-
grams to calculate and to plot specific atten-
uation a (dB/km) and dispersive delay B (ps/km)
throughout the neutral atmosphere.

Program 1 covers the lower atmosphere (0 to
30 km) and requires the input data: pressure
P, temperature T, relative humidity RH, cloud
water concentration W, and rain rate R. A
typical graphical output is illustrated in

Figure 1-39.
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Program 2 addresses isolated line behavior
over the height range 30 to 100 km, wherein
the geomagnetic field strength H is an addi-
tional input parameter due to the Zeeman ef-
fect of the 0, molecules. Each oxygen line
splits proportional with H into numerous sub-
lines, which superimpose to form a Zeeman pat-
tern spread over a megahertz scale.

A program was outlined to develop a perform-
ance model for fixed terrestrial millimeter
wave communications systems operating in the
10 to 100 GHz frequency range. Radio path
distances up to about 100 km and signal band-
widths of several gigahertz are feasible. The
key performance parameter for both analog and
digital systems is the signal-to-noise ratio
realized at the receiver. Fade margins for
this ratio need to be established for systems
to tolerate propagation losses caused by ad-
verse weather and obstacles in the path (see
general example in Fig. 1-40). The role of
the model is to relate path distance, system
parameters, and occurrences of various propa-
gation losses, most notably those due to rain,
in order to establish the link availability.

The modeling strategy will be to ensure "ease-
of-operation” and viable trade-off options for
optimum performance. The model architecture
will be structured to permit updating in a
facile manner with emphasis on link security
and other special requirements for applica-
tions by the U.S. Army. Future desired modi-
fications of the initial version are identi-
fied, and it is strongly suggested that the
phase of development toward an ultimate model
be paralleled by extensive field tests. Mul-
tiple-frequency experiments should be capable
(1) of detecting deep fades (potential out-
ages) over 0.1 to 10 minute periods and (2)
operating at high digital data rates (0.1 to
1 Gbit/s) so that missing data for testing and
verification of the model become available.

of

Absolute attenuation rates and refractivities
due to water vapor and moist nitrogen have
been measured in the laboratory at 138 GHz,
300 K, pressures up to 1.5 atm, and relative
humidities up to 100 percent. The computer-
controlled measuring system comprises a milli-
meter wave resonance spectrometer (0.15 km
effective path length) and a humidity simu-
lator. Several shortcomings of earlier meas-
urement attempts have been rectified. The
data (Fig. 1-41) are interpreted as a water
vapor continuum spectrum consisting of two
terms, namely strong self-broadening (H2O—H 0)
plus foreign-gas-broadening (H,0-N,) contribu-
tions.

The new results have implications for modeling
atmospheric EHF window transparencies and for
revising established H,0 line broadening
theory. The water vapor continuum is modeled
by

* -
e2e¥ y£x1070

- Y
Nc (clepO +C ppm

2

where p is the partial dry air pressure,
p=P-e. The coefficients are chosen according
to the following scheme:
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(ps/km) for humid air at sea level (RH=0 to 100%). Also

shown is fog attenuation for a liquid water concentration
w=0.1 g/m3 (about 300 m visibility) and rain attenuation
for the rates R=1, 10, and 100 mm/h. The nondispersive

refractivity is No'
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Figure 1-41.

Pressure dependence of specific attenuation o due to
water vapor (e) and moist nitrogen (P) measured at

138.2 GHz and relative humidities from RH=80 to
100 percent.
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) y ¢y y
0ld 1.90 3.1 0
New 1.40 2.5 54.1 3.5

Table 1-6 compares the results of the old and
the new continuum for the case of predicting
zenith attenuation A(dB) through a model atmo-

sphere.

Excegt for a strong self-broadening component
(<« e“), no additional anomalous behavior was
observed contrary to findings by other
workers--not even at saturation (RH=100%).

In our case, we could clearly identify anoma-
lous absorption behavior (e.g., unusually high
rates, extreme temperature dependencies, hys-
tereses in pressure and temperature cycles) as
being instrumental, that is, condensation ef-
fects on the millimeter-wave active parts of
the spectrometer. Considerable effort had to
be expended before the instrument produced
consistent, reproducible results.

Practical implications of the new, though
preliminary, EHF water vapor continuum to
propagation modeling are not too serious.
to relative humidities of RHx60 percent,
sentially the widely used empirical Gaut-
Reifenstein continuum is confirmed. At higher
humidities, increases over the GR continuum
(by a factor 1.5 at RH=100%) and a nonlinear
dependence on absolute humidity are predicted.

up
es-

Before the millimeter wave portion of the
radio spectrum can be used efficiently for
earth-satellite communications, means of
accurately predicting the attenuation of
millimeter waves propagated along an earth-
satellite path are needed. A high reliability
communication link should not suffer outages
more than a few percent or fractions of a per-
cent of the year and, therefore, must be de-
signed to tolerate levels of attenuation that
are only rarely exceeded.

Rain has long been known to be the cause of
the high levels of microwave attenuation ex-
ceeded small fractions of the year. Estimates
of the cumulative distribution of attenuation
due to rain are used to predict the amount of
time an earth-satellite microwave link will
experience outages.

As radio frequency increases, the attenuation
due to clouds increases. Although cloud at-
tenuation is negligible at microwave frequen-
cies, it can become quite large for millimeter
waves.

The Millimeter Wave Cloud Attenuation project

at ITS was directed toward determining whether
rain still dominated the cumulative distribu-

tion of attenuation at small percentages of the

year or if cloud attenuation must be included
to predict the performance of high reliability
millimeter wave communication systems.

The attenuation due to rain producing clouds
was investigated, and a model developed to
predict the cumulative distribution of cloud
attenuation based on the cumulative distribu-
tion of point rain rate. 1In Figures 1-42 and
1-43, cumulative distributions of attenuation

55

due to rain and rain producing stratus and
cumulus clouds are shown for 30 and 90 GHz
respectively. It can be seen that at 90 GHz
cloud attenuation contributes to the total
cumulative distribution of attenuation at
percentages of the year when rain attenuation
dominates at lower radio frequencies. The
model indicates that cloud attenuation domi-
nates the total cumulative distribution of
attenuation for frequencies above 140 GHz.

The ITS cloud attenuation model can be used to
improve predictions of the cumulative distri-
bution of millimeter wave attenuation for
small fractions of the year. Further develop-
ment of the model is needed for more accurate
predictions. Attenuation due to nonprecipi-
tating clouds and the geographical variability
of the liquid water content of clouds should
be included in the model.

in four macroscale

B, C, and D) have

The examination shows consid-
erable disparity in drop densities in the
small drop sizes, but reasonable agreement
when larger (greater than about 1 mm) drop
diameters are considered. An existing drop-
size model can be fitted to much of the data
for the larger drop sizes; however, the model
parameter N_ shows a large variation, and it
is apparently not related to rain rate. There
is a paucity of data for arid and cold cli-
mates; fortunately, there is a larger data
base for the more pqpulated tropical and humid
temperate climates.

Raindrop-size data taken
climatic zones (Zones A,
been examined.

On the basis of the macroscale subdivision of

the world's climates, the drop-size distribu-

tion data in the four climatic zones were used
to develop zonal coefficients for the specific
attenuation-rain rate relationship:

bz(f)

az(f,R) = az(f)R + S.E., (1)

where az(f,R) represents a zonal (z) average
specific¢c attenuation that is related to rain
rate, R, by statistical regression techniques
applied. to given zonal data at a given fre-
quency, f. The values a_(£f) and bz(f) then
represent coefficients derived from the re-
gression fits, and S.E. is the "standard error
of estimate."

Tables 1-7 through 1-10 show the results of

the regression fits for Zones A through D,
respectively. The first column of these
tables shows frequency, the second column
shows zonally evaluated regression results,
and the third column shows some results that
are often recommended in the literature. The
resulting coefficients do little to resolve
any confusion that might exist in the milli-
meter wave region as to which set of coeffi-
cients is truly meaningful. The results con-
tinue to indicate the random behavior of
attenuation on a climatological basis, imply-
ing an existing need to assess variability and
statistical bounds on any kind of relationship
used for prediction purposes. As well, there
is indicated a need for either a more consis-
tent and meaningful climatological classifica-
tion structure or more data within the zonal
classifications used in this effort--or both,



Table 1-6. Comparison of Zenith Attenuation A(dB) Predicted for a
Synthetic Atmosphere (309N, July) by Employing the ITS Millimeter
Wave Propagation Model with 0ld (Gaut-Reifenstein)
and New Water Vapor Continuum Absorption

Model Atmosphere 30°N, July

RAY PATH ANGLE: 0.00 DEGREES FROM ZENITH

INTEGRATED THROUGH MODEL ATMOSPHERE: PO = 101.35 KPA, Tg = 301.15 K,
31 HEIGHT LEVELS, H = 0 TO 30 KM,
INTEGRATED WATER VAPOR V = 52,685 704247 MM,
ELECTRIC PATH LENGTH LE = 2627.16 2739.02 MM,
FREQUENCY (GHZ) ATTENUATION(DB) ATTENUATION(DB)
30.00 «59 64 72 .88
35.00 «63 .70 o T4 « 96
40.00 79 «90 « 91 1.21
45.00 1.13 1.26 1.27 l.64
50,00 2.13 2.29 2.29 2.76
55.00 28.16 28.35 28.36 28.92
60.00 148.98 149.21 149.09 149.75
65.00 23.87 24.14 24.16 24 .94
70.00 3.19 3.51 3.49 4439
75.00 2.42 2.78 2.75 3.78
80.00 2.36 2.77 2.72 3.91
85.00 2.48 2.95 2.89 4,22
90.00 2.69 3.20 3.14 4.63
95.00 2.94 3.52 3.44 5.11
100.00 3.23 3.87 3.79 5.64
105.00 3.58 4.29 4.20 6.24
110.00 4.07 4.84% 4.75 6.99
115.00 5.47 6.31 6.23 8.67
120.00 11.89 12.81 12.73 15.39
125.00 5.38 6.39 6.31 9.19
130.00 5.51 6.59 6.52 9.64%
135.00 5.92 7.09 7.03 10.40
140.00 6.43 7.68 T.66 11.28
145.00 7.03 8.37 8.4l 12.29
150.00 T«75 9.19 9.32 13.47

oLD NEW oLD NEW
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PERCENT OF YEAR ATTENUATION IS EXCEEDED
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Figure 1-42. Predicted attenuation distributions for 30 GHz due to
rain and precipitating stratus and cumulus clouds for
a zenith path at Washington, DC.
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PERCENT OF YERR RTTENURTION IS EXCEEDED
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Figure 1-~43. Predicted attenuation distributions for 90 GHz due to
rain and precipitating stratus and cumulus clouds for
a zenith path at Washington, DC.
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The real conclusion of this effort, that use
of any of the modeled specific attenuation-
rain rate relationships should be pursued with
considerable caution at millimeter-wave fre-
quencies, will perhaps stimulate endeavors to
acquire more and meaningful rain attenua-
tion/rain description data with the intent of
providing usable prediction relationships.

Table 1-7. Coefficients for Zone A of
the Relation in Equation (1)
Evaluated from Commonly used
Eq. (1) Coefficients
Frequency
(GHz) az(f) bz(f) S.E. a(f) b(f)
10 4.72x10_% 0.899  0.300 1.36x10°2 1.150
30 8.66x10~ 0.735 2.06 0.186 1.043
60 0.331 0.611 4.17 0.801 0.851
100 0.637 0.515 5.21 1.48 0.730
300 0.956 0.423 5.34 2.24 0.614
Table 1-8. Coefficients for Zone B of
the Relation in Equation (1)
Evaluated from Commonly used
Eq. (1) Coefficients
Frequency
(GHz) a,(f) b, (£) S.E. a(f) b(f)
10 6.44x10_; 0.937 0.09 1.36x1072 1.150
30 1.14x10™ 0.814 0.91 0.186 1.043
60 0.424 0.748 0.74 0.801 0.851
100 0.802 0.665 1.37 1.48 0.730
300 1.19 0.575 1.67 2.24 0.614
Table 1-9. Coefficients for Zone C of
the Relation in Equation (1)
Evaluated from Commonly used
Eqg. (1) Coefficients
Frequency
(GHz) a, (f) b, (£) S.E. a(f) b(f)
10 7.74x1073  1.224  0.64  1.36x107% 1.150
30 0.125 1.015 3.52 0.186 1.043
60 0.444 0.855 6.09 0.801 0.851
100 0.806 0.737 7.16 1.48 0.730
300 1.16 0.623 7.23  2.24 0.614

Coefficients for Zone D of
the Relation in Equation (1)

Table 1-10.

Evaluated from Commonly used

Eq. (1) Coefficients
Frequency
(GHz) az(f) bz(f) S.E. a(f) b(£f)
10 1.42x1072  1.149 0.57 1.36x1072 1.150
30 0.237 0.875 1.61 0.186 1.043
60 0.816 0.690 2.93 0.801 0.851
100 1.41 0.578 3.84 1.48 0.730
300 1.88 0.490 4.04 2.24 0.614
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The Rice-Holmberg (RH) model for predicting
rain rate annual distributions makes use of an
intermediate parameter known as the "thunder-
storm ratio," B. In the RH model, the purpose
of B is distinction between convective and
stratiform types of rainfall. The thunder-
storm ratio was originally defined as

g = B {0‘25 + 2 exp [-0.35 (1 + O.lZSM)]}, (2)
o u
where
Bo = 0.03 + 0.97 exp[-5 exp (-0.004M_)]. (3)
In (2) and (3),
M = the average annual precipitation in
millimeters,
u = the average annual numbers of days
with precipitation greater than .0l in
(.25 mm), and
M, ° the maximum monthly precipitation in
' 30 consecutive years of record, in

millimeters.

(3) have two unfortunate as-
pects. First, they generally require a calcu-
lator to use. Second, and more important,
they require the only use of M_ in the RH
model calculations. The value M_ is very dif-
ficult to obtain on a worldwide gata basis,
which often greatly reduces (sometimes to
none) the number of RH model results that can
be calculated in a given part of the world.
There is, however, an alternative. If we
define the thunderstorm ratio as the ratio of
u', the annual number of days with thunder-
storms to D Ol" the annual number of days
with precipitation greater than .0l in. These
data have much greater worldwide availability.
The statistical measures of u' and D are
their means, u and D 01’ and their standard
deviations Sy and SD.Ol

Formulas (2) and

Figure 1-44 shows a contour map of the rain

rate, R:bi; expected to be exceeded 0.01 per-
cent of an average year, derived from B, and
Figure 1-45 shows the same map derived from
u/D (,, instead of g. Both maps are for the
Urif{cd States. The most notable difference in
the two maps is the diminution of R, in the
Pacific Northwest on Figure 1-45 as contrasted

with ylgprb 1-44 and respectively higher

R 's in the Great Basin on Figurs 1-45.
quH£e° 1-46 and 1-47 contrast R 4% derived
from i and u/D .01’ respectively, *f4y southwest
Asia. Here thé most notable feature is the
greater data availability of Figure 1-47

compared to Figurc 1-46. 1In some areas of the
world, the u/D method is the only feasible
approach to data contouring because of a
nearly total absence of B information. Figure
1-48 for the Republic of Korea (South Korea)
and ¥Figurs 1-49 for Central America show
contour maps of R g, derived from u/D where

this is the case.

Table 1-11 shows an analysis and summary of
the comparison of observed rain rate distri-
butions from 20 usable data locations with
predicted results from the RH model using the
g and U/D.Ol thunderstorm ratios. The only
likely significant comparison of data distri-
butions with the prediction distributions is
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Figure 1-44.

Rain rates,. R,,, expected to be exceeded 0.01% of an average
year in the United States, derived from the thunderstorm ratio, B.
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Figure 1-45. Rain rates, ROl’ expected to be exceeded 0.01% of an average

year in the United States, derived from the thunderstorm
ratio, U/D 01
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Figure 1-46. Rain rates, i,.,, expected to be exceeded 0.01% of an average year in southwest Asia,
derived from *he thunderstorm ratio, B.
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Figure 1-47. Rain rates, R,,, expected to be exceeded 0.01% of an average year in southwest Asia,
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Figure 1-48. Rain rates, ROl’ expected to be exceeded 0.01% of an
average year in the Republic of Korea, derived from the

thunderstorm ratio, U/D 01"
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Table 1-11. Absolute Value of Observed Rain Rate Deviation, AR, Outside Predicted 0.5 and 99.5 Percent
Confidence Limits Using the Two Thunderstorm Ratio Estimating Procedures in the RH Model

Gauge | AR, |
Data Integration at 0.01% at 0.001% Assigned
. Period Time Exceedance Exceedance Exceedance Weight,
Observing Level Level W,
Station (nm/hr) (m/hr) (mm/hr)
i
3 T ] 1 ]
e (years) (min.) 8] /D.Ol ] B 6] /D.Ol o
Miami, FL 1 1 0 0 0 0 1
Island Beach, NJ 1 1 0 0 0 2 1
Franklin, NC 1.25 1 0 0 - -~ 1.25
Wallops Island, VA 4 0.03 0 13 - - 4
Stockholm, Sweden 2 1 0 14 1 3 2
Stockholm, Sweden 2 1 0 0 19 21 2
Atlanta, GA 20 5 0 0 1 0 20
Majuro Atoll, 1 1 0 0 0 0 1
Marshall Islands
Palmetto, GA 2 5 - 0 15 12 2
(near Atlanta)
Paris, France 13 1 - 0 0 4 13
Tokyo (Takematsu), 1 ? 0 0 - - 1
Japan
Tokyo (Kashima), 1 ? 0 14 - - 1
Japan
Woody Island, 2.83 1 0 0 32 0 2.83
Alaska
Paris (Montsouris), 10 1 - 0 0 4 10
France
Paris (Gomnetz), 1 1 - 0 49 56 1
France
Rio de Janeiro, 3 1 - 13 59 37 3
Brazil
Blacksburg, VA 3.67 ? 1 0 4 21 3.67
Tokyo (Shakujii), 1 ? - 0 0 43 1
Japan
Tokyo (Sakai), 1 ? - 0 3 30 1
Japan
Darmstadt, FRGC 0.83 5 0 0 13 21 0.83
Average -
Departure, |4R| 0.05 0.17 1.62

1.65 6.02 6.94




based upon whether the data distribution lies
inside or outside the 0.5 and 99.5 percent
prediction levels. This is the type of
comparison made in Table 1-11. In order to
put these comparisons on a quantitative basis,
the absolute value of the departure, ARy,
outside either the 0.5 or 99.5 percent predic-
tion value of a given observing station, i,
was assessed. Zero departures were assigned
if the observed distribution lies inside the
predicted confidence limits. Four exceedance
percentiles, 1, .1, .01, and .00l were checked
in the analysis, as shown in Table 1-11. Note
that the average departure,]AR , in the last
row of Table 1-11 gives no significant indi-
cation whether the B or the u/D prediction
approach in the RH model is superior.

1.4.2 Models and Performance
Prediction Methods

The direction of use of the frequency spectrum
resource has generally been upward in fre-
quency in recent years, primarily because of
the relative availability of bandwidth, and
the requirement of digital systems for wider
bandwidths. This has led to considerable in-
terest, both here at NTIA and elsewhere, to
the usage potential of microwave and milli-
meter wave systems. The lower atmosphere,
sometimes called the troposphere, has a
considerable influence in this frequency
region if existing and/or intended systems
must communicate through the atmosphere.
However, the surrounding terrain and even the
ionosphere can exert an influence as well.

The objectives of Southern California Propaga-

tion study addressed the somewhat lower VHF
and UHF frequency ranges. These objectives
were to develop plans for the measurement of
VHF and UHF propagation loss, particularly
under ducting conditions, and to design,
fabricate, and install automated special-
purpose propagation measurement and data
acquisition equipment. The design was com-
pleted and four automatic propagation meas-
urement systems were built; three were de-
ployed in the San Diego area. Each of the
systems will measure 10 signals in the fre-
quency range of 60 to 900 MHz for about 1-1/2
years. The systems, being microprocessor con-
trolled, proceed through an hourly cycle of
self-calibration, sequential data collection,
and data analysis and storage. Data summaries
are printed locally, and all raw data along
with the summaries and overhead information
are recorded on magnetic tape. The Federal
Communications Commission will collect the
data tapes once per month for further analy-
sis. The ultimate goal of the project is to
develop statistics on the incidence of ducting
propagation conditions at VHF and UHF in the
Southern California environment.

Phase I of this project provided the FCC with
an overview of the propagation phenbtmena in-
volved, recommendations as to the type and
amount of data needed to accomplish the over-
all project objectives, and descriptions and
cost estimates of the equipment needed. 1In
consultation with the FCC staff, the Institute
has provided the FCC with the following speci-
fic items of information:
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a review of the propagation phenomena in-
volved that is based on available theoret-
ical and empirical studies and interfer-
ence reports

recommendations as to paths, recording
sites, and transmitting sites required to
obtain needed data

recommendations as to signal sources

recommendations as to desirable data
sampling rates, amount of on-site data
reduction, and statistical parameters to
be recorded for reduced data

recommendations as to meteorological data
needed and sources.

This information was presented in an informal
report to the FCC entitled "Planning for the
Measurement of Propagation Phenomena in Land
Mobile Frequency Bands in Southern Califor-
nia," dated June 2, 1980.

The objective of Phase II was to develop the
design of both the receiver and the receiver
control/data collection system (RCDCS) to the
point where the procurement of supplies and
equipment could begin and then to procure some
of those supplies and equipment. Figure 1-50
is a photograph of one of the automatic propa-
gation measurement systems.

Phase III of the project provided for the fi-
nal assembly, testing, and deployment of the
three systems in the San Diego area. The
sites are as follows:

Site 1. Point Loma

on Naval Ocean Systems Center property

1

32°40'03"N., 117°14'36"W.,
(above mean sea level)

15 m/msl

very close (100~200 m) to the Pacific

shore

Site 2. La Mesa

on the premises of the FCC field office
in La Mesa

32°46'08"N., 117°01'43"W., 150m m/msl

about 15 km inland from the shore

Site 3. Cowles Mountain

at the "head-end" of a cable TV company

- 32°48'45"N., 117°01'S50"W., 475 m/msl

about 20 km inland from the shore.

The choice of signals to be monitored at each
location took into account a variety of path
characteristics and, of course, the availabil-
ity of signal sources. Table 1-12 gives only
the frequencies of the sources to be received
at each of the three receiver sites. These
sources are of two types: television signals
(only the video carrier is measured) and test
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Figure 1-50.

The Automatic Propagation Measurement System. Three of
these are being used in the Southern California
Propagation Study.

68



signals installed for this experiment. The
last three sources listed in the table are the
test sources. Nearly all of the sources are
located in the Los Angeles area.

Table 1-12. Receiver Site Measurement

Frequencies

Site 1 Site 2 Site 3
(MHz) (MHz) (MHz)

61.25 741.25 61.25
175.25 175.25 175.25
497.25 519.25 519.25
735.25 735.25 735.25
531.25 531.25 531.25
687.25 687.25% 687.25
741.25 687.25% 487.25
418.00 418.00 418.00
869.00 869.00 869.00
869.50 869.50 869.50

*This signal will be received using both
horizontal and vertical polarization.

The other important path parameters associated
with this selection of sources and receiver
sites are terrain type, source height, and
path length. Of the paths chosen, some are
almost entirely over water or land (several
each); most are a combination of land and
water. The source height ranges from 20 m/msl
to over 1800 m/msl. The path length ranges
from as low as 15 km (one case) to a typical
value of about 150 km, to as high as 330 km.

Phase IV of the project provided for mainten-
ance and repair of the systems, the develop-
ment of detailed system documentation, and
preliminary "ducting-incidence" model devel-
opment. The first task listed is self-explan-
atory; some repair work and a trip to the San
Diego area were needed. The system documen-
tation is the collection of all the design
information, such as schematics and specifica-
tions, and manufacturers' literature. The
documentation includes a full, annotated list-
ing of the computer software. Two copies of
the documentation package were given to the
FCC.

Some of the reduced data is presented in
Figure 1-51, which shows hourly median re-
ceived signal level and hourly interdecile
range for October 1981 at the La Mesa receiver
from four sources. The K59AL to La Mesa path
is a 24 km line-of-sight path. The KABC and
KWHY to La Mesa paths are 188 km in length
with a single horizon near the La Mesa re-
ceivers. The KOCE to La Mesa path is 159 km
with two horizons (one mid-path and the other
near the La Mesa receiver). Note the large
diurnal change on the last path with nearly a
40 dB swing in received signal level. The
variation for the month is approximately
50 . dB. The hourly interdecile range exceeds
20 dB in some cases. The mechanism for the
large change in these examples is presumably
ducting. Data reduction on additional months
is proceeding.

Using the data, we are exploring the correct-
ness and pertinence of existing models such as
that reported by the CCIR and planning to de-
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vise new, more extensively applicable models.
One approach, for example, is to consider a
standard set of possible atmospheres, to com-
pute for each of them the consequent field
strengths, and then to combine the results
into a statistical distribution according to
the statistical incidence of the atmospheres
in the region of operation.

Another aspect of the ITS VHF/UHF modeling
effort is the Extended Range Communication
project. The basic concept is that a message
is sent as a short burst of information. The
message is first stored in a local memory de-
vice, and the system waits until a communica-
tions link to the intended receiver can be
established. When propagation conditions are
sufficiently good, the message is quickly
transmitted. The basic concept here has been
known before; this is how a meteor-burst com-
munications system works. The new aspect in
this study is the application of the burst
concept to terrestrial (groundwave or tropo-
scatter) radio propagation at VHF and UHF.

Several protocols for establishing the re-
quired link are possible. One that comes im-
mediately to mind is presently used in the
"meteor burst communication" systems that make
use of the intermittent appearance of meteor
trails in the ionosphere. 1In such a system,
when a "master" station wishes to receive a
message, it "polls" one or more sending units
by periodically transmitting a command signal.
When a sending unit receives one of the com-
mand signals, it can assume there exists a
suitably placed meteor trail and that propaga-
tion conditions are satisfactory. It immedi-
ately transmits its message before the meteor
trail has had time to disperse.

There are two main aspects to this project.
One is to develop a meteor-burst model and
then to implement it as an interactive com-
puter program. The other aspect is to study
the feasibility of using burst transmissions
in situations where the usual modes of radio
propagation are operating. There are several
parts to this feasibility study: field meas-
urements to demonstrate the principle, an ex-
amination of how to use the received signal
statistics, computations of the range exten-
sion, and suggestions for future work. These
topics will be discussed in the paragraphs
below beginning with the meteor-burst model.

A communication channel can be established by
reflection from one or more of the billions of
meteor trails formed daily in the earth's at-
mosphere between 80 and 120 km. This channel
will function in the frequency range of 30 to
120 MHz and for terminal separations of 200 to
2000 km. Typically, a meteor trail with the
right geometry to provide reflection will be
available every few to tens of seeonds and
will last a portion of a second. Although
these signal durations and waiting times would
be unacceptable for analog voice, digital in-
formation requiring a low throughput can ap-
pear to be almost continuous to a user. One
benefit of a meteor-burst communication system
is that transmissions are relatively secure
because there is only a small probability that
a second receiver would have a simultaneous
and properly oriented trail.
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The Institute has developed a Meteor Burst
Communications Model, which is a user-inter-
active computer model. The model predicts the
waiting times required to complete the trans-
fer of messages from a master station to a re-
mote station as a function of the frequency,
transmitter, and receiver characteristics,
system protocol, distance, time of year, and
time ot day. This model can also predict the
waiting times for a network of stations, e.g.,
a master, a remote, and two relays, each with
its own user—-defined system parameters.

Figure 1-52 shows the model input and output
for a transmitter and receiver separated by
1300 km. The first section of the figure
lists the input parameters that were entered
by the user; the second section lists the com-
puted values and gives a table of the waiting
times for seven message lengths. This length
is the duration of a complete message transfer
rather than for an interrupted channel. For
example, at 2000 bits per second and 7 bits
per character, a 200 ms message would contain
about 60 characters or roughly one line of
text. As can be seen in the table of waiting
times, with a 99 percent reliability, the one
line of text will be received within 15 s 1in
the morning and within 24 s in the evening.
Radio system designers can use this model to
develop system and siting parameters for
meteor-burst communications systems.

Work so far on the feasibility study has shown
that the burst transmission concept is prob-
ably most useful in the land-mobile service
where one can take advantage of the well-known
propensity for signal levels to vary signifi-
cantly as a mobile unit moves. The usual sys-
tem is designed with a large fade margin to
counter this variability. A system employing
burst transmission can dispense with this fade
margin and perhaps even operate on the nega-
tive side where it anticipates higher than
average signal levels. We estimate that the
signal advantage would be between 20 and 40 dB
and that the system range might be extended by
a factor of 1.5 to 3.

There is, of course, a price to pay for the
range extension. Usually a given message will
not be sent immediately but will need to wait
while the mobile unit moves to a suitable
location. The distance required to find this
location we call the "waiting distance." It
is a random variable related to the autocor-
relation function of received signal levels.
Preliminary measurements indicate that to gain
the advantages given above, the system would
need to wait, at most, 5 to 10 km before 90
percent of the messages would have been sent.

The measurements mentioned above were made in
the Boulder, CO, area at the nominal frequency
of 50 MHz. The configuration of one fixed and
one mobile terminal was used. Some of the
data has been used to compute the location
variability, and there are limited examples of
some time variability.

The needs for future work fall into two areas:
a better understanding of "low-percent" data
for the usual propagation mechanisms (i.e.,
troposcatter) and some study of unusual
propagation mechanisms (i.e., off-path reflec-
tion or ducting). The first aspect could be
approached by determining the weaknesses of
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existing propagation models. The ultimate
terrestrial burst-transmission system or model
should allow for some adaptability in system
protocol. This would allow the use of the
system in a wider range of conditions.

In the past several years, the telecommuni-
cations community has experienced a renewed
and critical emphasis in virtually all areas
of command, control, and communications.
Recent advances in meteor burst communication
systems have shown this means of communica-
tions is simple, reliable, and cost effective
at times when this availability of conven-
tional systems 1is questionable. This has been
proven by the Department of Agriculture's
SNOTEL system and the Alaskan meteor burst
communications system. Figure 1-53 depicts
the meteor-scatter communications channel
environment.

The performance of a meteor-burst link is us-
ually defined as the waiting time required to
transfer a message between two stations at a
specified reliability. A second index of per-
formance is the average words per minute that
can be transferred over a period of time. The
critical system parameters that will influence
performance are operating frequency, data rate
transmitter power, antenna gain, receiver
threshold, system protocol, separation dis-
tance, time of year, and time of day.

A user-interaction computer model ("Meteor
Burst Communications Model," by Haakinson,
NTIA Report 83-116) was developed to predict
the reliability of such a system.

The Meteor-Scatter Propayation Study was an

initial investigation into a series of current
meteor scatter system tests to determine if
the data collected could be useful in verify-
ing or updating this model. Evaluation of the
test and data acquisition plan indicated that
the available data would not be sufficient to
completely verity the model. Enhancements to
present test plans were proposed for future
tests in order to provide all the required
data. A letter report was submitted to the
project sponsor with the details of these
recommendations in anticipation of further
testing in the near future.

Until this year, Boundary Studies were
conducted under the auspices of NTIA and co-
ordinated with NSA under the Communications
Protection Program. The Communications Pro-
tection Program was originated with Presiden-
tial Directive (PD-24) to provide protection
to sensitive civilian and Government informa-
tion that was not related to national security
(DoD). Since the Communications Protection
Program (NTIA) was terminated at the end of
FY 82, NSA decided to extend support for the
continuation of the Boundary Studies portion
of the Communications Protection Program.

The major objective of the Boundary Studies is
to determine a meaningful threshold distance
to which common carrier microwave systems can
be received. Specifically, the question that
must be answered is: which transmitters can
be received by an unauthorized receiver
system? In order to answer this question it
should be noted that the receiver may well be
content to have usable reception much less




METEOR BURST COMMUNICATIONS

INPUT PARAMETERS

FREQUENCY 30.0 30.0 MHZ
TRANSMIT POWER 30.0 30.0 DBW
TRANSMIT LINE LOSSES 2.0 2.0 DB
TRANSMIT ANTENNA OPTION GAIN GAIN
TRANSMIT ANTENNA GAIN 15.0 7.0 DBI
RECEIVE ANTENNA OPTION GAIN GAIN
RECEIVE ANTENNA GAIN 15.0 7.0 DBI
ANTENNA CIRCUIT LOSSES 0.0 0.0 DB
RECEIVE LINE LOSSES 2.0 2.0 DB
RECEIVE NOISE FIGURE 10.0 10.0 DB
IF BANDWIDTH 2.0 2.0 KHZ
REQ'D PRE-DETECTION S/N RATIO 3.0 3.0 DB
LOCATION DESCRIPTION QUIET RURAL QUIET RURAL
MESSAGE TRANSFER MULTIPLE BURST MODE
SYSTEM OVERHEAD PER BURST 83.0 83.0 MS
USER-DEFINED MESSAGE LENGTH 75,0 MS
DISTANCE BETWEEN MASTER AND REMOTE %8%38é éMM
COMPUTED SYSTEM NOISE POWER -120.8 -120.8 DBM
MONTH OF OPERATION MAY

(b) OUTPUT PARAMETERS
POWER FACTOR = TRANSMIT POWER - TRANSMIT LINE LOSSES
+ ANTENNA GAINS - (SYSTEM NOISE POWER
+ REQD SIGNAL-TO-NOISE RATIO)
THE MASTER-TO-REMOTE LINK POWER FACTOR = 197.8 DB
THE REMOTE-TO-MASTER LINK POWER FACTOR = 197.8 DB
THE WAITING TIME CALCULATIONS ARE BASED
ON THE SMALLER POWER FACTOR.
THE AVERAGE METEOR BURST DURATION = .1 SEC
COMPLETE MESSAGE TRANSFER BY MESSAGE PIECING
ON MULTIPLE BURSTS
LOCAL WAITING TIMES NOT EXCEEDED
TIME FOR 99.00% OF THE TIME
MIDPOINT FOR THE GIVEN MESSAGE TIME
BETWEEN AVERAGE USER-
MASTER INTERVAL DEFINED
AND BETWEEN 75 50 100 200 400 800 1600
REMOTE BURSTS MS MS MS MS MS MS MS
(SEC) (SEC) (SEC) (SEC) (SEC) (SEC) (SEC) (SEC)
0 5.2 42 40 Ly 52 6% 1 137
200 4.5 37 34 39 b 5 1 120
400 4.3 5 33 27 Ly 56 gg 116
600 4.9 0 37 2 49 63 130
800 6.0 49 6 51 60 gg 107 158
1000 6.9 56 53 58 gO 12 183
1200 8.3 6 63 70 y 107 14 221
1400 10.9 8 8 95 113 141 197 292
1600 13.3 109 102 113 13 172 239 359
1800 13.3 10 102 113 134 172 239 358
2000 10. 8 83 91 109 141 193 28
2200 6.7 54 51 56 67 86 120 179

Figure 1-52.
and output parameters (b).
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Meteor-burst communication model input parameters (a)
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Figure 1-53. Meteor-scatter communications channel environment.
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than 100 percent of the time and also may
accept reception for only one-half of the
conversation (this occurs when one end of the
transmission link is not receivable because of
obstructions such as topography or buildings
in the receiver's path). 1In order to predict
when usable signals will be available. it is
necessary to obtain the antenna type of ex-
pected antenna gain pattern for 360°. This is
necessary since the likelihood of a receiver
being located in the main beam is relatively
small. Then it is necessary to obtain the
path profile from topographical data to
determine extent of path blockage. Also,
special propagation models are needed to ac-
curately assess the propagation losses that
occur under less-than-desirable conditions.
Finally, an assessment needs to be made re-
garding the unauthorized receiver station
characteristics, which includes antenna (size
and type), receiver sensitivity, and minimum
signal-to-noise requirements.

The Institute has developed a Multiple Knife-
Edge Diffraction model that will calculate
microwave propagation attenuation for up to
ten obstacles in any given path. The Multiple
Knife-Edge Diffraction model utilizes a gener-
alized residue series formulation for the
propagation of electromagnetic waves over a
sequence of smooth and rounded obstacles,
which can be treated as knife-edges at micro-
wave frequencies. The resulting expression is
in the form of a multiple integral. This ex-
pression is transformed into a series repre-
sentation through the use of repeated inte-
grals of the error function in the report by
L.E. Vogler, "The Attenuation of Electromag-
metic Waves by Multiple Knife-Edge Diffrac-
tion," NTIA Report 81-86, October 198l. The
solution and computer implementation consti-
tutes a significant breakthrough in propaga-
tion analysis of multiple diffraction propaga-
tion problems. The model has been used to
compare predictions with propagation measure-
ment and has resulted in good agreement. Com-
parisons were made with previously written
double and triple knife-edge programs again
with very good agreement. This model will
serve as an excellent means of determining
propagation losses for microwave frequencies.

A cOmposite large-scale computer program has
been developed at ITS that utilizes the Multi-
ple Knife-Edge Diffraction model, the analyt-
ical expressions for common carrier antenna
patterns, and computer data base that provides
topographical information for selected areas
in the United States. This information,
coupled with transmitter and receiver antenna
heights and types, transmitter power levels,
receiver sensitivity, and distance between
transmitter and receiver provides a very ver-
satile propagation analysis tool that meets
all the special requirements of calculating
communication boundaries. This computer pro-
gram can be readily adapted to a wide variety
of applications and, since it is automated,
large numbers of propagation paths can be
readily analyzed.

Some earlier Boundary Studies used only two
antenna types--Western Electric KS-15676 and
the CCIR standard parabolic antenna. This
necessitated determining two separate bound-
aries on the assumption all transmitters used

only one type of antenna at a time. The new
Boundary Studies only determine one boundary
for a given frequency band. This resulting
boundary is based on the antennas that are
actually in use. The two studies considered
this year include the reanalysis of two areas
and two frequency bands that had been charac-
terized previously by the earlier boundary
studies. The ITS computer program and analy-
sis capabilities were provided to the sponsor
during this fiscal year (FY 83).

In the HF portion of the spectrum, the Iono-
spheric Communications Analysis Prediction
Program (IONCAP) is the most recent of the
prediction programs developed at ITS. The
computer program is an integrated system of
subroutines designed to predict high-frequency
sky-wave system performance and analyze iono-
spheric parameters. These computer-aided pre-
dictions may be used in the planning and oper-
ation of high-frequency communication systems
using sky waves.

In the initial planning, or in the modifica-
tion of many communication systems, there may
be an appreciable delay between the circuit
planning and the actual circuit construction
or modification. This is of particular impor-
tance for high-frequency circuits with marked
time and geographic variations in optimum fre-
quency, required power, and system perform-
ance.

Predictions of ionospheric characteristics and
techniques for using these characteristics are
available and may be used to anticipate the
performance of HF communication circuits and
thereby provide the lead time for necessary
equipment selection, frequency selection, and
frequency and time-sharing arrangements.

Specific modeling efforts included in the
IONCAP program are:

o A complete, explicit electron density pro-
file. Wwhile this function is not measur-
able, the integration of the profile to
give an ionogram is. These prediction
ionograms have been checked against
measurements.

o For oblique ray paths, Martyn's theorem
has been corrected for a curved iono-
sphere. The correction was derived to
assure agreement with full ray tracing
using the same electron density profile.

o Explicit sporadic-E modes have been added
to the program. The model is composed of
subparts that have been derived from and
tested against measurements over the past
30 years.

o A revised median loss model® has been
created. The same basic equation is used,
but an additional term is added for E
modes, and a revision of the collision
frequency term for modes with reflection
heights within the absorbing region added.
Also, a deviative loss term is added to
high angle modes (these are also an addi-
tion to the program). The revision as
well as the total loss equation was com-
pared to field strength measurements.



o An MUF model has been added that directly
calculates the values rather than search-
ing for the correct value. The complete
electron density profile is used. The
distribution of the MUF over a specified
month for each possible layer is now
included.

o The distribution of transmission loss has
been extended to vary with each operating
frequency and with each type of mode.
This allows the extension of statistical
system performance upward in frequency.

o Some modifications to the antenna models
have been made, the most significant being
for vertical antennas that are electrically
short.

o The complete set of models for long paths,
as described above, have been added.

A major effort is currently in progress to
replace all of the antenna models used in the
IONCAP program.

The IONCAP program or calculations using the
program are available from the Institute. The
program has been supplied to several foreign
and domestic government agencies and to the
private sector.

For the past three years a substantial effort
has been devoted to the development of antenna
models and a program code to be used with the
IONCAP program. The major intent is to create
an antenna package to be used with the HF sky-
wave predictions. This HF Antenna Simulation
project permits the analysis of antenna models
using two logical subdivisions:

1. the exterior (radiation) problem, which
deals with the interaction of the antenna
with the propagation medium; and

2. the interior (circuit) problem, which
deals with the interaction of currents,
voltage, etc., within the antenna system
itself.

The work during this year consisted of final-
izing the subprograms for traveling wave an-
tennas and writing the final report on the
theory and use of the antenna module. The
report includes the general theory of sky-wave
antenna patterns, the derivation of the models
for each antenna type, the use of the computer
program, and advice on the use and limitation
of each particular antenna type. Comparisons
of computed patterns with published patterns
are given where available. The report en-
titled "Computation of Linear Communication
Antennas" is expected to be published by the
end of 1983.

The report is intended to be documentation of
antenna models intended for use with the HF
sky-wave propagation prediction program,
IONCAP. It is not intended to be a general

antenna design guide or user's handbook. The
major elements of this report are:
o the derivation of all radiation pattern

equations and comparison with published
equations if available
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e) the clarification of the use of the
radiation resistance equations and
reference to their source

o the clarification of the normalization of
the reflection coefficients and their use
with the ground reflection factors

o the simplification of the models for use
with the prediction program and the re-
sultant stability of the computer code.

In an effort to increase the usefulness of
computerized HF prediction programs for system
applications, ITS has developed a ground-to-
air prediction program that incorporates
ground-wave propagation as well as sky-wave
propagation. The program 1is described in de-
tail in NTIA Report 83-131 entitled "An Air-
to-ground HF Propagation Prediction Model for
Fast Multicircuit Computation," by Stewart et
al. The computer code has been optimized to
permit rapid calculation of ground-wave and
sky-wave field strengths. The calculations
are performed using, as a basis, the ground-
wave program developed by Les Berry and de-
scribed in OT Technical Memorandum 78-247
entitled "User's Guide to Low-Frequency Radio
Coverage Programs" and the sky-wave program
referred to as HFMUFES that 1s described in
the report ERL 110-ITS 78 by Barghausen et al.

The general approach to increasing the oper-
ating speed of the HF predictions program
HFMUFES is to precalculate as many ionospheric
parameters as possible for a given area of
interest. The ionospheric parameters such as
foF2, h'F2, fOES, etc., are precalculated for
a grid of points that encompasses all the path
control points. Then, for any communications
link whose control points fall inside this
grid, a linear interpolation is done to get
the ionospheric parameters. This eliminates
the necessity for evaluating large numerical
series and reduces the cost of calculating
communications path performance.

The initial ground-wave model required a
rather large memory assignment, and execution
time for a given communications link was unac-
ceptable. To achieve the program size and
speed, the following procedure was developed.
Loss curves were plotted in the range of 2 MHz
to 30 MHz for 0 km to 2000 km. These plots
were made for antenna heights from 1 m to

50 km, a fixed antenna type (vertical), and
ground constants (conductivity = ,005
MHO/meter, dielectric constant relative to

free space - 10.0).

Numerical equations were fit to the plotted
curves and the coefficients of these equations
were placed in a subprogram for evaluation.
For a given antenna height, frequency, and
distance, a linear interpolation between co-
efficients is done, and the resulting coeffi-
cients are evaluated for the ground-to-air
loss.

Because of the heavy reliance in HF propaga-
tion prediction programs on numerical coef-
ficients to represent the ionospheric param-
eters, ITS constantly seeks ways to improve
the accuracy of the coefficients. As part of
the Ionospheric Mapping project, a new set of
coefficients to represent the global variation




of the F2-region critical frequency, foF2, has
been developed. These coefficients have been
derived by combining observed monthly median
values of foF2 with theoretical values of foF2
derived using the time-dependent continuity
equation for ions and electrons in the iono-
sphere. The method used to derive the new
coefficients and a description of the use of
the time-dependent continuity equation to gen-
erate theoretical values of foF2 has been
described in detail in a January-February 1983
Radio Science paper entitled "Improving iono-
spheric maps using theoretically derived
values of foF2" by Rush et al. Coefficients
have been determined for each month from July
1975 through June 1976 and July 1978 through
June 197Y9. The 1975/1976 coefficients can be
used to derive global values of foF2 that are
representative of solar minimum conditions.
The 1978/1979 coefficients are used to derive
global values of foF2 that are representative
of solar maximum conditions. Figures 1-54 and
1-55 illustrate the global variation of the
median value of foF2 derived from the coeffi-
cients for September 1975 and September 1978
at 0600 hours universal time. Currently ITS
is studying how these coefficients can be used
to predict the appropriate values of foF2
throughout the entire solar cycle.

HF pPropagastion Study/Teciical Goerat

RICEHN ration Chart
Procedures. For several years, ITS has pro-
vided support to the U.S. Army Communications
Command-Electronics Engineering Installation
Agency (USA/CEEIA) in technical areas pertain-
ing to HF propagation and numerical simulation
of HF propagation system performance. In ad-
dition to providing technical assistance, ITS
has accepted specialized studies in support of
USA/CEEIA objectives and operational require-
ments. In particular ITS has developed and/or
implemented specific analytic techniques to
assist USA/CEEIA in the development of opera-
tional and analytical procedures.

The study undertaken was directed toward the
development and implementation of processors
that generate tactical operation charts from
the IONospheric Communication Analysis and
Prediction Program (IONCAP). The project sup-
ports the operational requirements of the U.S.
Army Communications Command by providing
specific methodology to the Communications
Engineering Directorate (CED) Propagation
Engineering Division (PED). This methodology
allows CED/PED to supply the 5th Signal Com-
mand with detailed tactical charts of propaga-
tion predictions for HF communication paths in
Europe and specific tactical charts of propa-
gation predictions for the Special Forces
Burst Communications System.

One task of this project was to develop and
implement processors that generate tactical
operation charts from the IONospheric Communi-

cations Analysis and Prediction Program (IONCAP)

as a unique representation of maximum usable
trequency (MUF) and frequency of optimum traf-
fic (FOT) dependent of path length and the
lowest usable frequency (LUF) dependent of
path length, emission type, and transmitter
power. These predictions will be generated
every two hours. This task requires the
development of a specialized input processor,
output processor, and interface to the IONCAP
proyram. The methodology developed in this
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task provides the ability to generate detailed
tactical charts of propagation predictions for
the U.S. Army 5th Signal Command.

Another task of this project was to develop
and implement processors that generate tacti-
cal operation charts from IONCAP as a unique
representation of reliability and multipath
probability dependent of time and frequency.
These predictions are generated for each hour
(UT) and at discrete frequencies from 2 MHz to
30 MHz. This task requires the development of
a specialized output processor and interface
to the IONCAP program. The methodology devel-
oped in this task provided specific tactical
charts of propagation predictions for the U.S.
Army Special Forces Burst Communications
System.

Army AG and ISD Books. The U.S. Army, in its
tactical operations, makes extensive use of
high-frequency communication. To assure this
communication, it is desirable to be able to
select the proper operating frequency at any
time in many geographic locations for the spe-
cific equipment involved. This selection pro-
cess has been assured by "Intermediate and
Short Distance Sky-Wave Propagation Charts."
Improvements in the performance of sky-wave
systems as a result of recent operational ex-
perience with over-the-horizon radars permits
a revision of these propagation charts to re-
flect these propagation prediction improve-
ments. A revision of the "Intermediate and
Short Distance Sky-Wave Propagation Charts"
has been undertaken for the U.S. Army. The
revised charts involve 33 different geographic
areas covering most land masses. The predic-
tions are provided in 33 volumes, one volume
for each of the areas shown in Figure 1-56.

The Maximum Usable Frequency (MUF), the Opti-
mum Traffic Frequency (FOT), and the Lowest
Usable High Frequency (LUF) are presented for
six seasonal intervals, for each hour of local
time, six distance intervals, and for solar
activity extremes of a normal solar cycle.
Figures 1-57 and 1-58 are examples of the ISD

sky-wave propagation charts.

In addition to the tactical operations, sky-
wave propagation information is required to
assure the proper frequency selection for com-
munications between aircraft and the base sta-
tions. This sky-wave propagation information
has been provided as "Air/Ground Sky-Wave
Propagation Charts for Selected Worldwide
Stations." These charts have been prepared
for 55 air-base stations to essentially pro-
vide worldwide coverage.

The maximum frequency expected to be available
for sky-wave propagation on at least 50 per-
cent of the days (the MUF) is predicted for
each ground station in a series of eight pages
of charts. The charts are divided into tables
that correspond to the 32 sectors as shown on
the example map in Figure 1-59. Each table
shows the MUF for warious increments of dis-
tance at each even hour of Greenwich Mean Time
(GMT) and at the solar activity extremes of a
normal solar cycle, i.e., at solar activity
indices of sunspot numbers 10 and 110. The
seasonal variation of the MUF is shown in a
series of charts, each for a 2-month interval.
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Figure 1-57.

MAXIMUM USABLE FREQJUENCIES (MUF)

OPTIMUM TRAFFIC FRZIQUENCIES (FOT)

JANUARY FEBRUARY
800 KMo (500 MI.) 1200 xM.
SSN=10 SSN=110 SSN=10

MUF FOT MUF  FOT MUF FOT
6e3 4.9 7«1 5.6 B¢0 6.3
6e7 4o5 6.9 o8 8.6 5.8
6eb Lol 6e6 46 8. 5.7
5.8 3.9 6.0 4.2 7.5 5.0
5.3 3.5 5.7 &40 6¢7 4.5
5¢9 5.1 7.2 6eb4 7.6 5.6
7.8 6.8 10.8 9.6 10.1 8.8
9¢9 846 1469 13.3 12.8 11.1
109 9.5 1741 15.2 14e2 1244
112 B8el& 17.3 156 1%.5 11.3
113 9¢0 1666 14e8 14,5 1241
115 9¢3 1642 1bebe 14,7 12.5
11.6 9¢1 1548 14el 1448 12.3
11.8 941 15.5 13.8 15.0 11.6
12.1 9.3 15.3 13.6 15.6 12.0
12¢3 9¢5 1543 13.6 15.9 12.2
11.5 8.9 15¢1 134 14,9 11.5
9ed Tele 14e3 11.9 12.2 9.7
7el 5.6 1248 1046 9.2 7.3
5¢6 4eob 10.9 9.1 7.2 547
5¢1 4.0 9ot 7.8 5¢5 5.1
Sel 40 8¢5 6.7 5.4 5.0
5¢3 4.2 8e1 643 6e7 542
5¢8 45 7.7 6.0 7.3 5.7

(750 MI.)
SSN=110

MUF
9.0
8.7
8.3

7.5

9.0
13.8
19.1
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21.0
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11.7
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9.6
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1104

9.7

8.3

7.9

7.5
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8.1 Seb
9.1 7.9
12.3 10.7
15.5 13.5
17.3 15.0
17.6 13.4
17.5 14.3
17.7 14e7
17.8 1445
1842 1440
18.8 14.5
19.2 1448
18.0 13.9
1448 11.7
11.1 8.8
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7.8 601
Te7 640
8.0 603
8.8 648

ISD book propagation chart example of MUF/FOT.
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11.6
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Figure 1-58.



ADAK, ALASKA

A/G book geographic sector example.

Figure 1-59.
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Pigure 1-60 is an example of an A/G sky-wave

propayation chart.

Propagation at or near vertical incidence pre-
sents a difficult antenna 'design problem due
to the relative low frequency required for
sky-wave communications at short distance and
the desire to operate using antennas as small
as possible. The analyses performed under
this effort provided the necessary antenna
desiygn to provide the required system relia-
bility. This work is being undertaken as part
of the Near Vertical Incident Skywave (NVIS)

Performance project that directly supports the

U.S. Army Communications-Electronics Engineer-
ing Installation Agency.

Using an antenna description and gain profile
from a report by Harold Tolles ("A Short Low
Profile Antenna for 1.5 to 4.1 MHz Frequency
Communications," Technical Report EMEO-PED-
79-6, August 1979), an antenna gain file was
created for input to the IONospheric Communi-
cations Analysis and Prediction (IONCAP) pro-
gram. A model of the antenna was constructed
and used to establish a reference point rela-
tive to the yain pattern described in the
above report. Also, an antenna gain file tor
input to IONCAP describing a halfwave dipole
at heigyhts of 10 meters or one-quarter wave-
length (whichever is smaller) was created.
The IONCAP program was then run for typical
Army operational circuits. An example is
Central Europe, path lengths 40 to 400 km, all
hours and months, and frequencies from 2 MHz
to 6 MHz. An assessment of the values re-
turned from IONCAP was made with emphasis on
circuit reliability and signal-to-noise ratio.

Another related project was directed toward
the development and implementation of an
interactive processor to generate input to the
IONCAP proyram. The project supports opera-
tional requirements of the sponsor by provid-
ing methodology for individuals who may have a
limited background in HF propagation to inter-
face with the complex HF propagation program
developed by ITS. Specifically, the user will
respond to a sequence of detailed questions
presented by the interactive processor. The
interactive processor will have the capability
of evaluating the user's responses by checking
for possible inconsistencies and requesting
the user to submit a new response to a ques-
tion if an inconsistency is detected. The
processor will also have the capability of
providing assistance to the user should the
user have difficulties responding to the ques-
tions presented. The interactive processor
will convert the user responses into the
appropriate IONCAP card image input.

The Institute has continued work on the devel-
opment of a new MF sky-wave propagation model
in FY 83 under the MF Propagation Studies pro-
ject. The higher power AM stations south of
the United States have caused interference in
some U.S. AM broadcast service areas. Cur-
rently accepted sky-wave prediction models
tend to underestimate field strengths in the
Western Hemisphere. The Institute, in coop-
eration with the Federal Communications Com-
mission, established MF monitoring sites at
Cabo Rojo, PR, and Kingsville, TX, to try to
observe signals from the Central and South
American stations. This capability provided

83

the potential for measuring signals with sky-
wave reflection points less than 30° north
geomagnetic latitude which in the long term
could yield information so that the effects of
frequency, geomagnetic latitude, ionospheric
loss, and solar activity on the performance of
long distance MF signals can be properly eval-
uated. This, in turn, would lead to a realis-
tic MF sky-wave prediction model.

The Institute closed down the Cabo Rojo site
after over a year of monitoring. A final re-
port was written on the data collected at this
site and is now in the review process. Moni-
toring continued at the Kingsville site using
its highly directional Beverage antennas.

Only the data storage tapes from the control
computer are being periodically shipped to the
Institute for analysis. By using an antenna
model developed by the Lawrence Livermore
Laboratories and a calibration of the Beverage
antenna, observed AGC readings are transformed
into field strength values. The monthly and
seasonal medians of hourly medians are then
analyzed for differences between predicted and
observed values, relative seasonal variations,
and relative changes of observed and predicted
values. These results are now being compiled
for a project milestone report. Figure 1-61
shows the receiver calibration curve used to
convert AGC readings to input power to the
receiver in dBm.

Solar protons emitted in association with
flares are known to cause VLF phase anomalies
in the earth's polar regions and subsequent
radio navigation errors as large as 5 miles.
The thrust of this study was to identify the
effects of solar proton events on some trans-
polar Omega navigation signals for comparison
with simultaneous particle flux measurements.
The results show that in 1982 there were sev-
eral periocds when the phases of 10.2 kHz Omega
signals received over transpolar paths were
advanced anomalously. The phase anomalies
were quantified by removing the normal or
characteristic diurnal phase from the observed
phase during suspected periods. The phase ad-
vances at peak were about 95 centicycles and
lasted about 14 days. Figure 1-62 shows the
phases at the 10.2 kHz Omega signals (normal
or "quiet" days removed) received over a
northern path (Hawaii to Norway), a mid-
latitude path (North Dakota to Hawaii), and a
southern path (Australia to Argentina). It is
interesting to note that the phases were ad-
vanced for days on the polar paths but not on
the mid-latitude path.

The prediction of radio communication perform-
ance is a matter of statistically comparing
the computed signal-to-noise ratio (SNR) for a
given grade of service. System performance is
also highly dependent on the detailed statis-
tical characteristics of both the signal and
the noise (and interference) as well as the
SNR. Proper design of communications systems
also requires detailed knowledge of the inter-
fering noise process. The ability of a design
engineer to make a correct computation of SNR
and its variation often determines the success
of a given radio circuit. Generally, the com-
putation of the signal level over a given path
can be made accurately. This 1is not the case
when it comes to estimating the noise level or
other noise characteristics.
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STATION - ADAKs ALASKA

(270 - 285 DEGREES)

2000 NM 2500 NM 3000 NM
\}</, 10-SSN-110 10-SSN-110 10-SSN-110
027 1643 20.9 16.3 19.4 16.2 19.9
04 15.6 20.7 1446 17.7 15.5 18.7
06 16.1 21.9 12.8 17.2 1642 19.1
08 17.7 22.1 14.2 17.6 15.7 19.3
10 17.6 20.0 13.9 15.7 15.4 17.5
12 15.9 168.8 12.7 20.0 1401 164
14 13.0 16.6 10.4 11.5 16.5

16 1044 1649 8.3 9.2 13.1
18 11.2 1590 9 pokdv@z 9.3 13.9
20 16.7 18/8% 6 47y 12.9 16,2

22 17.6 21.¥
26 18.3 21

15.5 18.9
16.1 19.3

%

%
3500 NN ;} 4000 §
ut 10-SSN-1 35"  10-55

02 16.7 205 FIE3 16,9 21.8
Ot  16.0 19.5 15.6 16.1 21.5
06 1543 207 16e1 21.9 1646 22.8
08 1649 2049 17.7 2241 18.2 22.9
10 1646 18,9 17,4 20,0 17.9 20.7
12 15,1 17,8 15,9 1848 164 19.6
18 12.4 15,7  13.0 16.6 13.% 17.3
16 9.9 14.1  10.4 14,9 10.8 15.5
18 106  15.1 1142 15.9 11.5 1646
20 13,9  17.5 14,7 18.6 15.2 19.3
22 1647 2044 1746 21,7 1841 2245
26 17.%  19.9 18.3 21.0 16.2 2149

4500 NM
10-SSN-110

MAXIMUM USABLE FREJUENCIES (MUFS IN MH2)

EAST SOUTHf
2000 NM

15.8 19.8
15.4 19.9
15.9 21.1
17.3 21.7
16.9 19.8
15.€ 18.8
13.1 16.7
10.6 14,7
11.1 15.3
13.9 17.5

17.5 19.9

3500 NM
10-SSN-110
16. 4 199 &
15.7 18.9
15.1 20.0
16.5 20.5
1601 18.7
14.8 17.8
12.5 15.7
10.1 13.9
10.5 16.5
13.2 16.5
15.6 18.9
16.6 19.3

10-SSN=110 ™

(285 -
300 KM

V. .4SSN=110
15.7 18.8
1463 17.3
12.6 1€46
13.3 17.1
13.5 15.6
12.5 20.0
10.5

16.4 20,0 ™=

300 DESGREES)

3000 N9
10-S5N~-110
15.8 19.3
15.2 18.3
14.0 18¢%
15.3 19.0
14.9 17.3
13.8 16.5
11.5 1bed
9.0 12.3
9.8 13.4
12.2 15.2
1664 174
15.6 18.7

4500 NM
10-SSN=-110

#16¢3 2046

15.9 20.7
16.4 22.0
17.8 22.5
17.4 2045
16.1 19.6
13.5 17.3
11.0 15.3
11.5 15.9
144 18.2
16.9 20.8
15.6 20.7

JuLy AUGUST
(300 - 315 JEGREES)

2000 NM 2500 \M _ NM

10-SSN-110 10-SSN-110 10-5aK-110

15.2 18.9
15.3 19.5
15.6 20.7
16.8 21.3
15.9 19.6
14,8 18.9
12.3 16.7
10.9 14.6

11.2  15.0,

13.3 1B+8

15,2 18,65

1643 18,9

3500 NM
10-SSN-1101
15,9 19,
15.3 18.6
16,9 19.5
16.0 20.2
15.1 18.6
16.1 17.9
12.3 15.8
10.3 13.8
10.€ 1462
12.6 15.9
1hels 17.6
15.6 18.7

15.2 20.2
13.8 16.8
12.5 16.3
13.4 15.8
12.7 20.8
11.8 20.1

15.4 18.6
14.8 17.7
13.8 18.1
16.8 18.7
1401 17.2
13.1 16.5
11.4 1647
9.6 12.8
9.8 13.1

S 11.7 14,7

15.3 19,5
15.6  20.7
16.8 21.3
15.9  19.6
16.3 18,9
12.9 1647
10.9 16446
11.2  15.0
13.3  16.8
15.2 18.6
16.3 18.9

13.3 1642

1 15.1 18.1

*4500 NM

10-SSN-110
15.8 19,7
15.8 20.3
16,1 21,5
17.3  22.1
16,3  20.4
15,2 19.6
13.3  17.6
11.2  15.2
11.6  15.6
13.7  17.5
15.7  19.4

(315 = 330 DEGREES)

2000 NM 2500 NM 3000 NM
ur 10-SSN-110 10~-SSN-110 10-SSN-110
02 16.7 18.3 1446 19.6 15.0 17.9
0G4 15.3 19.2 13.3 2065 16.3 17.0
06 15.2 2062 12.1 21.5 13.% 17.6
08 15.9 20.7 12.7 16.3 161 18.1
10 16.6 19.2 11.7 20. 13.0 16.8
12 13.7 18.6 11.0 19.8 12.1 1643
14 12.5 16.7 10.0 17.7 11.0 14.6
16 11.2 16,7 8.9 9.8 12.8
18 11.4 15, o0 10.0 13.1
20 12.8 16 ; 11.2 14.5
22 1442 17.8 Y- 13.1 15.5
24 15.0 18. 14.8 17.6

3500 NM i
uv 10-SSN-1 _ngj_
02 15.5 187§ Traw,

4500 NH
10-SSN-110

ik 15,2 19.1
04 1448 1841 15.3 15.7 2040
06  14e5 1941  15.2 20,2 15.7 210
08  15.1 15.6  15.9  20.7 1644 2145
10 13.9 1842 1446 19.2 15.1  20.0
12 13.8  17.6  13.7 18,5 14.1  19.4
14 11.9 15.7 12.5 16.7 12.3 17.3
16 10.6 13.9 11.2 14.7 11.5 15.3
18 10.8  16.2  11.6 15,0 11,8 15,7
20 12.1% 15.7 12.8 1646 13.2 17.3
22 13,6 1648 14,2  17.8  164.7  18.6
24 15.3 18,3 15,0 16.1  15.5 18,9

Figure 1-60.

SOUTH SOUTH
2000 NM
10~-SSN-110
14,3 18.0
15.0 18.9
16,7 19.7
16.8 19.7
13.06 18.4
12.7 17.9
12.0 16.3
11.6 16.8
11.6 15.3
12. 6 16.7
13.7 17.5
14,1 17.6

3500 NM
10-SSN-110
15.0 17.9
16.3 17.8
1.0 18.6
1.1 18.6
12.7 17.4
12.0 16.9
11.4 15.4
10.8 14.0
11.0 14.5
11.7 15.8
14.0 16.5
15.0 17.9

EAST (330 -
2500 NM
1 0-SSN-110
14.0 19.2
12.5 28.2
11.7 20.9
11.8 15.5
10.7 19.5
10.1 19.0
17.3
15.8

345 DESREES)

3000 NM
10-SSN-110
16.5 17.3
13.3 16.5
13.0 17.2
13.1 17.2
11.8 16.1
11.2 15.6
10.6 1662
10.1 12.9
10.2 13.4
10.9 16,5
13.4 15,5
14,5 17.3

4500 NM
10-SSN-110
14.8 18.7
15.5 19.7
15.2 204
15.2 2064
13.8 19.1
13.0 186
12.3 16.9
11.8 15.4
12.0 1€.0
12.9 17.4
14.1 13,3
14.6 16844

(365 -

2000 NM
10-SSN-110
1462 17.8
16.6 18.7
16.3 19.1
13.7 18.5
12.3 17.3
11.8 16.7
11.6 15.6
11.6 16.9

11.7 15.7 &
12.% 1741 45

13.5 17.5 1

13.6 176

3500 NM
10~SSN-110

1606 17,350

13.9 17.6
13.¢ 18.0
13.0 176
11.7 1544
11.3 15.8
11.1 14.8
11.0 14.0
11.1 14.8
11.8 16.0
14.5 17.0
14.8 17.7

A/G book propagation chart example of MUF.

2500 NM
10-SSN-110
13.6 19.1
11.7 19.9
11. 64 203
10.9 14.6

9.9 18.6
9.5 17.8
9.3 16.6
9.2

11.6 1.9

16.8 19.7

360 CEGREES)

3000 NM
10-SSN-110
141 16.7
12.9 16.3
1246 16.7
12.1 16.1
10.9 15.1
10.5 14.6
10.3 13.7
10.2 13.0
10.3 13.6
11.2 164.8

3 13.9 1644

14.4 17.1

©500 NM
10-SSN~110

3 16.6 18.6

15.1 19.5
164.7 19.9
1401 19.2
12.7 18.0
12.2 1706
12.0 16.3
12.0 15.5
12.2 16.3
12.9 17.8
16.0 18.3
1606 18.1



INPUT POWER (dBm)

l | |

2 4
AGC (V)

Figure 1-61. Receiver calibration curve.

85




98

Figure 1-62.

80%_._ y

60!
40
20!

o]'

Ve
A

PHASE OF RECEIVED 10.2 kHz SIGNALS
(“Quiet” days average removed)

B T S , I _ T
Omega Hawali 1o Omega Norway 10208 km

‘Quiet” Days:
2, 3, 4,5, 27, 28, 29, July 1982

80
60
40
20

Phase Advance in Centicycles

“J“MW v W  Aeih

0

: ! _ | ; : . i
Omega North Dakota to Omega Hawaii 5988 km

“Quiet” Days:
1, 2, 3, 5, 6, 7 July 1982

Phases of the 10.2 kHz omega signals received over a northern path, mid-latitude path, and a southern path.

112 13 14 TR 17 8 10 20 21 22 23 24 2

Omega Australia to Omega Argentlna 10386 km

TR

July 1982 (UT)



Existing noise models consist primarily of the
worldwide atmospheric noise maps contained in
CCIR Report 322 and estimated man-made noise
levels given in CCIR Report 258. In addition
to these two basic models, there are numerous
other special purpose models for estimating
noise at aircraft altitudes (and beyond), from
power lines, from automobiles, from electri-
fied railroads, from nuclear generating
plants, etc. The problems with all of the
above models are that they are based on
limited measurements, disregard significant
sources of EMI, are limited in frequency
range, are not available in the form of source
model, and are not necessarily applicable to
new modulation modes employed in newer radio
systems. Also, there is a large data base of
measurements that, heretofore, have not been
incorporated into the existing models.

There is a need for an overall, comprehensive,
usable noise model for application to telecom-
munication problems. The Institue is cur-
rently conducting a program to perform various
preliminary tasks needed before an overall
model can be developed and to obtain an im-
proved atmospheric noise model.

The existing worldwide atmospheric noise model
(CCIR Report 322) was developed from approxi-
mately 4 years of measurements from a world-
wide network of 16 measurement stations. This
network made measurements for 5 years (longer
in a few cases) past the publication of CCIR
Report 322 in 1963. Also, additional data are
now available from other locations, primarily
many years of data from 10 Soviet measurement
stations. All this additional data has been
analyzed and an updated worldwide atmospheric
noise model is being prepared. The locations
for the measurement data are:

Worldwide Network Locations (CCIR 322)

Balboa, Canal Zone 79.5W, 9.0N
Bill, Wyoming 105.2W, 43.2N
Boulder, Colorado 105.1W, 40.1N
Byrd, Antarctica 120.0w, 80.0s
Cook, Australia 130.4E, 30.6S
Enkoping, Sweden 17.3E, 59.5N
Front Royal, Virginia 78.2W, 38.8N
Ibadan, Nigeria 3.9E, 7.4N
Kekaha, Hawaii 159.7w, 22.0N
New Delhi, India 77.3E, 28.8N
Ohira, Japan 140.5E, 35.6N
Pretoria, S. Africa 28.3E, 25.8S
Rabat, Morocco 6.8W, 33.9N
San Jose, Brazil 45.8W, 23.3S
Singapore, Malaysia 103.8E, 1.3N
Thule, Greenland 68.7W, 76.6N
New Locations
Laem Chabang, Thailand 100.9E, 13.05N
Alma Ata, USSR 76.92E, 43.25N
Ashkhabad, USSR 58.3E, 37.92N
Irkutsk, USSR 104.5E, 52.0N
Khabarovsk, USSR 135.0E, 50.0N
Kiev, USSR 30.3E, 50.72N
Moscow, USSR 37.32E, 55.47N°
Murmansk, USSR 35.0E, 69.0N
Simferopol, USSR 34.03E, 45.02N
sverdlovsk, USSR 61.07E, 56.73N
Tbilisi, USSR 40.0E, 41.72N

The real-world noise environment is almost
never Gaussian in character, yet receiving
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systems in general use are those that are
optimum for white Gaussian noise (i.e., linear
matched filter or correlation detectors).

It is well known that Gaussian noise 1is the
worst kind of noise in terms of minimizing
channel capacity or in its information de-
stroying capability. This means that very
large improvements in the performance of
systems can be achieved if the actual statis-
tical characteristics of the noise and inter-
ference are properly taken into account, and
there have been various significant efforts in
the last few years in this area.

When confronted with real-world noise, the
earlier and usual approach was to precede the
"Gaussian receiver" by various ad hoc non-
linearities (e.g., clipper, hole punchers,
hard limiters, etc.) in order to make the
noise look "more Gaussian" to the given re-
ceiver. Later, optimum systems were derived
using models of the actual noise. These
systems are adaptive in nature and usually
very difficult to realize physically. 1If,
however, the following two assumptions are
made:

1. the desired signal becomes vanishingly
small and

the time-bandwidth product is large, so
that a large number, N, of independent
samples from the -.interfering noise process
can be used in the detection decision
process,

then a "locally optimum" detector, generally
termed a "locally optimum Bayes detector" or
LOBD, can be obtained. Under some rather
strict conditions, these LOBD detectors ap-
proach true optimality (asymptotically) as the
above two assumptions are met, and usually
take the form of the "normal" Gaussian re-
ceiver preceded by one or more particular non-
linearities.

In actual use, the desired signal may be
"small," but not "vanishingly small" and the
time bandwidth product may not be particularly
large. Recent work, for one typical example
of broadband impulsive noise, has removed the
above two assumptions to investigate the
"truth" of the standard LOBD and hard-limiter
performance estimates. The first assumption
(vanishingly small signal) is removed analy-
tically and the second (large N so that Cen-
tral Limit Theorem arguments can be used) is
removed by Monte Carlo computer simulation.

Results are shown in ¥igures 1-63 and 1-64.

In Figure 1-63, three curves are given for' the
binary CPSK system, the standard theoretical
result (S -> 0) from the well-known LOBD
theory using the above two assumptions, the
result (S #> 0) where the first assumption was
analytically removed, and the corresponding
hard limiter result (S #> 0) where performance
was also calculated without the S -> 0 assump-
tion. Computer simulation results are also
shown for the LOBD nonlinearity and the band-
pass limiter, and we see that the calculated
results are quite close to the simulated re-
sults in all cases. 1In Figure 1-63, N = 100,
so we expect the Central Limit Theorem to

apply.
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Note that for this example of impulsive noise
we require using the LOBD designed to match
the interference, a signal-to-noise ratio

(N 100) of about -47 dB to achieve a P, of
1078, The corresponding linear receiver in
Gaussian noise (optimum) would require a
signal-to-noise rat%o of -10 dB (N 100) to
achieve a Pe of 10°°. That is, the LOBD in
its interference has a 37 dB processing advan-
tage (in the limit, large N) over the linear
receiver in Gaussian noise (or over the linear
receiver in this example of impulsive noise).

Figure 1-64 shows results for N 10. First,
we note that performance cannot be calculated
from the normal LOBD results as noted by the
dashed curve (S -> 0). The hard limiter cal-
culation (S #> 0) matches the simulation re-
sults only for small signal levels and departs
rapidly as the signal increases. The LOBD
calculated results (S #> 0) follow the simula-
tion results better. The differences are due
to the Central Limit Theorem approximation
used for calculated results not being valid
for N 10, especially in the tails. The most
interesting result shown, however, is that the
hard limiter outperforms the LOBD as the sig-
nal level increases (around SNR 28 dB and

Pg 107° in this case).

Figure 1-65 shows simulation results for a
different example of impulsive noise. This
example, in terms of its first-order distribu-
tion, does not look "a whole lot different"
from the example of Figures 1-63 and 1-64,
being also highly non-Gaussian. Figure 1-65
shows the linear receiver, constant signal
results along with those for the bandpass lim-
iter and the LOBD nonlinearity. First note
that, as usual, use of nonlinearities for

N 1 gives no improvement over the linear
receiver, but, of course, does give improve-
ment for N 10 and 100. For N 100, this
improvement, however, is only 6 dB compared to
37 dB for the previous example. This shows
that we cannot arbitrarily say, by inspection,
that a noise process which is "tremendously"
non-Gaussian can result in "tremendous"
improvement over the corresponding Gaussian or
linear receiver situation.

1.4.3 Applications of Propagation

Predictions

Numerous studies have been undertaken by ITS
to apply the knowledge gained from the experi-
mental studies and the propagation prediction
techniques developed over the years to speci-
fic telecommunication system performance
issues.

The project Ground_Wave Measurements in the HF
Band is in support of a requirement by the
Defense Nuclear Agency (DNA). This project
incorporates the results of HF ground-wave
prediction work undertaken by ITS to form an
important part of current DNA effort to im-
prove and upgrade communication systems for
the military in the European theater. The
final prediction model will be used to evalu-
ate contractor system designs as well as oper-
ational system acceptance testing.

Ground-wave prediction methods based on a
smooth-earth assumption are adequate for most
needs at medium and low frequencies. However,
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at HF, terrain features and path electrical
characteristic inhomogeneity are very impor-
tant. A closed form analytical solution of HF
ground-wave propagation over irregular and
inhomogeneous terrain is impossible because
the earth's surface cannot be described by a
continuous function. The solution to this
problem must rely on numerical techniques, and
program WAGNER, based on an integral equation,
represents one such solution. As long as the
elevation change in the path is not too abrupt,
nor the frequency too high, WAGNER can predict
the transmission loss over irregular and in-
homogeneous terrain. The primary purpose of
this project is the validation of this tech-
nique for prediction of received HF ground
wave along a path of irregular terrain with
forests, buildings, and with or without snow
cover.

Implementation of WAGNER requires a program
input estimate describing the effective thick-
ness and nature of the slab of intervening
ground cover and, also, the ground conductiv-
ity and dielectric constants along the path
from transmitter to receiver. 1In addition to
providing some checks for the newest improve-
ments to WAGNER, this project will attempt to
set guidelines describing how these estimates
can best be made. Reliable use of the model
will require measurements of actual HF radia-
tions for comparison to model predictions.

A van type truck with a receiver system has
been instrumented to make mobile measure-
ments. Data are collected, recorded, and
evaluated as the vehicle is driven along and
across pie-shaped radials emanating from a
fixed transmitter. Measurements are made of
received field strength, bit error rate,
height-gain, and ground constants versus geo-
graphic location of the receiver van. Since
data analysis for model comparison requires
assurance of homogeneity of measured/predicted
differences that are stratified for selected
comparisons, a substantial amount of data must
be taken. In the receiver van, the use of
computer control of instrumentation, data
acquisition, and recording systems facilitates
the collection of large amounts of data.
Additionally, a computer-controlled system is
particularly desirable whenever test arrange-
ments need to be reconfigured. These updates
are likely to occur as the data are analyzed
at significant intervals so that data acquisi-
tion improvements can be planned for the next
measuring effort.

This versatility of receiver instrumentation

allows measurements to be made as the van
moves along and across the pie-shaped radials;
consequently, the location of the van must be
accurately known and recorded as data are col-
lected at that location. Two devices for de-
termining the van's location are.being
planned. One is a distance processor con-

nected to the van's transmission to record
distances the van travels and the other is an
inertial navigation system for van position-
ing. The distance processor will be used as
an aid to locate zero velocity update (ZUPT)
locations for the navigation system.

The receiver antenna, located on the roof of
the van, is a wideband monopole approximately
2 meters long. An integral active network
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located in the base insulator provides an in-
put impedance greater than the reactive com-
ponent of the antenna base impedance resulting
in essentially a flat frequency response
across the HF band. Consequently, the active
network output signal voltage across a resis-
tive termination is related to the antenna
incident signal strength by a constant factor
across the frequency band.

The transmitter van houses a 500-watt wideband
rf amplifier and a computer to control the
operating frequency, the transmitter output
power, and the mode of modulation.

A trailer-mounted, diesel-driven alternator is
towed by the transmitter van to provide prime
power whenever shore-based power is unavail-
able. Line voltage regulators are used to
help maintain a constant voltage source for
the transmitter equipment.

A full-scale model of the transmitting antenna
has been built for initial tests of the an-
tenna radiation pattern. A A/4 long vertical
monopole was erected with the base on a wire
mesh grouEd screen having an area of about
14,000 ft~<.

The VOA HF Propagation Studies project has
provided support to the Voice of America (VOA)
in the areas of HF propagation predictions and
operational studies for a number of years.
This support has continued through this year.
The Institute has provided circuit performance
predictions for over 180 VOA broadcast cir-
cuits. These predictions are used by the
Voice of America in the scheduling of frequen-
cies for broadcasts. In addition, the Insti-
tute still provides VOA with remote access to
its computer programs that are used to deter-
mine HF propagation conditions.

Specific studies have been undertaken by the
Institute in support of Voice of America prep-
aration for the 1984 HF Broadcasting WARC.

As a result of actions taken at the General
World Administrative Radio Conference of 1979,
two World Administrative Radio Conferences
(WARC) dealing with HF broadcasting will take
place. The purpose of the HF Broadcasting
WARC will be to plan and develop procedures to
more effectively utilize the HF spectrum for
broadcasting purposes. The conference will be
held in two sessions, the first to begin in
early 1984.

Telecommunications operations in the high fre-
quency (HF) portion of the spectrum are
directed toward international broadcasting by
many administrations in the world. 1In the
United States, in particular, international
broadcasting by short wave (HF) is an integral
part of the foreign policy. The outcomes of
the HF Broadcasting WARC are of vital concern
to the United States. In order to assess that
U.S. positions at the conferences are based on
sound technical decisions, the Institute has
developed automated methods to assign HF fre-
quencies for broadcasting purposes under the
HF Broadcasting WARC project that supports
NTIA, VOA, and the Board for International
Broadcasting. The procedure that is being de-
veloped will allow studies of trade~offs be-
tween such parameters as power and protection
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ratios under different channel assignment
scenarios to simulate broadcast operations
using the best available information. Figure
1-66 shows the results of a test comprising
reception point selection methods in terms of
a channel usage factor and a cost factor.

A knowledge of service and interference ranges
associated with existing and future air navi-
gation aids is an important part of the FAA's
spectrum planning effort. Coverage, interfer-
ence, and propagation prediction capabilities
developed by NTIA as part of the Air Naviga-
tion Aids project are utilized to provide much
of this information.

In recent years much of this effort has been
involved in developing and running programs
containing the IF-77 propagation model to aid
in updating various FAA handbooks. This year
a coherent mathematical description of the
present IF-77 model was developed and will be
published as a single report, "The IF-77
Electromagnetic Wave Propagation Model," by G.
D. Gierhart and M. E. Johnson, FAA Report No.
DOT/FAA/ES-83/3, September 1983,

\J
Also, an effort is being made to effectively
run the model on a smaller computer, the
HP 1000.
Two further tasks are currently under way:
1. Production of computer-generated propaga-
tion and interference predictions as
requested by the FAA. These will include,
among others, the Microwave Landing System
(MLS), the Butler DME, the Wilcox DME, and
the Area VOT.

2.

ongoing comparisons of predictions with
experimental data and with other models.

pport /Fropacaticn and Spoctren
Engiresring project was established as a con-
sulting and advisory activity to the Federal
Aviation Administration (FAA) with respect to
frequency planning and management in the aero-
nautical frequency bands. Specific issues re-
lated to actions of the International Civil
Aviation Organization (ICAO) were studied, and
several informal letter reports were issued to
the FAA.

The U.S. Coast Guard Corsulting project pro-
vides "quick reaction" radio propagation pre-
dictions and short-term studies as required by
the Coast Guard for the operation of their
large network of HF and VHF communication
systems. In addition, seasonal propagation
charts were provided as requested by the Auto-
mated Mutual-Assistance Vessel Rescue (AMVER)
program. These prediction charts are distri-
buted to the many AMVER participants to aid
them in choosing the best frequency and Coast
Guard communication station with which to log
their AMVER reports.

One of the special propagation studies done
this year was to provide the Coast Guard with
an estimate of the percentage of time that a
communication path existed between each of 51
transmitter sites and four receiver locations
on each of four frequencies.
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Wideband Consultation. The Army is well along

in the development of a number of new tactical
communications systems, some of which employ
wideband (spread spectrum) modulations. These
systems are unusual in that "system" emphasis
is much stronger than with traditional radios.
System performance, for example, is highly de-
pendent on networking. System design was ini-
tially done using simplistic methods for eval-
uating the performance of the rf links and
hardware. Software design proceeded based on
those analysis results. 1Initial testing of
the prototype hardware for both the PLRS
(Position Locating and Reporting System) and
JTIDS (Joint Tactical Information and Data
System) and more rigorous system analyses have
identified requirements for a substantially
better understanding of transmission effects
on wideband signals and for greater confidence
in available propagation methodology for the
narrow-band case.

The Institute has provided the Army with an
experimental design that describes the func-
tional requirements for wideband propagation
measurement systems, and for the design of
experiments to collect wideband data. These
data will be used for the verification and/or
development of propagation models of definable
statistical confidence. The Institute has
also provided expertise to the Army for guid-
ance in Army contracts with industry, both in
developing wideband measuring systems and
deployment of these systems.

The Interdepartmental Radio Advisory Committee
(IRAC) relies on its Technical Subcommittee
(TSC) for recommendations and advice on tech-
nical matters. The project, TSC Support, sup-
ports the transfer of results of ITS research
to relevant tasks of the TSC. This year, the
goal has been to develop a practical, guanti-
tative definition of the terms relating to
"spectrum efficiency," and to apply the defi-
nition to selected bands above 940 MHz. The
project leader is acting as Convenor of TSC
Working Group 13, which is charged with devel-
oping the definitions.

Developing a quantitative definition of the
(previously) qualitative term, "spectrum
efficiency,"”" has proven to be difficult and
contrboversial. The Working Group has agreed
on the following general form for the defini-
tion:

{spectrum-space used by a reference system}
(spectrum-space used by the system being evaluated)

"Spectrum-space used" is defined to be the
product of the bandwidth, physical space, and
time denied by the system to other users. The
physical space is usually area for terrestrial
systems, but may be volume (for example, for
radar), or even degrees of arc for geostation-
ary satellite systems. The "reference system"
was originally intended to be an "ideal" sys-
tem, but it usually is not practical to define
an ideal system. Instead, the reference sys-
tem is to be a good, but practical, state-of-
the-art system.

An interim, or progress, report has been pre-
pared for IRAC. If the concept is acceptable,
a computer model for calculating the effi-
ciency for fixed and mobile services in
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selected bands between 947 MHz and 40 GHz will
be developed and tested in FY 84.

NSA HF/VHF Propaga:ion Studies. For several
years ITS has provided support to the National
Security Agency (NSA) in technical areas per-
taining to HF/VHF propagation and numerical
simulation of long-distance HF propagation
system performance. In addition to providing
technical assistance, ITS has accepted spe-
cialized studies in support of NSA objectives
and operational requirements. In particular,
ITS has developed and/or implemented specific
analytic techniques to assist NSA in the de-
velopment of operational and analytical pro-
cedures.

This project was directed toward study and
plans for the development and/or implementa-
tion of analytic techniques to determine the
operating characteristics necessary to provide
reliable communication between the locations
when an incomplete specification of operating
characteristics is provided. The project will
also assess the ability of one or more moni-
toring stations to detect these communications
and to rank the monitoring stations according
to their respective abilities of detection.
The primary project objectives were:

o to provide technical assistance to sponsor
in HF/VHF propagation
o to undertake specific HF/VHF propagation

studies to assist the National Security
Agency in the development of analytical
techniques for operational use.






CHAPTER 2. SYSTEMS AND NETWORKS

The Systems and Networks Division conducts re-
search and analysis programs directed toward
assessing and developing domestic and inter-
national standards, investigating economic
network alternatives, and conducting research
and analysis of advanced networks including
satellite networks for future applications.
The activities of this Division are supported
in part by programs from other Government
agencies. The objectives for this subelement
of ITS activities are:

To develop uniform, functional methods of
specifying and measuring performance of
telecommunication systems as seen by the
end user.

[e]

To promote the development and interna-
tional adoption of technical standards in
the telecommunications and information
industries.

To formulate and advocate regulatory,
legislative, and institutional reforms to
the FCC, Congress, and industry in order
to promote competition and deregulation
where feasible,and to ensure the univer-
sal availability of basic telecommuni-
cation services.

To provide technical efforts to support
administrative conferences such as the
World and Regional conferences of the
International Telecommunication Union
(ITU), the International Radio Consulta-
tive Committee (CCIR), and the Inter-
national Telegraph and Telephone Consulta-
tive Committee (CCITT).

Tne Systems and Networks Division comprises
four groups: (1) Switched Networks Analysis,
(2) Satellite Networks Analysis, (3) System
Performance Standards and Definition, and
(4) System Performance Engineering Analysis.
The programs of each group are directly or
indirectly related to one or more of the
objectives listed above. These programs are
described in the subsequent paragraphs.
SECTION 2.1 SWITCHED NETWORKS ANALYSIS
The Switched Networks Analysis Group of the
Systems and Networks Division conducts a broad
program of applied research, exploratory de-
velopment studies, concept studies analysis,
and experimentation directed toward support
of ITS program elements, and programs of other
Government agencies (e.g., the U.S. Army and
the National Communications System). The
Group's programs focus on advanced switched
networks for telephone, data, message, fac-
simile, and television services. State-of-the-
art programs are performed to guide the tech-
nical development and application of new cir-
cuit-switching and store-and-forward switching
techniques as well as other innovative net-
work concepts and architectures. The end
objective of all programs is to obtain im-
proved services for the user community through
better resource utilization and performance
at lower costs in competitive markets.

Information iechnoloygy Policy. The objectives
of the Information Technology project are to
identify issues in information policy that
require national attention, to research these
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issues, and to assist in preparing necessary
action by the Department of Commerce. This
first year's work concentrated on identifica-
tion of issues. This material is published in
a report by R.K. Salaman and E.C. Hettinger
entitled "Overview of Information Policy."
addition to this report, assistance was pro-
vided in addressing specific policy concerns
raised by the Administration and the Congress.
The latter included long-range goals in inter-
national telecommunications and information,
the First Amendment issues concerning broad-
casting, the Postal Service E-COM offering,
local telephone rate increases, and participa-
tion in the Commerce Council on Industry and
Trade, Working Group on Intellectual Property.

In

An indication of political concern in the infor-
mation policy area can be gained by a review of
Congressional activity. 1In the first 9 months
of the first session of the 98th Congress, about
200 bills and resolutions were introduced that
were relevant to the development and impact of
information on the economy and society. By far
the largest group (60%) dealt with high tech-
nology--particularly the preparation offered

by the educational system, and the need to
improve the United States position in inter-
national trade. About 35% of Congressional
"information policy" activity concerned tele-
communications and information policy directly,
divided about evenly between these two areas.
The telecommunication concentration was a con-
tinuation of broadcast and common carrier de-
regulation and the resulting concerns. Infor-
mation policy issues primarily concerned intel-
lectual property--particularly copyright issues.
There was a marginal continuing concern in
Congress about Government competition with the
private sector information services.

An issue of particular importance is interna-
tional trade. It is quite evident that in
recent years the services sector trade has
played an important role by providing a suf-
ficient positive balance to counteract the
growing negative balance of merchandise trade.
It appears that over 4000 of the services are
information intensive. More work is required
to identify what policies can be established
to stimulate the continued growth of the infor-
mation services trade balance.

Another area of information policy attention
has been focused on the protection of intel-
lectual property rights. There has been con-
tinual concern for revision of the 1976 Copy-
right Act to accommodate the requirements of
rapid microelectronic technology advances.
Issues still unresolved include the home
recording of off-the-air programs, piracy of
copyrighted program material, and the pro-
tection of copyrighted computer firmware and
software.

Work in the next several years will focus on
copyright issues, particularly concerning
computer use, and issues of international trade
in information goods and services.

NTIA Common Carrier Technical Program.

One
objective of "this program is to promote diver-
sity of services and effective competition and
to minimize regulation for domestic and inter-
national telecommunications industries. As
part of this effort the Institute conducts



technical studies and responds to notices of
inquiry (NOI) from the Federal Communications
Commission (FCC) where the Administration's
viewpoint needs to be expressed. Such respon-
ses are ways used to develop and promote
policies to minimize Federal interference with
the free functioning of the domestic market-
place in the field of telecommunications
equipment and services.

One example of such an NOI response is a
study conducted in response to FCC Docket

No. CC 81-216 on petitions seeking to amend
Part 68 of the rules in order to permit regis-
tration and direct electrical correction of
customer-provided equipment to the Dataphone
Digital Service (DDS). (See Figure 2-1.) The
DDS is a tariffed service offering of AT&T.
The existing tariff required that customers
using the DDS must connect to this service
through a carrier-provided service terminating
unit known as the channel service unit (CSU).
The CSU connects to an office channel unit
(0SU) and then through a series of multiplex-
ers to the long haul transmission facilities
as shown in Figure 2-1.

In a technical study conducted by the Switched
Networks Group, ITS found no unique technical
solution to define the demarcation point
between the service provider and the customers'
premises equipment.

Another FCC NOI response, currently under

way, concerns the Integrated Services Digital
Network (ISDN). In this NOI (General Docket
83-841), released August 10, 1983, the FCC

solicited comments on 1) how they can best
ensure that the ISDN(s) are structured to
foster competition and serve the public inter-
est, 2) how specifications of ISDN can best
conform to the regulatory scheme (basic and
enchanced dichotomy) adopted in the second
computer inquiry, 3) how the Commission can
best continue to promulgate pro-competitive
policies as ISDN develops, and 4) how they can
best represent the divergent interests of U.S.
service providers, equipment manufacturers,
users, and the public at international forums.
The Institute, in close cooperation with its
parent organization, the National Telecommuni-
cations and Information Administration in
Washington, DC, is currently preparing a
response to these questions. This response
will indicate a number of issues and actions
that are expected as a result of the evolution
of ISDN.

In addition, ITS, under this program has
formed and chairs a technical working group

to study and resolve ISDN issues that arise

in the U.S. joint ISDN working party. This
group is composed of industry and Government
representatives who work on specific problems
for the joint working party. Examples include

/////_— T T~ \
-7 N 7\
// o \\ /
s/ - ~~— . \< SERVEIXJG
/ -~ ~ AR
Y, // \\ / N A

SERVING
OFFICE

™ FOUR WIRE
-~ LOCAL LOOPS

CUSTOMER
PREMISES

Figure 2-1.

96

FACILITIES

{

TO OTHER
e CUSTOMERS

o PRIVATE LINE
EXTENSIONS

e COMMON CARRIERS

The digital data system concept.



numbering plan issues, data and voice dichot-
omies, and voice digitization processes. The
ITS Switched Networks.Group is currently
working on an ISDN Primer for use by NTIA

and other Government agencies as an aid to
understanding why ISDN is needed, what it will
look like, and the issues that must be re-
solved.

Militarily Critical Technologies List Review.
The Export Administration Act (EAA) of 1979
directed that the U.S. Government develop a
list of Militarily Critical Technologies
for export control purposes. The primary
responsibility for the MCTL development rests
with the Department of Defense (DoD). The
Department of Commerce (DoC) was given the
responsiblity in consultation with DoD to
review and revise the Commodity Control

(CCL) "for the purposes of insuring that
export controls under the National Security
Control sectian cover and, to the maximum
extent consistent with the purposes of the
EAA, are limited to militarily critical goods
and technologies."

The overall requirement for the MCTL is that
it shall be sufficiently specific to guide the
determinations of any official exercising
export licensing responsibilities under the
EAA. DoD has developed and promulgated an
MCTL and the DoC has established an inter-
agency MCTL Implementation Project for the
purpose of full incorporation of the MCTL into
the CCL.

The National Telecommunications and Informa-
tion Administration was requested by the DoC
International Trade Administration (ITA) to
assist in the interagency MCTL Implementation
Project relative to telecommunications equip-
ment, goods, and arrays of know-how. This
assistance was provided by the Institute
because of the detailed knowledge required of
the technology involved.

The objective of this project was to perform
a comparison between the Commodity Control

List, Supplement No. 1 to paragraph 399.1 of
the Export Administration Regulations dated

October 1, 1981, and the DoD Militarily Criti-
cal Technologies List (MCTL) (U), dated
October 1, 1981l. The comparison was directed

to determine if the CCL entries included the
MCTL items, but was limited to only those sub-
jects concerned with telecommunications. The
comparison was done on the basis that major
subject areas were to be investigated first,
followed by selected case studies.

A method for organizing and managing the com-
parison study was developed along with a
matrix structure for summarizing the results
of the comparison between the two lists. A
case study example was also developed for a
modern digital, modularly designed telephone
circuit switch to show the type of synthesis
process which is required prior to a sort and
match analysis between lists.

A report presenting a first level review of
the 1981 MCTL and the 1982 CCL in the area of
telecommunications was completed in June 1983.

DSN Access Area Program. This is a continua-
tion of a previous project being conducted for

(MCTL)
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the U.S. Army's Communication Systems Agency
(CsSA). It involves a series of tasks for
engineering services for the Defense Switched
Network Access Area (DSNAA). Tasks include
the development of experimental strategies
and test objectives for a concept validation
facility (CVF) to test DSNAA concepts using
the Experimental Integrated Switched Network
(EISN) .

Initially, EISN nodes will be implemented at
Fort Monmouth and at Fort Huachuca by the U.S.
Army. The equipment and facilities required
at each site will change depending on the
experiment and as new objectives are added.
Some of the major test areas to be implemented
are tabulated below.

Transmission facilities from various
carriers using parameters determining
analog and digital quality of service,
i.e., tests of 64 kb/s end-to-end user
facilities.

[e]

Switching facilities with stored program
control including the interface with
older switches; also tests of dual homing
features.

Local network and terminal equipment
involved in interactive and bulk data
transmission and possibly the integration
of terrestrial packet switching in the
CVF test system.

Administration, operation, and mainten-
ance of trunk traffic, base access and
maintenance of communication integrity
through data security measures (e.g., use
of end-to-end encoding techniques). A
critical test in this area would be the
use of common channel signaling (CCS) via
a private line network. These CCS tests
would be heavily influenced by the extent
of routing and signaling tests within the
EISN experiment series. However, areas
of useful exploration would be the multi-
plexing of low speed (e.g., 12 b/s)
telemetry data on the signaling channel
in a base access area.

Some of the required test elements are shown

in Figure 2-2. These include, but are not
limited to, interactive data terminals, tele-
conferencing, bulk data (host computer), and
local area networks that can be based for an
office local network or a high performance
computer local network. Integrating the high
speed LAN into an intra-and inter-base communi-
cations system may also be considered as
appropriate for a CVF.

As part of this effort, ITS has prepared

three informal reports to the sponsor cover-
ing 1) test objectives, 2) CVF implementation
and testing, and 3) network control. We are
currently working on refinement of test objec-
tives and the design of tests to be performed.
Emphasis is on telecommunications within the
access areas themselves rather than the long
distance transmissions.

Another task is to determine the impact of
technological advances, standards, Government
regulations, and legislative actions on the
future DSN and particularly on the access area



H—@ 7 WESTAR II

- I

T

_|

MaaEy ‘ FAHK }—‘
b Vaew sone :

!—1_—_—5—|

* DSN DIALUP

| AUTOVON
le ARPANET

4] L

FT. HUACHUCA

Figure 2-2.

and local networks used by the military depart-
ments. Technical briefs are prepared and
submitted as issues arise or as questions are
resolved. Standards activities that could
impact the Defense Switched Network are ad-
dressed. The task leader participates in the
American National Standards Institute (ANSI)
for this purpose.

Finally, ITS provides technical assistance to
the CSA in developing R&D programs and in
assisting the progress of programs conducted
by industry. Institute personnel participate
by developing statements of work, reviewing
proposals, attending program status reviews,
participating in technical working groups,
critiquing reports, and conducting independent
studies to support these efforts. Results are
documented and submitted to CSA usually as
technical briefs or informal reports that
convey the ITS position, recommendation,
other technical information.

or

NCS Tnteruperability Study. The purpose of
this study is to examine the impact of Inte-
grated Digital Services Network (ISDN) stan-
dardization on the Federal emergency communi-
cations requirements identified in Presiden-
tial Directive NSC-53. This directive states,
in part, that "it is essential to the security
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of the United States to have telecommunica-
tions facilities adequate to satisfy the needs
of the nation during and after any national
emergency. This is required in order to
gather intelligence, conduct diplomacy, com-
mand and control military forces, provide
continuity of essential functions of govern-
ment, and to reconstitute the political,
economic, and social structure of the Nation.
Moreover, a survivable communications system
is a necessary component of our deterrent
posture for defense." This Presidential
Directive establishes the role of the National
Communication System (NCS) and the NCS respon-
sibility to plan and prepare for mobilization
of public and private telecommunication facil-
ities to meet emergency needs.

Although the nature and level of.communication
support required varies widely with the nature
of the emergency, two broad categories of mis-
sions may be defined, namely: time-critical
missions where continuous communication capa-
bility is essential between specific user
pairs and non-time-critical missions where
some restoral delay is acceptable. This pro-
ject focuses on the latter category. Missions
in this second category include nonmilitary
Government functions. These are best addressed
through gradual enhancement and integration of



Federal and commercial common user networks.
The existing Public Switched Telephone Network
(PSTN) has many desirable characteristics for
use under such conditions. It is ubiquitous,
provides enormous redundancy in essential
facilities, and offers full interoperability.
However, it is designed primarily for analog
communications and has a hierarchical control
structure that does not effectively utilize
surviving facilities. The ISDN concept prom-
ises benefits similar to those of the existing
PSTN, but also promises to eliminate many of
the PSTN disadvantages through digitization
and service integration.

Two key ISDN issues have been identified as
particularly significant to this study. These
are signaling and digitization. Signaling is
important because it is the key to service
integration, damage assessment, and flexible
control of restoral. Digitization is an
important issue because it is currently not
cost effective at long distances. The network
must be all digital if restoral routing
involving many tandem links is to be feasible.

The signaling system identified for the ISDN
is CCITT Signaling System No. 7. The user
part of this signaling system could provide
enhanced error protection to address special-
ized threats such as HEMP (High Altitude
Electromagnetic Pulse), and could also convey
user priority information similar to that pro-
vided in AUTOVON. Such information could be
signaled on subscriber loops via the User Data
Fields of Open Systems Interconnect (0OSI)
protocol data units (e.g., Connection Request)
if appropriate link access protocols are
developed. A unified signaling system for
ISDN should be developed that (1) controls

all services, features, and functions and (2)
is responsive to the NCS unique applications.

The ISDN concept is to provide end-to-end
channels to the user interface that are
compatible with the Pulse Code Modulation
(PCM) voice digitization rate of 64 kb/s and
multiples or submultiples thereof. Unfortu-
nately this concept will not become a reality
until digital long-haul transmission becomes
cost effective. The existing PSTN employs
analog FM/FDM long-haul transmission facili-
ties for economic reasons. Although extensive
portions of the network operate in a digital
mode (e.g., voice encoded PCM), these "islands
of digital operation are generally limited to
densely populated areas. The digital portion
of the network covers a relatively small part
of the geographic area of the U.S. A "hybrid"
service offering is being planned by CCITT
Study Group XVIII as an interim measure in
recognition of this problem.

DTE/DCE Standards. CCITT international stan-
dards committees have continued to define
customer/network interface requirements for
the Integrated Services Digital Network (ISDN) .
It is nearly certain that the basic access
will support two 64,000 bit/s channels plus
signaling and overhead for a planned bit rate
of 192 kbits/s. Primary access to the ISDN
will extend this basic access to a 23-channel
access plus signaling and overhead to achieve
a user/network interface at 1.544 Mb/s. Other
channels under consideration include multiples
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of 384 kbit/s digital bit streams. Third-
generation projections (time frame 1990 and
beyond) would indicate that bit rates up to
10 megabits/s may be reasonable for large
customer (e.g., Federal facility) interface
access to an ISDN. An analysis of the digital
performance of transmission media was carried
out to assess the limitations of coaxial
cable, twisted wire pair, and optical fiber
waveguide in supporting user terminal-to-
network interchange circuits for future ISDN
applications.

A figure of merit was defined for metallic
transmission media operating in a baseband
digital mode. This figure of merit assumes
that distortion of the transmitted digital
pulse limits the ability of a digital system
to correctly interpret a received binary sig-
nal in the absence of noise. Thus, a maximum
bit rate is determined that can be transmitted
over a given distance with a required error-
free quality of service. This rise/decay
time distortion of rectangular input pulses
(baseband binary digital modulation) is
clearly observable as horizontal jitter in the
familiar eye pattern measurements often used
on digital systems. This jitter is expressed
as a percentage of the theoretical data unit
interval, which is the reciprocal of the bit
rate in seconds. Performance standards may be
defined by this jitter figure or by the rise
time (10 to 90%) of the leading edge of the
pulse expressed as a decimal fraction of the
theoretical data unit interval.

A first-order analysis of metallic transmis-
sion lines has been carried out (Hull, J.A.,
A.G. Hanson, and L.R. Bloom; NTIA Report 83-
121) based on the recognition that at suffi-
ciently high frequencies (frequencies corres-
ponding to the Fourier components of a typical
digital pulse V5 to 50 megahertz) the lumped-
constant series resistance of metallic trans-
mission lines is dominated by the skin-effect
impedance. Both the impulse response and the
response to a step function input signal may
be derived. A normalized plot of the impulse
response function is shown in Figure 2-3.

A figure of merit for metallic transmission
media of the form Fm pg? constant may be
defined where P is the maximum bit rate (re-
ciprocal of minimum bit interval) of rectangu-
lar pulses (megapulses per second) and & is
the cable length (kilometers). Thus for an
assumed system requirement of 10 megapulses
over a distance of 1 km, the required Fm
The shortest data unit interval for such
metallic transmission media is determined by
the intersymbol interference created when
successive pulses overlap. If one assumes
that an overlap corresponding to that which
occurs where the data unit interval corre-
sponds to the time required for the amplitude
of the impulse response to decay to 0.1 of its
peak value is acceptable, then a figure of
merit can be derived for metallic transmission
media such as coaxial cable, twisted wire pair,
and twinaxial lines. This same data unit
interval also corresponds to approximately
twice the 50% response time to a step input
signal. The analysis provides a figure of
merit that can be calculated from the geo-
metric and physical parameters of the cable.
This analysis also allows the derivation of
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the figure of merit based on an attenuation
coefficient measurement made at a frequency
where skin-effect impedance dominates the
series resistive component of the lumped
constants for the transmission line. The
figure of merit allows the user to determine
the digital performance of transmission media
when only the attenuation coefficient is
provided by the manufacturer. For more
details, the reader is referred to the ref-
erenced report.

The open literature was reviewed to determine
the digital performance of optical fiber
waveguides and to develop engineering approx-
imations that are useful in system design
considerations. Relationships of generally
published manufacturer's performance data
(i.e., =3 dB bandwidth) and a maximum digital
pulse repetition rate indicates that for
multimode fibers, the maximum pulse rate
approximately 1.3 x the -3 dB bandwidth.
optical fiber waveguides a useful figure
merit is obtained by the expression Fm =
P2 = constant. More detail is available
the report.

is
For
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The results of these analyses have been pre-
sented to technical representatives of a
leading cable manufacturing company, to a
working committee of the American National
Standards Institute (ANSI) responsible for
high-speed transfer of data between elements
of a large computer facility, and to an EIA
committee responsible for revision of existing
DTE/DCE standards. Also, the report has been
distributed to the member agencies of the
Federal Telecommunications Standards Committee
in preparation for the development of a Federal
standard on optical fiber interchange circuit.

DES Related Standards. The Institute is en-
gaged in the development of interoperability
related standards for the encryption of digi-
tized voice, and for the use of encryption
with CCITT Group 3 facsimile equipment. This
work is being performed under the sponsorship
of the National Communications System (NCS).

The Institute is providing technical support
and expertise to NCS in the development of
three proposed Federal standards. These are
proposed Federal Standard (pFS) 1015 entitled
"Telecommunications: Analog to Digital Con-
version of Voice by 2400 Bit/Second Linear
Predictive Coding," pFS-1029 entitled "Tele-
communications: Interoperability and Security
Requirements for Encryption of Narrowband
Digitized Voice Using the Data Encryption
Standard," and pFS-1028 entitled "Telecommuni-
cations: Interoperability and Security Re-
quirements for Use of the Data Encryption
Standard with CCITT Group 3 Facsimile Equip-
ment."

The first two standards mentioned above re-
late, of course, to the encryption of voice
traffic. Proposed FS-1015 specifies a stan-
dard method of digitizing the speech waveform
using Linear Predictive Coding (LPC) tech-
niques. This standard will ensure compatibil-
ity among Government-owned narrowband speech
coders. Proposed FS-1029 specifies the method
to be used to encrypt the output of such
speech coders. The third standard listed
(pFS-1028) specifies the method of encryption

to be employed when using CCITT Group 3 com-
patible facsimile equipment.

The ITS technical role in the development of
these standards primarily involves- either
writing the initial draft of the most signifi-
cant portions of the standards or providing
recommendations on the initial technical con-
tent of the standard. Another role involves
analyzing industry and Government comments on
the proposed standards, and recommending revi-
sions to the standards based on these comments.
The Institute has also assisted the Federal
Telecommunications Standards Committee in
assessing the technical and economic impact of
each of these standards.

Interconnect Facility (ICF) Technical Design
study. This study analyzed the two-way com-
munication link found between a U.S. Army
Satellite Earth Terminal and a Defense Com-
munications System (DCS) Technical Control
Facility. This link, termed the interconnect
facility, includes a particular transmission
medium (e.g., twisted-wire pair, coaxial
cable, or optical fiber) and communication
interface equipment. The study established
operational and practical engineering design
guidelines to allow selection of the best ICF
implementation approach from a variety of
implementation options.

The ICF must be engineered and installed as
one communication link in a worldwide network,
the DCS. Consequently, it must comply with
numerous Federal, military, and industry
standards, specifications, and practices. A
multitude of documents were reviewed and
applicable technical parameters were collected
to provide the requirements base for the ICF
study.

Available military and commercial interface
equipment was identified that would be re-
quired for the various implementation alter-
natives. Technical interface characteristics
were determined for the equipment.

The primary thrust of the ICF study was aimed
at providing the sponsor, the U.S. Army
Communications-Electronics Engineering Instal-
lation Agency, with graphs depicting the rela-
tionship of communications data rate to path
length (distance) for the transmission media
of interest. For example, to what distance
can 22 gage twisted-wire pair be used if data
is transferred at 100 kb/s and error-free
operation is desired? Since very little
guidance was available from military documents,
and cable manufacturers' data was scarce rela-
tive to data rate and path length, figures of
merit were derived for basic cable categories--
twisted-wire pair, coaxial, and optical

fiber. Graphs were then constructed showing
recommended operating ranges for particular
cables. Available actual cable measurement
data substantiated the accuracy of the con-
structed curves for chosen system environments
(e.g., MIL-STD-188-114).

Other ICF environmental concerns were con-
sidered in providing guidelines for the Army
ICF designer. These included High Altitude
Electromagnetic Pulse (HEMP), security (TEM-
PEST), shielding and grounding, and tempera-
ture and moisture.
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The end product of the ICF study was a hand-
book, sufficient in detail but not theoreti-
cally burdensome, which allowed the Army to
select the ICF type appropriate for a chosen
site. The curves developed by ITS may also be
used in other data communication applications.

OTCIXS/TADIXS Study. This study deals with
concept development for two U.S. Navy commu-
nications networks. The specific networks use
tactical HF radios deployed as backup for
satellite over-the-horizon targeting and
related missions. One system is called Offi-
cer in Tactical Command Information Exchange
Subsystem (OTCIXS) and the other, Tactical

Digital Information Exchange Subsystem (TADIXS) .

From a broad top-down view, the Navy communi-
cations system can be divided into three
functional areas: (1) strategic, (2) long
haul (to and from units at sea), and (3) tac-
tical communications among operational units
at sea. Figure 2-4 shows the configuration of
these nearly global communications components.
The HF subsystems are to supplement the tacti-
cal, large capacity, satellite resource with a
survivable "thin line" connectivity.

The TADIXS is tasked to broadcast a class of

messages from shore to ships, with a list of
requirements that specify data rates, link

Strategic and Long Haul
Al

operation, precedence, security, performance,
etc. The OTCIXS is to provide tactical
interconnection between platforms at sea,
primarily all within the same battle group.
Because of the geographies involved, TADIXS
has to span thousands and OTCIXS hundreds of
miles, respectively.

For both OTCIXS and TADIXS, the study suggests
a further three-phase sequence of development.
Phase I is to rely entirely on existing naval
HF equipments. Phase II utilizes the best
available military and civilian state-of-
the-art HF assets. Phase III develops the
most advanced HF technology, such as hardware
and software derived in conjunction with the
U.S. Navy HF Improvement Program (HFIP). The
rationale and technical output of the project
are published in a report to the sponsor,
entitled "Multichannel Adaptive HF System Con-
cepts to Back Up Over-The-Horizon Communica-
tions," December 20, 1982.

SECTION 2.2 SATELLITE NETWORK ANALYSIS
The development and growth of a vigorous
commercial satellite industry is clearly

evident. Today, there are well-established
services for domestic, regional, and inter-
national, large volume, geographically cen-

tralized services in the Fixed-Satellite

Satellite

DCS&
F Navy
Communication
¥ Station
(NAVCOMMSTA)
Other K i >
Nets A I

Local
Users

Figure 2-4.

Transmit
Site

Receive
Site

v
Tactical

The Navy communications system.

102



Service (FSS). Within the next year, Broad-
casting Satellite Service (BSS), often refer-
red to as Direct Broadcast Statellite Service,
will be introduced in the United States. The
National Telecommunications and Information
Administration (NTIA) has had primary responsi-
bilities in assuring that adequate frequency
spectrum and geosynchronous orbit resources

are available to support the growth of the
industry--and that responsibility continues.

A resolution passed at the 1979 World Admini-
strative Radio Conference (WARC) calls for
another WARC to be convened in two sessions--
1985 and 1988. The first session will con-
sider the need for planning (i.e., interna-
tional agreement on assignment of frequencies
and orbit locations) all space services. The
second session will undertake planning as de-
termined necessary during the first session.
The Fixed Satellite Service is the principal
focus of preparation for the 1985 Space WARC.
Throughout this year, ITS has provided tech-
nical support to United States preparation for
the conference through participation in the
IRAC Ad Hoc 178 group.

The Broadcasting-Satellite Service (BSS) has
developed more slowly than the FSS. During
July 1983 the RARC for ITU Region 2 BSS met in
Geneva to resolve the issues of spectrum
sharing by the FSS and BSS between 12.1 GHz
and 12.3 GHz and how frequency spectrum and
geosynchronous orbit for BSS would be shared
among ITU Region 2 administrations. Nearly
three years ago, U.S. companies began submit-
ting applications to the Federal Communi-
cations Commission (FCC) for licenses to
construct and place in service broadcasting
satellites for direct home reception. Nine of
14 original applications ultimately were
accepted by the FCC and by November 4, 1982, a
total of eight construction permits had been
granted, conditional upon agreements reached
at the 83 RARC-BS. There have been at least
four additional applications filed with the
FCC in a second-round opportunity for filing.
It becomes clear that U.S. requirements for
spectrum and orbit assignments, going into the
conference, would be substantial. Strong
technical background for the U.S. position at
the conference, therefore, would be essential.
The Institute has provided substantial tech-
nical support to U.S. preparation for the
RARC-BS, including scenario analyses to demon-
strate efficient use of frequency and orbit
resources by the United States.

Earlier discussion mentioned a well-developed

commercial satellite industry (in the FSS) for
large volume, geographically centralized
services (large trunk applications). However,

utilization of satellite technology by dis-
persed, low-volume users (thin-route applica-
tions in rural areas) has not been nearly so
successful. Such utilization does not offer
the economic incentives of large trunk appli-
cations and will occur only when lower-

cost ground terminals are available. This is
true in spite of the fact that there is clear
need, particularly in less-developed parts of
the world, for basic communications capabili-
ties, and satellite communications technology
seems to offer the best solution to that need.

A jointly supported effort with the Department
of State (DoS), Agency for International
Development (A.I.D.) was initiated in 1980 to
define a low-cost earth terminal design and to
build an initial terminal following that
design. That terminal would be used in engi-
neering and performance tests to establish the
design integrity and thereby encourage indus-
try development and production. The original
earth station design and service requirements
study followed a parametric approach by estab-
lishing a matrix of options for technical
characteristics of components of the earth
station, such as the antenna size, the low
noise amplifier noise temperature, and the
high power amplifier output capabilities.
Technologies that could be used for telephony,
such as single channel per carrier frequency
modulation (SCPC-FM), digital voice encoding
such as adaptive delta modulation with guad-
rature phase-shift-keying (QPSK), or voice
synthesis such as linear predictive coding
(LPC) with QPSK, also are used as parameters
of the study. This study guided the develop-
ment of technical specifications for the earth
station. Major earth station components now
are being purchased in accordance with those
specifications.

The ITS Satellite Communications System work
comprises three NTIA-sponsored projects plus
two complementary projects sponsored by the
Agency for International Development. There
have been two additional projects in the
Satellite Network Analysis Group sponsored by
the National Security Agency. These projects
have been directed to propagation of radio
signals rather than satellite network anal-
ysis. These seven projects, established for
management tractability are:

1. Technical Support to Planning,

aration for the 83 RARC-BS

Technical Support to Planning and Prepar-

ation for the 85/88 Space WARC

3. Development of the Geostationary Satellite

Orbit Analysis Program (GSOAP)

Technical Support to the A.I.D. Rural

Satellite Program

5. Technical Support to A.I.D. in Develop-
ment of a Low Cost Television System for
Educational Applications

6. Multiple Knife-Edge Diffraction Studies

7. Pulse Distortion Studies.

and Prep-

2.

Technical Support to Planninyg and Preparation
for the 83 RARC-BS. As noted earlier, the
1979 WARC of the International Telecommunica-
tion Union resolved that a Regional Administra-
tive Radio Conference for planning of the
Broadcasting-Satellite Service (RARC-BS) of
the ITU Region 2 (North, Central, and South
America and Greenland) would be convened in
1983 and that a detailed frequency allotment
and orbital positions plan would be drawn up
for the Region. The outcome of the RARC-BS
has been recognized to have major impacts on
efficient use of the frequency-orbit resources
available for the Region 2 countries and on
future development of the U.S. Direct Broad-
cast Satellite industry. In preparation
efforts for the U.S. position for the RARC-BS,
various problems are being studied by the U.S.
National Committee for CCIR (International
Radio Consultative Committee), IRAC Ad Hoc
177, and the FCC Advisory Committee on the
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1983 RARC-BS established under the FCC Docket
No. 80-398. 1In this fiscal year, the ITS
contributions have been made through parti-
cipation mainly in the Computer Users Group,
Working Group under Ad Hoc 177.

a

Support to the Computer Users Group for
planning and preparation for the 83 RARC-BS
consisted of service area polygon point data
verification, rain zone index data verifica-
tion, scenario development and analysis using
the Spectrum Orbit Utilization Program (SOUP)
interference analysis program, and development
of a Scenario Performance Measuring Program
using the output of the SOUP program.

The Institute verified all of the service area
polygon point data that were being used by the
Computer Users Group. Each of the service
areas was plotted out on a map to check each
of the polygon points for accuracy and to see
if the service area polygon points could be
improved.

The Institute also verified all the rain zone
index data for each of the service area
polygon points. A program was written to
calculate the rain zone index for each polygon
point and to compare it to the original rain
zone index data. Because of the large number
of differences between the calculated rain
zone indexes and the original ones, another
program was written to automatically calculate
the correct rain zone index for each polygon
point and insert it into the service area data
file.

Scenario development and analysis to implement
a plan of satellite orbital locations for
Region 2 was accomplished using the SOUP
computer program running on a mini-computer at
the FCC in Washington, DC. The Institute was
assigned analysis tasks to minimize the inter-
ference present in the Region 2 countries
assuming three continental U.S. service areas
with one satellite location each. This work
involved not only adjusting satellite loca-
tions to minimize the interference present,
but also changing antenna parameters, channel
bandwidth, channel separation, protection
ratio templates, and other technical param-
eters to observe their effect on the inter-
ference present in the region.

To better understand the difference in two or
more different scenario analysis runs, a
Scenario Performance Measuring Program, which
uses the SOUP analysis output, was developed
at ITS and made available to the Computer
Users Group. The program partitioned the
range of possible carrier-to-interference
(C/I) ratios into 16 bins and placed the
corresponding C/I ratio for each polygon point
in one of the 16 bins. This procedure was
also done for the median C/I ratio of each
service area. By looking at the total bin
counts for the polygon points and the service
areas and comparing them to other scenario
runs, the relative performance of two or more
scenarios could be determined. This informa-
tion was quite valuable when comparing two
scenarios with relatively small changes.

An example of scenario analysis results is
shown in Figures 2-5 through 2-8. The scenar-
io includes only nine Northern Hemisphere
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countries of Region 2. There are 18 service
areas and a total of 205 polygon points which
define the service areas within these countries.
Figure 2-5 shows a summary of the scenario and
SOUP input data used for the analysis. The
SOUP interference analysis summary report is
five pages of computer output just for this
simple scenario. Figure 2-6 shows the first
of those five pages. Figures 2-7 and 2-8 show
the Scenario Performance Measuring Program
statistical summaries of results. Figure 2-7
shows that 83.4% of the polygon points have
nonnegative C/I ratios. Figure 2-8 shows that
the median C/I for 88.9% of the service areas
is nonnegative.

Support to Planning and Preparation for the

>/ & ;2 WARC. In the introductory com-
ments for the Satellite Network Analysis Group
work, brief mention is made of a resolution
passed at the 1979 WARC calling for a World
Administrative Radio Conference to be convened
in two sessions to consider the need for
planning all space services to assure equita-
ble use of the frequency and orbit location
resources and to accomplish planning as deter-
mined necessary during the first conference
session. The first session is scheduled for
1985, and the second session now is scheduled
for 1988.

Prior to and during the 83 RARC-BS, it became
clear, as a result of technical analyses, that
rigid planning for the Broadcasting-Satellite
Service would inhibit flexibility in imple-
menting that service. Yet Broadcasting-
Satellite Service, probably, is the most
amenable service to such planning when one
considers the other space services. The
Fixed-Satellite Service certainly represents
the majority of space systems that have been
placed in service. And a view seems to be
emerging in the United States that a position
should be taken with regard to the Space WARC
that planning only be considered for some
frequency bands allocated to Fixed-Satellite
Service.

In considering (and developing) a position
that the United States should take regarding
planning of space services, one question that
is being asked has to do with mandatory use of
reference antenna patterns in calculating
interference. Related to this question is the
fact that relatively little data has ever been
submitted to the CCIR to describe the perform-
ance characteristics of earth station antennas
used for FSS applications. This lack of data
is particularly acute for relatively small
antennas, i.e., when D/A < 100, where D equals
the diameter of the antenna and A equals the
wavelength of the radio energy being received
or transmitted by the antenna.

In response to these needs for technical
information, and as support to preparation for
the 85/88 Space WARC, ITS has collected off-axis
gain performance patterns of antennas produced
by U.S. manufacturers. Over 80% of the anten-
nas listed in applications for licensing by
the FCC in the 4/6 GHz band for Common Carrier
Services have been obtained and analyzed to
determine recommendations that can be offered
to Space Services planners including CCIR
study/working groups for antenna sidelobe
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reference patterns. The Institute is con-
cerned with the effects on antenna performance
of interference levels produced by adjacent
satellites in light of the FCC's new Report
and Order, Docket No. 81-704, which will
eventually reduce satellite orbit separations
from the present 4~ to 2°.

Interference occurring at earth terminals
results from terrestrial transmissions and
also from transmissions from nearby satellites.
In either case, significant interference
contributions can be ascribed to co-frequency
channels and to the 20 MHz offset-frequency
channels in a frequency reuse system.

With regard to downlinks, primary interferers
are:

o the cross-polarization component of the
channels shared in frequency with the
first-adjacent satellites on either side
of the primary satellites

o the co-polarized, 20 MHz frequency offset
channels of the first-adjacent satellites
on either side of the primary satellite

o the co-polarized, co-frequency channels
on the second adjacent satellites on
either side of the primary satellite

o the cross-polarization components of the
two 20 MHz frequency offset channels of
the second adjacent satellite on either
side of the primary satellite.

This study considers the immediate sidelobe
angle area (1 to 77) and also considers
greater angles to the extent that data are
available from manufacturers.

Plots of antenna patterns from different
manufacturers were obtained. These were
digitized to obtain a data base of 168 pat-
terns in the 4-6 GHz range and 69 patterns in
the 6-7 GHz range. The data are being com-
pared to the CCIR reference pattern (CCIR REC

465-1, 1982) given by
32 - 25 log ¢ (aB) 1% < ¢ < 70
- 10 aB $° > 70°
A typical pattern, referenced in the equation

above, is shown in Figure 2-9. This shows the
maximum values of the peaks relative to the
reference in the interval for which the plotted
value is midpoint. Values of gain that are
less than zero indicate the pattern is below
the reference, and values greater than zero
indicate the pattern exceeds the reference
pattern in that interval.

A statistical analysis of all patterns using
other reference patterns is in progress. This
will be used to determine a best reference for
these patterns.

The data processing procedures are designed to
simplify the addition of data as they become
available.

Development of the Geostationary Satellite
Orbit Program (SOUP). This development work,
though conducted under a separate project
title, is a part of the NTIA support to plan-
ning and preparing for the 85/88 Space WARC.

To this end, a computer software system called
Geostationary Satellite Orbit Analysis Program
(GSOAP) is under development at ITS. It is

a tool for analyzing space services scenarios
(i.e., proposed orbit and spectrum use plans)
by calculating the carrier-to-interference (C/I)
ratios and the baseband signal quality measures
such as the signal-to-noise (S/N) ratios or
the bit error rates (BER's). The GSOAP model
will be useful for various space services, but
the primary emphasis is on the Fixed-Satellite
Service (FSS).

The ITS effort in developing GSOAP has been
sponsored by the NTIA Office of Spectrum
Management (OSM). The OSM plans to use GSOAP
in preparing for the forthcoming 1985 and

1988 Space WARC's (World Administrative Radio
Conference for the planning of Space Services),
both before and at the site of the Conferences.
It is expected that GSOAP will interface with
a scenario synthesis program that is planned
to be developed later.

Items for which programming has been completed
this year include:

o coding of the worldwide map of the rain-
climate zone index, based on the latest
CCIR report as amended by the Conference

Preparatory Meeting (CPM) for the 1983
RARC-BS
o calculation of the rain attenuation and

crosspolar discrimination based on the
latest CCIR report

o calculation of the polarization angle of
a linearly polarized radio wave
o calculation of various antenna gain

patterns including the new CCIR patterns
recommended by the CPM for the 1983 RARC-
BS as well as a new shaped-beam pattern
developed by ITS

o calculation of the each-link and total
C/I ratios
o printing of the calculated each-link and

total C/I ratio values.

In summary, most elements of modeling the
antenna and propagation have been resolved.

Remaining modeling/programming efforts in-
clude:

o calculation of the baseband signal
quality

o establishing the structure of, and the
method for reading of, the input data

files.

Efforts in completing this model will require
a continuing close coordination with OSM.

The GSOAP is written in ANSI standard Fortran
to facilitate its portability among various
computers. Its portability from a large-scale
computer at Boulder to a mini-computer at
Annapolis has been tested several times and
successfully confirmed.

A preliminary version of GSOAP, incorporating
development to date, has been delivered to OSM.
Efforts for developing GSOAP will continue

into next year under funds directly appropri-
ated to the ITS Satellite Communications

System work.
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than zero indicate the maximum values
and values greater than zero indicate
this example, D/A 92.

Technical Support to the A.I.D. Rural Satel-
lite Program.

The Agency for International
Development (A.I.D.) established the Rural
Satellite Program as a cooperative effort
between the United States and a number of
developing nations to demonstrate the benefits
of communication satellites and other com-
munications technologies to the advancement of
developing nations. The existence of ubi-
quitous communications systems in less devel-
oped rural areas of the world is expected to
enhance food production and distribution, to
improve health and family planning services,
to improve productivity, and to facilitate
access to education systems.

During this year we continued the analysis of
thin-route earth station requirements, the
results of which are summarized here. Satel-
lite communications are likely to be used to
provide thin-route telephone service in devel-
oping countries only if the cost of earth
stations can be substantially reduced. A
parametric analysis of earth-station design
and service capabilities includes:

o six values of earth-station figure of
merit, G/T, ranging from 17.5 to 30.0 dB/K

o five values of antenna diameter ranging
from 3.0 to 10.0 m

o low-noise amplifier temperatures ranging
from 55 to 200 K

o high-power amplifier output powers
ranging from 1 to 400 W

o INTELSAT and Palapa (typical of many
domestic satellites) satellite resources

o frequency modulation as well as digital

encoding with phase shift keying for
voice service.
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A typical antenna pattern referenced to the CCIR reference pattern.

Values less
are less than the reference in the interval
the maximum gain exceeds the reference. 1In

Link budgets are developed from which the
numbers of carriers that can be supported by
1/4 transponder are calculated. Assuming
single channel per carrier as well as multiple
channels per carrier service, the numbers of
duplex telephone circuits per 1/4 transponder
are calculated. Traffic analyses are per-
formed to demonstrate the relationships be-
tween numbers of telephone subscribers per
earth station, numbers of circuits provided at
each earth station, and quality of service.
Sampled cost information is presented and used
to estimate earth station costs.

The initial results of this work were reported
in NTIA Report 82-99 by R. D. Jennings. More
recent work was reported in a paper entitled
"Parametric Approach to Thin-Route Earth-
Station Requirements" by R. D. Jennings and

P. M. McManamon, presented by Jennings at the
Fifth Annual Pacific Telecommunications Confer-
ence.

In October 1982 it was announced that the
INTELSAT Board of Governors had agreed to an
offering by INTELSAT of a tariff service for
applications with bandwidth dedicated in the
space segment for low density, thin-route
traffic.

Small earth stations are to be involved for
remote rural service to be used for domestic
applications and for international applica-
tions such as the Pacific basin and the cluster
of countries around and including Senegal. A
shared access model, to be determined by
INTELSAT, will be used. Traffic levels from
an individual earth station could be as low as
one voice channel at any one time.



The tariff would be designed to be offered on
an individual voice circuit basis rather than
being based on the percentage of total trans-
ponder capacity being allocated.

INTELSAT has established an ad hoc Working
Group, together with a Technical Working Sub-
Group and a Policy Working Sub-Group to develop
details of thin-route service network design
and modulation design. Staff from ITS have
participated as members of the Technical
Working Sub-Group.

In this fourth year of technical support by
the Institute to the Rural Satellite Program,
the process of contracting for five major
components of a prototype small earth station
for thin-route applications was completed, and
planning for assembling and testing was begun.

A brief summary of the specifications of the
major components ordered this year appears
below, together with their respective sup-
pliers. The hardware procurements have fol-
lowed normal Government practices for com-
petitive procurement. No recommendation or
endorsement of these products and/or suppliers
is intended or implied.

o Antenna: 5-m diameter with feed for
circular polarization; voltage axial
ratio 1.4 maximum.

Supplied by Scientific Atlanta Model

8008. G_ = 44.4 dB at 3.95 GHz (Spec

43.5 dB minimum); G,, = 47.2 dB at
6.175 GHz (Spec 46.? dB minimum)

o Low Noise Amplifier (LNA): 85 K noise
temperature, 50 dB gain minimum.
Supplied by Dexcel Model DXA 3115-03.

(Assume: T, = T + 35 K = 85 + 35 =
120K S LNA

44 .4 v
10 Tog 120 - 23-6 dB/K)

o High Power Amplifier (HPA): TWTA with
P = 25 W (44 dBm) typical; 15.85 W
(gﬁtdBm) minimum; Gain = 45 dB. (Spec
15-40 W, 45 dB gain min.) Supplied by
Varian Model VZC-6961D4.
(Possible SCPC uplink EIRP = 47.2 + 14 =
61.2 dBW max.; 47.2 + 12 = 59.2 dBW
typical.)

GR/TS =

o Frequency Converters: Dual conversion,
VHF crystal osg%llator frequency control,
stability = 10 ~. Specified for 6.150 GHz

transmit (upconverter) and 3.925 GHz
receive (downconverter). INTELSAT trans-
ponder 6. Supplied by COMTECH Data

Corporation, Model 250AU/D.

o MODEMS/CODECS: QPSK rf MODEMS. SCPC-CVSD
voice CODECS operating at 32 kbps.
Forward Error Correction (FEC) CODECS at
rate 1/2; convolutional encoder, sequen-
tial decoder. Required C/N_= 49.6 dB-Hz
for global beam edge; no otRer operating
margin. Supplied by COMTECH Data Corpora-
tion, Model M200-X31 MODEM and Model M600
Alternate Date Voice CODEC.

Arrival of the last of these components at ITS
Boulder is expected by the end of 1983.

We have identified four potential sites for
locating earth stations during performance
verification and demonstration tests.

Location

Boulder, CO (USA) ITS Laboratories

Etam, WV (USA) Standard A Earth Station

Andover, ME (USA) Standard A Earth Station

Gandoul, Senegal Standard A Earth Station
(Africa)

In Table 2-1 INTELSAT satellites serving the
named locations are tabulated with the appli-
cable look angles of the earth station anten-
nas, the coordinates of the earth stations, and
the coordinates of the satellites. The Senegal
station has been included because of the
interest of that location to our sponsor,
A.I.D.

We have completed a draft of a Planning Flow
Chart for assembling and testing the earth
terminal, and are working on the numerous
associated technical details, as well as
questions of coordination.

Technical Support to A.I.D. in Development of

a Low-Cost Television System for Educational
Applications. In a second area of technical
support to the Agency for International Develop-
ment, ITS has awarded a contract to Battelle
Memorial Institute Pacific Northwest Labora-
tories for conducting feasibility and planning
studies for low-cost television systems adapted
to less-developed countries. The Battelle
study is a 9-month study slated for completion
during 1984.

The objective of this 9-month study is to
examine the cost/benefit situation with a
range of technical approaches that might be
applied to reduce the cost of television
receivers and transmitters. Goals include the
following:

o a value engineering study on conventional
television receivers identifying ways to
minimize manufacturing costs

o consideration of the added benefit that
might come from significant departures
from current design philosophies, based
on combining some early approaches to
television design with more recent advan-
ces in solid state circuitry and in
signal processing

o physical modeling of a receiver incorpor-
ating characteristics identified as most
useful.

The end result is expected to be a set of
recommendations for a new and simplified

approach to television systems that are responsive

to the needs of rural villages and urban poor.
Target criteria include:

o a cost reduction for receivers on the
order of 90%

o a reduction in power requirements to the
range of 5-15 watts

o a design adapted to local assembly and

indigenous manufacture, in the develop-

ing countries, of major elements (such

as picture tubes).
Multiple Knife-Edge Diffraction Studies. The
reception of signals from a satellite at low
angles of incidence may be affected by terrain
obstacles near the receiving station. Even
for a nominal radio line-of-sight, the tops of
obstacles near the direct ray can produce
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INTELSAT Satellites and Earth Station Locations That Could be Used for Performance

Table 2-1.
Verification and Demonstration Tests
Earth Station Name and Coordinates
Earth
Station 1. 2. 3. 4,
Satellite Antenna
Name and Look Boulder Etam, wWv Andover, ME Gandoul
o o o o o o o
Longitude Angles (105.3°W,40.0°N) (79.7°W, 39. 3°N) (70.8°W,44.6°N) (17.0°W,14.7°N)
IV,F7
(307.0°E) .
El. Ang. 19.75 36.78° 35.62° 45.40°
Az. Ang. 116.42 141.55 155.43 -109.25
IV,F1l
(307.2°E) o
El. Ang. 19.61° 36.67° 35.55° 45.60
Az. Ang. 116.25 141.31 155.17 -109.38
IVv,F5
(322.0°E) o
El. Ang. 8.59° 27.59° 29.17° 60.25
Az. Ang. 105.05 125.41 137.45 -123.47
IvV-A,F4
(325.5°E) o
El. Ang. 5.94° 25.18° 27.29° 63.41
Az. Ang. 102.62 122,17 133.71 -128.83
V,F2
(325.7°E) o
El. Ang. 5.79° 25.03° 27.18° 63.59
Az. Ang. 102.48 121.99 133.50 -129.17




interference effects on the propagation loss.
Furthermore, variations of atmospheric refrac-
tion in the lower part_of the atmosphere can
alter the path of the ray and cause masking by
the obstacles in an otherwise direct ray path.

Also of interest in satellite communication
systems are problems of interference by an
unwanted signal from another satellite or from
nearby transmitting earth stations. These
unwanted signals often may be from trans-
horizon sources, and their strength depends
primarily on antenna beam limitations and
ground wave propagation effects.

At the frequencies commonly used in satellite
communications, the terrain features of a
propagation path can often be characterized as
a sequence of knife-edges because of the short
wavelengths involved and because variations of
electromagnetic ground constants are insignifi-
cant at these frequencies. Thus, the propaga-
tion loss over a particular path can be esti-
mated by evaluating the diffraction loss due

to multiple knife-edge diffraction.

Work has continued on the multiple knife-edge
(MKE) diffraction model that was recently
developed at the Institute. A new derivation
of the MKE attenuation function using Fresnel-
Kirchhoff theory resulted in the clarification
of certain questions concerning the phase of
the complex attenuation. Also the analytical
basis for an improved computational procedure
based on the partitioning of multiple integrals
was developed. This new procedure enables the
detailed evaluation of attenuation variation
in the interference region for any combination
of knife-edge heights. Comparisons have been
made of the MKE attenuation- function with
expressions derived from the Geometrical
Theory of Diffraction and the approximate
solutions of Epstein-Peterson and Deygout.
Results of the above studies are contained in
NTIA Report 83-124.

Two types of computer programs to evaluate the
MKE diffraction loss are available from the
Institute. 1In the first type, the input data,
consisting of a maximum of 10 knife-edge
heights together with their separation distan-
ces, are read in by the user. In the second
type, the input is a propagation path terrain
profile provided by the user from which the
program selects the ten (or less) most signifi-
cant terrain points to represent the knife-
edges. In both types the output consists of
the attenuation (relative to free-space) due
to MKE diffraction.

An interesting point about refractivity
variations is that changes in refractivity can
cause much more attenuation variability at
microwave frequencies than at lower frequen-
cies. Thus, at low angles of incidence from a
broadcasting satellite, diffracting knife-
edges together with refractivity fluctuations
can have a significant effect on signal varia-
bility. The MKE propagation model provides a
useful tool to assist in predicting this
variability.

Pulse Distortion Studies. A small study,
related to satellite communications, but
utilizing theoretical skills of a staff member
in the Satellite Network Analysis Group, has

not

been conducted to assess the degree to which
pulses generated by the operation of electron-
beam experiments are distorted by their reflec-
tion from the ionosphere.

There currently is a substantial amount of
work directed toward assessing the feasibility
of using charged-particle beam devices as
weapons in military operations. A comprehen-
sive program aimed at conducting electron-beam
propagation experiments is under way at
Laurence Livermore National Laboratory. 1In
addition to the construction of a facility to
generate and test electron-beam effects,
theoretical studies are being undertaken in
order to model the fields produced by the
electron beam as a function of distance from
the source.

Preliminary experiments indicate that the
operation of electron-beam sources is accom-
panied by the generation of large amounts of
radio energy in the HF portion of the electro-
magnetic spectrum. This radio energy has been
observed to propagate to distances greatly
removed from the source. It is natural to
question whether or not such received signals
can be utilized to determine selected charac-
teristics of the charged-particle beam source.
In order to answer this question, it is first
necessary to ascertain the degree to which the
pulse-shape of the HF radio wave is distorted
as it propagates from the source to a given
reception point. The distortion of the pulse
will be due primarily to effects induced upon
it by the ionosphere. Hence, it is necessary
to determine the degree to which ionospheric
variations will distort the HF pulses asso-
ciated with the operation of charged-particle
beams. It is this objective that is the
subject of the Pulse Distortion Studies.

The initial phase of the study has consisted
of determining an appropriate ionospheric
model and developing the appropriate propa-
gation equations. Differential equations for
propagation at oblique incidence in a dispers-
ive medium and assuming a vertical magnetic
field have been formulated. The field com-
ponents are approximated by expressions that
reduce to the correct functions as the propa-
gation angle of incidence decreases. Reflec-
tion coefficients have been derived for two
ionospheric models: (1) the linear profile,
and (2) the sech? profile. The latter profile
provides a more realistic electron density
variation and further studies will be based on
this model.

The second phase of the work will be to
numerically evaluate the impulse response
function through the application of a Fast
Fourier Transform. With the introduction of
a given source pulse spectrum, reflected pulse
shapes then can be generated for different
values of the penetration frequency, scale
height, collision frequency, magnetic param-
eter, and angle of incidence.

SECTION 2.3 SYSTEM PERFORMANCE STANDARDS
AND DEFINITION

The principal focus of the System Performance
Standards and Definition Group is the develop-
ment and application of national and inter-
national telecommunication standards. Two
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projects are described. The first addresses a
need within the U.S. for uniform means of
expressing the performance of data communica-
tion services as seen by end users. The
second supports U.S. participation in the
development of international standards, par-
ticularly those dealing with public data net-
works and the Integrated Services Digital
Network (ISDN). A common objective of the

two projects is to facilitate private sector
development and Federal procurement of digital
telecommunication services.

Data Communications. The Institute's Data
Communications project has two overall goals.
The first is to promote competition and technol-
ogy innovation in the telecommunication equip-
ment and service industries. The second is to
facilitate efficient matching of provider
offerings with user needs in the increasingly
diverse and competitive U.S. telecommunications
environment. Both goals are being pursued
through the development, promulgation, and
application of user-oriented, network-indepen-
dent data communication performance parameters
and measurement methods. Key end products are
Federal and American National standards,

which provide a "common language" for perform-
ance description; prototype test equipment
implementing the standards; and technical
reports describing actual measurements of
representative public and private data communi-
cation networks.

Two related data communication performance
standards have been developed. The first de-
fines the user-oriented performance parame-
ters. That standard was approved as Interim
Federal Standard 1033 in 1979, and was subse-
quently adapted for proposal as an American
National Standard by a task group of the
American National Standards Institute (ANSI
Task Group X3S35). The second standard de-
fines uniform methods of measuring the ANSI
parameters. That standard was published as
Proposed Federal Standard 1043 in 1981, and is
now being prepared for formal proposal as an
American National Standard by the same ANSI
group.

A major .Data Communications project milestone
was achieved in FY 83: final ANSI approval
and publication of American National Standard
X3.102, "Data Communication Systems and Ser-
vices--User Oriented Performance Parameters."
That standard is unique in providing a set of
performance measures that may be used to de-
scribe the quality of any data communication
service, irrespective of network technology,
architecture, topology, or user access proto-
col. The X3.102 parameters will give users a
way of specifying communication requirements
without presupposing any particular service;
and will enable providers to describe service
performance in terms that are understandable
and relevant to users, but not specialized to
any particular application. It is anticipated
that ANSI X3.102 will ultimately replace In-
terim 1033 as a mandatory Federal Standard.

Table 2-2 summarizes the 21 user-oriented per-
formance parameters defined in American Nation-
al Standard X3.102. The parameters express
performance relative to three primary communi-
cation functions: access, user information
transfer, and disengagement. These functions

correspond to connection establishment, data
transfer, and disconnection in connection-
oriented services, but are also applicable to
connectionless services (e.g., electronic
mail). They subdivide an overall data communi-
cation session in accordance with the user's
perception of service and provide a specific
focus for performance description.

In defining the standard parameters, each
function was considered with respect to three
possible results, or outcomes, an individual
performance trial might encounter: successful
performance, incorrect performance, and non-
performance. These possible outcomes corres-
pond closely with the three major performance
concerns (or "performance criteria") most fre-
quently expressed by data communications
users: speed, accuracy, and reliability.

One or more "primary" parameters were defined
to express performance relative to each func-
tion/criterion pair. As an example, four
primary parameters were defined for the access
function: one speed parameter (Access Time),
one accuracy parameter (Incorrect Access
Probability), and two reliability parameters
(Access Denial Probability and Access Outage
Probability). Failures attributable to user
nonperformance (e.g., called user does not
answer) were excluded in defining each primary
parameter.

The X3.102 parameters also include four "ancil-
lary" parameters. Each ancillary parameter
relates to a primary "speed" parameter, and
expresses the average proportion of the per-
formance time associated with that parameter
that is attributable to user delays. As an
example, the primary parameter Access Time
normally includes delays attributable to the
users (e.g., dialing time, answer time) as
well as delays attributable to the system
(e.g., switching time). The ancillary param-
eter User Fraction of Access Time expresses
the average proportion of total Access Time
that is attributable to the user delays. The
ancillary parameters provide a method of
"factoring out" user influence on the primary
speed parameters to produce "user independent"
values characterizing the unilateral perform-
ance of the system and also provide a basis
for determining the entity (user or system)
"responsible" for nonperformance failures
(e.g., access timeouts).

The Institute's FY 83 Data Communications pro-
ject had two major goals:

1. To facilitate completion and initial use
of the ANSI measurement standard by
developing and documenting key perform-
ance measurement software systems and

techniques.

To conduct pilot measurements of three
U.S. public data networks (PDN's) using
ITS-developed, microprocessor-based test
sets conforming to the ANSI standards.

Figure 2-10 illustrates the overall structure
of the proposed ANSI measurement standard,
designated X3S35/135. The standard is divided
into four major parts. Sections 2 and 3
specify functional requirements for the two
major measurement subsystems needed to obtain
values for the standard X3.102 parameters:
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Table 2-2. Summary of ANSI X3.102 Performance Parameters
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Figure 2-10. Overview of the standard.
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Data Extraction and Data Reduction. The Data
Extraction subsystem observes signals trans-
ferred across the user/system interfaces in
real time, determines the performance signifi-
cance and time of occurrence of each interface
signal, and records this information in the
form of a chronological sequence of reference
events. The Data Reduction subsystem merges,
correlates, and processes the reference event
records to produce a set of measured X3.102
performance parameter values. These measure-
ment subsystems are defined in functional
terms (rather than in terms of a specific
implementation) to afford users maximum
flexibility in applying the standard.

Sections 4 and 5 provide general requirements
and procedures for test design and post-test
data analysis, respectively. The test design
procedures guide the data extraction process
and provide criteria for selecting measurement
sample size. The data analysis procedures
guide the data reduction process and identify
data reduction variables which should be
specified with the measurement results.

To facilitate use of the measurement standard,
ITS has implemented procedures for accomplish-
ing the data reduction, test design, and data
analysis functions in two machine-independent
FORTRAN computer programs. Figure 2-11
illustrates the first of these, the ITS Data
Reduction Program. This program implements
the Data Reduction functional specification
presented in Section 3 of the measurement
standard. It comprises three subprograms:
PROLOG, ANALYZ, and EPILOG.

Program PROLOG, the first main program to be
executed in a data reduction run, is respon-
sible for preliminary checking and processing
of input data. It reads operator-defined
reduction specifications and extracted perform-
ance data and subjects these to a series of
validity checks. If no errors are detected,
it combines event data from the source and
destination overhead information files to
create a unified event history and writes this
to the consolidated overhead information file.
PROLOG concludes by writing consolidated data
reduction specifications to a comprehensive
specifications file.

Program ANALYZ, the second main program to be
executed in a data reduction run, is responsi-
ble for the actual performance data analysis
and parameter calculations. After reading the
specifications file generated by PROLOG,
program ANALYZ executes performance data
analysis and parameter calculations for the
X3.102 access uscr information transfer, and
disengagement functions, specified by the

test operator. Performance data analysis for
a function consists of (1) examining perfor-
mance data in the relevant overhead and user
information files to identify performance
trials and determine their outcomes, and (2)
recording these outcomes in the associated
performance outcome file and updating the
affected assessment statistics. When the
performance data analysis for a function is
complete, ANALYZ calculates corresponding
measured values of the standard X3.102 per-
formance parameters. When all enabled per-
formance assessment options have been com-
pleted, ANALYZ concludes by writing the assess-
ment statistics and calculated performance
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Figure 2-11.

parameter values to the statistics file and
parameters file, respectively.

EPILOG, the last main program to be executed
in a reduction run, reads reduction specifica-
tions, assessment statistics, and measured
performance parameter values from the corres-
ponding files and writes this information to a
consolidated assessment summary file. Assess-
ment results are then printed out to the
operator. They may also be consolidated with
previously or subsequently processed data to
improve measurement confidence levels.

The ITS Data Reduction program has proven to
be extremely valuable in experimental data
communication performance measurements con-
ducted at ITS. In measurements of the ARPANET,
that program transformed what would have been
a massive data reduction effort into a few
minutes of computer time. The program is
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Standard FORTRAN to
It is available

coded in ANSI (1977)
enhance its transportability.
from ITS at duplication cost.

Figure 2-12 illustrates the second computer
program ITS has developed to facilitate use of
the measurement standard, the ITS Statistical
Design and Analysis program. This program
automates critical portions of the X3S35/135
test design and data analysis procedures--
specifically, the rather complex mathematical
processes of (1) determining the measurement
sample size needed to obtain parameter esti-
mates having a desired statistical precision,
and (2) analyzing collected test data to
determine the precision actually achieved in a
measurement. The program is interactive and
is normally accessed from a data terminal. As
indicated in the figure, the program is divided
into two major subprograms (top and bottom).
These automate the sample size determination
and data analysis processes, respectively.

The sample size determination subprogram leads
the operator through a series of decisions

SAMPLE SIZE BETERMINATION ————

in a selection of measurement

for a particular performance
parameter. The program begins by asking the
operator to identify the general type of
parameter for which a measurement sample size
is to be determined. The operator may specify
either of three general parameter types: time
delays, time rates, and failure probabilities.
Once a particular parameter type has been
specified, the program asks the operator to
select a confidence level for which the param-
eter value is to be estimated. Two confidence
levels may be selected: 90% and 95%.

that result
sample size

The third decision in each case is the choice
of a test limiting criterion. Two choices may
be made, depending on the operator's test ob-
jectives and constraints. In most cases, the
operator wishes to estimate a parameter's
value with a specified precision. The pre-
cision is specified in absolute terms in the
case of the time parameters--e.g., average
delay +50 ms or average rate +50 bps. The

precision is specified in relative terms in
the case of the failure probabilities.

As an

1
——— ANALYSIS

Fiqure 2-12.

o UF KEOWN)

% IF THERE ARE FEWER THAN TWO FAILURES ENTER P

Statistical test design and data analysis.
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example, the operator might specify that
confidence limits for a failure probability
should be within +50% of the measurgg value,
e.g., confidence limits of +(0.5)10 for an
observed failure probability of 10 .

In the case of the time parameters, the program
next asks the operator whether the variability
(maximum standard deviation, ¢ max) of the
measured value can be estimated from prior in-
formation. If so, the program proceeds to
similar inquiries regarding the dependence of
successive observations--e.g., whether Block
Transfer times for successively transmitted
blocks are more likely to be similar than
those for randomly selected blocks. In each
case, if no prior information is available,
the operator is given parameters defining a
preliminary test that will obtain the neces-
sary information.

The program then uses the collected information
to calculate the number of trials (e.g., ob-
servations of Block Transfer Time) needed to
estimate the parameter value of interest with
the operator-specified precision. The program
outputs this information to the operator, to-
gether with a listing of ancillary information
(e.g., return entry code, number of delays,
total delay on each trial) that will be
needed by the data analysis program to process
the collected data.

In the case of the failure probability param-
eters, the program asks the operator whether
the degree of dependence (conditional probabil-
ity of failure given a failure in the preced-
ing trial, p l) is known from prior information.
If so, the p%ogram uses this information to
calculate the number of failures (e.g., bit
errors) that must be observed in order to
estimate the failure probability with the
desired relative precision. This is the
information the operator needs to delinate the
test. If not, the degree of dependence is
estimated by a worst case (95-percentile)
value, and the program gives the operator
parameters defining a preliminary test.
Ancillary information needed to organize the
test and the subsequent data reduction is
provided in either case.

Each individual entry to the Statistical
Design and Analysis program determines a
sample size for a single parameter measure-
ment. In a typical test, all parameters
associated with a particular function (e.g.,
access) are normally measured together, using
a common measurement sample. The size of that
sample is determined by the particular param-
eter whose measurement precision is most
important or most difficult to achieve.

Sample sizes for the various parameters mea-
sured in such a test may be determined by
successive entries to the sample size determi-
nation subprogram.

The second major statistical design and anal-
ysis subprogram, the data analysis subprogram,
is entered with collected data after a measure-
ment has been completed. Its function is to
determine the precision actually achieved in a
measurement. Such achieved precisions often
differ from the precision objectives selected
during test design, since actual measurement

conditions are rarely identical to pretest
assumptions.

The data analysis subprogram prompts the oper-
ator (or reads files) to determine the ob-
served measurement results, then calculates

the appropriate statistics from these results.
In the case of the time parameters, the outputs
are sample means and confidence intervals. In
the case of the failure probabilities, the
outputs are the ratio estimates themselves and
their associated confidence limits.

The Statistical Design and Analysis program
also enables users to determine whether data
measured in different tests are statistically
homogeneous (e.g., describe the same statis-
tical population, performance conditions,
etc.). Such data can be combined to provide
better overall confidence in an evaluation of
communication performance.

The Statistical Design and Analysis program
will substantially improve the efficiency and
economy of performance measurements by provid-
ing a simple method of determining guanti-
tative relationships between test duration and
test precision. Preliminary applications of
this program indicate that a desired precision
can often be achieved with far less measure-
ment time (and cost) than test engineers
intuitively expect. Project cost savings from
such information can be substantial. Although
developed specifically for the X3.102 param-
eters, the program can be used to determine
measurement sample sizes and achieved pre-
cisions for any delay, rate, or probability
parameter--the statistical problem is the
same. The program is written in machine-
independent (ANSI 1977 standard) FORTRAN and
is available from ITS at duplication cost.

The FY 83 Data Communications project also
provided an opportunity for some new research
on an important and little-studied problem in
data communication performance measurement--
that of matching transmitted and received
data, and detecting bit errors, deletions, and
additions, when the time delay between data
transmission and reception is variable. Such
matching is essential to comprehensive perform-
ance measurement, since the various transmis-
sion failure probabilities cannot otherwise be
measured. The Institute examined this problem
briefly in FY 79 and developed a simple

linear comparison procedure that proved to be
effective in matching random binary data
strings. This algorithm was implemented (as
the BITCOR subroutine) in the ITS Data Reduc-
tion Program, and was used successfully in ITS
measurements of the ARPANET.

The FY 83 study was undertaken with two objec-
tives: (1) to improve the performance of the
BITCOR subroutine in processing random data
through the use of more sophisticated data
manipulation and comparison algorithms, and
(2) to develop new comparison algorithms
applicable to the matching of data with known
properties or structures--e.g., blocks with
known headers or "canned" test data.

A particularly interesting matching algorithm
was developed for the case where the trans-
mitted data can be completely determined by

117



the experimenter ("canned"). This algorithm
is based on the generation and detection of a
binary sequence called the Thue-Morse sequence.
This sequence is generated by a binary counter
that updates for each bit of transmitted

data. If the counter at time T has the
representation
m
T= 3 a12l
i=o
where a, = 0 or 1, then the bit transmitted at
that tife is
m
b = a. (mod 2) .
Jgg 1
n
"Mod 2" means that the bit is 1 if a;
i=o

n
is odd, or 0 if Y ay is even.
i=o

The Thue-Morse sequence hag the property that
each string of the firEt 27 bits is complemen-
teg in the string of 27 bits starting at bit
(27+1) . This properly makes the data "self
numbering," which should substantially improve
the speed and reliability of matching. The

Institute has developed a matching algorithm
using the Thue-Morse sequence, published as
Its imple-

NTIA Report 83-133 by W.J. Hartman.
mentation and testing are planned.

Remote Test City

Local

The second major goal of NTIA's FY 83 Data
Communications project was to conduct a series
of experimental performance measurements of
public data networks (PDN's). These measure-
ments had two specific objectives. The
primary objective was to demonstrate actual
use of the proposed ANSI measurement standard
in assessing the end-to-end performance of
some typical PDN services. A secondary objec-
tive was to obtain some preliminary data on
the performance of the various network alter-
natives. It is anticipated that the results
of these pilot measurements will encourage

and facilitate more comprehensive future mea-
surements, both by data communication service
providers and by users.

Figure 2-13 illustrates the overall plan of
the PDN measurements. Two microcomputer-based
test sets were developed: one emulating a
network-accessible host computer and one
emulating a remote data terminal (and its
operator). The host emulator was located at
ITS in Boulder and was connected to the local
offices of each of three public data networks
via 9.6 kbps leased telephone lines. The
terminal emulator was placed in several remote
test cities, where it obtained access to the
PDN's via the local exchange telephone network.
The terminal emulator was also able to com-
municate with the host emulator via the direct
distance dial (DDD) telephone network, bypass-
ing the PDN's. The switched local telephone
links operated at 1200 bps.
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Figure 2-13.
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During actual testing, the remote terminal
emulator established connection with the host
over each of the four available paths in
succession, logged into a special measurement
application program in that computer, trans-
mitted a file of "canned" test data, logged
out, and disconnected. Both the remote ter-
minal emulator and the host were programmed to
record and time-stamp all interface events
observed during a data communication session
in accordance with the proposed ANSI measure-
ment standard. The data extracted during each
test were then transferred (via separate
error-controlled lines) to a data reduction
and analysis computer located in Boulder for
conversion into X3.102 performance parameter
values.

The interfaces actually instrumented during
the test were within the host and terminal
emulator microcomputers, between the (UNIX)
operating systems and local application
(measurement) programs. This selection of
"probe points" makes it possible to reflect
the delay and error recovery effects of "front
end" software in the measured parameter
values.

Figures 2-14 through 2-16 show some typical
numerical results of the ITS PDN measurements.
Figure 2-14 shows overall and component values
for the X3.102 performance parameter Access
Time--the total time between an end user's
request for communication service and the
start of actual user information transfer. 1In
this application, the overall Access Time is
divided into three components: local tele-
phone connection time, PDN log-in and connec-
tion establishment time, and host computer
log-in time. Inclusions of the latter time in
overall Access Time is justified by the fact
that the calling user (terminal operator) has
no interest in communicating with the host
computer's operating system per se; his goal
is to access a particular user application
program within that computer. Thus, the host
computer's operating system is a part of the
end-to-end data communication system from the
end user point of view. Text editors, com-
pilers, and data base handlers are examples of
user application programs that are accessed
via public data networks.

As Figure 2-14 indicates, the average Access
Time observed in this particular measurement
was about 45 s. On the average, the local
telephone connection time was about 17 s, or
38% of the total; the PDN log-in and connection
time was about 4 s, or 9% of the total; and
the host computer log-in time was about 24 s,
or 53% of the total.

These results suggest that a large proportion
of the access delay currently experienced by
public data network users is a result of
factors outside the PDN boundaries (and outside
the control of the PDN service provider).

Even if host computer log-in time is excluded,
the access delays outside the PDN are stilt
more than four times greater than those within
it. An obvious implication is that efforts to
reduce the PDN connection time (e.g., transit
delay for X.25 call request and call accepted
packets) will do little to improve the custom-
er's overall perception of service quality.
The Access Time experienced by PDN users can,

of course, be reduced substantially through
the use of leased (rather than switched)
terminal access arrangements.

Figure 2-15 shows typical virtual circuit con-
nection times for two of the three PDN's
tested. The measured time begins on completion
of input of the host address to the PDN, and
ends on the terminal's subsequent receipt of a
host computer LOGIN prompt. For each network,
the average virtual circuit connection time is
about 2.7 s. Comparison of Figure 2-15a with
Figure 2-14d suggests that under the conditions
of this experiment, about two-thirds of the
total PDN delay in establishing access is
virtual circuit connection time. The other
one-third is PDN log-in time. The latter
function was automated in this experiment and
would take longer if performed manually by a
terminal operator.

Figure 2-16 compares overall Access Times for
operator-to-program connections established
via a PDN with corresponding times for connec-
tions established via the DDD telephone net-

work. The PDN Access Times are about 8 s

longer in this particular measurement. This

is a result of two factors:

1. The PDN log-in time, which has no counter-
part in the DDD network.

2. A longer host computer log-in time in the

case of the PDN connections.

The latter factor is ‘the more significant one.
It is a direct result of longer transit delays
and lower throughput in the PDN. More complete
results of the ITS public data network measure-
ments are being published in an NTIA Report.

International Standards. Thé Institute's
International Standards project has two overall
goals. The first is to enhance opportunities
for U.S. firms to participate in international
telecommunication markets by promoting the de-
velopment and international acceptance of
broadly-based, functionally oriented, nonre-
strictive international telecommunication
standards. The second is to ensure that the
interests of competing U.S. firms are fairly
represented, and properly coordinated, in U.S.
contributions to international standards or-
ganizations in which NTIA has leadership
responsibilities. These include the Interna-
tional Telegraph and Telephone Consultative
Committee (CCITT) and International Radio
Consultative Committee (CCIR).

The project involves three major functions.
The first is to lead and coordinate U.S.
participation in key standardization efforts
of the CCITT and CCIR. This work is conducted
under the auspices of the U.S. Department of
State. Institute personnel currently chair
two of the five U.S. CCITT Study Groups:

Study Group D and the Joint Working Party on
the Integrated Services Digital Network (ISDN).
Study Group D prepares U.S. inputs to interna-
tional meetings of CCITT Study Groups VII
(Public Data Networks) and XVII (Data Trans-
mission over Public Telephone Networks). The
ISDN Working Party prepares U.S. inputs to
international meetings of CCITT Study Group
XVIII, which has overall responsibility for
ISDN standardization within the CCITT. In
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addition, ITS provides international chairman-
ship of CCIR Interim Working Party (IWP) 8/11
(Direct Printing Equipment in the Maritime
Mobile Service).

The responsibilities of a U.S. CCITT Study
Group Chairman include the review, coordi-
nation, and approval of proposed U.S. contri-
butions to CCITT; coordination of U.S. con-
census positions on international standards
issues; and leadership of the U.S. delegations
to international CCITT meetings. CCIR IWP
chairmen are responsible for the direction and
coordination of international efforts leading
to CCIR Recommendations, which govern spectrum
use and the design of radiating communications
equipment.

Activities in Study Group D during FY 83 in-
cluded work on CCITT Recommendations in the
following areas: 2400, 4800, and 9600 bps
full duplex modems, the ISDN universal phys-
ical interface, the Open Systems Interconnec-
tion (0OSI) reference model, message handling,
subaddressing in the world numbering plan,
connection of private networks to public data
networks, and connection of public data net-
works with the Maritime Mobile Satellite
Service.

Work in the ISDN Working Party included the
development of Study Group XVIII inputs which
helped shape 11 Draft CCITT Recommendations on

ISDN. Major topics addressed in these Rec-
ommendations are ISDN services, the ISDN
architectural functional model, the ISDN

protocol reference model, addressing and
numbering principles, network connection
types, and user/network interfaces for basic
and primary rate access to ISDN services. The
Institute also organized (and now chairs) an
ISDN Technical Working Group that researches
technical issues and prepares draft contribu-
tions or ISDN as requested by the full Working
Party.

A second major function of NTIA's International
Standards project is to inform interested non-
participants of significant developments in
the various international standards committees
for which NTIA has leadership responsibility.
Over a period of time, this function broadens
and strengthens U.S. input to the CCI's (and
other international standards organizations)
by adding new contributors and expanding the
"knowledge base" from which U.S. contributions
may be drawn. This function is accomplished
by several means, including NTIA and open
literature publications, tutorial workshops,
and presentations at professional society and
industry conferences. Specific FY 83 results
included an NTIA Report describing the charter,
structure, and activities of key U.S. Govern-
ment and industry telecommunication standards
organizations (in preparation) several open
literature publications and conference presen-
tations on ISDN and related CCITT activities;
and the testing and documentation of a com-
puterized data base containing key informa€ion
from each of the over 900 white papers sub-
mitted to the 15 CCITT Study Groups during the
current study period (NTIA Technical Memoran-
dum 83-98).

The third major function of NTIA's interna-
tional Standards project is to develop U.S.
contributions to international standards
organizations. Such contributions are under-
taken on a selective basis, in situations
where NTIA/ITS has special expertise or resour-
ces not readily available to other U.S. par-
ticipants. A total of 10 such contributions
were prepared in FY 83, each dealing with a
particular aspect of Quality of Service (QOS)
specification or measurement.

Four contributions were submitted to CCITT
Study Groups VII and XVIII on the subject of
error performance specification. The first
addressed the issue of selecting a unit of
observation (e.g., bit, block, or time inter-
val) to be used in defining an error ratio
parameter. This contribution showed that no
single error ratio parameter can adequately
specify data transmission accuracy when error
clustering exists, and suggested that two
parameters (Bit Error Probability and a time-
based error ratio parameter such as Error-Free
Seconds or Error-Free Deciseconds) be used in
such specifications. The second contribution
addressed the problem of interpolating between
error ratio specifications for particular
block lengths, and showed that the entire
curve of Block Error Probability versus block
length can be determine from any two specified
points (e.g., Bit Error Probability and Error-
Second Probability) if either a Markov chain
or Neyman Type A errpr dependence model is
assumed. (See Figure 2-17. The parameter A
is an error clustering index.) The third
contribution examined the accuracy of an NTIA-
developed Markov error model in representing
the error behavior of real networks, and
showed that the model can be accurately fitted
to extensive measurement data collected in
tests of the Bell System switched telecommuni-
cations network (Figure 2-18). The fourth
contribution applied the Markov model in
interpolating between two particular error
probability values specified in an existing
CCITT Recommendation (Recommendation G.821).
The problem of error ratio specification has
considerable economic significance to service
providers, since the values specified in CCITT
Recommendations influence future transmission

-
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Effect of dependence
(error clustering).

Figure 2-17.
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- : ) ' ’ ' E enable the interconnection of dissimilar
computer systems on a world-wide basis.

Four contributions were submitted to CCITT
Study Group VII in order to complete and
coordinate an NTIA-developed draft recommenda-
tion defining user-oriented, network-indepen-
dent Quality of Service parameters for public
data networks. The QOS parameters defined in
| this draft recommendation (designated X.140)

3 are intended to be used in relating the perform-
b ance capabilities of particular network ser-

- vices with user requirements (see Figure 2-19).
- The network specific performance parameters
defined in other X-series CCITT Recommendations
are focused on specific service interface
protocols (e.g., X.21l, X.25) and specific
network configurations, e.g., X.92 hypotheti-
cal reference connections (HRX's). They are
essential for network design and operation and
component performance specification, but are
not necessarily understandable or relevant to
users. Similarly, performance requirements of
users are often focused on particular appli-
(0, x = measured data points) cations (e.g., electronic funds transfer, text
editing) and may not be directly useful to
network providers. The general parameters
provide a "common language" for relating the
two. They enable users to specify communica-
i tion requirements without presupposing any

E particular service, network, or protocol, and
enable providers to describe service perform-
ance in terms that are relevant to users, but
not specialized to any particular application.

T IT'ETTTT -

T

g
4
.

TETTTi

1074

BLOCK ERROR PROBABILITY

TT TTTITY T T

L=}
3
[

|
'1—!*.—rrt U'.] .

Lol . | it

g

39 ol a2 s 14 108 The parameters specified in Draft Recommenda-
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in American National Standard X3.102, which
NTIA helped to develop under the Data Communi-
cations project. Working Party 4 of CCITT
Figure 2-18. I!Markov model fitted to Bell Study Group approved this draft recommendation
System 1969-70 connection at its final meeting in August 1983. Its
survey data (80 percentile approval at the 1984 CCITT Plenary Assembly
error rates). Curves are would be a significant step forward in NTIA's
fitted using block sizes 1 efforts to enhance U.S. telecommunications
and 1000 only. trade opportunities through standards.
system designs (e.g., ISDN's) in many coun-

tries. Accurate specifications also enable —
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Two contributions were submitted to standards
subcommittees of the International Organi-

zation for Standardization (ISO), both dealing '*—|
with the definition of QOS parameters within f
[

the Open Systems Interconnection (OSI) Refer-

ence Model. One contribution, submitted to

ISO's Technical Committee 97/Subcommittee

16/Working Group 6, proposed a comprehensive P

set of QOS parameters for the 0OSI Session ‘: )
Layer Service. The proposed parameters have 1
been incorporated in the ISO draft Session B
Service standard, DP 8326. pEr

The second contribution, submitted to ISO's E:]_J -
TC 97/SC 6/WG 2, proposed refinements in the
specification of throughput in the OSI Network USER REQUIREMENTS
Service (NS) Definition, DP 8348. The pro-

posed changes will facilitate communication of

i SERVICES OF NETWORKS

NS-user throughput requirements within PDN's Figure 2-19. "Common language" function
(e.g., international packet switching net- of the general QOS parameters.
works). The 0OSI standards are intended to
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SECTION 2.4 SYSTEM PERFORMANCE
ENGINEERING ANALYSIS

The System Performance Engineering Analysis
Group conducts a broad program of applied
research, exploratory development studies,
concept studies, analysis, and experimentation
directed toward support of ITS program ele-
ments, NTIA offices concerned with policy,
applications, and Federal systems and other
Federal agencies. The Group performs experi-
mental research in the area of radio-wave
propagation in line-of-sight and tropospheric
channels. The experiments include the testing
of digital radio performance over these chan-
nels. The Group is also responsible for the
development of line-of-sight, tropospheric,
and HF channel simulators, as appropriate,
for the laboratory evaluation of such radios.
The Group uses the knowledge gained from the
experimental measurement programs as a basis
for developing computer models of line-of-
sight and tropospheric channels. These com-
puter programs are engineering tools useful
for design of line-of-sight and tropospheric-
scatter communication links.

In addition to the above program activities,
the Group also performs systems analysis of
telecommunications systems for other govern-
ment agencies. The objectives of these pro-
grams are to obtain improved services, better
resource utilization, and performance at lower
costs in competitive markets.

Automated Performance Predictions for Mixed
Mode Links. 1In the operation of near-line-of-
sight and beyond-the-horizon microwave links,
performance may be determined by more than one
mode of radio wave propagation. This may come
about as the result of a complete change from
one mode to another or from two or more modes
existing simultaneously. For example, a
normally line-of-sight link could become a
diffraction or scatter link or vice-versa, as
a result of changes in refractivity gradient
and effective earth radius. The objective of
this project is to use the distribution of the
apparent earth's radii for a given area as the
data base for the algorithms used to calculate
link performance. The algorithms and data
base are used to prepare computer programs and
docunient them.

To obtain a better estimate of the long-term
variability transmission loss over mixed mode
paths, there has long been a desire to use
distributions of refractivity gradients. As
pointed out by a number of workers, the
distributions are difficult to use for this
purpose since the refractivity gradient for a
point location often does not represent the
conditions for a significant distance along
the path. The information needed is the
probability that a particular positive refrac-
tivity gradient is exceeded over a large part
of the transmission path. A model for esti-
mating such distributions is provided by S.A.
Schiavone (1981, Prediction of positive
refractivity gradients for line-of-sight
microwave radio paths, BSTJ, Vol. 60, No. 6,
pp. 803-822). This model is designed for use
in the United States, but many of the param-
eters used may be found on world maps. The
scheme used on this project for obtaining an

estimate of refractivity gradient time distri-
bution for a path in any part of the world is
a modification of Schiavone's method.

Link analyses based on path refractivity dis-
tributions are particularly useful for esti-
mating the performance of marginal line-of-
sight paths especially since the method has
been tested. Long-term variability of paths
with larger losses (beyond-the-horizon paths)
can be calculated using path refractivity
distributions but these estimates have not
been tested extensively.

When the average refractivity changes from its
median value for a significant part of a link,
the terrain profile also changes (change in
effective earth's radius) as well as the
antenna pointing angle. Often, only one end
of a beyond-the-horizon path may be affected,
especially if the path is very long. By
taking these changes into account, the long-
term variability distribution of transmission
loss may be calculated.

This project is sponsored by the U.S. Army
Communications Electronics Engineering Instal-
lation Agency and is about 95% complete.

Automated Passive Repeater Link Engineering.

The need exists for an automated prediction
technique to estimate the performance of
passive repeater links. The need can be
filled efficiently using a desk-top computer
with suitable interactive programs that pro-
vide the design engineer with a fast turn-
around prediction presented in a report-ready
format. The purpose of this set of programs
would be to calculate the optimum orientation
values for passive repeaters from the earth
geometry parameter values of the terminal and
repeater sites and to calculate the perform-
ance of the link based on the passive repeater
size, antenna gains, other equipment param-
eters, as well as atmospheric and terrain
parameters.

Three passive repeater types must be consider-
ed:

o separate interconnected parabolic
antennas using no active elements

o one-plane reflector

o two-plane reflectors.

In mountainous terrain, access to active
repeater stations is often a problem as is the
power source especially during winter months.
A solution to this problem is often the use of
a passive repeater that requires no power and
little maintenance. With the passive repeater
on the hilltop, the active repeater may be
placed near an existing road near reliable
power at a low elevation. Although a passive
repeater link generally exhibits more path
loss than the direct line-of-sight link (were
such a link available), the variability over
the link is often less since beam angles of
penetration through atmospheric layers are
sharper. Other advantages often obtained
using passive repeater systems are a signifi-
cant decrease in susceptibility to interfer-
ence and the capability of supporting wide

125



bandwidths compared to diffraction, scatter,
and even line-of-sight paths. The reasons for
these advantages are the very narrow beam
angles, the resistance to multipath due to
high penetration angles, and the flexibility
of placing terminal sites in low terrain using
short towers, thus sheltering the relatively
wide-beam terminal antennas from interfering
sources.

Frequency diversity may be used on passive
repeater paths. But space diversity can only
be used on the long leg of a passive repeater
path unless two sets of repeaters are used.

If a double passive is placed approximately
midpath on a long path, space diversity may be
used at both ends of the path.

Design and calculation of a microwave path
using a passive repeater is more complex than
that of a path without one. However, proce-
dures are specific and they lend themselves
readily to interactive automation on a desk-
top computer.

The following steps are required to develop a
prediction technique that is practical, com-
puterized, and interactive:

1. Select an algorithm to calculate reflec-
tor and antenna orientation values from
the earth geometry coordinates of the
reflectors and antennas as well as median
atmospheric parameters.

Design an algorithm to calculate and
display the terrain profile and ray path
geometry. The formats should provide a
labeled plan view of the path, terrain
profiles of each leg of the path, and a
tabulation of geometric parameters.

Obtain an algorithm to calculate the
median basic transmission loss across the
link and provide a tabulation of assump-
tions and parameter values. This algo-
rithm must include near-field effects and
double passive repeater close-coupling
loss calculations.

Design an algorithm that calculates the
basic transmission loss variability and
display this information in graphical and
tabular form.

Design an algorithm that calculates the
distribution of carrier-to-noise ratio
for the link and display this output in
graphical and tabular form.

Provide an algorithm that calculates the
single receiver transfer characteristics
for the path and provides a graphical
output whenever such an output is appli-
cable.

Design an algorithm that summarizes and
calculates link performance along with
parameter values used in making the
performance prediction.

Prepare suitable programs coded to
provide the calculations and outputs
required by the various algorithms.
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9. Provide suitable documentation with the
programs including a program maintenance

manual and a users manual.

The algorithms must be capable of analyzing
performance of a passive repeater link made up
of 4 legs (3 passive repeaters) where each
repeater may be of any one of the three pas-
sive repeater types.

Because
made up
terrain

passive repeater links are usually

of line-of-sight legs with adequate
clearance, line-of-sight analysis is
used to calculate median-signal level and
path-loss variability. The algorithms for
line-of-sight link analysis must therefore be
examined and the best available algorithms
chosen for the passive repeater link analysis.
The analysis structure should be designed such
that an ordinary line-of-sight link is a
special case of passive repeater analysis and
thus greatly expands the utility of the program
set. Some of the line-of-sight algorithms
that must be included are:

o atmospheric attenuation
o atmospheric multipath
) rain attenuation.

This project is sponsored by USA CEEIA and is
approximately 5% complete.

Digital Radio Performance Tests. In the
Annual Technical Progress Report for 1982,
performance tests of the Digital Radio and
Multiplexer Acquisition (DRAMA) system were
reported. The DRAMA radio is a military
digital microwave system, designed for use on
the Digital European Backbone (DEB) network in
Europe. The Institute tested this radio for
its susceptibility to multipath propagation
problems, and participated in propagation
experiments in the European theatre to deter-
mine if the multipath environment found on the
coast of southern California would exist on
the European links. The earlier tests con-
firmed that the DRAMA radio, in its original
configuration, would not meet the desired
transmission reliability in the presence of
multipath, and that detrimental multipath can
be expected a significant portion of the time
on some European paths.

As a result of these tests, the U.S. Army
Communications Electronics Engineering and
Installation Agency (CEEIA) has initiated a
series of performance tests designed to
evaluate several proposed techniques to im-
prove the DRAMA performance in a multipath
environment. These include new algorithms for
switched-diversity selection and newly
designed adaptive equalization circuits. 1In
addition, the tests will include the use of
predetection combining at the IF level in the
diversity receivers.

The tests are being conducted over a microwave
link at the Pacific Missile Test Center (PMTC),
Point Mugu, California, through cooperation of
the U.S. Navy. The test link is one that is
frequently subject to atmospheric multipath,
created by strong ducting gradients in the
refractive profile [Hubbard, R.W. (1979),



Investigation of Digital Microwave Communica-
tions in a Strong Meteorological Ducting En-
vironment, NTIA Report 79-24, August]. The
performance of two digital microwave systems,
operating at 44.7 and 12.9 Mb/s, were compared
over brief intervals of time in a recent NTIA
Report [Hubbard, R.W. (1983), Digital Micro-
wave Transmission Tests at the Pacific Missile
Test Center, Pt. Mugu, California, NTIA

Report 83-126, June]. The performance data
were augmented with propagation data and
meteorological data. The multipath was mea-
sured and described through the use of the ITS
PN Channel Probe [Linfield, R.F., R.W. Hubbard,
and L.E. Pratt (1976), Transmission Channel
Characterization by Impulse Response Measure-
ments, OT Report 79-76, August]. This instru-
ment and the test radios were all multiplexed
over the same space-diversity path, so that a
direct correlation between the multipath
structure and the performance data was pos-
sible. The same configuration is being used
for the current DRAMA radio tests. A standard
"base-line" radio is operated as a reference
for the performance data, and a second radio
is used as the test radio in which the vari-
ations of the switching algorithms and equal-
ization circuits are implemented. The tests
are just beginning at the writing of this
report, and are expected to continue through
the first three quarters of CY 84.

A related project to that described above is
also being conducted over the PMTC test link.
The program is sponsored by the U.S. Army,
Communications Systems Agency (CSA). It is
centered on a new proposed method of angle-
diversity reception for microwave radio
transmission. The technique is a proprietary
method developed by Signatron Inc., Lexington,
MA. Under contract to CSA, Signatron has
furnished an angle-diversity antenna to ITS
for use in the tests. The antenna is mounted
to the receiver location tower at PMTC
alongside a matching antenna (provided by ITS)
with a standard vertically-polarized feed.

The Institute has designed and constructed a
stable recording receiver to measure the re-
ceived signal level (RSL) on three channels.
Two channels are being recorded from the
angle-diversity antenna, and the third (ref-
erence) channel from the ITS antenna. The RSL
data will be compared statistically for the
multipath fading parameters. The test system
has been installed with duplexers in the re-
ceiver rf lines so that the PN Channel Probe
(noted above in the DRAMA test program) can be
used periodically to monitor the multipath
structure in the angle and reference paths.

If the tests indicate that the angle-diversity
technigue can improve the transmission per-
formance of a digital radio, it is anticipated
that this program will be expanded to include
a direct measure of the DRAMA performance
using the angle diversity receiving antenna.
The initial tests are being conducted using
one of the PMTC transmission (analog radio)
frequencies at 7470 MHz.

The basic data acquisition system being used
in these tests is described in the report
referenced above (Hubbard, 1983).
Ditital Radio Performance Data. Following
some digital propagation measurements per-
formed by ITS in 1979 [Hubbard, R.W. (1979),

Investigation of Digital Microwave Communica-
tions in a Strong Meteorological Ducting
Environment, NTIA Report 79-24, August], the
Range Communications Department of the Pacific
Missile Test Center (PMTC), Point Mugu, CA,
procured a commercial digital microwave (7350
MHz) radio. The system was multiplexed over
an existing link in the PMTC network and
placed under test for an extended period.
Institute was tasked by PMTC to develop the
test procedures and instrumentation required
to evaluate the performance of the radio under
severe multipath conditions. The radio, sup-
plied by a commercial vendor, was designated
as the MDR-8. It was configured for space-
diversity reception, using a vertical antenna
spacing of approximately 29 m (95 ft), and
each diversity receiver used a form of adap-
tive slope and notch equalization in the IF to
compensate for multipath (frequency selective)
fading. The objective of these tests was to
determine if the radio would meet a high level
of performance availability without the use of
frequency diversity (as was originally recom-
mended by ITS). The tests were conducted
during 1980-1981. The radio transmission rate
was 44.7 Mb/s (T3), and a pseudo-random bit
stream at this rate was used to measure the
error rate and burst-error statistics over the
test link.

The

Cursory results of the tests showed that in a
severe multipath channel (which is dominant
during summer and eaxly fall months) the radio
would fall short of desired performance speci-
fications. Thus, the PMTC devoted resources
toward a configuration using both space and
frequency diversity and improvements in the
adaptive equalization circuitry. As a con-
sequence, the detailed error-performance data
were not completely analyzed by PMTC. The
Institute retained the original data tapes
collected during this program and analyzed
only a limited amount of the data.

The U.S. Army (CEEIA) uses the MDR-8 digital
radios in a number of operating links, and
therefore became interested in the analyses of
the error performance statistics. The Army has
tasked ITS to analyze these data for the
complete PMTC experiment.

A list of the signals recorded for the digital
radio performance tests is shown in Table 2-3.
In the following paragraphs we will describe
the formatting of these data and outline the
analysis procedures to be used.

Any long periods of error-free performance for
the digital radio were registered on the
terminal/printer of the data acquisition
system. An example of these entries is shown
in Figure 2-20. A "Code 3" on the record
corresponds to an error-free period, counted
as the number of error-free sync periods as
defined later in Table 2-4. Error—freg sync
periods could be counted as high as 10~ before
a counter overflow. Thus, each Code 3 message
on the terminal represents 73 s of error-free

data. Figure 2-20 shows a continuum of these
entries, interspersed with periods of error
data. The periods of error are indicated on

the figure with the drafted arrows, along with
the duration of the recorded data on magnetic
tape. Figure 2-20 also shows a typical mes-
sage that was printed on the terminal for
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Table 2-3.

DATA SOURCE

44.7 MB/S
DIGITAL RADIO
(MDR-8)

MK-4 BURST ERROR
ANALYZER

PN CHANNEL PROBE

PMTC ANGLE
DIVERSITY

LSI-11 Minicomputer System

SIGNAL DESCRIPTION

ANALOG

WOoONOOUTEEWN —

RSL CHAN A (LOWER ANTENNA)
RSL CHAN B (UPPER ANTENNA)
AE SLOPE CHAN A

AE SLOPE CHAN B

AE NOTCH CHAN A

AE NOTCH CHAN B

RAIL CLOCK REFERENCE

RAIL CLOCK DELAY

BIT ALIGNMENT

DIGITAL STATUS

wn —

p—

l\)—lD ouooo\lc\m-bwr\)—-

REC IN SERVICE

AGC/AE OFF NORMAL A
AGC/AE OFF NORMAL B

LOSS OF FRAME A

LOSS OF FRAME B

BER >10-7 A

BER > 10-/ B

BER > 10-2 A

BER > 10-2 B

CONTROL SWITCH OFF NORMAL

IGITAL ERROR DATA

BURST ERROR STATISTILCS
ERROR FREE SYNC PERIODS

RSL CHAN A *
RSL CHAN B *
TILT/NOTCH SIGNAL *

RSL CHAN 1 *
RSL CHAN 2 *

*PARALLEL DATA ON ANALOG MAGNETIC TAPE.

information to the system operator.
instance, an end-of-tape message is seen, and

(CPU) Data

DATA RECORD

DIGITAL MAG TAPE

DIGITAL MAG TAPE

DIGITAL MAG TAPE
TERMINAL PRINTER

DIGITAL MAG TAPE

DIGITAL MAG TAPE

the record shows that a new tape was mounted
and the data system restarted with a data loss
of approximately 3 minutes. Each entry is
identified with the date (month/day)
by the time of the entry (Zulu).

During error data, two distinct protocols were
used to direct the computer system to transfer

all buffered data to the magnetic tape. These

were:

o any time that error data were received in
the storage buffer; and

o any change in the receiver status/alarm

signals at the 0.1 s intervals.

Thus, at any time either of the above condit-
ions was met, the entire data file in the
storage buffers was written to the magnetic
tape. The buffers contained 5 s of data, and
these were recorded as a single record. A
data record is composed of four distinct
blocks, organized as follows:

e) data and time (2), which serves to identi-
fy each record. Number of data entries
in Block No. 4

In this o A/D data (16 x 50 grid)
o digital receiver status (100 ms inter-
vals)
followed o digital burst-error data (100 ms timing
marks) .

A typical example of one 5 s data record, as
read from the magnetic tape, is shown in
Figure 2-21. The data blocks listed above are
numbered accordingly in this figure. The A/D
records in Block No. 2 are for the 16 channels
from left to right, and the entries printed in
decimal values. Block No. 3 contains the
receiver status/alarm data, entered in an
octal code for the 16 bits of information.

The data in Block No. 4 are the burst-error
data as recorded from a Tau Tron MK-4 instru=-
ment. The entry "40" represents the 100 ms
timing marks within the block, during which no
error or alarm data were rereceived. Starting
after the 38th time mark (3.8 s after the
record time in Block No. 1) the data indicate
that either a burst of error or a receiver
status signal was received. The data entries
are treated in groups of three octal numbers,
which show the digital status of all three I/O
boards in this block. An interpretation of
some of these octal entries, including details
of the error performance data, are given in
Table 2-5,
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CODE 3 12/22 7: 8: &6
CODE 3 12/22 7: 81 &
CODE 3 12/22 7: 9:24
CODE 3 12/22  7:10:38
CODE 3 12,22 7:11:51
CODE 3 12/22 7:14: 7 & 2
CODE 3 12/22  7:15:20
CODE 3 12/22  7:17:22 4 %
CODE 3 12/22  7:20:32
WAIT FOR TAPE TO REWIND
THEN

PAUSE —-

CODE 3 12/22 7:23:48
CODE 3 12/22 7:25:50 & 2
CODE 3 12,32 7:27: 3
CODE 3 12/22  7:28:41 &
CODE 3 12/22  7:29:55
CODE 3 12/22 7:31: 8
CODE 3 12/22  7:32:21
CODE 3 12/22 7:3%:34
CODE 3 12/22  7:34:48
CODE 3 12/22  7:36: 1
CODE 3 12/22 7:37:14
CODE 3 12/22  7:38:27
CODE 3 12/22  7:39:41
CODE 3 12/22 7:40:54
CODE 3 12/22  7:42; 7
CODE 3 12/22  7:43:120
CODE 3 12/22  7:44:34
CODE 3 12/22  7:4%:47
CODE 3 12/22  7:47: 0
CODE 3 12/22  7:48:13
CODE 3 13/22  7:49:27
CODE 3 12/22  7:50: 40
CODE 3 12/22  7:51:53
CODE 3 12,22  7:53) 6
CODE 3 12/22  7:54:20
CODE 3 12/22  7:5%:59 o
CODE 3 12,23 7:57:12
CODE 3 12/122  7:58:25
CODE 3 12/22 7:59:38

Figure 2-20.

—

—_

—& MAGNETIC TAPE DATA ENTRIES

MOUNT NEW TAPE & HIT RETURN KEY TO RESTART PROGRAM

:02

w
00}

w
o

An example of the terminal/printer record from the
digital data acquisition system.

Periods between

entries greater than 73 s (indicated by the arrows)

show the times
magnetic tape.

A complete analysis of the recorded data has
not been made at this writing. Some analyses
are in process under the Army project, and a
detailed report is anticipated early in CY 84.
The material provided here is merely to indi-
cate the manner in which the data were for-
matted and the methods for compiling the
results. It can be seen, for example, that a
complete distribution of error-free time can
be readily compiled by totalizing the time for
Code 3 entries. In like manner, the following
are examples of the statistical data that will
be developed in future analyses from the error
data:

o distribution of the lengths of error-free
sync periods (from Code 0 and Code 1 data

o distribution of error-free gaps (Code 1
Code 2 data)

o distribution of error bursts

when error data were recorded on the

distribution of the error-free periods
between bursts (>gap length)

distribution of error-burst lengths

distribution of the number of errors
within a burst

distribution of the ratio of burst length
to error count within a burst

distribution of sync-loss counts and
duration.

The above list is not exhaustive, but it in-
cludes the major distributions that can be
readily obtained with the proper search pro-
gram of the data tapes. Since these data are
) essentially synchronous with the propagation-
oriented data, the potential for meaningful
studies of the correspondence between these
data is quite high. As one example, consider
the correlation between spectral distortions
measured by the "tilt" and "notch" signals in
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Table 2-4.

PN TEST CODE = (2'°-1)

TRANSMISSION RATE = 44.736 MB/S

Microwave Radio Performance Data

= 32,767 BITS/SEQUENCE

BIT PERIOD (T) = 1/44.736 = .022353--MICROSECONDS

PN SYNC PERIOD = 32,767 x T = 732.45--MICROSECONDS

105 SYNC PERIODS = 73.245--SECONDS

ERROR GAP LENGTH

256 BITS

TAU TRON MK-4 BURST ERROR ANALYZER DATA:

FIRST BURST AFTER A NUMBER OF ERROR-FREE SYNC PERIODS

COUNTS NUMBER OF ERROR-FREE SYNC PERIODS

COUNTS NO. OF BITS FROM LAST SYNC TO FIRST ERROR

COUNTS THE LENGTH OF THE BURST IN NO. OF BITS

SECOND (OR SUBSEQUENT) BURST DISTRIBUTION WITHIN

SUBSEQUENT BURST DECLARED IF GAP LENGTH IS EXCEEDED

5

SYNC COUNTER HAS REACHED 10~ ERROR-FREE SYNC PERIODS

CODE 3 MESSAGE AND DATE/TIME LINE ARE PRINTED ON THE

CODE @ --
CODE 1 -- FIRST ERROR-BURST DISTRIBUTION
COUNTS NO. OF BITS IN ERROR
CODE 2 --
A SYNC PERIOD
DISTRIBUTION DATA SAME AS CODE 1
CODE 3 --
DATA SYSTEM TERMINAL
CODE 4,5,
6, 7 --

SAME AS CODES @,1,2,3 RESPECTIVELY, INDICATING

THAT THE MK-4 FIFO BUFFER IS FULL

the A/D data bank and the detailed error
analysis listed above. The results will
illustrate what the most important performance
parameters are and should lead to conclusions
toward methods of improving the performance.
This aspect, coupled with an evaluation of the
meteorological description of the transmission
channel, offers an approach to the analysis
that encompasses all of the system and propa-
gation variables.

The status/alarm data from the experiment
expand the concepts noted above. For example,
distributions of the diversity switching and
duration of time that a given receiver is
selected are also available from the data.
Referring to Table 2-3, other significant
parameters for analyses are:

o rail clock statistics
o bit alignment characteristics
o BER alarm distribution for independent

diversity receivers

o loss of frame data for each diversity
receiver.

The above discussion is presented here only to
convey the methods used in both collecting
these data and analyzing their results and
meaning.

The Institute is currently developing

the computer routines and programs that will
automatically retrieve, decode, .and display
these results in accordance with the analysis
summaries given above. When this project is
completed, a technical report in the NTIA
series will be published.

Digital Trocposcatter Communications.
tute has supported the U.S. Air Force for
several years in the test program for the
AN/TRC-170 Digital Troposcatter Radio Systems.
The Air Force maintains a test-bed and Tacti-
cal Communications Test Office (AFTCTO) at
Fort Huachuca, AZ, for this program.

In previous years, ITS developed a pseudo-
random noise (PN) probe for application to
troposcatter circuits. The probe uses a
digital bit stream, clocked at rates up to

20 MHz, and develops an impulse response of a
transmission channel from which the delay-
spread characteristics over a tropo channel
may be measured. The instrument operates at
70 MHz and interfaces with the tropo radio at
that IF level. The instrument was used
initially to measure the delay-spread param-
eter for several candidate test links for the
AN/TRC-170 system. In these measurements, an
AN/TRC-97 system was used as the host radio.
The objective was to determine that the delay=-
spread over the selected links did not exceed
the design criteria for the AN/TRC-170 systems.
The results of the measurements were presented
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~1107 -1082
-1105 -1096
-1109 -1107
~1109 -1115
-1109 -1122
-1113  -1130
-1107 -1136
-1104 -1137
-1111  -1137
-1120 -1136
-1132  -1132
-1149  -1127
-1149 -1116
~1.134  -1100
-1100 ~-1089
-1055 -1086
-1033 -1077
-1018  -1072
-982 -1068
-964 -1068
-937 -1068
-886 -1063
-849 -1068
-785 -1075
-778  -1082
-851  -1080
-908 -1077
992 -1071
-1054 -1063
-1082  -1060
-1087 -1057
-1090 -1041
~1066 -1035
-1043 -1027
-1046 ~1025
-1031 -1006
~1003  -990
-975  -979
-944 957
-922  -944
-928  -943
-1222  -950
-1303  -964
-1303  -990
-1263 -1024
-1259 -1040
-1266 -1054
-1255 -1069
-1249 -1079
-1216 -1082
122704 177706
152704 152706
157706 157706
157706 157706
40 40

40 40

40 40
6047 32020
Z07T 32030
6060 23424
40 40

~746
~741
-744
-750
-742
~725
-708
-701
-707
-708

-708

-716
~711

-697

-661
610
-525
-541
-732
-831
-B66
-~884
~984
1128
1231

1206

1125
~961
~883
-869
-868
-~859
--B69
~890
-8%90
-89S
-909
-926
-?11
-845
-797
~745
~-758
-798
=773
-768
=793
~796
=762

=752

177706
152706
157706

40
40
40
40

157712
156702 171101

(O oATA BLOCK NO.

Figure 2-21.

-B28
-828
~831
~837
-834
-830
-825
-830
~836

-828

-822

~819
-809
-B806
-80S
-80°9
-812
-B814
-B81S
-814
-814

~822

--827

-B830
-831
-826
-806
~787
773
=763
=759
-76S
=769
-769
-767
~763
-757
=744
-76S
-804
-B67
-907
-90%
-875
-836
-809
~793
=791
=790

=793

177766
157706
7708

40
40
40

157702
6040

9?8

-2048
-2048
-2048
-2048
~2048
~2048
-2048
-2048
-2048
-2048
-2048
-2048
-2048
-2r 4B
-2048
-2048
~2048
-2048
-2048
~2048
-2048
-2048
~2048
-2048
~2048
~2048
-2048
~2048
-2048
-2048
~2048
-2048
-2048
-2048
-2048
-2048
-2048
-2048
-2048
-2043
-1776
~1566
-1586
-1660
-1785
-1893
-2014
-2048
-2048
-2048

177706
157706
177706

40
40
40

177777
156702
152706

209 122 -320
198 123 -311
191 1.8 =313
173 126 ~-315
154 103 -327
133 79 =341
112 S2 -358
93 23 -379
76 2 =402
66 ~11 -417
62 =22 ~-429
67 -28 -440
79 -29 ~442
B? -21 -436
9?1 -9 -423
?1 2 -411
9?9 11 -405
103 19 -401
104 17 -398
110 i8 -397
109 28 -390
109 39 -377
107 46 -370
109 45 ~369
113 41 -375
120 41 -385
127 33 =397
133 38 =401
125 43 =397
118 38 -396
123 35 -395
127 39 -386
137 43 -378
134 53 ~369
139 51 -373
145 S2 -36%9
154 S5 -361
143 63 =357
132 56 -349
135 S2 =353
143 S2 -359
150 59 -398
158 S8 -398
165 S9 -385
179 71 -a/1
197 80 -362
201 79 =360
229 87 =352
243 97 ~%47
252 99 -336

177706 177706 177706
152706 152706 152706

157706 LODA705 152706

40 40 40
40 40 40

177302 177020 177*//7
15 ) 6051 21421

171221 177777 40
6051 23424 40

177706 177706 177706
152706 152706 157704
152706 152706 152706

-1263
-1261
-1257
-1260
-1260
-1261
-1261
-1261

-1260
-1257
-1255
-1253
-1250
-1248
-1249
-1248
-1247
-1154
~-1228
-1256
-1259
-1257

-1258
~1257
-1258
-1253
-1253
-1247
~1249
-1249
-1250
-1247
-1247
-1248
-1248
~1254
-1234
-1219
-1175
-1059

~-893

-637

=707

-812

-940
-1036
-1121
-1195
-1255

-1278

177706
1457706
157706

40
40

171048

157702 171002 177777

HOS0

171046

40

An example of one 5 s data record read from the digital

magnetic tape.
numbered in the figure;

the text.
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The four independent data blocks are
their content is described in

~-1758
-1760
-175%9
-1765
-1769
-1773
-1778
-177%
-1779
-1773
=-1777
=-1777
=-1773
-1771
-1768
-1761
=1745S
-1703
-1711
-1709
-1701
~1695
-1679
~1664
-1640
-1635
-1654
~1675
-1702
-1732
~1745
~1748
-1749
-1743
~1734
-1731
-1721
-1706

-1684

-1635
-1559
-1446
-1500
~1556
-1601
-1643
-1685
-1726
-1761
-1788

177706
157706
157706

40
40

157706
157706
156706

40



Table 2-5.

Contents of the Octal Data from Figure 2-2

12/22/80 7:24:37 Z

DIGITAL DATA DECODE:

INDEX NO..

1-16
17-19

20-22

23-27
28-35
36-38
39
40

41-33
45

46-50

OCTAL CODE

177706
152706

157706

152706
157706
177706
157706
156702

152706
156706

157706

STATUS

CODE 1, REC B, NORMAL OPERATION
CODE 1, REC B, NORMAL OPERATION

REC A BER >10™/ and 10
REC A LOSS OF FRAME

2

CODE 1, REC B, NORMAL OPERATION
REC A BER> 107/
AS ABOVE

AS ABOVE
AS ABOVE
AS ABOVE

CODE @, REC B, NORMAL OPERATION

REC A BER »10°7 and 1072

AS ABOVE

CODE 1, REC B

REC A BER »107/

and 10'2

CODE 1, REC B

REC A BER >1077

BURST ERROR DATA DECODE FOLLOWING INDEX NO. 38

38+

177302
177020

177306

006027
021421

177302

171043
177777

157706
006047

032030

CODE @, REC A, NORMAL STATUS

BURST BEGAN AFTER 10 x 103 ERROR FREE SYNC PERIODS
(NO MEANING)

CODE 1, REC A, NORMAL STATUS

BURST BEGAN 17 x 103 BITS AFTER LAST SYNC PULSE

BURST STATISTIC: 11 ERRORS IN LENGTH 23 BITS

CODE @, REC A, NORMAL STATUS

BURST BEGAN AFTER 23 x 100 ERROR FREE SYNC PERIODS

(NO MEANING)
CODE 1, REC B, REC A BER >10~

BURST BEGAN 27 x 103 BITS AFTER LAST SYNC PULSE
BURST STATISTIC: 18 ERRORS IN LENGTH 34 BITS

7

132



in NTIA Technical Memorandum 83-84 [Hubbard,
R.W. (1983), Delay-Spread Measurements over
Troposcatter Links, March]. Subsequent to
these measurements, the AFTCTO has continued
to use the ITS probe instrument to obtain
additional data from other test links in
Arizona and Florida.

The most recent activity in this program has
been the design and construction of a new PN
probe system for the AFTCTO. The instrument
was designed to be used as a permanent and
integral part of the test instrumentation
assembled for the AN/TRC-170 test program.
The new instrument has niany advanced features
and operational improvements that were not in
the original ITS instrument. A complete list
of the characteristics and specifications are
given in Table 2-6. Figure 2-22 shows the
transmitter panel, and Figure 2-23 shows the
modular construction of the receiver and the
full front panel.

Table 2-6.

General

The system was completed and delivered to the
AFTCTO in March 1983.

Transmission Monitor and Control (TRAMCON)

Related Programs. effort

grams. The initial effort in
creating the TRAMCON system involved the
development of a set of software to use exist-
ing ADP assets to monitor the first stage of
the Digital European Backbone or DEB-I. Three
minicomputer systems were used to monitor 13
microwave sites in this first digital upgrade
of the European communication system. This
interim system provided the field operator
with a method to observe and manage a series
of communications facilities from a central
location. This in turn affords the opportun-
ity to establish a centralized maintenance
dispatch function and further to reduce the
need for site manning. The refinements in the
monitor and display system have evolved
during an evaluation period when this system
was in actual operation. Beneficial feedback
from the users of the system have signifi-
cantly improved the utility of this system.

Troposcatter Probe Characteristics

Construction: Dual Channel for Diversity Applications

Single 19" Rack-Mount Panel Transmitter

Modular Unit Receiver

Signals Processed: PRBS Correlation Detection
(4 Channels/Each Receiver)

Received Signal Level(RSL)

Transmitter

PRBS Generator/Selectable Clock Rates 5 MHz

10 MHz

20 MHz

External

Operating Frequency 70 MHz

Output Signal Level 0 dBm

Receiver
PRBS Clock Rate Same as Tx
Operating Frequency 70 MHz
Correlation Channels (Each Receiver)

Co-phase 4
Quad-phase 4
Power Impulse (Sum of Squares Output) 1

Time Displacement Between Correlators 1 Bit Each

Correlation Synchronization (Manual Clock Control) 0.1 Bit

Calibration: Integral Source with Precision Attenuator 79 dB Range

RSL: Recorder Output (Each Receiver)

Sensitivity [Minimum Impulse Response)

70 dB Dynamic Range
-100 dBm



(a) panel view

(b) rear view (protective cover removed)

Figure 2-22. Transmitter chassis of the troposcatter PN probe.
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(a) modular units used in the receiver

(b) front panel view of the complete dual receiver

Figure 2-23. Receiver unit of the troposcatter PN probe.
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Deployment of this system demonstrated the
many benefits to enhance system operation and
system availability. .In mid 1981, the TRAMCON
system was established as an integral part of
the digital European upgrade by amending the
DEB Management Engineering Plan to include the
TRAMCON function. A series of development and
deployment steps were established by the
management and technical committees for TRAMCON.
These steps include stages of development and
refinement of software capabilites for the
master terminal, the addition of an intelli-
gent remote unit, and the establishment of an
intra-TRAMCON master network.

The TRAMCON system was established to monitor,
collect, and display data that reflects the
operational status of a digital communication
system. These data are typically those

status and alarm indicators that are normally
designed into the hardware that make up the
transmission system and the analog and pulse
parameters that give a measure of the transmis-
sion quality. These alarms and parameters
indicate which receiver and transmitter is

on line, a loss of data stream activity, which
multiplex is carrying the mission traffic,
what the received signal level is, and the
number of reframe attempts by the multiplex,
as examples.

The general functional relationship of the
master terminal is given in Figure 2-24.
present master consists of a minicomputer
system with the peripherals shown. The re-
sponsibility of the master is to collect
status and parameter information from all
remotes within its control, to assemble these
responses into usable displays for the system
manager using English text, and to maintain a
near-term history of system status and per-
formance. The general functional capability
of the remote unit is shown in Figure 2-25.
The general objective of the remote unit is to
sense electrical parameter changes that
indicate the operating parameters of a digital
microwave system at a location, formulate
those changes into a response, and transmit
this change information to the master upon
request. The master-remote relationship is
shown in Figure 2-26. A segment may consist
of more than one master--one with polling,
switch, and monitor responsibility, the others
with monitor responsibility. A segment may
consist of up to 24 remote terminals.

The

During FY 1983, a version of the TRAMCON
master that allowed field configuration of
site and DEB segment specific information was
developed and installed at Donnersberg and
Reese-Augsburg, Federal Republic of Germany,

HARD REMOTE PARTY
CoPY DISPLAY §™ _| LINE
COMMUNICATIONS
- ' T0 REMOTES
4
MINICOMPUTER
|
DISPLAY POLLING
U— — —f cenerATION | CONTROL
LOCAL ARCHIVE
HARD STATUS PROCESSING | DATA MODEM
coPY DISPLAY = BASE
LOCAL =
RECORD COMM
GENERATION | PROTOCOL
SYSTEM
PERFORMANCE
ARCHIVE EXTERNAL
ARCHIVE
DATA BASE
ACCESS
Figure 2-24. The general functional relationship of the master terminal.
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PARTY
LINE
COMMUNICATION

ACQUISITION
AND

CONTROL
MANAGEMENT

RESPONSE
FORMATTING

MODEM AND
PROTOCOL

Figure 2-25.

communication facilities in support of the
DEB-IIA segment.
and integration of a new-generation computer
system and peripherals, the development of
software that would not only be compatible
with the new processing system but would also
support the functions established in the
original system, and software that added
significant, new capabilities. Initial famil-
iarization and training on the operation of
the early version of this system was provided
to Air Force and Army personnel who have been
assigned various test and evaluation efforts.

Requirements Analysis for the European Defense

N
—— | TWo-STATE
DIGITAL INDICATORS
INPUT A
COMMUNICATIONS
EQUIPMENT
)
ANALOG  p——
ToDIGITAL{ . { ANALOG
CONVERTER PARAMETERS
-/
pULSE [ | PULSE
TOTALIZER TRAIN
-] INUTS
CONTROL ' CONTACT
QUTPUT CLOSURE
- | outpur

This involved the procurement

The general functional capability of the remote unit.

o the need for better communications grade
of service for administrative, logistics,
and command and control traffic

o the need to provide enhanced telecommuni-
cation services to meet new class-of-
service requirements such as increased
use of facsimile, increased data transmis-
sion, and possibly video teleconferencing

) the need for new or enhanced features,
some of which are unique to military
telecommunication systems.

Figure 2-27 depicts several approaches for

Communications Syster.
a study of survivability, interoperability,
reconstitution, and network performance
issues in the European Defense Communications
System (DCS). The objective of this study,
which was sponsored by the U.S. Army Communi-
cations Systems Agency, was to identify new
hardware and software R&D initiatives that
would lead to the enhanced performance of the
European DCS. An improved European DCS is
required for the following reasons:

o the need to make critical telecommunica-
tion services survivable in a hostile
environment (nuclear or conventional war,
sabotage, or electronic warfare)

o the need for increased interoperability
of the DCS with other networks

The Institute conducted

addressing the survivability issue. One
starts with a robust network design, adds site
hardening as appropriate, provides for post-
attack service restoration through the use of
reconstitution packages, and develops an
ability to interoperate with other networks
for the purpose of alternate routing. Each of
these approaches is a necessary ingredient for
achieving the goal of communication services
survivability for the critical user.

Interoperability between the DCS and other
networks has the additional purpose of extend-
ing network geographic coverage. Tactical
assets could be employed to extend DCS services
into areas not normally covered by the DCS.
Conversely, DCS assets could be utilized to
interconnect two geographically separated
tactical operational areas if the DCS and
tactical assets are interoperable.
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DCS/TRI-TAC interoperability as it relates

to communications services survivability.

The study conducted for CSA resulted in
recommendations for a number of new R&D pro-
grams for new hardware development, additional
propagation measurement programs, or for
additional studies that should be performed.

Recommendations for the interoperability issue
include both hardware development and addition-
al study research. These recommendations
correspond to two types of interoperability,
namely the pipeline level of interoperability
and the end-to-end interoperability. Pipeline
level interoperability consists of interoper-
ability of transmission systems while end-to-
end interoperability consists of interopera-
bility of all aspects of a telecommunications
system including network management and
control facilities, signaling facilities,
numbering plans, etc. For the digital pipe-
line interoperability, the development of a new
multiplexer is recommended. This multiplexer
would be compatible with a variety of tactical
and strategic transmission rates. For end-to-
end interoperability, additional study of
network interoperability requirements is
recommended. This study should include inves-
tigation of signaling system and system con-
trol (SYSCON) interoperability.

Another issue that was imvestigated during
this study was the performance of line-of-
sight (LOS) digital radios in the European
DCS. It was concluded that the performance of
new radios being procured for use in the DCS
could best be evaluated through the use of a
line-of-sight channel simulator. Theoretical
prediction of digital radio performance is
intractable for channels other than the addi-
tive white gaussian noise (AWGN) channel.
Field testing of LOS digital radios can be
time-consuming and expensive. Because of the
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expense, testing is often limited, which may
reduce costs, but which provides an incomplete
picture of radio performance. The development
of hardware capable of simulating the LOS
channel-fading environment is therefore rec-
ommended. This would provide the capability
for exhaustive testing of digital radio per-
formance in the laboratory.

The radio test configuration is depicted in
Figure 2-28. The simulation is performed
under the control of a microcomputer that
steps the channel simulator through a variety
of channel fading conditions. Both fade
depths and the relative propagation delay of
the refracted signal compared to the direct
signal are under the control of the micro-
computer. It is expected that this channel
simulator will be developed during Fiscal Year
1984.

U.S. Forest Service Telephone System Require-
ments Analysis. The Institute has performed a
number of studies for the U.S. Forest Service.
The earlier studies were in support of Forest
Service Regions 2 and 4. The studies provided
assistance to these Regional Offices in the
assessment of regional near-term telecom-
munications systems requirements and in the
development of a planning process that would
address long-range telecommunications require-
ments. This effort has been expanded by the
Forest Service Washington Office as will be
discussed in the following paragraphs.

The objective of the current project is to
provide assistance to Forest Service Reg-
ional, Supervisor, and District Offices,
stations, and laboratories in assessing tele-
communication needs, identifying problem
areas, developing cost-effective solutions,
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and obtaining General Services Administration
(GSA) approval, as necessary, for any new
equipment and services required. This study
effort takes the telecommunication problem
areas identified in earlier studies and
develops suggested guidelines for use by
Forest Service personnel in addressing these
issues. It is envisioned that the reports
produced during the course of this study will
provide a foundation for a telecommunications
handbook to be used by personnel at all levels
of the Forest Service who are responsible for
voice telecommunications.

The current study being conducted for the
Forest Service Washington Office consists of
four tasks. The tasks are to:

1. analyze the process for requesting GSA
approval for the acquisition of telecom-
munication equipment or services

2. provide guidance for conducting voice
telecommunication needs assessments

3. provide an overview of the types of tele-
communication equipment and services

Simulator test configuration.

available and a short survey of sources
of supply

4. develop procedures for performing voice
telecommunication traffic analyses.

The problems addressed in this study are not
unique to the Forest Service. Most, if not
all, Government agencies are facing similar
telecommunications problems in this era of
deregulation, divestiture, and rapidly chang-
ing telecommunications technology. 1In the
past, the telephone system manager had little
choice but to go to the local telephone com-
pany representative for all of his telephone
needs including the end instrument, the Pri-
vate Branch Exchange (PBX), and both local and
long-distance service. Deregulation and
divestiture now provide an atmosphere that is
conducive to increased competition. This
makes it imperative that the telephone system
manager shop around for the best buy in both
telephone equipment and services. Starting
with the Carterphone decision in the late 60's
and continuing through deregulation actions by
the FCC and the AT&T divestiture ordered by
the Federal courts, there have been a long
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series of events that have spawned new long-
distance services and encouraged the develop-
ment of the telephone.interconnect industry.

One problem faced not only by the Forest
Service, but other Government agencies and
industry as well is that more expertise is now
required for the cost-effective management of
telephone systems. With the increased avail-
ability and sophistication of both equipment
and services, trained personnel are needed to
identify requirements, develop telephone
system specifications, evaluate proposed
equipment and services, and install and
effectively manage new telephone systems. The
objective of the current study is to provide
basic reference information that will be
available to Forest Service personnel at all
levels. The reports are oriented toward
personnel who have not necessarily had broad
experience and training in telephone systems.
This is a necessary first-step in the develop-
ment of a handbook approach for telephone
systems acquisition and management that is
designed to have practical utility throughout
the Forest Service.
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ANNEX IV

GENERAL AND HISTORICAL INFORMATION OF ITS

The Institute for Telecommunication Sciences
(ITS), largest component of the National Tele-
communications and Information Administration,
is located at the Boulder Laboratories of the
Department of Commerce and has (as of Sept. 30,
1983) a full-time permanent staff of 85 and
other staff of 19. 1In FY 1982, its support
consisted of $3.7 million of direct funding
from Commerce and $4.9 million in work spon-
sored by other Federal agencies.

The Boulder Laboratories include research and
engineering components of the National Bureau
of Standards, the National Oceanic and Atmo-
spheric Administration, and the National Tele-
communications and Information Administration.
Common administrative services are the rule

in the Boulder Laboratories. The Radio Build-
ing, which houses ITS, is on the U.S. Depart-
ment of Commerce campus at 325 Broadway.

The following brief history shows the Insti-
tute'’'s 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 understanding of
radio propagation. Dr. J. H. Dellinger,
director for most of the period up until
World War II, was strongly convinced of the
importance of research and gave it practical
application as first chairman of the Study
Group on Ionosphere Propagation in the CCIR.

its

During World War II, the Interservice Radio
Propagation Laboratory (IRPL) was 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 in 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 vulnerability of Government laboratories
located in Washington, DC, and the crowding
of the NBS Connecticut Avenue campus made it
advisable for the radio research work to be
taken elsewhere.

Three sites, one in California, one in Color-
ado, and one in Illinois, were considered,
and Boulder, Colorado, was selected. 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 Eisen-
hower dedicated the NBS Radio Building. The
Radio Standards program left CRPL at the time
of the move to Boulder, .and has pursued a
parallel existence at Boulder in NBS since
that time.

In 1954, CRPL consisted of two research
divisions: Radio Propagation Physics and
Radio Propagation Engineering. The Radio
Systems Division was formed in 1959. 1In
1960, the Upper Atmosphere and Space Physics

Division and the Ionosphere Research and Prop-
agation Division were formed from the Radio
Propagation Physics Division. 1In 1962, CRPL
received a full-time director, Dr. C. Gordon
Little. 1In 1965, Dr. H. Herbert Holloman,
first Assistant Secretary for Science ahd
Technology in Commerce, implemented a deci-
sion to unify geophysics in Commerce with the
creation of the Environmental Science Services
Administration (ESSA), made up of the Weather
Bureau, the Coast and Geodetic Survey, and
the Central Radio Propagation Laboratory. At
that time, the CRPL was renamed the Institute
for Telecommunication Sciences and Aeronomy
(ITSA). In 1967, the Institute for Telecom-
munication Sciences came into being. It con-
tained the telecommunications-oriented
activities 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 telecom-
munications in the Federal establishment, and
the Department of Commerce established an
Office of Telecommunications in 1967. Reor-
ganization Plan No. 1 of 1970 and Executive
Order 11556 established the Office of Tele-
communications Policy (OTP) in the Executive
Office of the President, and assigned
additional responsibilities to the Secretary
of Commerce in support of OTP. To meet these
responsibilities, the Office of Telecommuni-
cations (OT) was given expanded responsibili-
ties on September 20, 1970, and ITS, along
with its programs, property, personnel, and
fiscal resources, was transferred to OT.

In 1971, Douglass D. Crombie became director
of ITS. ITS has shifted from its strong
emphasis on radio wave propagation and anten-
nas since 1970 in the direction of applica-
tions in spectrum management and in telecom-
munication systems.

In March 1978, President Carter signed Execu-
tive Order 12046 which established the National
Telecommunications and Information Administra-
tion and merged some of the functions of the
Office of Telecommunications Policy with those
of the Office of Telecommunications in the new
agency. ITS was assigned the responsibility

of managing the telecommunications technology
research programs of NTIA and providing research
support to other elements of NTIA as well as
other agencies on a reimbursable basis. Among
other assigned tasks, the Institute was to .
remain "...the central Federal Government
laboratories for research on transmission of
radio waves."

In January 1981, Dr. William F. Utlaut assumed
responsibility for the direction of the Insti-
tute. A major reevaluation of programmatic
and organization structure was carried out
under his direction to redefine and aline the
efforts of ITS to meet changing requirements
and responsibilities.
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The Institute and its predecessor organizations
have always played a strong role in pertinent
scientific (URSI), professional (IEEE), national
(IRAC), and international (CCIR, CCITT) tele-
communications activitigs. 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 2 of the 11 Study
Groups of CCIR is chaired by members of ITS
(U.S. study Groups 1 and 6), and staff members
of ITS lead U.S. delegations to 3 CCITT Study
Groups (VII, XVII, and XVIII) and actively
participate in the International Organization
for Standardization (ISO). The Institute also
actively supports the Interdepartment Radio
Advisory Committee (IRAC).

The work ITS does for other agencies in the
Government derives its legal authorities from
15 U.S.C. 272(3) "Advisory Services to Govern-
ment Agencies ‘on Scientific and Technical Prob-
lems" and 15 U.S.C. 272(f) "Invention and
Development of Devices to Serve Special Needs
of Government." As a matter of Federal policy,
NTIA does not accept work more appropriately
done by other nongovernment or government
organizations. It is also a matter of policy
that all sponsored work reinforce NTIA's over-
all 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 research in
telecommunications. It is clear that the
Government has a responsibility to pursue long-
range studies in telecommunications that are
not economically profitable for industry. It
is also clear that the Government must have its
own, independent laboratories to assess the
significance of research conducted elsewhere.
Toward these ends, ITS strives to maintain a
knowledgeable staff that is working on the
frontiers of technology and is in touch with
the telecommunications problems of the Federal
Government. 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. The Insti-
tute maintains, however, a significant portion
of its other agency work in support of civilian
Federal agencies, where there is also clear
need for Government expertise in high technology
areas.
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ANNEX V
ORGANIZATIONAL DIRECTORY

INSTITUTE FOR TELECOMMUNICATION SCIENCES
NATIONAL TELECOMMUNICATIONS AND INFORMATION ADMINISTRATION
U.S. DEPARTMENT OF COMMERCE
325 Broadway, Boulder, Colorado 80303
(303) 497 + Extension (FTS 320 + Extension)

Name Mail Code Ext. Room

DIRECTOR'S OFFICE

UTLAUT, William F. - Director ITS.D 3500 3020

GEISSINGER, Marcia L. - Secretary ITS.D 5216 3020

O'DAY, Val M. - Executive Officer ITS.D1 3484 3023

WALTERS, William D. - Budget & Support Services ITS.D2 5414 3019

CAHOON, Lenora J. - Technical Publications ITS.D3 3572 3020

SALAMAN, Roger K. - Special Technoloygy Liaison ITS.D6 5397 3015
SPECTRUM DIVISION

RUSH, Charles M. - Deputy Director ITS.S 3821 3423

EM Transmission Measurement

BARGHAUSEN, Alfred F. - Chief ITS.S1 3384 3443

Spectrum Use Measurement

MATHESON, Robert J. - Chief ITS.S2 3293 3420A

Propagation Model Development and Application

SPAULDING, A. Donald - Chief ITS.S3 5201 3415

Spectrum Management Analysis and Concept Development
ADAMS, Jean E. - Chief ITS.S4 5301 3461

SYSTEMS AND NETWORKS DIVISION

O'DAY, Val M. - Acting Deputy Director ITS.N 3484 3023
Switched Networks analysis

PIETRASIEWICZ, Val J. - Chief ITS.N1 3723 2238B
Satellite Network Analysis

JENNINGS, Raymond D. - Chief ITS.N2 3233 2235
Yystem Performance Standards and Definition

SEITZ, Neal B. - Chief ITS.N3 3106 2221
System Performance knyineering Analysis

HOFFMEYER, James A. - Chief ITS.N4 3140 2234cC
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