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COMSAT LABORATORIES 1988 NN PERSPECTIVE

OMSAT Laboratories conducts a program of

basic research and development to advance satel-

lite communications technology. Elements of

the program are funded by Intelsat Satellite Serv-
ices and Maritime Services (both part of COMSAT's
World Systems Division), and are paid for from revenues
derived from international communications services car-
ried via the INTELSAT and INMARSAT organizations.
Other work is funded by nonregulated components of
the Corporation. Documentation concerning jurisdic-
tional work (that is, work wholly or partially funded by
the rate payer) is made available to the public through a
catalog that announces the availability of published
IJ;I[)(_’T'.\ ;llld l‘(‘p{ll'[.‘l.

During 1988 COMSAT Laboratories had an operat-
ing budget of $36 million, of which almost 60 percent
came from Corporate sources and the balance from
outside. Approximately 30 percent of the Corporate
funding (20 percent of the total) supported an applied
research program with the goal of creating new technol-
ogv which has the potential for improving communica-
tions systems over the long term. A further 45 percent of
the Corporate funding paid for development projects,
which were undertaken by the Laboratories for elements
of the Corporation on a contract-like basis, and had
nearer term applications, The balance of the Corporate

funding was for technical support on various projects,

studies, and technical issues. The largest effort under-
taken for an external customer was for the NASA
Advanced Communications Technology Satellite (ACTS) program, although the Laboratories continues to pertorm
a significant amount of development and technical support work for INTELSAT,

Commencing with calendar year 1983 we have published an Annual Report summarizing the results of our
research and development program. This report. the sixth in the series, summarizes all the R&D work undertaken
with Corporate support during 1988,

;A I—

John V. Evans
March 1989



OMSAT Corporation was created in 1963 follow-
ing the passage of the Communications Satellite
Act, which President Kennedy signed into law in
late 1962. Subsequently, in 1964, INTELSAT was estab-
lished to facilitate international communications be-
satellite, and COMSAT was
[nitially, INTELSAT had 1l
participants. This has since grown to 115 member coun-

tween fixed points by
named LS. Signatory.

tries, and the organization presently provides service to
170 natons.

Untl 1979, COMSAT also acted as technical man-
ager of INTELSAT. In this role COMSAT encountered
many technical problems, and COMSAT Laboratories
was formed in 1967 to help meet these challenges. Ini-
tially located in Washington, D.C., the Laboratories
moved to its present quarters in Clarksburg, Maryland,
in 1969. COMSAT Laboratories presently has a stafl of
approximately 300 and occupies buildings which afford
about 250,000 square feet of space. These facilities are
located on a 2l0-acre tract along Route 1-270 north ol
Gaithersburg, Maryland.

In 1973, COMSAT formed the COMSAT General
Corporation with the expectation of branching into do-
mestic satellite communications. In 1975, in partnership
with IBM and Aetna Casualty Co., the Satellite Business
Systems Corporation was formed. In 1979, as a result of
successful demonstrations using the MARISAT system of
maritime mobile satellite communications, COMSAT
and the U.S. State Department joined with other nations
to form INMARSAT, for which COMSAT again serves as
LS. Signatory and representative.

In 1987 COMSAT was reorganized into five divi-
sions, namely the World Systems Division (WSD), which
serves as the U.S. Signatory to INTELSAT and INMAR-
SAT; COMSAT International Communications (CICI);
COMSAT Video Enterprises (CVE) . abusiness that deliv-
ers TV to hotels in the U.S. via satellite; the Laboratories
and the Information Systems Division (into which
COMSAT General and COMSAT's manufacturing divi-
sions were all grouped). Subsequently, asaresultofthe
sale of CICI and the manufacturing businesses, the
Laboratories was reduced in size during 1988 to 300
prople. Alsoin 1988, the Information Systems Division
was renamed COMSAT Svstems Division (CSD).

COMSAT LABORATORIES 1988 HEEEEEE INTRODUCTION

In 1988, the largest part of the work at COMSAT
Laboratories was that performed for the regulated activ-
itv of international satellite communications, either
directly for COMSAT or indirectly for INTELSAT.
Additional
mostly with support from the Corporate shareholders.
Efforts funded entirely by sources outside of COMSAT/
INTELSAT included activities for the Federal Govern-
ment, and the largest part of thiswas the work performed

work was performed for CSD and CVE,

on the NASA Advanced Communications Technology
Satellite (ACTS) program.

During 1988 the Laboratories remained organized
into six technical divisions: Applied Technologies,
Communications Technology, Microelectronics, Micro-
wave Technology, Network Technology, and System
Development. Ofthese, the firstfive divisions participate
in a research program funded by the Corporation. This
program constituted aboutone-fifth of the Laboratories’
activities and included jurisdictional (WSD) business, as
well as the nonjurisdictional activities of COMSAT. The
former must, perforce, be made public, while the latter
is held proprietary.

The balance of the Laboratories’ support came from
projects performed for and directed by various corpo-
rate elements, INTELSAT, INMARSAT, ar other outside
organizations. Each project is separately negotiated and
has specified deliverablesand delivery dates. The System
Development Division, which is chiefly occupied in writ-
ing computer software, works almost exclusively on such
specific tasks.

This report summarizes the Laboratories’ Research
and Development (R&D) activities in 1988, It is organ-
ized by technology, as defined by the six technical areas
represented by each division. The work is further subdi-
vided into the following categories:

® Jurisdictional rescarch and development
® nonjurisdictional research and development
e support work pf:rim'mc(l for various

COMSAT divisions in response to specific

req uests

® work performed for INTELSAT

. other work.
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Microwave Technology carries out research, development, and support functions in a number of
technical areas of importance 1o the Corporation, including technologies for an advanced communications
satellite concept with many pencil beams and on-board processing 2

Microelectronics supports COMSAT Laboratories” need for state-of-the-art circuits and components
used in advancing satellite communications systems and promoting commercial applications.  Research
and development of discrete components are aimed at improving performance, operating speed, and
reliability = 16

Applied Technologies providesa broad range of research and development capabilities in disciplines
such as controls; satellite telemetry, tracking, and command; structures, mechanisms, and thermal control;
power systems, energy conversion and storage; reliability and quality assurance; and environmental and

qualification testing 28

Communications Technology carriesoutresearchand developmentand provides technical support
in transmission, video, and voice-frequency band processing, and systems analysis, synthesis, and simulation,
Advanced communications systems architectures and technologies are used extensively to reduce equipment
costs and increase transmission efficiency 38

Network Technology conducts research and development and provides technical support in various
aspects of networking, from network design and system architecture to development and implementation of
relevant software and hardware. For several years the division has been at the forefront of developing and
applving hardware, software, and expert system technology to communications networks a6

System Development is responsible for system design and development activities in support of
COMSAT lines of business, INTELSAT, and other COMSAT chents. Its projects encompass development of
computer-based systems, including implementation of software, and selection, acquisition, installation, and

integration of hardware 72

The Advanced Communications Technology Satellite Program has been under
development by the National Aeronatutics and Space Administration since 1984, The overall goal of developing
basic technologies to ensure the continuing preeminence of ULS, technology in the satellite communications
industry is being realized. By combining its outstanding technical resources with a highly effective program
management team, COMSAT Laboratories is demonstrating that it is capable of assembling and managing a
large systems development and integration program

*

Publications and Patents by COMSAT Laboratories’ employees encompass all aspects of satellite
communications technology 96

Honors and Awards were presented to COMSAT Laboratories” employees in recognition of their

significant contributions to satellite communications technology 99
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COMSAT LABORATORIES 1988 I

he Microwave Technology Division (MTD) of COMSAT Laboratories carries out research, development,
and support functions in a number of technical areas of importance to the Corporation, including technologies
for an advanced communications satellite concept with many pencil beams and on-board processing.
Specifically, a phased-array satellite antenna, including monolithic microwave integrated circuits (MMICs),
is being developed. Significant progress has been made toward the completion of a 64-element, Ku-band
phased-array proof-of-concept antenna. A lightweight, broadband 4 x 4 microwave switch matrix (MSM)
for C-band use has been assembled and successfully tested. A multiplexer using quadrupole-mode filters for
each channel has been breadboarded, reducing the per-filter mass by two thirds as compared with a dual-mode design. A
lightweight reflector-type microstrip radiator, whose flight-qualified mass is about a quarter that of a typical waveguide
radiator, has been developed. Support work has continued on MIC and waveguide filters, satellite monitoring and in-orbit
testing, new earth station antennas and feeds, microwave propagation studies, and antenna modifications at the Southbury

earth station.

COMSAT JURISDICTIONAL R&D

Multimode Microwave Filters

Work on multimode waveguide cavity filters contin-
ued in 1988, A study of forced-mode degeneracies in cy-
lindrical cavitiesled to the conceptand design of asingle-
cavity fifth-order elliptic filter. The realized prototype
exhibited a spurious coupling berween two of the modes,
which prevented accurate tuning of the unit to the
desired filter response. Further studies revealed that an
extra degree of freedom in the geomeutry of the cavity
would be necessary to independently tune and couple
each degenerate mode. New software was developed
that accounts for geometries other than cylindrical in
the mode analysis. Results obtained so far encourage
attempts to realize degeneracies of up to sixth-order.

In the area of high-power filters, a study was com-
pleted on the effects of thermal gradients on dual-mode
dielectric-loaded cavity filters. Differentgeometries were
analyzed in terms of heat dissipation, insertion loss, and
temperature coctficient. Special materials were ordered
and several test cavities were designed and built. High-
power tests of these units are scheduled for 1989.

Superconducting Filters

During 1988 MTD instituted a program to keep
abreast of fast-moving superconducting filter technol-

ogy and to carry out microwave conductivity measure-
ments on high critical temperature (T_ > 77 K) samples.
In May 1988, during a workshop on this subject organ-
ized by COMSAT for the International Microwave Sym-
posium in New York, current results and projections
were discussed by an audience of over 150 scientists and
engineers.

Propagation Studies

COMSAT Laboratories performs a number of radio-
wave propagation studies applied to satellite communi-
cations. Avariety of slant-path propagation impairment
models have been developed and applied to the design
of operating satellite communications systems. Sample
calculations of rain impairments for a typical INTELSAT
Business Services link between New York and London,
assuming a satellite located at 53°W, are displayed in
Figure 1. In addition, methods of impairment mitiga-
tion such as up-link power control, site diversity, and de-
polarization compensation have been studied. Several
types of dataare collected at the Laboratories for model
testing; equipment development programs are also
pursued.

An investigation of low-cost propagation measure-
ment techniques was initiated in 1988, Preliminary
evaluations of several candidate approaches were per-
formed, including monolithic microwave integrated
circuit/ miniaturized microwave active circuit (MMIC/
MMAC) implementations ol wideband radiometric noise




Ky-band 64 element
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recewvers, use of PIN-diode switches in Dicke-switched
radiometers, and application of commercial devices in
narrow-band beacon receivers. Substantial progress was
achieved, particularly in the latter category, with the
identification of several commercially based beacon-
receive approaches for subsequent testing.
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Figure 1. FEstimated average annual impairment statistics for
paths at two elevation angles

Holographic Antenna Measurement Study

For several years, the Laboratories has applied mi-
crowave holographic techniques, based on the Fourier-
transform relationship between the antenna radiation
pattern and the field distribution of the antenna aper-
ture, foraccurate diagnosis ofantennasurface character-
istics. In 1988, several improvements were incorporated
into the holographic antenna measurement system to
further enhance performance. A new Scientific Atlanta

-6.00

% (IN)

positioner/controller, used for accurate control of an-
tenna position during antenna scans, was purchased to
replace the existing unit. (Installation of the controller
and conversion of the operating software are planned
for 1989.) Data communication extender boxes, which
formerly linked the receive equipment to the source
antenna and the controlling computer via interface
buses, were replaced with faster, more reliable units.
Two essential computer programswere transferred from
HP-1000 computers to MTD’s faster and more reliable
HP-840 computer, and the graphics interfaces were
rewritten to remove all dependence on specific terminal
type.  These equipment upgrades have resulted in a
faster, more reliable, less complex system for making
holographic antenna measurements.

Figure 2 shows the amplitude excitation of a proto-
type flat-plate phased array as measured by the holo-
graphic system. These measurements aided in the array
development process by supplying data on the perform-
ance of the dividing network.
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Figure 2. Amplitude of aperture field (element excitation)




Component Modeling

| calization of semi-lumped capacitive elementsusing
radial stubs can reduce the size of MMIC modules.
However, accurate models for such elements are not
available in the literature. Hence, a generalized model
for a radial capacitive element was developed.

The radial stubswere modeled asa cascade of several
step-transmission lines of equal length, with progres-
sively increasing widths. End effects were modeled by
using, for the last step, an open-ended step-transmission
line with width equal to the circumference of the radial
stub.

Previously, in 1987, a programmable Ku-band linear
phase shifter (constant group delay) module had been
developed for the active antenna task. To reduce chip
sizes, capacitive elements of the low-pass filters that
provided the constant group delays were realized with
radial stubs. However, the measured phase shifts were
found to be almost one-half of the expected values. As
part of the 1988 effort, these circuits were redesigned
using the radial-stub model described above. Measured
data for the new modules were found to be in very good
agreement with predictions, confirming the accuracy of
the new model.

Broadband Low-Loss Analog Phase Shifters

A low-cost, broadband analog phase shifter, capable
of a complete 360° phase-shift capability at 12 GHz, is
being designed. The projected chip area, minimized to
reduce the cost,isno larger than 90 x 90 mil, significantly
smaller than reported phase shifters in this frequency
range. Other factors, such as circuit complexity and
sensitivity to manufacturing tolerances, also affect cost
through wafer yield and must be keptin mind during the
design process.

The approach is based on a reflection phase shifter
design, in which the phase shift function is produced by
a change in the reflection coefficient of a varactor diode
circuit as the diode bias is varied. As the voltage level can
be varied continuously by an external control circuit,
analog phase shift operation is produced. Since the
diodes are always reverse biased, the power required to
drive the phase-shifter chip is extremely small.

Possible applications of this MMIC phase shifter

include ﬂat—plalc antennas and future communications

MICROWAVE TECHNOLOGY

satellite antenna systems. In the case of the flat-plate
antenna, a series of phase shifters could be integrated
into each antenna to permit electronic beam pointing.
Therefore, a stationary antenna could be electronically
pointed to many different satellite locations.

Computer-Assisted Microwave Measurement
Techniques

For manyyears, COMSAT Laboratories has designed
and developed In-Orbit Test (IOT) systems to measure
the communications performance of satellites subse-
quent to launch. These systems are controlled by very so-
phisticated software that embodies over 20 years of
COMSAT’s measurement expertise. Recently, the trend
toward multiuser systems with remote terminals has
required a new operating system. In 1987, implementa-
tion of a computer operating system (MPCP II), which
provides a “platform” for the development of user-
friendly, efficient software to control microwave instru-
mentation, was started. This system is based on a previ-
ous single-terminal system that was used in several IOT
projects. Unlike the previous single-terminal system,
the new MPCP IT accommodates multiple users (several
workstations) within a computer network. The new
system is based on UNIX and utilizes the industry stan-
dard X-window interface. The kernel of MPCP II was
completed in 1987 under proprietary R&D and was
reported last year.

It was recognized in 1988 that this system could be
used to advantage in our antenna characterization
facility that is used for in-house measurements on juris-
dictionally funded programs. To this end, a set of micro-
wave instrument drivers was developed and is now
operational under MPCP IL

SSPA Development

The design of the three-stage, 4-GHz, 22W ampli-
fier developed in 1987 was modified to facilitate its im-
plementation on a silicon motherboard. A modified
circuit layout, which allows the realization of the
complete three-stage structure on a single substrate, was
completed. In this approach, MMICs, discrete field
effect transistors (FETs), and passive components will
cohabit the same substrate. The silicon motherboard




has the potential advantages of improving reliability and
reproducibility and reducing manufacturing costs. A
process developed for the etching of via-holes and device
recesses preserves the low-loss properties of the high-
resistivity silicon being used.

Designs at 11 GHz were completed for the complete
S-stage, 2-W solid-state power amplifier (SSPA) which
will be used to populate the high-power array being
developed in the laboratory, The amplifier consists of a
cascade of single-and two-stage MMIC chips followed by
aquasi-monolithic two-stage high-poweramplifier (HPA).
Masks for the MMIC chips have been fabricated and
circuit processing has started. Mask layout for the quasi-
monolithic HPA s in progress.

Substantial progress was demonstrated during 1988
in the development of high-efficiency power FETs. As
shown in Table 1, power-added efficiencies of over 40
percent, associated with more than 0.5 W per FET cell,
have been measured at 12 GHz on several wafers. These
results are essentially at the state of the art. This accom-
plishment resulted from a better understanding of the

i cOMSAT LABORATORIES 1988 I

effects of surface states and how to measure them, as well
as the development of techniques to limit the surface
state density to an acceptable level while keeping the
breakdown voltage high,

Table 1. Associated Power and Power-Added Efficiency for
[.45-mm Power FET
Power-
Power Added Frequency
Date (mW) Efficiency (GHz)
(%)
1987 340 Low 12
Feb 1988 277 40.7 12
Apr 1988 313 47.6 12
Aug 1988 533 42 8 12
Oct 1988 6Ha8 43.0 12
1988 572 62.8 6

In 1988, significant progress was also made in the

development of a high-voltage MMIC amplifier.  In

STATE
220 T T T T T T T T T 180°
o e |
180 - S . [ 4
* |
3 p— t ——— ]
140 + — — —
o I ]
@ - -
©
100 | 1
NN M Rk 907
‘_"_*== u::"=v“"‘-‘ y . AR B A ARA A -
[
60 - — — — i —— -1
ey, 2ok 00000004 4004 :A.-L“ 49 :¢¢= :#ee‘ 45¢
20 2 PPV BTN [P T [ st 225°
R R T et 11250
11000 11400 11800 12200 12600 13000
FREQUENCY (MHz)
2.0 T T T T T T T T
== f | | 1 | =
' l l |
1.0 - { {4 22.5°
T |
e 0 P JIv¥vvrevrey 4 11.25°
! : T e 'ﬁ_". VRV I 1 90°
-10 1] [ 5%} 1800
: ; 4
-20 5 L 1 Ix | 1 | L
11000 11400 11800 12200 12600 13000

FREQUENCY (MHz)
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Figure 4. Indinidual amplitude and phase performance of active cirewit modules for the low-power arvay

conjunction with the Microelectronics Division, a two-
cell FET MMIC, which can be operated using a 20-VDC
bias supply, and a four-cell FET MMIC, which can be op-
erated using a 40-VDC bias supply, have been developed.
Both two- and four-cell MMICs achieved 1-W output
power at X-band. These are the first high-voltage FET
MMICs reported. A 40-V SSPA can improve satellite
transmitter efficiency by as much as 15 percent relative
to a conventional 10-V SSPA, resulting in substantial
weight savings,

At the beginning of 1988, a decision was made to
realize the fast FET switch, intended to turn the HPA on
and off in order to save power, using a simple hybrid
switch rather than an MMIC configuration. A bread-
board ol the hybrid switch was fabricated and tested,
demonstrating good performance.

Multibeam Phased-Array Antenna

Two active phased arrays are under development.
The low-power array consists of 64 horns. Each horn is

7

.

fed by a module containing a digitally controlled phase
shifter and attenuator, and driver and buffer amplifiers,
all in MMIC form, plus the necessary digital control
circuitry and the power supply. The high-power array
contains digitally controlled phase shifters, as well as
HPAs, to control the beam direction and provide the
power needed to achieve the required e.i.r.p. A thermal
control svstem is required in addition 1o the other sys-
tems contained in the low-power array. These arrays are
mtended as a test bed for future multibeam antennas
(with or without reflector systems) generating shaped
hopping and scanning beams.

A key component in the MMIC module for both the
low- and high-power arrays is the 5-bit digital phase
shifter. During the first quarter of 1988, the major causes
of observed performance anomalies were identified and
resolved. This effort resulted in a phase shifter with per-
formance very close to that predicted.  Figure 3 shows
performance data for the phase shifter,

In the low-power array, 64 active circuit modules
(consisting of MMIC  low-power driver and buffer
amplifiers, a 5-bit digital phase shifter, a 5-bit digital




1.0 s prere——— attenuator, an MMIC-to-waveguide transition, and a

t . R ; =
08F WEM G/ ==10d8 +local control module) were integrated and tested. The
{ STANDARD DEVIATION: 0.27 d8 | B

measured performance of these modules has met the de-

06}

sign goals. In addition to the 64 modules needed tor the
arrav, a number of spare modules were also fabricated.
Figure 1 presents data for the amplitude and phase

performance of the individual modules. Statistics for all

64 elements are provided in Figure 5.

RELATIVE GAIN {dB)

Other subsystems within the low-power array were

-08 completed earlyin 1988, including the power supply and
-08 harness for the control and power lines. Minor moditi-
=103 R PO TR SUUSPIT RPN | NI e cationswere made in the mechanical design of the active-

' 8 15 22 29 36 43 50 57 B4 (repit module box. The complete array is now as-

MODULE NUMBER - -
DPULE HuMES sembled, and testing for reconfigurable beams, as well as

scanning beams, will be done during the first part of

Figure 5. Gam of 64 active modules at band center (122 GHz) 1989, Figure 6 shows the complete array.
relative to mean value (modules sorted from The conceptual design of the high-power array went
measuTement maximum gain) through several iterationsin 1988 in order to better serve

various traffic situations. The final design, which sup-
ports [our simultaneous beams, encompasses a beam-
forming matrix (BFM), a high-power amplifier assembly
(HPAA), orthomode transducers (OMTs) for dual po-
larizations, and 24 radiating horns.  Digital thermal
control and power supply systems are parts of the design
for the complete array.

For future high-capacity communications satellite
applications, a candidate antenna system would consist

ol a small, active phased array feeding a dual-reflector
antenna system. The reflector system must be designed
to provide maximum gain and minimum scan loss over
afull-earth coverage of +9° Offset confocal paraboloids
have appropriate characteristics when fed by auniformly
excited arrayaperture. In 1987, a model was thoroughly
tested and compared with analytically calculated results.
In 1988 the computer program was enhanced to facili-
tate shaped-reflector analysis (to improve scan loss) and
the code was converted to run on the faster HP 840
computer. The agreement between the measurements
and the calculations was excellent, considering the
complexity of the antenna system geometry. Thescan
peaks, main  beams, and sidelobe structures  were
accurately predicted by the computer program; even for
the severe scan cases, the agreement was acceptable.

On-board Demodulation and Remodulation

During 1988, a miniaturized reverse-modulation
Figure 6. Complete low-power array loop (RML) was designed and fabricated. The RML,




consisting of a demodulator, a remodulator, and a com-
parator circuit, has been fabricated using a planar quasi-
monolithic approach on a 10-milthick alumina sub-
strate. The overall dimensions of the circuit are 0.65 x
1.54 in. A GaAs chip with delay less than 0.4 ns has been
selected for the comparator circuit, so that delay line
lengths and modem overall size can be reduced. A
lightweight, removable Kovar carrier and an aluminum
test housing have been designed and fabricated. Assem-
bly and some limited testing of rthese miniaturized
components will be done in the near future, The unitis
pictured in Figure 7.

Figure 8. Microwave switch matriy

The assemblyand RF testing of the broadband, light-
weight 4 x 4 MSM have been completed. Measurements
show that, over the 3.5- 10 6.5-GHz frequency range, on-

h——

— MICROWAVE TECHNOLOGY

to-offisolation for all 16 paths is greater than 50 dB. The
MSM insertion loss and the path-to-path insertion loss
variations are less than 6.25 dB and | dB, respectively.
Over the down-link band of 3.7 to 4.2 GHz, the path-to-
path insertion loss variations are less than 0.6 dB and on-
to-off isolation is greater than 60 dB. The return loss atall
input and output ports is better than 15 dB. The driver,
control circuits for the 4 x 4 MSM switches were [abri-
cated on a 15-mil-thick 1.35- x l-in. alumina substrate.
The mechanical housing for integration of the control
circuit with the MSM was also fabricated. The MSM is
shown in Figure 8. On-to-off performance ratio data are
given in Figure 9.

Low-Mass Filter Multiplexer

During 1988, the design, fabrication, and tuning of
a breadboard multiplexer utilizing quadruple-mode fil-
ters for each channel were successfully accomplished.
Figure 10 is a photograph of the breadboard Quad-Mux
unit. The measured and theoretical transmission loss for
the three channels and the return loss at the waveguide
common output are presented in Figures Taand 11b,
respectively. These results demonstrate the feasibility of
the Quad-Mux and its advantages over the conventional
dual-mode realization (in terms of lower number of
cavities and lower insertion loss). A dual-mode mult-
plexer would introduce an insertion loss of about 0.6 dB
per filter; it is estimated that the engineering model of
this multiplexer will introduce losses of the order of 0.3
dB per filter. The final per-filter mass of the engineering
model multiplexer, to be completed in 1989, isestimated
to be one-third that of the dual-mode realization.,

Propagation Measurements in Africa

Several resolutions of the Internatonal Telecom-
municatton Union (ITU) have noted the critical short-
age of propagation data for tropical regions of the world,
and in particular the urgent need for data from Africa.
Such data would be especially beneficial to the develop-
ment of propagation models for tropical and equatorial
regions of the world. For the pastseveral years, COMSAT
Laboratories has cooperated with INTELSAT, the U.S.
Telecommunications Training Institute, the National
Telecommunications and Informaton Administration,
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Figure 10. Experimental Quad-Mux unit

the U.S. Agency for International Development, the U.S.
Information Agency, and the governments of Cameroon,
Kenva, and Nigeria to collect Ku-band radiometric sky
noise and rain-rate data in Africa.

In 1987 radiometers were installed and data collec-
tion was initiated at Douala, Cameroon: Nairobi, Kenya;
and Ile-Ife, Nigeria. Under joint COMSAT /INTELSAT

funding, COMSAT Laboratories provides a variety of

field support, technical consultation, and resupply ac-
tivities for each of the African experimental facilities. In
1988, agreements were consummated to continue the
measurements phase for a second vear through mid-
1989. Planning was also begun for data analysis and for
reporting of the first vear of data collected at the sites.

10

Dual-Band4/6-to 11 /14-GHz Antenna
Feed System

A dual-band feed is being developed to
provide simultaneous access in both C- and
from

Ku-bands a single earth station an-

tenna, The design employs a multi-aperture,

directional, slotted waveguide array toachieve
unity coupling at Ku-band from rectangular
waveguides into the C-band (2.125-in.-diame-
ter) circular waveguide. Separate orthogonal
sets of waveguides are used to couple the 11-
and 14-GHz signals, These slotted arrays have
a minimal effect on the 4/6-GHz signals

which propagate through the coupling re-

gion in the circular waveguide. The advan-
tages of this approach over existing dual-band feed de-
signs (Nippon Electric Company and MELCO) include
superior mode purity, reduced weight and size. and
reduced fabrication costs.

Most of the effort in the past year has been devoted
to achieving unity coupling of the 11/14-GHz energy
into the 2.125-in. circular waveguide. A design for the 11-
GHz coupler with a worst-case loss of | dB and good
modal purity was achieved. The sweptfrequency re-
sponse of the 11-GHz coupler is shown in Figure 12, Tt
was found that simple scaling of the 11-GHz multi-aper-
ture array to the 14-GHz band would not give unity
coupling without some technique for increasing the slot
coupling. Subsequently, an improved geometry using
taller coupling slots was investigated. For a given slot
length, increasing the slot height yields greater cou-
pling. The increased height slot geometry will provide
unity coupling at 14 GHz with aslightincrease in coupler
length. Figure 13 is a photograph of the partally as-
sembled coupler.

The design for a dual-band corrugated feed horn
was investigated. The primary problem is launching the
desired hvbrid modes in the horn. Therefore, it was nec-
essary to consider only the design of the horn input
section. The technique used to design C-band horns was
modified such that the corrugations are about three-
quarters of a wavelength deep in the 11/14-GHz bands.
Satisfactory performance was achieved over all  four
frequency bands.

The fabrication and testing of a complete dual-band
feed is scheduled for 1989,
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Ku-Band Up-Link Power Control Development

Experimental up-link power control (ULPC) sys-
tems were implemented and tested at 14/11 GHz in
open-loop configurations under a variety of weather
conditions at COMSAT Laboratories during 1986 and
1987, Successtul performance was demonstrated for
rain fade levels up to 7-8 dB, proving the viability of the
technique for many Ku-band carth stations. During
1988, the operational principles established under the
previous development activities were applied to the
design of ULPC systems suitable for implementation or
field retrofit in new and existing Ku-band earth termi-
During 1989,
algorithms and  practical beacon-monitoring

nals, and a basic design was completed.
ULPC
schemes will be evaluated.

Ultra-Low-Cost Earth Station Study

This study examined the leasibilitv of ultra-low-cost
earth station operation in a star network through a
global transponder of an INTELSAT V satellite in in-
clined orbit, with either a Standard A or a Standard B
station serving as a hub station. Double-hop operation
between small remote terminals and “push-to-talk " voice
operationsare assumed. Thistype of network would pro-
vide service where none existed before, or where verv ru-
dimentary service was previously available.

The study concluded that star-networked double-
hop service using a Standard A (30-m antenna) hub sta-
tion is possible for remote stations with 1.8-m or 2.9-m




antennas assembled from “off-the-shelf” partsata costof
approximately $25,000. Satisfactory voice transmission
can be achieved, and low-bit-rate data transmission will
perform satisfactorily as long as the voice connection is
good. A station with a 1.8-m antenna would not work
with a small hub (18-m antenna) due to interference
considerations and the need for high remote-station
HPA power.

For small-terminal networks of this kind to be
cost- effective in the INTELSAT environment, some
relaxation in performance requirements for cross-po-
larization isolation, and possibly also transmit-antenna
sidelobe specifications, are necessary. If such relaxation
cannot be obtained, spread spectrum techniques can be
used with digital transmission to meet spectral density
limitations. Although this latter configuration will in-
crease terminal complexity /cost somewhat, it will be less
costly than meeting the present, rather stringent, inter-
ference criteria.

NONJURISDICTIONAL R&D

Flat-Plate Antenna

COMSAT and Matsushita Electric Works (MEW)
have a joint program to develop and produce low-cost,
lightweight, high-efficiency flat-plate array antennas for
satellite reception. An improved version of a dual line-
arly polarized flat-plate array was developed in 1988,
Figure 14 depicts one of the units. The array demon-
strated greater than 60-percent efficiencyin each polari-
zation over a 750-MHz bandwidth. Cross-polarization
isolations of greater than 30 dB and port-to-port isola-
tions of better than 25 dB were achieved. A flat-plate
array based on this design is presently being developed
for the ASTRA market in Europe. The unit will be
approximately 0.75 m*and will achieve a gain of 37 dBi.

An improved flat-plate feed technique consisting of
a stripline-to-waveguide transition has been developed.
This feed will replace the coaxial feed presently being
employed in the flat-plate array. The transition achieves
better than 25 dB of return loss and will improve the
overall noise temperature of the array.

Preliminary assembly and testing of an integrated
low-noise block (LNB) down-converter began in 1988,
This single-substrate circuit contains a low-noise amph-

Figure 14. Flat-plate array antenna

fier (LNA), mixer, local oscillator, and IF amplifier on a
low-cost glass substrate. The circuit will be placed in a
newly developed housing and imbedded into the flatan-
tenna structure to provide a self-<contained, flat-panel-
type receiver.

Current approaches to the antenna system require
the use of external low-noise down-converters, which
tend to be relatively large boxes mounted on the back of
the antenna unit.
weight, there is also a degradation in overall system per-
formance due to unavoidable losses in the connection
between the antenna and receiver unit. The goal of the
LNB projectis to overcome these limitations by develop-
ing a miniaturized receiver that may be mounted directly
into the antenna package.

The selected design accommodates the entire re-
ceiver on a single glass substrate approximately 1-in” and
0.048-in, thick, a convenient size for integration directly
into the antenna with a very-low-loss transition between
the antenna stripline and the input to the LNA. This
design incorporates a two-stage LNA, MMIC mixer chip,
and a two-stage IF amplifier. The remaining portions of
the substrate surface are allocated for test purposes, but
eventually this area will be used for a built-in local
oscillator. Corning 7059 glass has been selected for the
substrate because of its low loss and suitable microwave

In addition to increased size and




properties. Togive the best overall compromise between
low cost and low noise figure, the LNA uses a high
electron mobility transistor (HEMT) in the first stage
and a conventional low-noise FET in the second stage.
Theentire receiver substrate isimplemented in coplanar
wavequide to simplify circuit grounding.

COMSAT SUPPORT

INMARSAT III Study

During 1988, COMSAT Laboratories
study on behalf of Maritime Services to investigate the

mitiated a

technology appropriate for a third generation INMAR-
SAT HI satellite.

spacecraft bus characteristics tor 1,260- and 1,860-kg

Specific areas addressed were the

mass, the effect of partial operation during eclipse, £3°
N-S stationkeeping, the properties of L-band traveling
wave tubes and SSPAs, and the properties of diflerent
antenna technologies such as reflectors and phased
arravs. These technologies were then modeled into a
number of payload designs, and the expected perform-
ance as a function of bus size was generated. Various
tradeolls were examined o optimize e.i.r.p. asa function
of bus size,

Results from this study showed that for the larger
spacecralt bus, it is possible 1o realize both global and
spot beam coverages. A global eirp. ol 39 dBW and
spote.ir.p. greater than 45 dBW mav be achieved if the
L-band amplifier is used efficiently and if partial opera-

tion is assumed during satellite eclipses.

CCIR Activities

As part of COMSAT's extensive participation in the
deliberations of the International Telecommunication
Union standards commuittees, MTD coordinates the
Laboratories” activities in the International Radio Con-
sultative Committee (CCIR). Both the Communications
Techniques Division (CTD) and MTD play major na-
tional and international roles in the CCIR, focusing on
Study Group (SG) 4 (Fixed-Satellite Service) and SG 5
(Propagavon in Non-ionized Media), with additional
attention to SG 6 (Propagation in lonized Mediay, SG 8

'L :. -
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(Mobile Services), and SGs 1011 ( Broadeast Services).
Fhere were several major efforts during 1988,

COMSAT provided LS. representation at a meeting
ol SG5 Interim Working Party 5/3 (Radiometeorology),
held in Geneva during January 1988, and sent adelegate
to the SG 5 Interim Meeting in Geneva during April
1988, The Laboratories supplies the US, representative
to Interim Working Party 5/2, who also serves as the
chairman ol an international testing group for the Slant-
Path Mobile and Broadcasting reports of SG 5.

PEACESAT Inclined-Orbit Operation
Demonstration

I.8-and 2.9-m
antenna systems with the inclined-orbit Pacific Ocean
INTELSAT IV-A (F-3) satellite was conducted for the
PEACESAT organization.

antenna mount and timing-control circuit were devel-

A demonstration  using  C-band

An inclined-orbit tracking
oped. The antenna mount was designed so that the
movement of asingle actuator arm properly moved the
antenna in both azimuth and elevation o follow the
satellite movement. The actuator arm was controlled by
anantenna positioner thatwas driven bvasidereal crystal
time base. A total of 48 positions during a sidercal day
can be programmed with this unit.

Maritime Services Antenna Modifications

Twoantennas at COMSATs Southbury INMARSAT
shore station were retrofitted 1o operate with the new
and extended frequency bands of the INMARSAT 11
satellite. The polarnizer of one antenna was modified,
new ELNAswere installed, and complete acceptance tests
were conducted. Both antennas now comply with the IN-
MARSAT 1l specifications. A test report will be sent to
INMARSAT 1o secure qualitication of the antennas for
operation with the INMARSAT 11 satellite series.

The C-band 11-m Scientific Adanta antenna was
retrofitted to allow transmission and reception in circu-
Lar polavization. A 4/6-GHz quarter-wave polarizer de-
signed by COMSAT Laboratories was installed in the
antenna, Transmit patterns and radio star gain measure-
mentswere also performed during the retrofit program.
Alternative approaches to provide L-band capability on

this antenna were also evaluated.




INTELSAT CONTRACTS

4/6-GHz Dual-Polarized Feed System Develop-
ment for C-Band Steerable Spot Beam Antenna

The first-phase design and study of a dual-polarized
C-band feed for a steerable spot beam antenna system
were completed. The spot beam system consists of an
offset reflector antenna and a high-polarization-isola-
tion feed system that can be switched by ground com-
mand from dual orthogonal linear polarizations to dual
opposing sense circular polarizations. The feed system
operatessimultancously in both the INTELSAT transmit
and receive frequency bands. This technology is appro-
priate for the INTELSAT VII satellite series, as well as
for future generation satellites.

The second phase, to be completed in 1989, consists
of fabricating and testing a flight prototype feed and
reflector system.

Compact Feed Development

Efforts to develop lightweight flight-qualified feed
elements continued. The goal of the program is to use
printed-circuit  radiator technology to realize light-
weight high-polarization-purity feed elements, These
elementswould replace existing waveguide horns, OMTs,
and polarizers that combine o make the feed large and
relatively heavy. In the past year, development concen-
trated on lightweight, compact, C-band, dual circularly
polarized microstrip radiators for communications satel-
lite reflector feed arrays. Two types of microstrip
radiators were successfully developed and built: one
forreflector feed use, and one for direct-radiating array
application.

Figures 15 and 16 show the [ront and back views of
the reflector-type compact radiator, which consists of
two parts: the electromagnetically coupled (EMC) patch
elements that comprise the radiating portion of the feed,
and two microstrip polarizing networks that feed the
patches. The entire flight-qualified radiator weighs only
70 g (compared with about 300 g for a typical waveguide
radiator), and measures 4.4 x 4.4 in, The radiator exhib-
its an excellent axial ratio of about 0.3 dBacross the op-
erating band, asshown in Figure 17, and hasan efficiency

of over 75 percent. The return loss of this radiator is

14
L
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Figure 16. Reflector-type compact radiator, back view

shown in Figure 18. The direct-radiating type, which isa
similar but larger version of the feed radiator, also has
good performance.

In addition to the hardware, a software package to
model the compact radiator has been developed. The
software model, which is based on amethod-of-moments
solution to the patch radiator, agrees well with the
measured results,

Field Support and Miscellaneous

Under contract to INTELSAT, a varietv of held

support and consultation services were provided to ra-
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Active Microwave Filters

During 1988 work began on constructing a 410 &
GHz active microwave bandpass MMIC hlter for the
Naval Research Laboratorv. This contract called for a
two-phase effort, the first phase requiring a filter rejec-
tion of 20 dB and the second requiring a rejection of 60
dB at 3 and 9 GHz. The first-phase design goal was
achieved by using a mix ofactive lumped and distributed
circuit elements. MMIC processing of a number of GaAs

walers has begun. It is envisaged that the filter
will be available for electrical testing in early

1989,

IOT/ESVA System

— | 3
3 o A e .

i In April 1988, COMSAT Laboratories was

K [ ]

T

| awarded a contract by EUTELSAT. the Euro-
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Figure 18. Compact feed return loss

diometric measurement sites in Australia, Cameroon,
and  Nigeria (the latter two as part of the joint
INTELSAT /COMSAT African propagation measure-
ments campaign discussed previously). Such servicesare
vital for the successful operation of remote experiments
and are an outgrowth of COMSAT s long involvernent in
the development and deployment of propagation meas-
urements worldwide.

In addition, raintall parameters in INTELSAT's
Propagation Data Base were updated for a set of new
earth stations, :

44 pean communications satellite consortium, to
develop a fully integrated 10T and communica-
tions system monitoring svstem. In additon to
the tradivonal 10T measurements, this system
will perform a number of new ones, including measure-
ments in which the IOT station verifies the performance
of other earth stations, using a satellite path. Simultane-
ous measurements can be performed from several re-
mote locations.

The IOT/ESVA system requires a substantial soft-
ware effort and will use MPCP 11, which is currently
under developmentat the Laboratories and is based on
the UNIX operating svstem. Thesystem will have a user-
friendly interface, based on the X-window system
developed at the Massachusetts Institute of Technology.




COMSAT LABORATORIES 1988 I

he Microelectronics Division (MED) supports COMSAT Laboratories” need for state-of-the-art microelec-

tronics for use in advancing satellite communications systems and promoting commercial applications. MED

performs research and development on discrete components such as field effect transistors (FETs), microwave

integrated circuits (MICs), and monolithic MICs (MMICs). General goals are to improve the performance,

operating speed, and reliability of these components and circuits. MED capabilities encompass all aspects of

this technology from device modeling and materials growth through fabrication, RF and DC characterization,
and reliability evaluation. In 1988, MED developed the technology for fabricating individual high-electron-mobility tran-
sistors (HEMTs), pseudomorphic HEMTs (P-HEMTs), and MMICs. Dual-stage amplifiers exhibited a noise figure of
5.3 dB at 58 GHz, the lowest reported at that frequency. MED also fubricated power FETs with 40-percent power-added
efficiency at 11 GHz and developed technology for fabricating low-resistance tee gates with the highest reported aspect
ratios. As partof MED's support in physical and chemical analysis, three phenomena linking traveling wave tube (TWT)
cathode failure to chemical composition were identified by means of cathode analysis.

COMSAT JURISDICTIONAL R&D n’ AlGaAs

2D ELECTRON GAS
Materials Technology

In 1988, MED continued its research program in

I
1
1
. . » . |
millimeter-wave components with the development of ! Ey
HEMT materials and P-HEMT structures using molecu- | /—
|
|

Er

lar beam epitaxy (MBE). Energy band diagrams for the UNDOPED GaAs

HEMT and P-HEMT structures are shown in Figure 1.

These structures contain AlGaAs heterojunction inter-

faces thatgenerate two-dimensional electron gasesin the UNDOPED SPACER AlGans
GaAs and InGaAs layers, respectively. Because InGaas
hasasmaller band gap energy than GaAs, alarger energy (a) HEMT device structure

band discontinuiry exists at the InGaAs/AlGaAs inter-

face and a significantlv larger two-dimensional electron n* AlGaAs

densiy is generated for the P-HEMT structure. A two- 2D ELECTRON GAS

dimensional electron density of 2 x 10%/cm” has been

achieved at COMSAT Laboratories. The energy band

UNDOPED InGaAs

; o ; s ! : E !
discontinuity at the InGaAs/GaAs heterojunction re- ‘ c |
duces current injection into the GaAs buller laver by e E |
confining the two-dimensional electron gas to the : E F
InGaAs. An enhanced clectron saturation velocity is as- | v
sociated with InGaAs, Cutoff frequency measurements | UNDOPED GaAs
macde ona COMSAT P-HEMT device with a 0.35-1m gate !
length indicated an electron saturation velocitv of 1.6 x
107 cm /s. These features render the P-HEMT structure UNDOPED SPACER AlGaAs
more suitable than the HEMT structure lor microwave |

{b) P-HEMT device structure

and millimeter-wave applications.
Accurate values for the percentage ol indium in
the alloy and for growth rate were required 1o prepare a Figure 1. Energy band diggrams
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pseudomorphic laver with superior electrical transport
properties, Strain caused by the inequality between the
unstressed lattice constants of InGaAs and GaAs is ab-
sorbed elastically up to a critical layer thickness thatisa
function of indium alloy composition. In thicker layers,
the strain is relieved by generation of misfit dislocations,
which degrade electrical transport properties. To per-
mit measurement of growth rate and alloy composition
during growth, a technique based on reflection high-
energy clectron diffraction (RHEED) intensity oscilla-
tions from the material surface wasimplemented. Growth
rates measured tor GaAs, AlGaAs, and InGaAswere 3.01,
3.85, and 3.85 A/s, respectively. The Al and In atomic
fractions for the ternaries were both 0.22. The ability to
measure growth rates and alloy composition prior to
P-HEMT structure formation significantly improved the
number of usable structures.

Another yield improvement was obtained by in-
creasing the size of the GaAs substrates processed.
During the final quarter of 1988, MBE material was
grown on several 3-in.-diameter GaAs wafers. The MBE
machine fixturing proved satisfactory, and 3-in. wafers
were processed identically 1o 2-in, wafers, A yield im-
provement of greater than twice the number of chips was
expected to result from the implementation of 3-in.
GaAs wafers in the process lines,

Anultra-broadband, monolithic, 5-bitdigital attenu-
ator for the Ku-band phased-array antenna being con-
structed by the Microwave Technology Division (MTD)
was developed on ton-implanted GaAs, which provided
the required material properties. The MMIC consisted
of 36 FET devices and 36 resistors produced by a dual-
energy ion implantation process. Experimental work
using a4 100-keV n* implant in combination with a 300-
keV n implant produced good agreement between the
measured profile and the target profile. Carrier concen-
tration profile reproducibility within about 9 percent for
approximately 35 waters isshown in Figure 2. Variation
in sheet resistivity within a water was typically +3 percent,
I'hese data were used to perform a sensitivity analysis on
the device characteristics of pinch-off voltage \'p. un-
gated drain source current I, . ON=state equivalent
drain-to-source resistance, and capacitance. The equiva-
lent resistance and capacitance values did not change by
more than b percent for fixed values ni'\'p and ungated
I, .. This analysis provided an important link between

I(1 o which was the process control parameter, and de-
S

sired device characteristics. The highly reproducible

I8

ion-implanted layers resulted in high-vield circuit fabri-
caton and closely matched circuit performance.
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Figure 2. [esign target and experimental variation from design for
35 wafers produced using dual-energy (100/300-keV) ion
implantation profiles indicate excellent uniformuey

Device and Circuit Fabrication

Begun in 1985, MED's 5,000-ft* cleanroom fabrica-
tion facility dedicated 1o GaAs fabrication was placed in
full operation during 1988. About 1,800 {t* of Class 100
areaisdedicated to electron-beam (e-beam) lithography
and photolithography operations. The remaining area,
which houses wet chemistry, thin film, and plasma proc-
ess operations, is maintained under Class 1000 condi-
tions. The completed facility permitsall MMIC and GaAs
FET fabrication to take place in nearly particulate-free
environments. Photographs of portions of the Class 100
and Class 1000 areas are shown in Figure 3.

The fabrication of reproducible gate lengths by e-
beam lithography was predominantly affected by the
pattern writing field size and associated on- and off-axis
beam stigmatism and focus. Gate length control with a
36 value of 0.035 pm for large e-beam writing fields
(=3 mm) and 0.020 pm for small e-beam writing fields
(<1 mm) was obtained by new procedures and enhance-
ments to system hardware and software for on- and off-
axis correction of beam focus and astigmatism. Software
techniques were also implemented that permit multi-
field writing schemes on the same wafer. Critical dimen-
sion features were written at small field sizes and small




(h) Class 1000 area

Figure 3. MED's GaAs FET and MMIC fabricanon cleanroom

beam spot size, whereas less critical geometries were
written at large field sizes and beam currents, thus
maintaining gate length control and increasing system
throughput.

Figure 4 shows a 0.25-um tee gate structure that
requires control of the beam focus, stigmatism, and
positioning. Two lavers of resist having different thick-
ness and sensitivities were exposed with the same beam
dosage. The differential development rates produced
the resist cross section required to form the metal gate.

The passivation of power metal semiconductor FET
(MESFET) channels is critical for eliminating the time-
dependent shift in the RF parameters and minimizing
handling and environmental damage to the MMIC chip.

19

MICROELECTRONICS

A low-temperature (250°C) device passivation process
using plasma-enhanced chemical vapor deposition
(PECVD) of Si,N has been developed. The filmsare de-
posited using SiH + NH, reactants diluted in He or N,
carrier gas. The deposited films exhibit a Si/N atomic
ratio of 0.75 and oxyvgen content of less than 1 percent;
they are under tensile stress of 10" dyne/cm?®,

High-aspect-ratio, 0, 25-wm ree gate formed using dual-
layer resists of different electron sensitiviey

Figure 4.

A combined wet acid and dry plasma cleaning pro-
cedure has been developed for surface cleaning before
nitride passivation. Figure 5 shows the pulsed, gate-drain
current transient measurement ol the FET alter nitride
passivation. [-V characteristic curves, taken at different
time intervals after the application of gate voliage f\-"k_).
coincide, indicating that this cleaning procedure re-
moves surface states and does not generate traps in the
GaAs devices. The new MESFET passivation using this
nitride deposition process produced changes of <10
percent  in \!I" saturated source-drain current ([:1«)‘
transconductance (8,,) and breakdown voltage {\’hr}
values. Parameter changes of P-PHEMT devices similarly
passivated were also <10 percentalter nitride deposition,

The high reliability of the passivated GaAs devices
was demonstrated by changes in the power MESFET
device parameters of <5 percent after the devices are
annealed at 300°C for 100 hr. Low-noise P-HEMTs
showed parameter shifts of nearly 10 percent after simi-
lar heating cycles. These shifts are believed to be due to
the dilference in the material structure of the channel

3 rF)
I'e ‘_L|I(ll1,
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Development of enhanced miniature microwave
active circuit (MMAC) processing on high-resistivity sili-
con was initiated for MTD. The silicon MMAC included
the following passive componcents: resistors, capacitors,
inductors, air bridges. and in some cases.via-holes through
the substrate to ground. Relative to astandard dielectric

substrate, the silicon motherboard offers advantages of

higher thermal conductivity for power amplifiers and
low-inductance via-holes to ground. Wells were formed
in the front silicon surface to permit a recess for active
devices that reduces the length and inductance of bond
wires from  the transmission line to the active device.
Via-holes etched through 1o the frontside well provide
ground contact 1o the active device.

0o
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Advanced Devices and Circuits

Veband, low-noise, 58-GHz, single- and dual-stage
MMICs based on P-HEMTS with 0.35-x 60-(im gateswere
developed. Measured noise figure and gain perform-
ance are shown in Table 1. These data represented the
lowest currently reported noise figure at V-band, More
importantly, the highly uniform fabrication process al-
lows routine cascading ol multiple MMICs for future
systems applications while still providing good noise
figure and usable gain, Figure 6 shows the dualstage
P-HEMT MMIC.

Table 1. V-band P-HENMT noise figure and gain

per formance
Number ?(’”sf’. Assoctated :\i;l:\-‘];_nlnllll
of Stages Bure Gaimn (dB) % ‘f‘! g
: (dB) Gain (dB)
1 3.9 3.5 7.2
2 5.3 8.2 10.2
| n.8 18.3 21.:1

GaAs monolithic amplifiers based on MESFET tech-
nology were developed at Viband for low-noise and low-
power applications. These MMICs, which had on-chip
DC blocking and bias networks, were [abricated from
both vapor phase epitaxy (VPE) and MBE materials. The
singlesstage power amplificr provided more than 4.5 dB
ol gain from 57 to 60.5 GHz, with a maximum output
power of 95 mW and a corresponding power-added

Figure 6, Dual-stage V-band P-HEMT LNA




efficiency of 11 percent at 58 GHz. At 73 mW, a maxi-
mum power-added efficiency of 15.3 percent was ob-
tained. A cascaded four-stage power amplifier demon-
strated stable operation, achieving a gain of 17 dB and
output power of 85 mW. In addition, the two-stage
balanced amplifier shown in Figure 7 provides output
power of 136 mW and linear gain of 7.5 dB at 56.5 to 60
GHv.
noise performance can be obtained from P-HEMT MMICs
and that power outputisachievable with MESFET MMICs
in the 60-GHz band,

These results demonstrated that excellent low-
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Figure 7. V-hand multistage LNA performance ilhastrates
excellent low-nose characteristic

A computer program was written to generate DC
characteristics and full RF equivalent circuits for both
HEMTsand P-HEMTs. Given the physical parameters of
the transistor (source, gate, and drain sizes; doping; and
laver thickness), the program predicts the currentvolt-
age curves of the device for the bias range of interestand
generates the equivalent circuit element values.

MED developed 1-W, discrete, power FETs with
power-added efficiency of >40 percent at 11 GHz that
promise 1o be reliable satellite power amplifier alterna-
tives to TWTs. Several of these FETs were combined in
a solid-state power amplifier (SSPA) to torm an element
of a phased-array antenna being developed by MTD.

Ku-band (14- to 14.5-GHz) low-noise amplifiers
(LNAs) were developed tor satellite applicatons. These
MMIC LNAs were fabricated on VPE and MBE material.
Electron-beam lithography achieved a gate dimension
of 0.35 pm forimproved RF performance. Source series

feedback tmproved circuit stability.  Both single- and
dual-stage LNAs were fabricated, with the dualstage
LNA containing on-chip interstage matching. Data on
these LNAs are presented in Table 2.

Table 2. Ku-band LNA noise figure and associated gain

Associated

Gain (dB)

Noise

Figure (dB)

Number
of Stages

] 2.0 7.5
2 2.5 18.0
| 2; 25.0

Four-cell, high-voltage (HV) MMIC amplifiers were
successtully tested ar bias conditions up 1o 40 V. A
resistive biasing scheme was implemented that allows
operation with a high-voltage supply and a single nega-
tive gate bias, eliminating three other gate bias supplies
at intermediate voltages, Subsequent testing showed no
degradation in performance of individually biased am-
plifiers. The HVFET MMIC amplifier shown in Figure 8
achieved output power of 28 dBm with power-added
efficiency of 20 percent and smallsignal gain of 8.5 dB.
The two-cell MMIC amplifier achieved output power of
29 dBm and power-added efficiency of 24 percent.
These accomplishments demonstrated that SSPAs can
indeed be biased at the satellite bus voltage ol 2840V,
This feature led to improved DC-to-RF conversion effi-
cieney by reducing or eliminating DC power lossesin the
power conditioning circuitry. In 1989, circuit tuning and
improved device efficiency will be used 1o improve
amplifier performance.

Measurement and Characterization

Fabrication processchanges thatincreased the value
of V,for high-efficiency GaAs power FETs produce a
phenomenon associated with FET current ransients
known as “premature power saturation,” in which the
FET fails 1o generate expected microwave power and RF
efficiency, Figure 9 shows gate input voltage versus time
and the resulting output (drain) current versus time for
a FET. The output current is proportional to the input
voltage, withasubtractive transient that decays with time.
This effect is caused by surface states that gain or lose
charge slowly compared with the rate of change of the
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Figure 8. High-voltage FET MMIC amplifier perfurmence suitable
far operation at satellite bus voltage of 28-40V
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Figure 9. Input gate voltage (a) and output drain current response

(b) resulting from swrface states on GiaAs show the improvement in

transient response from passiwation

gate voltage. The amplitude and time constants associ-
ated with the current transients allow prediction of the
premature power saturation that agrees with power
measurements and the surface state density.

An automated system was set up to measure the
output current transients for a large number of DC
drain voltages, thus providing a new tool for the study

of surface states on GaAs. This tool enabled the devel-

opment of process technology for realizing high-effi-
ciency FETs.

U-band, 44-GHz, MMIC power amplifiers based on
an optimized device structure (0.35-x 800-um gate) were

developed using MBE material and e-beam lithography.
The single-stage power amplifier achieved linear gain of
5.5 1w 6.5 dB at 42.5 1o 45.5 GHz. Output power of 22.5
dBm (175 mW) and associated gain of 4.6 dB were
obtained at 42,5 GHz. A cascaded hive-stage balanced
amplifier was fabricated to achieve usable power gain
and output power for system applications as shown in
Figure 10. Linear power gain of 15.1 dB and saturated

output power of almost 27 dBm (500 mW) were obtained
at 42 GHz.

F =42 GHz
PgaT = 0.5 W —
LINEAR GAIN =151 dB
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Figure 10. Prwer transfer characteristic and frequency vesponse of
U-band (42.5-1045.5-GHz), five-stage MMIC amplifier

Analytical Techniques

MED maintains sophisticated physicochemical ana-
lytical techniques to support microelectronics research
and development and to assist the rest of the Laborato-
ries and the Corporation in improving satellite commu-
nications technology. The TWT, amajor system element
on board satellites, is one of the life-limiting compo-
nents. The state-of~the-art TWT uses an oxide cathode
because of its light weight, long life, and ruggedness.
There are ongoing efforts in MED 1o understand the
operation of these cathodes and devise methods for
improving their reliability.

The following three phenomena linking cathode
failure to chemical composition were discovered. First,




two distinct morphologies were identified and their
composition studied: aglassy phase seen only in regions
where the oxide coating delaminated from the underly-
ing cathode nickel button (Figure 11a), and a rough
granular or nodular phase strongly associated with
adherent regions of the cathodes in both good and
failed cathodes (Figure 11b). Surface analysis of the two
morphologies verified that the glassy region was com-
posed of a compound of Ni,Zr that appears to have
melted at the operating temperature of the cathode.
The cause of the low-melting compound formation
remains under investigation. Second, carbon was found
indifferentvalence states thatrepresented carbonates or
carbides at the oxide-substrate interface, Such material
represented incomplete or inadequate oxidation of the
coating material during manulacture. Third, elemental

(b) Textwred surface of Ni granules chavacteristic of cathode regions
under adhevent oxide codting

Figure 11. SEMs of TWT cathode coating
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contamination by sulfur, a known metal embrittler, was
identified as the source of failure in one cathode.
COMSAT Laboratories has established a facility to
test the microwave properties of high-temperature su-
perconductor (HTS) materials, 10 help guide research
on methods of increasing their microwave conductivity,
and to determine if improved materials can be used 1o
enhance high-frequency MMIC performance.  Using
this facility, the quality factors (Q) of an aluminum
microwave resonance cavity with an HTS end plate and
a copper end plate have been compared at 15-18 GHz.
Figure 12 shows an example of Q versus temperature
data obtained for several samples of YBa,Cu,O. , an
HTS Bi_,( aSr,Cu, oxide compound, and a copper disk,
The cylindrical resonance cavity @ depends on
the square root of the conductivity of an HTS wafer
placed at the end of the cavity. The abrupt increase in

Q denoting the transition of the material under test to a
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Figure 12, Cawey Q as function of emperature showing the
superconducnng mransitions for vartous HTS samples and a
copper disk (a: copper disk, band ¢:  two samples of
YBa,Cu,0. d: Bi,CaSr.Cu, oxide)
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superconducting state, was used to determine the critical
temperature T . Figure 13 shows the morphological dif-
ferences resulting from two processing techniques used
to fabricate the bulk HTS material. The co-precipitated
sample (Figure 13a) appears to have fewer gaps between
microcrystallites, thereby providing better microwave
conductivity than the hot-pressed sample (Figure 13b) as
seen from curves b and ¢, respectively, in Figure 12,
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(h) Hor-pressed YBa Cu, O - sample

Figure 13, Surface morphology

At COMSAT Laboratories, radiation damage to
GaAsdevicesis presently characterized in terms of atomic

COMSAT LABORATORIES 1988

displacements or damage from an equivalent fluence.
This method differs significantly from the measurement
of deposited energy used for silicon devices and circuits.
Asimple, reliable radiation monitor has been developed
for determining the displacement capability ol a wide
viriety of radiation sources. The monitor is based on the
extremely linear change in resistance of GaAs as a func-
tion of radiation fluence and can be calibrated with a
simple ohmmeter. GaAs resistors are mounted in con-
ventional integrated circuit packages lor ease of use and
tested ina gamma irradiation cell and in an electron
accelerator for linearity and precision.  This monitor
provides a crosscalibration for the many gamma radia-
tion, charged-particle, and neutron radiation sources
used in testing GaAs FETs and MMICs.

High-level irradiation (>107 rads) by Cobalt 60 gamma
ravs, electrons, and neutrons degrades GaAs FET per-
formance by reducing effective doping levelsand carrier
mobility in the active channel regions. MED has previ-
ously shown that damage from Cobalt 60 gamma ravs
and 1-MeV electrons are qualitatvely similar. The 1988
cltortdemonstrated that neutrons ereate adifferent iype
of material damage but produce similar deviee degrada-
tion characteristics.

A thermalstress, accelerated-life test of COMSAT
MBE-grown, GaAs-based HEMT devices was conducted
to evaluate reliability and lifetime of these promising
devices in future satellite applications, HEMT devices
were subjected toaseries of high-temperature exposures
from 175°C to 275°C in steps of 25°C for 48 hr per step.
Inital values of ln«’ \'p. \‘I“. and g were measiured on
each device and after each thermal step. Device failures
were defined as a change of more than 20 percentin any
of the measured parameters. Preliminary reliability pre-
dictions based on tests of these few devices indicated that
mean time 1o failure (MTTF) exceeds 11,000 vears at
normal operating temperatures. Further testing on a
larger sample is underway to verifv these predictions.

Heat, voltage, and radiation are the three priman
sources of stress in solid-state devices. Voltage stressing
of metalinsulator-metal (MIM) capacitors typical of those
used in MMICs creates at least three failure mechanismes,
Only infant mortality, tentatively associated with pin-
holes that arise during device fabrication, is likely 1o
cause failure of MMICs under normal operating condi-
tions. This failure mechanism is easily identified in
device characterization tests and preselection criteria
were developed.
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A dualgate MESFET variable-power amplifier in the 33-
GH2z band has been developed. The single-stage ampli-
fier shown in Figure 14 demonstrates linear gain of 9.1
dB and dynamic range of 30 dB. A two-stage balanced
amplifier provides linear gain of 16.5 dB and maximum
output power of 253 dBm at 33 GHz. Minimal variations
in the insertion phase and power-added efficiency of the
amplifier as a funcuon of second gate control have been
demonstrated.

Figure 14a. Sinple-stage, dual pare MESFET Ka-band amplifier

GAIN (dB)

Vg™
+110 -4V

RETURN LOSS (dB)

-40
30 31 32 33

FREQUENCY (GHz)

Figure 14bh. Gain and mput retern luss illustrate the wide range of

fuee comirol om gam

INTELSAT SUPPORT

A new potential failure mechanism was identified in
the nickel-hvdrogen (NiH ) batteries used in INTELSA'L
satellites and other spacecraft programs.  This failure
mechanism was uncovered during product assurance
testing ol INTELSAT VI NiH, batteries in collaboration
with COMSAT's Applied Technologies Division (ATD)
and INTELSAT.
simulating eclipse seasonswere performed on INTELSA'L
V1 NiHll, batteries at both COMSAT Laboratories and

Hughes Aircratt Co, MED performed microchemical

Real-time and accelerated-life tests

analysis on the cell components, including the positive
plates and separators.  Electron-beam-excited, energy-
dispersive x-rav analysis showed that islands of platinum-
rich particles accumulate on the surface of the positive
plates, as shown in Figure 15, The presence of platinum
on the positive plate leads to local depletion of charge
and loss of cell capacity, but only positive plates from
INTELSAT V1 cells subjected to simulated eclipse cvele
testing showed evidence of platinum.  The source ol
platinum on the positive plates of INTELSAT VI cells
was traced to migration of particles from the negative
plate through the open wicot-woven Zircar separator,
whichdiftersfrom the dense asbestos used on INTELSA'L
V. Further tests and analvocal evaluation were underway
toascertain the impact ol this discovery about battery life
on the INTELSAT VI program.

In other INTELSAT support work, MED conducted
an investigation of potential shorting mechanisms in the
INTELSAT V solar arrav. Metallographic cross sections
olsolarcell/Kapton/graphite epoxy laminate structures
of test coupons were examined. The Kapton insulating
lavers were intact in all cases. Work will continue in 19849

to determine the probable fatlure mechanism.

OTHER

NIST Calibration Standard

The National Institute of Standards and Technology
(NIST) offers many certified standards to scientists
around the world. Among the newest of these is SRM
2135, a nine-layer sandwich of high-purity nickel and
chromium on silicon, which acts as a calibration stan-

dard for determining the argon ion sputtering rate in
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(b)
Figure 15, Buckscattered SEM image (a) and energy-dispersive
x=ray map (h) of platinum on the surface of a positive plate from
a life-tested INTELSAT VI NiH, battery, showing location

trf the _f'JL.unuun. islaneds
surface analysis instrumentation. It is fabricated by
alternately depositing 640-A nickel and 580-A chromium

layers onto a silicon substrate within the same vacuum

svstem, thus creating a contamination-free structure of

metal layers having very sharp interfaces. In a demon-
stration structure fabricated at COMSAT, the interface
sharpness was decreased from a value of 80 A (obtained
by previous contractors) to 65 A. The structure was char-
acterized using Auger electron analysis and argon ion
sputtering to resolve the layers (Figure 16). Under
contract to NIST, MED will prepare a new supply of ma-
terial for SRM 2135,
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Figure 16. Alternaung nicke! and chromuzm layers of SRM 2135
Standard as measwred by Auger electron spectroscopy depth profile
delimeatmg the high contrast between Niand Cr layers

Microwave Characterization of Devices and
MMICs

COMSAT Laboratories demonstrated and applied
for a patent on a method of using laser pulses for
microwave characterization of devices and MMICs on
GaAs wafers. The technique eliminates the need for
electromechanical contact that often damages the MMIC
during testing and interferes with accurate circuit pa-
rameter determination. A brief pulse of laser light on a
photoconductive gap generates a voltage pulse a few
picoseconds in width that travels along a transmission
line printed on the water. The voltage ;tmpiillltlu 18
sampled as the laser light pulse passes a sampling line
separated from the transmission line by a photocondue-
tive gap. Thisgapisilluminated with a second laser pulse
derived from the first by insertion of an optical delay.
Many such voltage samples, one per laser pulse, with
differing time delays, provide information about the
shape of the pulse. The pulse shape is converted to an
amplitude versus frequency spectrum by means of a
Fourier transform. The microwave performance of an
MMIC can be characterized by measuring the pulse
shapes before and after the pulses pass through a device
or circuit. Figure 17 shows amplifier microwave power
gain versus frequency for a GaAs MMIC.




1D_|'||||IT|||TI[|||i||F1T|!|I|II_

s —
@ o 7
n - o
. OF -
o - =
@ E =
z = -
£ =B =
] L =3
-10 -
sttt e e o bpvv e bo g v g e b a1

W
L+

2 L] 14 20 28
FREQUENCY (GHz)

Figure 17. Gain of an MMIC as measured wsing opucally
generated and sampled voltage pulses without probe
comtact to the samples

As a result of this work, COMSAT Laboratories was
awarded a subcontract by TRW, under the U.S. Govern-
ment MIMIC Phase T program, for preliminary study of
the technique. More recently. the MIMIC program
office awarded a MIMIC Phase 111 contract to COMSAT
Laboratories (with TRW, the University of Maryland,
and EE&G as subcontractors) to develop commercial
equipment for the optical method of characterizing
MMICs on GaAs walers.,

Ion-Implanted Hyperabrupt Varactor Diodes

COMSAT has ongoing programs with Hughes Air-
craft Co. and the Naval Research Laboratory to develop
ion-implanted hyperabruptvaractor diodes for insertion
into a voltage-controlled oscillator (VCO) circuit. A
hyperabrupt impurity profile (Figure 18, curve a) is
required to produce a varactor with Q of 10, capacitance
tuning ratio of 17 to 1, and maximum operating voltage
of 3.5 V. Modeling has shown that it is possible to
produce a close approximation of this impurity profile
using 6-MeV silicon and sulfur ions and low-energy sili-
conions (curve b). The experimentally achieved profile
isshown by curve . Waorkisin progressto produce anion
dimplant and anneal process that more closely matches
the modeled result. MMIC wafers intended to be used as
VCOs at frequencies between 14.5 and 26,5 GHz were
fabricated for Hughes Aircraft Co. Other devices in-
cluded an ion-implanted FET, associated inductors, and
thin-film capacitors.

(i)
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Materials Analysis

In 1988, MED continued to provide materials analy-
sis expertise on a contract basis to other laboratories,
corporate divisions, and outside customers worldwide.
For example, MED provided analvtical assistance to the
following organizations involved in various acrospace
battery programs: British Aerospace PLC, NASA, Messer-
schmitBolkow-Blohm (MBB), and Aerospatiale. The
David Taylor Research Center of the U.S. Naw ap-
proached COMSAT for assistance in identifving the
cause of premature failures of K-Monel components on

submarines. Auger election analysis of fracture surfaces
proved the key to understanding the metallurgical na-
MED and ATD also combined
efforts to supply gold-plated silver solar cell intercon-
nects toa NASA subcontractor for use in the Explorer 11
platform spacecraft program.

ture of the weakness.,

U.S. Air Force Transmit/Receive Modules

MED began work in late 1988 for Unisys Corpora-
tion to produce 75 transmit/receive modules for the
U.S. Air Force. An LNA for the receiver, a power
amplifier, and amplifier driver chips were designed and
scheduled for production and testing in 1989, They will
be assembled into hermetically sealed packagesin 1990.
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Figure 18. Hyperabrupt ion implant profiles for the VOO showing
the excellent agreement between the modeling and the actual
device ideal (gamma of 1.5) (a), modeled profile (b),

measured device profie (¢)
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he Applied Technologies Division (ATD) provides a broad range of research and development capabilities in
disciplines such as controls; dynamics and propulsion; satellite telemetry, tracking, and command; traveling

wave tube amplifiers (TWTAs); structures, mechanisms, and thermal control; power systems, energy

conversion and storage; reliability and quality assurance; and environmental and qualification testing. The
design and fabrication facilities of COMSAT Laboratories are part of ATD. ATD is responsible for extending
satellite lifetime and reliability, and supports development programs in other divisions, such as the
multibeam antenna program for Intelsat Satellite Services (ISS) within COMSAT's World Systems Division
(WSD). ATD provides engineering support under contract to INTELSAT and for other spacecraft programs, including
INMARSAT 11 on behalf of the COMSAT Systems Division (CSD). In 1988, AT initiated development of a common
pressure vessel nickel-hydrogen (NiH,) aerospace battery under a joint development with Johnson Controls, Inc.;
continued thermal and mechanical design of the multibeam phased-array antenna; and provided major support to ISS, in
its role as U.S. Signatory to INTELSAT, in the technical evaluation of proposals for the INTELSAT VII satellite system.

COMSAT JURISDICTIONAL R&D

Analytical Techniques

In 1988, research on analytical wechniques contin-
ued to improve the overall analytical capabilities of ATD.
I'his improvement was accomplished by adding new
software, enhancing and converting existing software,
increasing accessibility to local area networks (LANs),
and training  personnel using the software.

ORBIT and PWFP, two digital computer programs
for simulating the dynamics and performance of the roll-
vaw control system of a wheel thruster, were developed
and validated. They were applied to simulation of the
INTELSAT V auitude determimation and control sub-
svstem (ADCS). The advanced continuous simulation
language (ACSL) program, obtained in 1987, was used to
develop these programs,

Several programs widely used inindustry were
modilied and enhanced: NASTRAN, used for finite
clement structural analvsis; SINDA, used for thermal
analvsis; PATRAN, a pre- and post-processor for NAS-
TRAN and SINDA:; CADKEY, a three-dimensional com-
puter-aided design program; MSC-PALZ, used for stress
and vibration analysis: and ACSL and CTRILAC, used for
controlsvstem design, analysis, and simulaton. Filesand
data were transferred between programs and computers
by means of in-house and Initial Graphics Exchange
Standard (IGES) translators.

28

Education and training were provided for CADKEY,
MSC-PALZ, the INERTA mass properties program, and
NBOD2 and DISCOS dynamics programs,

Automated Satellite Command and Control

Satellite command and control center requirements
are becoming more severe as the numbers and the dit-
ferent types of satellites increase. For example, in the
19905, several INTELSAT satellites from three different
serieswillbe operational. Despite this changing environ-
ment, the operating criteria will remain the same. The
satellites must be operated safelv. high availability of
communications service must be maintained, and the
operating cost must be minimized. Automation in the
control center is needed to ease the growing conflict
between the operating environmentand the criteria for
good performance.

To organize control center functions thatare candi-
dates for automation, three key areas of technology
were identified: expert (or knowledge-based) systems,
simulators, and computers. Investigation of real-time,
parallel computers began with an architecture involving
coprocessor boards with a microcomputer or worksta-
tion as host. Each coprocessor could contain up to tfour
parallel processors. The processors, designed for high
performance and easy integration with other processors,
had high-speed processor-to-processor communication
links, on-chip high-speed random accessmemory (RAM),
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and on-chip tmers. Of several available software
development alternatives, parallel FORTRAN (stan-
dard FORTRAN augmented with parallel constructs)
was selected for initial work to achieve coarse-grain
parallelism.

A demonstration project used the parallel com-
puter as a real-time, hardware-in-the-loop simulator,
By the end of 1988, the simulator control and moni-
tor software from the Direct Broadceast Satellite simu-
lator was successiully downloaded and modilied tor
the parallel computer. In 1989, the application sofi-
ware will be downloaded and adapted. and the hard-
ware placed in the control of the parallel computer,
thus completing the demonstration,

Multibeam Phased-Array Antenna

During 1988, to satisfv the system requirements, a
new conceptual design for the high-power, dual-polar-
ized Ku-band array was developed. As in previous con-
figurations, heat pipes were used to transport 875 Wol
heat dissipated in the multibeam antenna (MBA) 1o re-
mote radiators for rejection to space. The baseline mod-
ule comprised the following components and subassem-

blies:

e 24 feed horns

e 24 orthogonal mode uwansducers (OMTs)

e 48 high-power amplifiers (HPAs), 24 for
each polarization

s 2 beam-forming matrices (BFMs), one for
each polarization

+ 2 controller assemblies, one for cach

polarization
¢ 2 redundant power supplies, one for each
polarization

¢ b redundant heat pipe assemblies.

Figure 1showsthe MBA conceptual design. The 24
teed horns are configured in a hexagonal shape (five un-
equal rows in a staggered pattern) 1o facilitate the inter-
leaving of MBA modules to form a complete array. The
HPAs are mounted as close to the heat pipes as possible
to minimize the temperature gradient between the highly
heat dissipating lield etfect transistors (FETs) and the
HPAs
indicated that the FET junction temperatures  were

heat pipe vapor. Thermal analysis of  the
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Figure 1. Multibeam high-power active phased array

acceptable. The estimated weight of the entire MBA
module was 47 kg.

The overall controller for the Ku-band high-power
array is a distributed hierarchical controller comprising
the executive controller, the data distribution and tim-
ing unit (DDTU), the local controller module (1LOCM)
unit, and several monolithic microwave integrated cir-
cuit (MMIC) drivers in the BEM unit. In 1988, the con-
troller design was changed to accommodate improve-
ments and system requirements. The controller was in
an advanced state of development by the end of 1988, An
LCM breadboard was tested, and the computer-aided
design of the LCM printed circuit board was completed
In addition, the LCM board and the LCM
unitmechanical parts were fabricated. The DDTU was

(Figure 2).

completed, and  the executive controller was almost
completed.

Work was performed on the controller for the 64-
clement low-power arrav. The MMIC drivers for the
array were completed. Fabricated on alumina boards,
these circuits were integrated with the MMIC circuits.

The performance and functional requirements of
the power supply for the Ku-band high-power array,
as well as design goals (such as high efficiency, small
volume, and low mass), were developed and coordi-
nated with other disciplines. This power supply pro-
vides regulated DC power to the high-power solid-state
power amplifiers (SSPAs), the BFM MMICs, and the




digital controller. It will be mechanically and thermally
integrated with the high-power array module.

A design for the SSPA drain voltage supply (350-W
total load) was developed using state-of-the-ar topology
and components (i.e., integrated magneticsand ceramic
capacitors).

Figure 2. Local control module board for the high-power array

Advanced Satellite Thermal Control

A thermal control design concept was defined and
developed for spacecraft with a modularized multibeam
phase-array antenna system. A capillary pumped two-
phase heat transter loop (CPL) transports the MBA heat
dissipation to spacecraft radiator panels. Design data for
the CPLwere scaled from a future NASA Goddard flight
experiment, TEMP-2C. A spacecraft radiator panel fea-
turing L.90-cm-diameter axially grooved aluminum /am-
monia heat pipes was area-and weight-optimized by vary-
ing the heat pipe spacing and thickness of the panel
skins. The heat transfer intertaces between the MBA
heat pipes and the CPL and between the CPL and the
spacecraft radiator panels were analvzed, and design
curves of required interface weight versus temperature
gradient were generated. Spacecraft area and weight
requirements were defined as functions of the required
temperature at the MBA amplifier chip interface.

APPLIED TECHNOLOGIES

Early Failure Detection of TWTs

The principal reliability risk in space traveling wave
tubes (TWT's) remains the thermionic oxide cathode,
which is susceptible to subtle processing faults that may
resultin early failure (3 to 5 vears),
rather than the theoretical value
of 15 vears. For the current gen-
eration of spacecraft, traditional
cathode tests are not satistactory
because a suitable diagnostic test
hasto be applicable after the TWT
hasbeen integrated with its power
supply, an electronic power con-
ditioner (EPC), to form a TWT
amplhifier (TWTA).

In an effort to reduce the
numberof early failures, time fluc-
tuating (also called noise) proper-
ties of the cathode current are
being investigated with the goal of
demonstrating correlations be-
tween characteristic signatures and
cathode anomalies. Theorv and
observation show that physical and
chemical irregularities in the ox-
ide or its bonding to the metal sub-
strate can lead to excess noise, Sev-
cral frequency ranges are being studied; the lowest cor-
responds to slight variations with time during a life test.
In three typical space TWTs, tiny jumps in the filament
current have occurred on a daily time scale. It has been
concluded that this is a normal, benign effect, probably
resulting from slight physical shifting of the filament.

AL B0 to 1,000 Hz, enhanced notse termed “flicker

1

noise,” which varies with surface conditions, occurs.
However, regardless of the high-frequency selectivity of
modern spectrumanalyzers, the broadband background
noise due to the EPCand the environment may mask the
cathode signatures corresponding to this small signal.
Testswill be performed on a TWT known to demonstrate
this effect,

At 10 1o 30 MHz, noise is more readily detectable
above the background; work will continue to identify
signatures in the dependence of this noise level on
cathode current and temperature. During the cooling
ol a normal cathode after  filament

down power




switchoff, sharp increases in noise level have been ob-
served, More work is required to quantify these effects
and compare them with the behavior ol nonnormal
cathodes.

A chemical study of the surtace bonding ol the oxide
cathode is being carried out in COMSAT Laboratories’
Microclectronics Division (MED),

Expert Systems Applications

Expert systems applications (ESAs) have been stud-
ied with the goals of lowering the cost of satellite opera-
tons and minimizing the risk to in-orbit assets and
service. This project focuses on the use of knowledge-
based (or expert) systems to overcome problems in
attitude control, electric power, thermal control, propul-
sion, and orbit determination and control that occur
during either normal or abnormal spacecraft operation.

During 1988, the following goalswere accomplished,
The design of the first prototvpe expert system, the
ISSESA, which diagnoses the failure of the pitch control
loop of a wheelstabilized spacecraft, was improved and
completed. A prototype of the satellite command assis-
tance and monitoring expert system (SATCAM), which
treatsa planning problem somewhat differently from the
ISSESA diagnosis problem, was initiated. A report on
the risk and cost reduction benefits of ESAs in satellite
control centers was completed. The best architecture
was selected for extending the attitude control system
simulator by the addition of the selected electrical power
system simulator.

The integrated attitude control and electrical power
system simulator will be applied to semi-independent
but cooperating ESAs that will be investigated in 1989,
The SATCAM expert system will be completed in 1989,

Advanced Stationkeeping Techniques

The solid-propellant apogee motor has been sup-
planted by liquid propulsion systems on many of the

newer communications satellites. Additonally, some of

these configurationsare spun to achieve inertial stiffness
during the several motor firings used to raise the satellite
from the elliptical transfer orbit to the final, circular,
geostationary orbit. The interaction of the spinning
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spacecraft body and the large liquid mass fraction can
resultin dynamicalanomalies, e.g.. spin instability, as the
properties of the body change due to liquid consump-
ton during moror fire. Thisworkattempis to analytically
predict the dynamic effects of the liquid,

A survey of analysis methods applicable 10 static
stability of spinning spacecralt with tanks partially filled
with liquid was completed. Because Guibert's method
was the easiest to implement, a computer program was
developed to compute the parameters in Guibert's crite-
rion for static stability. The program is being validated
using stability results for INMARSAT [1 developed by
British Aerospace.  Presently, the capabilities of the
program are restricted to analysis of cylindrical tanks
with hemispherical ends.

Small Earth Station Tracking

The primary method available for extending the
maneuver lifetime of geostationary satellites is to save
propellant by eliminating north-south (N-5) station-
keeping. This results in an increase in orbit inclination
at the rate of approximately 0.9 per vear. As a conse-
quence, earth station antennas, many of which could
remain essentially fixed on the satellite in orbit, must
now track the satellite motion as seen from the ground.
If the satellite is located at the same longitude as the
earth station, the motion appears as a figure eight with
the amplitude proportional to the satellite inclination.
For earth stations offset in longitude, the figure cight is
skewed as a function of longitudinal separation,

The performance of large carth stations has been
optimized by step tracking in which a satellitegenerated
beacon signal is used 1o control the antenna position.
Because these systems involve a beacon received in the
loop, theyare somewhat more costly than asimple open
loop programmable system in which the ephemeris
data are used todetermine satellite position. INTELSAT
has eliminated N-S stationkeeping for a number of
INTELSAT V satellites.

COMSAT has sponsored a small earth station track-
ing verification project to study and compare the per-
formance and cost of step tracking and program track-
ing for small stations in the 4.5-m class. An existing
antenna was modified, as shown in Figure 3 to accom-

maodate both tvpes of control, The system was imple-
mented at C-band and is tracking the INTELSAT TV-A




satellite, which had an inclination of approximately 3.5°
at the start of the evaluation period.  Following an
extended test period, a report describing results and

recommendations for low=cost implementation will be

issued.
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Figure 3. Small carth station tracking confipuration

Satellite Life Extension Studies

The possibility of extending INTELSAT spacecraft
life up to 15 years encouraged the study of the durability
and performance of Ni-Cd and NiH, batteries. The bat-
tery performance computer model consisted of a mul-
tiple linear regression function and an error function.
The voltage and life expectancy of all the baueries on
board INTELSAT satellites were calculated from orbital
data for the 1988 autumnal eclipse season. Efforts are
underway to improve the prediction model by modifying
the constantsin the regression equation toreflect changes
in the design of the battery, such as the amounts of
potassium hydroxide, separator, and additives. An accel-
erated cycling test of flight-type Nil 1, cells has been initi-
ated to determine the mean time to failure (MTTF) and
thereby refine the prediction model. INTELSAT Vand
VI cells have completed 4,193 and 4,651 cycles, respec-
tively, without significant change in performance.

COMSAT NONJURISDICTIONAL R&D

NiH, Aerospace CPV Battery

During 1988, ATD initiated a project to develop a
prototype test module of the NiH, common pressure

AZEL RESOLVER
SUPPORT STRUCTURE

vessel (CPV) aerospace battery. This projectisintended
to exploit, for aerospace use, technological achieve-
ments from a previous Sandia National Laboratory pro-
gram in which a terrestrial CPV battery was developed.
After thermal modeling studies, a cylindrical design was
selected thatallows for the passive removal
of heat. Optimization studies were per-
formed on various CPV
variable number of cell modules for awide

diameters with a

range of applicatons. A lightweight In-
conel pressure vessel was designed and
fabricated, and a laser welding technique
was used for final vessel closing. Assembly
and testing of thisaerospace CPVare sched-
uled for early 1989. CPV technology offers
significant improvements in specific en-
ergy (energy per unit weight) and energy

density (energy per unit volume),

COMSTAR/SBS Batteries

Batteries representative of those being used in the
COMSTAR and Satellite Business Systems (SBS) satel-
lites continue to be life-tested in a charge and discharge
cycling regime that simulates real-time battery opera-
tion in orbit. Test results provide a database for project-
ing in-orbit performance and lifetime expectancy on
board COMSTAR and SBS satellites. By means of a
computer model, the expected end-of-discharge voltage
onthelongesteclipse dayis calculated and performance
forecast. The COMSTAR-type batteries have completed
26 eclipse scasons, whereas the SBS-type batteries have
completed 17 eclipse seasons. The real-time life testand
the performance projections provide a basis for estimat-
ing the battery capability for operating these satellites up
to and beyond their contractual lifetime.

COMSAT SUPPORT
Technical and Engineering Support

During 1988, ATD provided technicaland engineer-
ing support to several COMSAT business units, includ-
ing ISS, Maritime Services (MS), and CSD.

ATD efforts in support of ISS and MS involved
technical studies and reviews related to COMSAT s role



as U.S. Signatory to INTELSAT and INMARSAT. For
ISS, ATD’s major effort was technical evaluatnon of pro-
posals for the development and procurement of the
INTELSAT Vllspacecraft system. Thisevaluation aided
ISS in establishing its position on the program during
INTELSATs proposal deliberations. ATD led the 25-
member evaluation support team, which included ex-
perts from COMSAT Laboratories and CSD's New Jersey
and Calitornia operations. ATD conducted periodic
studies and reviews of satellite programs for the U.S,
Signatories in their roles as delegates to the INTELSAT
and INMARSAT technical committees.

ATD ettorts in support of CSD included quality
assurance for a Voice of America satellite interconnec-
tion system contract, and continuing studies and experi-
ments on ground-based Ni-Cd batteries used for lifetime
ATD also
acted as spacecraft subsystem  consultant 1o the
INMARSAT 11 and INTELSAT contracts being man-
aged by CSD.,

prediction of their orbiting counterparts.

INTELSAT CONTRACTS

INTELSAT V and VI Batteries

In life-testing the INTELSAT V NiH, battery, ATD
discovered that some cells experienced loss of water
from their electrode stacks, This water accumulated in
the free volume of the cell’s pressure vessel. When water
is lost from the stack, the concentration of electrolvie
mereases. s volume decreases in the stack and the cell
voltage is adversely atfected by ohmic and electrochemi-
cal effects, The affected cells experience a higher ON-
charge and lower discharge voltage than normal cells,

Similar anomalous lowvoltage performance was
subsequently observed for some cells in several of the
orbiting INTELSAT V NiH, baueries. During 1987, a
rejuvenation procedure was developed and then imple-
mented as a test on one battery, in time for the 1988
vernal equinox. Because this procedure produced the
desired result of correcting the low-voltage performance
of the affected cells, it is presently being used for six

additional in-orbit batteries. INTELSAT is considering
routine use of the procedure for all INTELSAT V NiH,
batteries.

INTELSAT VI Nil l__, cells suffer not only a capacity
loss when stored for extended periods at room tempera-

ture in the open-circuit discharged condition but also a

low~voltage second plateau m their discharge profile. In
support of INTELSAT VL ATD continued astudy under
the Laboratories’ Engineering Assistance Contract
(LEAC) showing that capacity maintenance characteris-
ticswere the samewhen cellswere stored either passively
at0°Cinan open-circuit discharged condition or trickle-
charged at 0°C at the C/600 rate. Neither of these
procedures s suitable for recovering the lost capacity,
but the conventional trickle-charge method at C/100
helps in capacity recovery and in eliminating the second
plateau.

A life test using two quadrants (two 16-cell batteries)
of an INTELSAT VI NiH, battery continues to provide
data about the operating features of the battery in real-
time eclipse simulation.  After five seasons of testing,
there is no marked difference in change of discharge
voltage between the positive precharge and hyvdrogen
precharge batteries: the capacity ol the hvdrogen pre-
charge battery has increased by 2 Ah and that of the
positive precharge battery has decreased by 3 Ah.

INTELSAT VI BAPTA Testing

During a Hughes Aircraft Co. (HAC) life test of the
electrical contact ring assembly (ECRA), a failure due to
an open in the power circuit occurred. A constanttorce
negator spring was used in the bearing and power trans-
fer assembly (BAPTA) powersection to keep the brushes
in intimate contact with the slip rings. The BAPTA, a
single-point failure device, is the satellite spun-despun
interface that transfers electrical power and telemetny
An ATD BAPTA was
retrofitted with the cantilever spring design adapted by

signals by means of slip rings.

HAC to replace the negator spring design. Designs were
developed for an overspeed control circuit, as well as
analysis and computer simulation of a working speed
control circuit for the BAPTA. Both circuits were suc-
cesslully integrated in the BAPTA conwrol electronics,
and a life test was instituted. The primary assemblies in
the BAPTA are the bearing assembly and the ECRA (Fig-
ure 4). The BAPTA with the new cantilever spring
design is being subjected to a real-time life test to assess
the long-term performance of the bearing assembly and
the ECRA.

The performance of the bearing assembly and the
ECRA is critical in sustaining the life of the satellite




because neither system has a redundant backup. The
BAPTA s being tested ina thermal vacuum environment
to simulate in-orbit conditions.  An instrumentation
system fully monitors and assesses the performance of
the ball bearings and ECRA during the life test. Continu-
ously monitored parameters are the drive motor voltage
and current, input drive power, temperatures at several
locations, bearing lubrication film condition, noise sig-
nature generated by the bearing, and power brush noise
in the ECRA. The friction torque of the bearing is com-
puted. The BAPTA has demonstrated normal perform-
ance since the beginning of the life test.

Figure 4. INTELSAT VI BAPTA

Under an initial contract with HAC and the LEAC
with INTELSAT, ATD is conducting an accelerated life
teston the ECRA with the coil spring design. Parallel life
testing of both designs provides added assurance that
the launch schedule will not be seriously compromised
if an ECRA fails. The nominal in-orbit speed of the

APPLIED TECHNOLOGIES

ECRAis 30 rpm. Toaccelerate the life test, the ECRA s
being run at 300 rpm. The system is being tested in a
thermal vacuum chamber to simulate a space environ-
ment. Though there have been several interruptions
due to instrumentation problems, the ECRA has per-
formed normally in the accelerated life test since July
1988.

INTELSAT VI Thermal Model Conversions

Overall, detailed, analvtical thermal computer mod-
els of the INTELSAT V and VI spacecraft have been
obtained from Aerospatiale and HAC, respectively. Under
the LEAC, ATD is converting these models to SINDA
thermal analyzer program format for INTELSAT's use.
This conversion will allow INTELSAT 1o assess the ther-
mal consequences of in-orbit anomalies or unusual
operation modes. Translators have been written to
convert the 10 INTELSAT V models simulating 72
orbital environments.

Conversion of the INTELSAT VI overall model and
communications subsystem model, involving 22 thermal
maodels, is in progress,

TWTA Enhanced Reliability

To improve the 10-year long-life reliability of space
TWTAs 1o 15 years, ATD is continuing to perform an
experimental program of multiple-stress screening tests
on flight-type TWTAs, under contract to INTELSAT.
Although manufacture is carried out under the most
careful conditions, final acceptance of units as flight
models is always based on satisfuctory completion of
screening tests designed 1o indicate weaknesses that
couldlead to premature degradation or failure. In-orbit
experience has shown that more rigorous procedures
are needed to meet the increasing life requirements of
new-generation spacecraft.

In this program, experimental regimes ol cyclic
operating condition and temperature variations  are
being applied 1o a population of 20 Ku-band TWTAs
built for the INTELSAT VI spacecraft series. Two units
at a time are tested in the apparatus shown in Figure 5,
while the temperature is raised and lowered slowly be-
tween high and low plateaus, with a cycle time of 12 hr.



Under computer control, the operating RF
power, DC voltages, on/off, and other con-
trol functions are switched for a period of
some days, while all sensitive parameters are
being precisely recorded. The variations are
chosen cither to trigger latent faults or to
show anomalies that could indicate reliability
problems.

Large volumes of data are collected in

such tests. Presentation of these data in a
form that would be readily useful in a manu-
facturing environment is an important ele-
ment of the program. Typically, in such tests

signatures for device parameter variations are
developed that are easily seen only in graphic

Figure 5. Equipment for multple stress testing of TWTAs

presentations. Figure 6 shows hundreds of
data points for three operating parameters
plotted by the computer as a function of tem-
perature. The complete data for one test can be pre- The test program is intended to show the practical

sented on three transparencies for easyviewing. Irregu-  utility of such multiple-stress testing: this is followed by a
larities can be seen at a glance and can be further inves-  life-test program to show whether subsequent behavior
tigated by comparison with time plots, or if necessary, by~ can be correlated with observations during the test
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OTHER CONTRACTS
Environmental Test Laboratory

ATD operates the Environmental Test Laboratory.
During 1988, vibration, shock, temperature, and humid-
ity test services were provided under contract to several
customers, including Weinschel Engineering and
CONTEL.

Design and Fabrication Center

The design, machining. and plating tacility provided
services to outside customers for several projects.
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An antenna feed system comprising a prime focus
feed horn and a four-port, dual, circularly polarized
diplexer was designed and fabricated for British Tele-
com. The feed system was installed in the Goonhilly
Aerial No. 1, and the expanded frequency allowed the
antenna to operate with both INTELSAT and INMAR-
SAT satellites. Feed systemswere also delivered to Dalsat,
CONTELASC, COMSAT General (forinstallation in the
U.S.S.R.). and American Technical Communications
Corporation.

Several large weldments for radar acquisition ranges
were supplied to System Planning Corporation for field
mstallation, Above- and below-deck electronics for the
MARISAT 9100 communications system were manufac-
tured for Mobile Telesystems, Inc.




he Communications Technology Division (CTD) carries out research and development and provides technical
support in transmission, video, and voice-frequency band processing; systems simulation; and systems analy-
sis and synthesis. Advanced communications systems architectures and technologies are used extensively to

achieve the lower equipment costs and improved transmission efficiency necessary to maintain the cost-
competitiveness of satellite communications relative to other media. These advanced architectures and
technologies depend, in turn, on widespread application of digital signal processing techniques. Examples of such devel-
opments in 1988 include 4.8- and 16-kbit/s low-rate speech encoding; 140- and 155-Mbit/s modems and codecs
constrained to pass signals through the standard 72-MHz satellite transponders; and an on-board multicarrier digital

demultiplexer demodulator development.

Other significant efforts in 1988 include reduced-complexity decoding

techniques, advanced mobile communications technology, digital circuit multiplication equipment (DCME) protocol
analyzers, three-channel TV multiplexers, modified National Television System Committee/phase alternating line rate
(NTSC/PAL) processors, mobile gateway earth station technology, spread spectrum simulation software, and advanced

digital signal processing.

COMSAT JURISDICTIONAL R&D

Advanced On-Board Digital Processing

The objective of this project is to develop a proof-of-
concept (POC) model ofan integrated, on-board, multi-
channel demultiplexer/demodulator unit and associ-
ated test bed. Such technology will not only improve
link signal-to-noise ratio (S/N) efficiency and provide
imterconnectivity ina multibeam system because individ-
ual carriers can be separated and demodulated on board
the satellite, but will also make the on-board processor
mdependent of the frequency plan and transparent to
groundusers. Exceptfor the demultiplexer IF frontend,
the embodiment is completely digital and thus its fre-
quency plan can be reprogrammed from the ground.

The systems-level architecture, defined in 1986, was
refined in 1987. The effort in 1988 focused primarily on
hardware development.

The ftast Fourier transform (FFT) and inverse FFT
(IFFT)subsystems of this on-board processor comprise
more than half the on-board hardware. A composite
butterfly architecture allows the same general structure
to be duplicated and used in several locations in both the
FFT and IFFT.
delay/switch/delay (DSD) function is implemented in
very large-scale integration (VLSI) form. DSD operation
requires eight application-specific integrated circuits
(ASICs) developed by COMSAT and about 20 off-the-
shelf complementary metal oxide semiconductor

In addition, the hardware-intensive

38

(CMOS) support chips. Eight DSD ASIC chips, shown
in Figure 1, and approximately 20 support chips replace
the hardware of three 370-mm x 400-mm boards when
discrete ICs are used. In addition to the size reduction
with VLSI, the power is also reduced by a factor of 6.4.

The POC model will be completed in December

1989.
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Figure 1. Delav/switch/delay ASIC chip

140-Mbit/s Coded Octal-PSK Field Trials

A system capable of carrying 140 Mbit/s through a
standard 72-MHz transponder to allow efficient restora-
tion of the TAT-8 fiber optic cable wascompleted in 1987
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and reported in the COMSAT Laboratories” 1987 Annual
Report. Until this system was developed, the maximum
data throughput for this satellite channel bandwidth was
120 Mbit/s. The coded octal phase-shift keyed (COPSK)
system consists of an 8-PSK modem combined with arate
7/9Viterbi codec. Laboratory testing indicated that this
system is capable of providing better biterror rate (BER)
performance than the current 120-Mbit/s QPSK system,
and providing transmission at the required 140-Mbit/s
rate.

During the first half of 1988, COMSAT conducted
performance tests of this system between the U.S.. the
UK., and France. Two COPSK systems were included in
these tests, one belonging to COMSAT s Intelsat Satellite
Services (ISS) and the other to INTELSAT. Boath units
were designed and built at COMSAT Laboratories.

After careful equalization and characterization of
the links, BER was measured in both directions for each
transmission link. In Figure 2, the results of the Roaring
Creek to Pleumeur Bodou measurements are compared
with typical 120-Mbit/s satellite loopback performance.
The COPSKsystem is thus capable of providing transmis-
sion at 140 Mbit/s with improved BER performance
when operating over a nonlinear channel.
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Figure 2. Comparison of 140-Mbit/s COPSK with [ 20-Mbit/s

Reduced-Complexity Decoding of
Convolutional Codes

Since the introduction of the Viterbi algorithm in
1967, many attempts have been made to reduce its
computational complexity for decoding long convolu-
tional codes while maintaining a near-optimal BER per-
formance. Reduced-state and reduced-path Viterbi de-
coding methods have been proposed and extensively
investigated. The main drawback of these schemes is the
error propagation property. That is, once the correct
path or state is eliminated from the set of survivors in the
convolutional code trellis, the decoder is unable to
resynchronize itself to the correct state, even if the chan-
nel remains noiseless afterward. A reduced-complexity
decoding algorithm that does not propagate errors was
introduced and analyzed. For long codes, its computa-
tonal complexity and memory requirements are less
than with the Viterbi algorithm, while its asymptotic
BER performance is equivalent to that of a maximum-
likelihood decoder.

Rather than decoding the random sequence of
equally likely received channel symbols, the reduced-
complexity decoding algorithm computesand processes
a syndrome sequence that is an encoded but noisy
version of the channel noise. The decoder output, an
estimate for channel noise, is used 1o correct errors in
the received sequence. Figure 3 shows the BER (Ph} and
eventerrorrate (P ) performance curves of the reduced-
complexity decoder (RCD) for a memory order 13
quick-look-in convolutional code of rate 1 /2, prm‘.cssing
64 or 94 paths at each decoding step. Ata BER of 107,
with soft decision decoding, this code givesabout 0.4 dB
of additional coding gain over the 6G4-state code with
maximum-likelihood decoding. Also, ata P, of 107,
more than (.7 dB of extra coding gain is achievable.

Bidirectional Trellis Decoding

Bidirectional trellis decoding is a reduced-complex-
ity method for sofi-decision decoding of block codes.
Unlike the Viterbi algorithm, which processes every
trellis state, the bidirectional decoding algorithm takes
advantage of the code structure to identify and processa
small subset of pathsin the trellis diagram containing the
most likely path. The algorithm examines a received
block of channel symbols in the forward and backward
directions and selects the most likely codeword as the




transmitted message. The bidirectional algorithm re-
quires significantly fewer computations per decoded bit.
Extensive analysis and computer simulations indicate
that, for special classes of block codes, the BER per-
tormance of the bidirectional decoding algorithm is
equivalent to that with a maximum-likelihood decoder,
This decoding scheme allows simple. low-cost implem-
entation of soli-decision decoders for powerful block
codes.
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Figure 3. Performance curves for a memory order 13 convolutional
codde of rate 112 with eight-level soft decision over an
additive white Gawssian noise channel

B-ISDN Compatible Modem/Codec

INTELSAT is expected to provide broadband inte-
grated servicessuch as broadeast TV, high-definition TV,
and data transmission at high rates. Modulation and
coding schemes have been investigated that can achieve
high-quality transmission of information at the broad-
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band integrated services digital network (B-ISDN) rate
of 155.52 Mbit/s over 72-MH7 transponders. Of particu-
lar importance is the hardware realizability of the se-
lected modulation tormat and code. Several candidate
coded modulation schemes have been investigated and
analyzed. In particular, a COPSK modulation of rate 31/
36and channel symbol rate of 60 Msymbol /s provide an
asymptotic coding gain of 3.5 dB over uncoded QPSK
and can readily be implemented with available technol-
ogyv. The channel symbol rate of 60 Msymbol/s was
selected because the earth station subsystems have al-
ready been designed for operation at this clock rate. The
codec isalso applicable for ransmission of 140 Mbit /s at
the same svmbol rate while achieving a higher coding

ol
gann.

Mobile and Portable Terminal Technology

Because of bandwidth and power limitations in the
current maritime mobile satellites, technologies for low-
cost maritime maobile, aeronautical mobile, and portable
satellite-terminal services must be developed. Develop-
ment of a L.8-kbit/s communicatons-quality vocoder
and transmission of the 4.8-kbit/s signal over a H-kHz
multipath fading channel have been studied.

Computer software and ellicient algorithms for
reducing computational complexity for a code-excited
linear predictive (CELP) speech coder were developed.
A fastsearch method for vector quantizers based on
a mean square error (MSE) distortion  measure, an
adaptive method lor transforming predictor coefficients
to line-spectrum frequencies, and robust schemes for
noisy environment applications were also developed.
These schemes included speech activity detection under
noisy conditions, and pitch tracking in multiple-talker
situations. Informal subjective tests indicated that the
reconstructed speech had high intelligibility, excellent
speaker recognizability, and natural sound.

Computer simulations were also conducted 1o 1est
the performance of the modem /codec in transmitting
the 4.8-kbit/s voice-coded signal over a Ricean fading
channel. The transmission scheme is based on partially
coherent detection of a differentally encoded 8-PSK
trellis modulation code. A clock synchronization algo-
rithm based on a maximum-likelihood estimator operat-
ing on the squared samples was derived and simulated. A
frequency acquisition algorithm and a frequency



tracking loop were also simulated under worst-case
Dopplerscenarios. The simulation resultsindicated that
partially coherentdetection of the differentially coded 8-
PSKrellis modulation with proper frequency synchroni-
zation is well suited to the mobile channel. Implemen-
tation of the CELP coder and modem /codec with DSP
chips is planned for 1989,

16-kbit/s Voice Codec

Initiated in 1985, this effort has reached its final
stages with the development of a new technique for
speech coding at 16 kbit/s. This technique, called adap-
tive predictive coding with transform demain quantiza-
tion (APC-TQ)), meets the basic requirements of being
amenable to variable transmission rate operation and
delivering high speech quality, while providing satstac-
tory performance on sine waves, signaling waveforms,
and low-rate modem signals.

The APC-TQ coder is a predictive coder i which
waveform quantization of the residual signal is per-
formed in the frequency domain. Atthe encoder, short-
term redundancies due to vocal tract resonances are
removed from the speech signal, long-term redundan-
cies arising from the pitch periodic nature of speech are
removed, and the residual signal is processed in the
frequency domain by means of a discrete cosine trans-
form. A bit allocation algorithm then determines the
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optimal use of available bits for transmission over the
digital channel, so that the distortion at the decoder is
masked by the signal itself. The frequency domain coetf-
ficients are quantized and transmitted to the decoder,
along with the parameters for the predictors and the
quantizer.

In 1988, a full-duplex APC-TQ codec was imple-
mented on a single Analog Devices ADSP-2100 digital
signal processor. Informal listening tests indicated that
the speech quality is approximately equivalent to that of
7-bit/sample log-PCM transmission.  Furthermore,
CCITT-5 dual-tone multifrequency (DTMF) sine waves
at 400 1o 2,400 Hz and modem signals at 300, 1,200, and
2,400 bit/s pass satisfactorily through the codec. A total
algorithm plus implementation delay of 60 ms is intro-
duced by the codec.

During 1989, formal subjective and objective tests
will be conducted to assess the performance of the APC-

TQ codec.,

Digital Circuit Multiplication Equipment
(DCME) Protocol Analyzer

INTELSAT approved a 32-kbit/s low-rate encoding,
digital speech interpolation (LRE/DSI) DCME specifi-
cation that was sufficiently detailed to provide interop-
erability between equipment built by various manufac-
turers. The DCME protocol analyzer is a test bed for
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Figure 4. DCME protocol analyzer



verifving the functional compliance of DCME built in
accordance with the INTELSAT specification and isalso
a maintenance tool for DCME users.

The DCME protocol analyzer is a4 PC-driven auto-
mated test scenario generation and monitoring system
thatis programmed by the operator to precisely load the
DCME input trunks with known channel activity, moni-
tor the assignment message channel (AMC), and con-
firm proper output tunk connectivity at the DCME
receiver.  As shown in Figure 4, the DOME protocol
analyzer consists of the following functional blocks:

e bearer interface unit (BIU)
e PO control unit
¢ channel activity simulator

¢ primary multiplex analyzer.

The BIU interfaces with the DCME at its standard
2,048-Mbit/s bearer ports and allows the operator real-
tme access to the assignment messages carried in the
DCME encoder AMC. The BIU may be programmed to
rigger on specific assignment messages and either store
them for subsequent analysis or modify them to initiate
- specific DUME decoder responses. The BIU may also be
programmed to generate known AMC paterns for test-
ing the DCME decoder under solated conditions,

Future plans include ransfer of this technology 1o a
special-purpose testinstrument manufacturing company.

Modified NTSC/PAL Video Processor
Testing

As reported in the 1957 COMSAT Laboratories An-
nual Report, a modified NTSC/PAL video processor has
been developed by COMSAT Laboratories. In thisequip-
ment, digital techniques enhance the performance ot
INTELSAT half-transponder video  transmissions,
Modified NTSC/PAL video signals can maintain video
synchronization at verv low receive carrier-lo-noise
(C/N) ratios (e.g.. -3 dB). The modified NTSC/PAL
processor can also support a single high-rate digital
channel (=2 Mbit/s for NTSC, ~1 Mbit/s for PAL), and
four or eight high-quality digital audio channels for PAL
or NTSC, respectively.

In 1988, the video performance of the modified
NTSC/PAL processor was measured in the laboratory
for an IF loopback and a nonlinear channel configura-
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tion. A 17.5-MHz channel was used for the IF loopback
testing, and two adjacent 17.5-MHz channels in a 41-
MH¢/hardwaresimulated satellite ransponder were used
for nonlinear channel testing. The nonlinear channel
operating parameters were those specified for standard
INTELSAT half-transponder video signals.

In general, the modified NTSC signal exhibited
performance that was objectively superior 1o that of the
maodified PAL.
increased degradation relative to the IF loopback case, as

The nonlinear channel results showed

expected. The peak video deviation during these meas-
urements was equivalent to that for standard INTELSAT
half-ransponder video, and therefore the unweighted
video S/N ratio was equivalent to that of a standard IN-
TELSAT half-transponder video signal. For the nonlin-
ear channel configuration, objective measurements of
video crosstalk from one modified NTSC carrier to
another showed that this erosstalk level is no worse than
that for standard INTELSAT hall-transponder NTSC

Carriers.

COMSAT NONJURISDICTIONAL
DEVELOPMENT

Mobile Gateway Earth Station Technology

This project was initiated in 1988 to develop the
hardware technology for mobile satellite communica-
tions networks with earth stations as gateways between
mobile users and a central mobile network operations
center.  The hardware will reside at the gateway earth

station and function as the data collecuon and

transmitting terminal that communicates with  the
geographically distributed mobile rerminals at 600 and
1,200 bit/s.

The technology development addresses technical
problems associated with the signaling and message
channel packet formats. The major technological chal-
lenges under severely adverse conditions are as follows:

¢ the preamblelessdemodulator processforshort
signaling channel packets
* lowoperating E /N ' ratio
5
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* large frequency offsets that exceed those of the
symbol rate, Doppler frequency shifts, and mulu-
path fading

e the message channel demodulation process
under the same conditions but with variable
packet sizes and a short acquisition preamble

¢ the complex signal processing functions asso-
ciated with a distributed unique word and a vari-
able interleaver size for the message channel,

During 1988, these problems were addressed by
developing sophisticated simulation programs to evalu-
ate the demodulation algorithms for the signaling and
message channel demodulators. Hardware and software
developed in 1988 included initial system design; [Fup/
down-conversion chains that interface the channel units
with the earth station;
segments of link processor software;

and major

link processor hardware for the sig-
naling and message channels that
perform scrambling, encoding, cyclic
redundancy check (CRC), and inter-
leaving functions.

Work scheduled for 1989 will
include multiple DSP based hardware
design and construction of the signal-
ing and message demodulators, pa-
rameter optimization and software

or frequency hopping (FH) signal formats. Figure Hisa
flowchart of the general structure of SPREAD.  After
generation, signals are operated on by conventional
channel elements (filters, nonlinearities) and are avail-
ablefor corruption by interference or jamming, asshown
in Figure 6, or for signal analysis to evaluate low-probabil-
ity-of-intercept (LPI) designs. Algorithms are also avail-
able to introduce signal fading effects.

A final step in the simulation is correlation and
demodulation to evaluate BER. Considerable effort was
directed toward different receiver implementations for
fast FH, Because of the extremely large time-bandwidth
products that must be represented in the SS simulation,
computer run time becomes a serious problem. Impor-
tance sampling, implemented as an option in the pro-
gram, resulted in a significant saving in CPU time.
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Advanced Signal Processing

The continuing demand for increasingly faster
communications and signal processing capabilities re-
quires parallel processors that execute multiple opera-
tions simultancously. A class of matrix processors well
suited for performing multiple tasks was investigated.
Discrete Fourier transforms, Viterbi decoders, and vec-
tor quantizers were examined, with emphasis on fault-
tolerant algorithms and architectures.

The residue number system (RNS) was investigated
because of its modularity due to its carry-free property,
and the ease of incorporating fault tolerance in RNS-
based systems.

Computer software was developed to emulate the
function of several matrix processors and to study their
dyvnamic range and precision requirements.

COMSAT SUPPORT

Standards Activities

COMSAT's standardsactivitiessupport the develop-
ment of standards and recommendations compatible
with satellite communications systems operation. CTD
activities focus primarily on three study groups of the
CCITT: SG XII, Quality; SG XV, Transmission Systems:
and SG XVIII, Networking. Lower level activities occur
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500-ms MOPT equipped with echo
cancellers. The body of the recom-
mendation was not changed, but a note was included in-
dicating that circuits with MOPT greater than 400 ms
may provide satisfactory service when echo cancellersare
used on the circuits,

In SG XV, COMSAT held the Special Rapporteur
chair and led the drafting of a functional recommenda-
tion on DCME (Recommendation G.763). The devel-
opment of an equipment recommendation, based on
INTELSAT Specification IESS-501, with sufficient detail
to provide compatibility between different manufactur-
ers' DCME is planned for the next study period.

In SG XVIII, COMSAT was influental in defining
the mandatory and optional features of a 32-kbit /s DCME
and helped to reduce its system complexity. In other
areas, an interest in standardizing a 16-kbit/s algorithm
has developed, and COMSAT's contributions have estab-
lished it as a leading participant in this effort.

In SG VI, important work was accomplished in the
area of data transmission quality of service (QOS), tor
which three new draft or modified recommendations
were approved. Because of COMSAT's participation,
these new or revised recommendations are compat-
ible with satellite systems issues regarding delay and
availability.

In U.S. Committee T1, COMSAT chairs the sub-
group thatis drafting a DCME specification. INTELSAT
Specification 1ESS-501 for DCME was adopted as the
basis for the T1Y1.2 Dralt American National DCME
Standard. Throughout 1988, the T1YL.2 Committee
conducted a detailed review of the draft DCME standard,
whichisexpected to be submitted for letter ballot in early
1989,




Digital HDTV Transmission Over SBS
Satellites

In the spring of 1988, COMSAT [aboratories tested
and demonstrated  the Canon DITS-120 TV codec,
which provides high-definition television (HDTV) at
120) Mbit/s. In the satellite transmission demonstration
(see Figure 7), two 60-Mbit/s modems transmitted a sig-
nalviaa4.5-mantennaat COMSAT Laboratories through
two transponders in the SBS-ITT satellite for reception by
the same antenna and display on a high-definition
maonitor.  Objective tests of codec performance and
loopback testing preceded this final demonstration.
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Figure 7. Satellite transmission demonstranon

Transmission of HDTV (1,125 lines, 60 Hz, and 2:1
field interlaced), with 20 MHz of luminance bandwidth,
6 MHz of chrominance bandwidth, and 8-bit PCM., re-
quires approximately 650 Mbit/s. With digital process-
ing, the DITS-120 codec achieves reductions of 20 per-
cent by removing blanking intervals, 50 percent by line
offset sampling, and another 50 percent by 4-bit difter-
ential PCM, resulting in a bit rate of 120 to 140 Mbit/s.
Such bit rates are compatible with QPSK transmission in
the 72-MHz satellite transpondersavailable on INTELSAT
satellites, but require more than one transponder n
most U.S. domestic satellites.

For the experiment, the Laboratories constructed

the necessary 2:1 demultiplexer/

A multiplexer and timing skew com-
pensator to interface a pair of 60-

J Mbit/s modems to the 120-Mbit/s
video codec. Because ol the very

effective error correction /detection

coding within the DITS-120 codec,

an impairment{ree picture was
transmitted via satellite as long as

the received BER was less than

101, This robust transmission for-

mat required some compromise in

picture quality to achieve the 120-

Mbit/s transmission rate. The tech-

nique has possible application, for

example, for private network trans-

mission of HDTV as an alternative

to conventional FM/TV  transmis-

ston, such as COMSAT Video En-

terprises’ distribution system.

International Satellite ISDN

Demonstrations
- ‘ ‘ DEFINITION In 1988, support was provided
= to the World Systems Division (WSD)
for ISDN demonstrations via inter-
national satellites. Demonstrations
oernmon were held at the INTELSAT Global
MONITOR

Traffic Meeting (May 4-6) and the
Expo China 1988 Trade Fair in Bei-
jing, Peoples Republic of China
(October 27-31).

%, o
REFERENCE




The ISDN switch and associated applications—
digital
slow-scan television, and color picture telephone—were
located in the lobby ol INTELSAT headquarters in
Washington, D.C., the site of the Global Traffic Meeting.

telephony, computer file transfer, facsimile,

The switch worked with a host exchange located in Liv-
erpool, UK. Accesstothe INTELSATV 307°E spacecralt
was accomplished with a transportable Ku-band carth
station located at INTELSAT headquarters, and via the
London teleport, with a terrestrial connection between
London and Liverpool. This demonstration included
the firstinrercontinental ISDN-compatible color picture
telephone,

For the demonstration that supported the Expo
China 1988 Trade Fair, the ISDN switch was located
at  COMSAT headquarters at L'Enfant Plaza in
Washington, D.C.. COMSAT also provided a node of the
network located at the trade fair in Beijing. This dem-
onstration was the first double-hop configuration. The
digital telephony, computer file transfer, facsimile, and
slow-scan video all performed properly despite extra
delay due to the double-hop satellite configuration. Fig-
ure 8 is a schematic diagram of the network configura-
tion for this demonstration.

2.048 Mbit
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Figure 8. Global ISDN demonstration network

U.S. Armed Forces Radio and Television
Service

The U.S. Armed Forces Radio and Television Service
(AFRTS) has been distributing radio programming to

U.S. forces at sea and in remote land locations by means
of the INMARSAT system. To provide satisfactory service
to AFRTS receive-only stations, the receive signal was
required to remain within 200 Hz of its assigned fre-
quency. This requirement, combined with increased
transmitter frequency stability, relaxed the receive-only
station stability and frequency tracking specifications,
considerably lowering the unit cost of these stations,

To meet the receive frequency stability requirement
through the INMARSAT system, COMSAT Maritime
Services modified its two coastal earth stations (CESs).
COMSAT Laboratories” involvement in this modifica-
tion consisted of the design, development, and installa-
tion of an automatic frequency control (AFC) system
that provided frequency stability by controlling the fre-
quency output of the AFRTS up-link. Figure 9is a block
diagram of this system,

The AFRTS signal from  the satellite is received at
the CES and is input to an INMARSAT Standard-A
receiver, The frequency of the Standard-A receiver TF
output is measured by a frequency counter and moni-
tored by the microprocessor-hased AFRTS AFC system
When the controller determines that the
AFRTS receive frequency has exceeded some preset

controller,

error limit, it commands the frequency synthesizer to
move to anew frequency.

The frequency synthesizer output drives the AFRTS
transmit up-converter and hence controls the AFRTS
transmit frequency. The magnitude of the receive fre-
quency errorisreduced by this adjustment of the AFRTS
transmit frequency.

The COMSAT  CES serving the Pacific Ocean
Region (POR) was modified during the last quarter of
1988. Since then, AFRTS has been successtully using the
INMARSAT system 1o distribute its  programming 1o
receive-only stations in the POR. The COMSAT CES
serving the Atlantic Ocean Region (AOR) will receive
the same modification during the second quarter of
1989,

Inclined-Orbit Satellite TV Receive-Only
Demonstration for the National Association
of Broadcasters Convention

In April 1988, during the National Association
of Broadcasters (NAB) Convention, CTD supported
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COMSAT’s WSD in demonstrating TV transmission via
an inclined-orbit satellite.  This demonstration, con-
ducted with the Australian Overseas Telecommunica-
tions Corporation, used the INTELSAT IV-A spacecrati
located at 177°E over the Pacific Ocean. The transmis-
sion originated from an earth station in Perth, Australia,
and was received at the NAB
Convention by an earth station
in the parking lot of the Las
Vegas Convention Center.
Program tracking updated the
position of the antenna every 15
minutes and tracked the space-
craft, which moved 137 every 24
hours. A fiber optic cable car-
ried the received signal from
the parking lot to the COMSAT
display within the Convention
Center,

The tansmission had the
following INTELSAT full-trans-
ponder parameter values for
NTSC transmission: 4.2-MHz
top baseband trequency, 10.75-
MHz peak video deviation, and
single 6.6-MHz audio subcar-

system block diagram

51-dB ratio of peak-to-peak luminance to rms-weighted
noise. No impulsive noise was encountered in either the
video or the audio, and no degradation due to satellite

motion or pointing errors was detected. Figure 10 is
a photograph of the earth station in use during the
convention,

rier. The received video had a Figure 10. Earth station in use durmg NAB Convennion




Wireless Local Interconnect Systems for
Satellite Transmission

Satellites provide a cost-effective means of establish-
ing communications with remote locations. Further-
more, if the end users are not located at the earth station
site and if there is no local telephone system, a wireless
local interconnect system may be more practical than a
conventionalwireline systemin terms of both costand in-
stallation time.

A study was undertaken for 1SS o determine the
design and cost of wireless local communications sys-
tems connected to the outside world by satellite. Infor-
mation was gathered on the characteristics and costs of
currently available local wireless and satellite transmis-
sion systems, primarilvin terms of the costs of using avail-
able equipment and services. Network considerations
were briefly imvestigated,

Potential applications for this type of system include
private networks for which government or commercial
organizations need to rapidly establish communications
in a remote area; thin-route public communications sys-
temsin remote areas; and centralized switching and con-
trol services for small regional cellular systems.
Although cellular mobile technology was satisfac-

for some local interconnect systems, two-way
radio and rural radio telephony systems were more
appropriate for certain system requirements.  Eight
wireless systems were compared. In some cases, specific

tory

technical requirements  dictated a preference for a
particular system, but in general the preferred system
depended on the size of subscriber pool it served.

Becanse itis likely that a regional wireless communi-
cations system will require only 1 to 12 circuits, small
carth stationsare suitable. Much of the satellite transmis-
sion data in this study was based on the INTELSAT
VISTA service, which is designed for low-density traffic
systems, uses small earth  stations, and is currently
operational.

Results of the study led 1o technical and cost guide-
lines for wireless local communications systems and the
satellite systems that serve them.

INTELSAT AND INMARSAT

Architecture Study for Processing Payloads

In this recently completed INTELSAT-sponsored
study, the application of on-board processing technol-
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ogyin the INTELSAT system was considered as a means
of increasing system flexibility and reducing the overall
service cost to the INTELSAT user. The study, a joint
effort of CTD and the Network Technology Division
(NTD), provides an updated assessment of the potential
benefits of on-board processing based on technological
forecasts and traffic projections for the 1990s,

Toaccuratelyassess the overall benefits that mav be
derived by introducing on-board processing technology
in the INTELSAT system, the study begins by examining
projected INTELSAT traffic requirements up to vear
2000. On the basis of these requirements, several can-
didate satellite system concepts are initially defined.
Three concepts are selected for further definiton and
analysis;  an INTELSAT VI satellite (Concept 1), an
INTELSAT V satellite (Concept 2), and a multi-spot-
beam satellite with 13 spot beams at C-band and 53 spot
beams at Ku-band (Concept 3). Within this framework,
several baseband processing architectures are defined
for the following on-board processing elements: carrier
demultiplexing, demodulation. decoding, baseband de-
multiplexing, baseband switching, baseband remult-
plexing and reformatting (rate conversion), recoding,
and remodulation.

Transmission analyses and link budget tradeoffs are
performed to analyze effects of on-board regeneration
parametrically and to optimize transmission parameters
for the candidate satellite system concepts. Baseband
processing architectures for each concept are then de-
fined to a level that shows the major components of the
design. Detailed description of the technology needed
to implement each major component of the on-board
baseband processor is provided. Current and forecast
statuses of the technology for such major components as
demultplexers, demodulators, baseband switches, and
on-board buffers are examined.

Detailed cost-benefit analysis of these concepts and
technologies, for both space and carth segments, indi-
cates the following:

a. Detailed link analysis demonstrates thaton-board
regeneration results in substantial savings in satellite
p(]wt'l'. carth station gain-[trnnisv Iempet'alure ratio
(G/T), and high-power amplifier (HPA) power,

b. The cost of adding on-board processing (OBP)
components to a satellite pavload is nearly offset by the
cost savings derived from the inclusion of on-board re-
generation (o reduce satellite transmit power,




c. Although on-hoard processing in itself does not
lead to significant reductions in spacecraft cost, the in-
creased flexibility it allows creates appreciable ground
segment cost savings. This is most pronounced for serv-
icessuch as INTELSAT'sIDR and IBS, with frequency-di-
vision multiple access (FDMA) transmission in which

each station in the network can operate single transmit
and receive carriers. For time-division multiple access
(TDMA), the benefits of on-board processing include
simplification of TDMA equipment through climination
of frequency hopping and multiple-burst transmissions.
Increased space segment capacity is derived by reducing
the number of bursts per frame (and associated guard
times and preambles).

d. On-board processing with rate conversion per-
mits efficient and cost-effective interconnection of
diverse earth station types. Thus earth stations can be
designed and optimized according to their own traffic
requirements rather than those of their correspondents,

¢. When multi-spot beams are used with on-board
processing as in Concept 3, there is a significant reduc-
tion in space segment cost relative to Concepts 1and 2,
which use more conventional beam coverage patterns,

Figure 11 shows potentialsavings in total link (space
and earth segment) cost, derivable from on-board proc-
essing. The substantial savings achieved with Concepts |
and 2 (OBP-1 AND OBP-2) compared with the non-
processing satellite are primarily due to earth station cost
reduction. The additional savings shown for Concept 3
(OBP-3) include space segment cost savings derived
from multispot beam coverage,

On-board Multicarrier Digital Demultiplexer
Study

Under INMARSAT contract, COMSAT Laborato-
ries performed a study of on-board multicarrier digital
demultiplexing for INMARSATs third-generation satel-
lites. The proposed demultiplexer will process signalsin
both forward (ship-to-shore) and return (shore-to-ship)
directions for a possible third-generation satellite with
spot-beam coveragesat L-band, while complying with the
following INMARSAT specifications: Standard-B4 chan-
nel, 20-kHz channel spacing, offset QPSK modulation,
24-kbit/s transmission rate, 6-MHz available bandwidth,
and 12 spot beams. The baseline architecture demulti-
plexes a 6-MHz band into 300 20-kHz slots.
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OBP(1)
4= 0BP(3)
— YEAR 2000 |
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NO. OF TERRESTRIAL CIRCUITS
AT EACH EARTH STATION
FOR 20 CORRESPONDENTS

Figure 11. Example of link cost estimates for
1DR system using F-3 earth stations

The transponder configuration achieves flexibility
in bandwidth allocation while minimizing spectrum losses
due to guard band. In the forward direction, the proces-
sor rearranges the arriving carriers, by assigned fre-
quency slots, into destination beam groupings. In the
return direction, the processor eliminates all bands for
which no carrier is present and collapses the 12 partially
filled spectra into a single 6-MHz band.

A total power of 190 W and mass of 75 Ib are esti-
mated using 1988 technology for forward and return
links. To further reduce power dissipation, the total
processed bandwidth, number of beams, and maximum
capacity of each beam may be scaled down. For 1990,
radiadon-hardened CMOS and CMOS/ SOS (silicon on
sapphire) are the most appropriate technology choices.
ASICs will be necessary for power conservation.

By analysis and computer simulation, the feasibility
of on-hoard digital multicarrier demultiplexers was dem-
onstrated for INMARSAT’s third-generation satellites.




Analytical formulas and simulations determined the
design parameters. Implementation with FFT methods
combined computational efficiency and operational
flexibility. Figure 12 is a block diagram of the forward
link signal processor; Figure 13 shows the FFT pipeline
(the central part of the overall processor).

(APC) and a 1-kbit/s signaling channel data stream are
rate 3/4 encoded and muliiplexed with dummy bits to
form an 80-ms frame. Offset QPSK modulation at a 24-
kbit/s modulation data rate is used for burst (voice-
activated) and continuous modes. Anew preamble length
was defined for the voice-activated burst mode, The pro-
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Figure 12. Forward link signal processor

INMARSAT Standard-B Test Bed

During 1985-1987, COMSAT Laboratories designed
and constructed a versatile test bed communications
subsystem for INMARSAT Standard-B and acronautical
modes. The test bed was successfully tested under
additive white Gaussian noise (AWGN), adjacent chan-
nel interference (ACI), and multipath fading condi-
tions. During 1988, existing discrete logic-based trans-
mit and receive frame synchronizers in the CES drawer,
originally developed for the Standard-B mode, were re-
placed with new microprocessor-based (Zilog Super8
and Texas Instruments TMS32010) frame synchronizers
thatimplemented the Standard-B voice channel format.

Figure 14 is a photograph of the completed unit. A
16-kbit/s voice stream with adaptive predictive coding

5

grammable 24-kbit/s offset QPSK modem, Viterbi de-
coder, and up/down-converters with wideband AGC
remain as before, with minor changes in the demodula-
tor software for the new preamble.

To assist INMARSAT in evaluating the performance
of the new 80-ms voice trame format for burst and
continuous modes, special test mode formats were im-
plemented in the frame synchronizers to provide meas-
urement data for the following:

¢ miss and false detection probabilities of the
unique word, framing bit, and end-of-data pat-
terns, including a test feature limiting searches
to the 0° pattern

.

burst detection probabilities and mean tme to
cycle slip




¢ cyclic redundancy check miss and false detec-

tions to evaluate packet error performance for
the 80-bitsignaling channel packet unit in each
80-ms [rame

* frame reacquisition times after a sustained loss

of signal.
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Figure 13. FFT processor

Test results show that the BER and miss and false
probability data are in good agreement with theory, with
insignificant degradations at the specified frequency
offsets of +1 kHz. The uncoded and rate 3/4 coded BER
performance curves are shown in Figure 15. Subjective
burst and continuous-mode voice code performance
with an INMARSAT-supplied 16-kbit APC vocoder was
also satislactory, The modified CES drawer has already
passed the in-plant and final acceptance tests. . The
modiftied Standard-B test bed communications subsys-
tem hardware has been delivered to INMARSAT.
INMARSAT Standard-B Facsimile Interface
Units

In 1988, a contract was awarded to COMSAT to
study an approach for accommodating Group 3 facsim-

a real-time approach enabled the

extension of communications Lo cir-
cuits with one-way propagation delays up to 920 ms, and
the enhancement of Group 3 capability 1o broadeast
messages to ship-based terminals by means of terrestri-
ally based facsimile equipment.

Time-Multiplexed Analog TV

The time-multplexed analog TV (TMATV) tech-

nology was initally reported in the 1985 COMSAT

Laboratonies Annual Report and later in the 1987 Annual
Report. In 1988,a TMATV demonstration unit (Fig-
ure 16) was completed under an INTELSAT contract.
By reducing the diagonal resolution of the TV sig-
nals and introducing time multiplexing. the unit was
capable of ransmitting three TV signals and six program
audio signals through a single 36-MHz satellite trans-
ponder, as opposed to only two television signals with
conventional methods. Although only one video chan-
neland iwo audio channels were fully implemented, the
unit demonstrated the signal quality achievable with the

o




TMATV technique forall three channels with a 36- or 40-
MHz ransponder. When the IF carrier at the FM modu-
lator output was gated on only during active signal trans-
mission, the unit also successfully simulated the receiver
burst acquisition of TMATV signals from multiple up-
links transmitted in TDMA mode.

Figure 14, Modified CES dvawer with existing
Standard-B rest bed components

An informal subjective evaluation of TMATV per-
formance was conducted. The video and audio signals
before TMATV wansmission were the reference, while
the signals after TMATV processing at the receive side
were evaluated at normal viewing distance, with the IF
loop simulating the satellite link. When compared with
the unprocessed reference signal under normal opera-
tion in the CCIR five-grade scale, both video and audio
signal degradation were rated between imperceptible
and barely perceptible,

The video signal was also compared against a signal
transmitted through another IF loop simulating the
INTELSAT halftransponder TV. The TMATYV signal
was rated consistently better than the half-transponder
TV, particularly during severe fading.
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Figure 15. Measured continuous-mode BER
performance with the modified CES drawer
OTHER

NASA Advanced Modem/Codec Technology
Development

Toadvance the state-of-the-art bandwidth and power
efficiency of digital transmission via satellite, COMSAT
developed two POC models of FEC decoders at an
information rate of 200 Mbit/s under contract to the
NASA Lewis Research Center. The decoders are in-
tended for use in a combined trellis<coded modulation
system that uses l6-quadrature amplitude modulation
(QAM) and rate 3/4 convolutional code for the up-link
(satellite), and 8-PSK modulation and time-varying rate
8/9 convolutional code for the down-link (earth sta-
tion). A bandwidth efficiency of more than 2 bit/s/Hz




is achieved in both links. The up/down-link decoders
were both constructed and partially tested during 1987,

Figure 16. TMATV demonstration unit

During 1988, performance testing of these decoders
at the 200-Mbit/s information rate was completed in a
back-to-back, noise-free environment and over a digital
AWGN channel. To measure performance over the
AWGN channel, COMSAT developed a special test set
that operates at the full symbol rate (Figure 17)and gen-
erates quantized AWGN noise samples which  closely
match the effect of AWGN in an ideal modem. The test
set includes a symbol-mapping funcuon, the digial
AWGN generator, and a digital signal combiner. The
symbol-mapping function replaces the modem function
in the actual channel by mapping encoded symbols into

COMBAT LABORATORIES 1888

the associated coordinates in the in-phase and quadra-
ture (I, Q) phase plane. The digital AWGN generator
consists of PN sequence generators whose outputs form
the addresses of two independent AWGN memaries, one
for each coordinate in the phase plane. The memory
contents are loaded off-line with AWGN vectors at the
desired ratio of energy per information bit to one-sided
noise spectral density Eh/N“.
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Figure 17. Block diagram of the self-test board
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Figure 19. Rarte 5/9 code AWGN curves

Figures 18 and 19 show the measured BER perform-
ance of the rate 3/4 and rate 8/9 Viterbi decoders,
respcctivvly. As shown in Figure 18, the rate 3/4 convo-
lutional codec is capable of providing a BER of 10" at an
E, /N_ of 10dB. This compares favorably with uncoded
:dc‘il SP‘H\, which requires approximately 14 dB to give
the same error rate performance. Similarly, Figure 19
shows that the rate 8/9 time-varying code provides a BER
of 10" at an Eb,/.\i” of 10.6 dB.

To demonstrate the coded system performance of
the rate 8/9 codec. COMSAT has developed an 8-PSK
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burst mode modem also under contract for NASA Lewis
Research Center. This modem allows complete charac-
terization of the coded modulation system operating at
a bit rate of 160 Mbit/s in burst mode.

The modem design, fabrication, testing, and devel-
opment of special test equipment for overall system
operation have been completed. Measured BER per-
formance of the 8-PSK modem is shown in Figure 20 for
both continuous and worst-case burst modes. After in-
tegration of the modemand codec in 1989, performance
testing of the completed system will be conducted and
the results compared to those achieved using the digital
noise test set.
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Figure 20. Measured 8-PSK modem
BER performance without coding




e COMSAT LABORATORIES 1986

he Network Technology Division (NTD) conducts research and development activities and provides techni-
cal support in various facets of networking, from the design and system architecture of networks to the detailed
development and implementation of relevant software and hardware components. For several years, NTD has
been at the forefront of developing and applying hardware and software technology and expert system
technology to communications networks. During 1988, various satellite, data communications, fiber optic,
and integrated services digital networks (ISDN) were investigated. For satellite networks, architectural al-
ternatives for the design of an on-board baseband switch, along with detailed implementation tradeoffs, on-
board processing architectures, and network control strategies such as synchronization of digital intersatellite links (ISLs),
were investigated. Other significant efforts in 1988 included modifying data communications protocols, implementing
them over satellite links, and obtaining U.S. support to incorporate these changes in the International Standards, thus en-
suring the development of satellite-compatible ISDN standards. Other activities included conducting an international
packet switching experiment, applying expert systems to network control, developing a network management facility for
TCP/IP networks, completing key enhancements to NTD’s COSMOS operating system, developing a software simulation
test-bed for large mixed-media networks, studying network security architectures, and developing a fiber-optic-based
intelligent building network. Support was also provided to COMSAT’s Maritime Services for aeronautical services.

COMSAT JURISDICTIONAL R&D

Joint COMSAT /NIST OSI Protocol
Experiments

The International Standards Organization (150))
has developed aninternational standard reference model
of open systems interconnection (OS], as a basis tor co-
ordinating standards development tor systems intercon-
nection, while allowing existing standards to be placed in
perspective within the overall reference model.

Since 1983, COMSAT and the National Institute of

Standardsand Technology (NIST, formerlvthe National
Bureau of Standards) have conducted ajoint program to
examine, implement, and test the performance ol high-
level data communications protocols over satellites links.
The investigation first analyzes the relevant protocols
and then identifies the parameters and procedures that
affect the efficient operation of the protocols over satel-
lite links for different range of transmission speeds and
bit error rates. Next, the protocols and any necessary
modificationsare implemented and tested in the labora-
tory. Finally, a joint satellite experiment is conducted
with NIST, and the results are presented to national and
international standards organizations for appropriate
modifications of the protocols.

Experiments completed in 1985, 1986, and 1987 by
the NTD concerned transport protocol class 4 (TP-1),
connectionless network protocol (CLNP), session proto-
col, and message handling system (.\"40()) protocols. All
relevant modifications to 'TP-4 are being considered by
various subcommittees (ANSI X385 and 1SO JTC1 /5C6)
for incorporation in the next release of TP-4 standards.

During 1988, the file transfer, access, and manage-
ment (FITAM) protocol was investigated.  The FIAM
protocol enables users to transfer, access, and manage
files. The basic pratocol supports these file services by
means of the association control service element (ACSE)
and presentation services.

Although the FTAM protocol is designed with the
assumption that the underlying service is reliable, it re-
quires confirmations belore proceeding from step to
step. Forexample, openingafile successtullyis necessary
before reading or writing. Because some confirmations
are not necessary (or can be grouped), a new optional
enhancement was introduced that reduces the number
of confirmation steps in the current file transter proce-
dure. This procedure considerably decreases the delays
associated with operation of FTAM over satellite links.

Specific modifications to FTAM protocols, supported
by detailed experimental results, were prepared for

prt‘scnt;ll_iun to the appropriate subcommittees {ANSI
X3ThH.5 and X3T5).
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On-Board Baseband Processor Switching

When used on board the satellite in conjunction
with other on-board processing functions such as carrier
demultiplexing, demodulation, decoding, and baseband
demultiplexing, baseband switching can provide en-
hanced service capability and flexibility to reduce earth
station complexity and cost. In addition, when on-board
switching is coupled with multiple spot beams. it can
provide interbeam carrier and channel routing in a
system architecture which is efficient in terms of the
spacecraft massand power. Thisin turn can lead to lower
spacecraft and launch vehicle costs.

NTD has studied various functional requirements
and hardware design alternatives needed to provide
such switching on board the satellite. Baseband process-
ing architectures including time-space-time, time-space,
space-time, and unified memory switch architectures
were studied to determine their compatibility with vari-
ous system functional requirements (mass, power, size,
and device technology). Figure 1 shows four system
architectures which compare circuit switching against
variousimplementations of packetswitching. Fach packet
implementation switch shown impacts the relative com-
plexity of the earth station and/or the satellite design.
Selection of the on-board switch functions, architec-
tures, and mass/power cost tradeofts will be completed
in 1989 prior to the implementation of the on-board
baseband processor switch,

Quality of Service for Packet Connections

CCITT Recommendations X.134 through X.137
define performance objectives for international packet-
switched data services. Recommendation X.135 defines
performance objectives for three primary data commu-
nications functions:

* call setup and call clearing delay
¢ data packet ransfer delay
¢ throughput capacity.

In 1987, NTD measured the quality of service (QOS)
parameters for a national packetswitching network
operating via satellite circuits, In continuing that effort
in 1988, NTD measured QOS parameters over an inter-
national link with two 9.6-kbit/s satellite circuits on the
INTELSAT 335.5°E satellite. Other participants were

ﬂ

AT&T, Deutsche Bundespost, and INTELSAT. The
packet-switching networks for the experiment were the
ACCUNET network in the U.S. and the DATEX-P net-
work in West Germany. The experiment was conducted
Figure 2
shows the one-hop configuration. Experimental results
demonstrated that satellites can be efficiently used for
providing international data services. A CCITT contri-
bution based on the experiment showed that the per-

for both one-hop and two-hop scenarios.

formance of international packetswitching links that
included satellite links is well within the requirements of
Recommendation X.135. Results for the throughput
and delay tests are shown in Tables 1 and 2, along with
the requirements specified in Recommendation X.135.

Local Area Network Interconnection by
Satellites

NTD has investigated the use of satellites for inter-
connecting local area networks (LANs) since 1987, In
1988, effects of various parameters on a satellite circuit
and a terrestrial link interconnecting two Ethernet seg-
ments were compared, The satellite circuit was simu-
lated in the laboratory by a delav simulator and an error
simulator. Parameters included link rate, bit error rate
(BER), and block size. Link level error recovery pro-
vided on the satellite circuit and end-to-end recovery
provided by transport protocols were also studied. User
throughputs obtained over the satellite link intercon-
necting the two Ethernet LANs are shown in Figure 3.
The experiment demonstrated that satellites can be
effectively used for interconnecting LANs and that the
choice of optimal protocol parameter values is critical
for obtaining high performance.

International Fiber Optic Systems

A comprehensive in-depth study focused on three
areas:

* the status of fiber optic technology and systems
that could have a significant impact on satellite
communications

® special issues such as global undersea fiber cable
networks, reliability of fiber optic components
(and redundancy requirements ol systems), and
signal quality and standards
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Figure 2. Intemational quality of service experiment
Table 1. Measwred Call Setup, Data Transfer, and Call Clearing Delays (ms)
Recommendation
Configuration 1 Configuration 2 X.135
Min Mean 95% Max Min Mean 95%  Max Mean 95%

Cail Setup 1,111 1,168 1,235 1,450 1,558 1,593 1,620 1,702 2.000 3,000

Call Clearing 400 421 440 HHs H62 630 635 HHs 900 1,200

Data Transfer

32 octets 400 H7 460 580 654 661 675 697
64 octets 467 508 530 684 714 721 730 7h3
128 octets 586 624 640 746 832 839 8345 917 900 1,200
Table 2. Measured Throughput (bit/s)
Configuration 1 Configuration 2
No. of Logical
Channels Min Mean 95%  Max Min Mean 95%  Max
4 7.667 8,218 7,733 9,022 B650 8824 8803 8958
8 9,102 9406 9,140 9471 8,785 8,880 8,792 9,102
61
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¢ selected technology and network architecture
evaluation.
The final report provided a technical assessment of

fiber optic technology and systems and indicated that
the problem of missing or less reliable services in the
worldwide intelligent fiber cable network is being rec-
tified rapidly by ongoing technology improvement,
innovatve approaches, and high-reliability  systems
implementation.

The current status of global undersea fiber cable
networks reflects this intense activity by both common
carriers and private owners or operators of cables. Evoly-
ing liber optic technologies include dispersion-flattened
fibers, narrow-linewidth single-frequency lasers, broad-
bandwidth photodetectors, optoelectronic integrated
circuits, fiber amplifiers, external integrated optical
modulators and switches, all-optical repeaters, and wet-
mux/active undersea branching devices for high-speed,
long-haul operation and improved reliability. The syn-
ergy between these technologies and standards activities
worldwide will allow improved services and extended
networking in future undersea cable systems. Also, the
progress of several fiber-to-home projects for broadband
multichannel subscriber services has improved the pros-
pects for global all-fiber networks. The possible impacts
of this technology on future satellite communications
must be investigated.
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Figure 3. User throughput over a 9.6:kbit/s satellite
link used for intercomnecting LANs

ISDN Commercial Service

Tariffed ISDN and ISDN-type services are emerging

in various countries, NTD assists COMSAT s Intelsat

Satellite Services (ISS) in facilitating introduction of
these services over the INTELSAT system. The division
isactively detailing the requirements for extending ISDN
service developments of European countries to private
networks in the U.S, and will likewise extend ULS. ISDN
service developments to private networks in Europe and
Asia,

This project involyves system engineering tasks re-
lated to commercially available switches and private
branch exchanges (PBXs) and the use of these subsys-
tems in accessing the INTELSAT system via either
Intelsat Business Service (IBS) or public-switched inter-
mediate data rate (IDR) earth stations. Detailed re-
quirements are associated with basie- and primary-rate
customer access protocols used in the switches and
PBXs. The gradual introduction of CCITT Signaling Sys-
tem No. 7 (and its natonal variants) in national public
networks and the extent to which such out-of-band sig-
naling can facilitate the introduction of ISDN services
over the INTELSAT system are also being investigated.

COMSAT NONJURISDICTIONAL

Software Technology

Software isa critical and often expensive elementin
data communications today and will be increasingly soin
the future. NTD has long recognized the need for soft-
ware developmentmethodologies and architectures that
allow rapid development of high-quality and high-per-
formance software, thatexploit parallel and multiproces-
sor hardware architectures and the inherent pipelined
structure of data communications software, and that al-
low rapid construction of experimental systems for ex-
ploring new
search in software technology has produced a marture
set of architectural and design principles, alarge library
of reusable software components and ols, and several

networking technologies. Ongoing re-

successtul implementations ol data and voice communi-
cations systems.

A cornerstone of this development is the COSMOS
operating system and its corresponding large library of
data communications software, COSMOS is a highly
efficient, portable, multiprocessor, real-time operating
system that allows rapid development of high-perform-
ance communications systems.  Currently, COSMOS




supports the Motorola 680x0 series of microprocessors;
it can be very easily ported to other processors because
most of it is written in the C programming language. It
supports many commerciallyavailable Multibusand VME
bus boards and input/output (I/0) devices. COSMOS
is more than just an operating system: it embodies a set
of coherent principles that are used throughout the life
cycle of the systems design:  specification, design. im-
plementation, testing, and maintenance. Although net-
working and systems applications are not part of COS-
MOS. their design is influenced by its architecture, and
all non-special-purpose software becomes part of the
COSMOS library.

In 1988, important software development and man-
agement tools were added 1o COSMOS, The new pack-
agesaid the design of unattended network nodes. Anew
memory-based file system allows systems to save impor-
tant information (code, parameters, and error logs) in
battery-backed memory. The PROM-based debugger
was enhanced to allow booting of system software from
code saved in nonvolatile memory. Several important
run-time diagnostic checks were added. During normal
operations, the system can detect hardware and soltware
failures such as infinite loops, stuck interrupts, I/O chip
Also in 1988, COSMOS
software development was transferred from the VAX
system to the Sun system, All proprietary development

failures, and memory errors.

tools were ported 1o run on the Sun system. Tools were
developed to transfer code from Sun systems to target
processors over Ethernet.

A new tool called "mkmk”™ was developed to auto-
mate the process of software compilation and linking,
and to provide advanced configuration management
functions (see Figure 4). Software compilations and
linking are normally done under the control of the Unix
MAKE command. The MAKE command files, called
“makefiles,” contain commands to compile and link files
and contain dependencies among files, so thata change
in one file causes all dependent files to be compiled.
Mkmk automates and greatly simplifies the creation of
makefiles. It has built-in rules to automatically generate
most makefiles such as those for creating object libraries
from source files and for creating executables from
object libraries. Built on top of the MAKE system, all
facilities of the mkmk system are available to the pro-
grammer, a feature that can be useful for ereating non-
standard makefiles. As a result, makefiles are always
accurate and up-to-date. Mkmkalso produces rules for
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certain  standard maintenance operations, such as
updating libraries, deleting all recreatable files, and run-

ning lint on source files.

EXTERNm
SOURCES. |
DBJECTS.
LIBRARIES

&

TS| DBJECTS
PROTOTYPE | | (mkmk || makefile rnake)- LIBRARIES,
mkmk FILE / EXECUTABLES

PARAMETERS - SOURCES,
DIRECTORY SEARCH OBJECTS
LIBRARIES

PATH
TARGET MAGHINE
|

Figure 4. Architecture of mkmbk, the makefile generator

Mkmk also finds foreign files such as include files,
object files, and libraries on the basis of a user-specified
directory search order and inserts their full path names
in the makefile. This feature tacilitates the management
ol different versions of a system and allows systems to be
created from a hierarchy of versions by appropriately
specifying the search order. It is also useful during
system development and maintenance, when a simall
subset of a large stable system must be modified. Mkmk
generates makefiles for 680x0 crossdevelopmentand for
native host software development for both the VAX and
Sun systems. This feature improves portability of the
software because makefiles in general are not portable
across machines. Inall cases, appropriate commands are
generated for the correct wols (such as compilers),
along with the proper options and flags.

Although COSMOS is a real-time system, several
applications require low-cost, large-capacity stable stor-
age systems, Examples are systems that produce large
amounts of data that need post-processing or analysis,
and network managementsystems. To meetthisrequire-
ment in COSMOS, support for small computer systems
mterface (SCSI) based disks was added. SCSI is a versa-
tile interface to which a number of peripheral devices
It operates at
transfer rates of 1.5 to 4 Mbvie/s; these rates are

besides disk drives can be autached.

expected toincrease in the future. A commercial, high-
performance VME bus-based board acts as the interface




to the SCSI bus. Performance close to the limits of the
disk system was obtained during testing. This develop-
ment brings an important functionality to COSMOS
because many peripherals use the SCSI bus interface.
SCSI can also be used for interprocessor communica-
tions and the building of adapters to high-speed LANs.

Network Management

NTD has an ongoing rescarch program to investi-
gate, evaluate, and implement data communications
and network technologies. Various network architec-
tures and communications protocols have been imple-
mented, yielding an abundance of information, experi-
ence, development tools, and expertise.

Data communications technologyand protocols have
made steady progress over the last several vears. The
number of public and private data networks isincreasing
rapidly and so are the sizes and complexity of each
network. Coupled with the increase in complexity is the
additional factor of multivendor equipment within the
same network., Management of these large complex
networks is a problem area which has largely been ig-
nored until recently. NTD has embarked on a research
program to investigate and implement network manage-
ment strategies.

A number of areas within the umbrella of network
management have been identified—network admini-
stration (network configuration and definition), fault
management, problem management, statistics and re-
ports (including billing and accounting), network plan-
ning, and design tools. One of the design goals of the
network management system has been that the network
operator should not be overloaded with information
about the network: instead, the network management
should handle most routine (and some not so routine)
problems automatically; the operator is involved only
with problems that the system cannot handle (vet). Of
course, all information is available to the operator, when
needed.

NTD has performed rescarch and development in
network design and implementation for a number of
years. The multimicroprocessor-based network inter-
face processor (NIP), developed by NTD, is the primary
vehicle for network node implementation. COSMOS
remains the primary software vehicle for implementa-
tion of communications systems software,
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NEWNET, an NTD packet network, is used as a re-
search ool for experimental networking architectures,
protocols, and network management strategies. It pro-
vides automated solutions to traditionally difficult net-
work management problems. It enhances network relia-
bility against failures and outages by means of a routing
and congestion algorithm, without manual intervention
from network operators. The adaptive distributed
routing protocol (ADRP) optimally routes traffic through
the network on the basis of the current availability of net-
work nodes and current traffic levels. ADRP is executed
in unison by all nodes in the network.
exchangesinformation about traffic levels with itsimme-

Each node

diately connected nodes. Through this exchange. an
optimal and consistent set of routes is generated, inde-
pendently by each node, for each destination node. As
traffic levels change and nodes fail, the routes are regen-
erated by all nodes: traffic is routed around congested
or failed nodes or areas. The algorithm, transparent to
end users, increases performance and availability of the
network.

All NEWNET configuration information and soft-
ware for a node are kept at a central network manage-
ment center (NMC), where operators can define and
modifyit. On power-up, each node fetches this informa-
tion from the NMC using a neighboring node asan inter-
mediary. Ifa copyis available in battery-backed memary
in the node, the information is fetched only if it has
changed in the NMC. This facility cases installation and
configuration of nodes and software upgrades.

The NMC node accesses files and databases on disks
and usesa Macintosh terminal asadisplay terminal. The
virtual console system (VCS) software enables the Macin-
tosh to be an intelligent terminal for any host system,
including a COSMOS-based NIP. Application programs
residing in the NMC access high-level facilities common
to most Macintosh-based applications, such as pull-down
menus, multiple windows, and dialog boxes. The result
is a highly interactive and user-friendly operator inter-
face, based on color graphics and familiar Macintosh
objects. Prototype NMC applications allow graphic dis-
play of network status and statistics at various levels of
detail.

As part of the network management task, NTD
has also been investigating management of multiven-
dor, multiprotocol networks. Protocol architectures
currently in widespread use include TCP/IP, DECNET,
X.25, SNA, AppleTalk, and PC-NET. Most protocol




suites have varyving amounts of support for network
management functions. OSI, whose protocols are soon
expected to dominate the networking world, is defining
acomprehensive set of network management protocols,
In addition to keeping pace with ongoing developments
in protocol families, NTD also has a keen interest in im-
plementing a strategy that can be used to manage a
network operating with multiple protocols from a uni-
fied NMC.,

Development of a prototype NMC that initially will
manage TCP/IP networks, but will be enhanced to
manage OSI, SNA, AppleTalk, PC-NET, and vendor-
proprietary networks, is underway. This NMC operates
under the simple network management protocol
(SNMP), recently standardized for TCP/IP networks,
and which will eventually evolve into OSI protocols. The
NMC! is based on a Sun workstation with color graphics
display and X-window display system. The Ingres data-
base management system supports network configura-
tion management. Standardized protocols and software
tools have been chosen to enhance customer acceptance
of the system,

Expertsystems technology has been enlisted to solve
certain network management problems. Expert system
prototypes have addressed problems in optimal network
design and network fault diagnosis. A prototype expert
svstem that performs network fault diagnosis for TCP /1P
networks is under development. Thissystem is hosted on
a Symbolics workstation, uses the knowledge engineer-
ing environment (KEE) expert system shell, and inter-
faces with the Sun-based NMC over Ethernet. Figure
shows the implementation architecture of the NMC and
the expert system.

The Generic Network Simulator for Intelligent Sys-
tems (GENESIS) simulates distributed computing sys-
tems. It is currently used to simulate and evaluate the
performance of communications protocols in large net-
works, and to test network management protocols. It
consists of a set of design rules and a library of functions
that rapidly create simulation models for networking
functions that rely on a message-passing paradigm.
Madels have been created for simulating serial links,
Ethernet, DoD Internet Protocol (IP), DoD User Data
Protocol (UDP), Routing Information Protocol (RIP),
Network File Service (NFS), and protocols for narrow-
band ISDN supplementary bearer services. GENESIS is
written in the SIMSCRIPT simulation language; its
compiler is available for several computing platforms.

(e}

Artificial Intelligence in Network Control

Packel networks are subject to traffic surges and fo-
cused loads that create congestion, overwhelm network
resources, cause increased delays and reduced through-
put, and create deadlocks. Because of the increas-
ing complexity of large multivendor, multimedia net-
works, and the large spectrum of possible causes of con-
gestion, devising control strategies that limit congestion
is becoming unmanagcable. A knowledge-based expert
system can reduce the number of possible solutions and
render control more manageable. Network control
mechanisms for most communications standards are
moving toward distributed implementation for each
layer of the protocol suite. Such controls, although
having a limited view of the network, are self-reliant and
able to operate without a centralized network control
center.

NTD developed the Artificial Learning Intelligence
for Congestion Identification and Avoidance (ALICIA)
program, a distributed cooperative expert system that
resides at each switch in a packet-switched network and
that identifies and avoids congestion.

Each switch analyzes the data traffic passing through
it, the control traffic from neighbors, current connectiv-
ity, and its own buffer utilization. From thisinformation,
the switch regulates the incoming rates on its links
according to heuristics that pertain to globally efficient
use of its resources, fair allocation of resources among its
neighbors, deadlock prevention conditions for the im-
pact of congestion on end-to-end flow controls, and the
behavioral model for congestion control mechanisms
of neighboring switches. The switch communicates
requests and allocations for communication bandwidth
using a transaction protocol that establishes a coopera-
tive congestion control architecture.
packet-switched protocols, is used to test the control
architecture. This package has been used to simulate the
DoD internet suite of protocols, as well as some narrow-
band ISDN protocols.

Fiber Optic Based Data Networking

In this project, use of optical fiber cables in an
intelligent building (IB) network was investigated.
With its large bandwidth, optical fiber can easily




accommodate the presently available shared tenant serv-
ices of an IB network. In fact, optical fiber provides a
safeguard against future obsolescence when much higher
speed services will be required. Additionally, optical
fiber cableis small, lightweight, and free of electromag-
netic interference (EMI).

Connectivity and channelization schemes for inte-
grating voice, video, and data services in an IB network
have been investigated, taking into consideration neces-
sary fiber optic parameters. Optical componentsneeded
for the architectures have been identified and their
performance and price evaluated. A cost comparison of
these architectures has also been performed.

On the basis of these studies, a low-cost {iber optic
architecture has been recommended for an [B network
(see Figure 6). IB wiring uses conventional star-struc-
tured systems with wiring closets on every floor and a
service center from which the backbone riser cable is
distributed. Star couplers, typically situated in such a

service center, form the hub of the IB network, Each
cable section that starts from the hub shares the riser
cable conduits for the normal building wiring system.
Because the optical cable is light and free of EML, it can
share conduit space with the existing wiring. The cable
sections end in a distribution panel on every floor (or
every other floor), where with the use of wavelength
division multiplexing (WDM) the horizontal system
branches out into T1, video, and Ethernet channels.
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An Ethernet Multistar-based unit can allow further
extension of Ethernet LAN segments on each floor.
Each of these LAN segments can operate on any wiring
medium, allowing a variety of subsystems to be mixed
and matched. The T1 channel can be connected to CB
or PBX equipment, and circuit-switched voice and data

services can be provided throughout the building. Low-
speed telemetry signals for energy management and
security can be ransmitted on DSO channels by means of
the CB/PBX arrangement. Finally, the video channel
can support CCTV surveillance, video monitoring of
equipment, andvideoconferencing. A small-scale proto-
type of such a fiber optic IB network architecture has
been designed, installed, and successfully tested by NTD.

It isenvisioned that such a fiber optic network can
be easily upgraded to higher speed networks such as
the100-Mbit/s fiber distributed data interface (FDDI)
network when they become available,

Crisis Briefing System

The crisis briefing system task explored technology
for establishing a coordinated crisis management system
for improving communications between crisis manag-
ers. Potential applications for this technology include
nuclear reactor incidents, forest fires, law enforcement,
and intelligence operations. The system consists of

TCP/IP NETWORK (LAN, WAN)
(Simulated or real)

Figure 5. TCP/P network management architecture
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normal telephone service and advanced workstations
connected to a data network to provide voice, data, and
image communications in interactive sessions between
users at various geographical locations. The telephone
establishes conference calls for a group of users, who
then initiate a shared workstation environment. Con-
nections to the workstations can be provided by either
private or public data facilities. Each workstation con-
nected fora briefing system has a window that can display
a variety of the same graphic material, e.g., drawings,
maps, data tables, curves, and text, to all users. The user
can readily display overlays containing text, graphic
outlines, and pointers. The system also provides a real-
time pointer that appears on all screens.

Crisis management consists of the following four
elements:
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* appraisal of the situation

¢ development of options to handle the crisis
*  decision dissemination and coordination

* post-crisis analysis.

The workstation supports both analysis and com-
munications between users. To demonstrate the
capabilities of such a system with readily available
hardware and software, Sun Model 3 workstations
and TCP/IP network connections have been inte-
grated. Eithera Sun workstation or a local Macin-
tosh computer can prepare materials for the brief-
ing system. The demonstration can display text,
object graphics, bitmapped graphics, data tables,
and curves.

In the current demonstration, an NTD Eth-
ernet network can initiate a conference session be-
tween three workstations. Participants in the con-
ference are invited to join the session and enter a
password to accept the invitation. A conference
window appears when the invitation is accepted.
All users view the same window. A separate window
displays the names of conference participants, and
indicated which user has the "floor.” Any user can
request control of the floor by clicking a mouse but-
ton, and when in control, can point to objects on
the screen with the mouse, and alter the window
contents. The system has not been tested between
userson differentnetworks, but thisfunction issup-
ported by system components,

INTELSAT

On-Board Processing

Under an INTELSAT contract, members of
NTD and CTD investigated alternative on-hoard
processing architecturesand network control strate-
gies that minimized ground terminal and on-board
processing complexity and cost while providing
maximum traffic routing capability, reconfigura-
tion flexibility, and link performance. The study
was divided into four phases:

* Phase 1. Architecture tradeoffs

¢ Phase 2. Technology definition

*  Phase 3. Cost/benefit analysis

* Phase 4. Synchronization of digital inter-
satellite links (ISLs)




Phase 1, 2, and 3 are described in the CTD section of this
Annual Report. The work carried out under Phase 4 is
briefly described in the following paragraphs.

The ISL study included calculation of ISL range
rate and range variation, ISL processor architecture and
their impact on ground terminals, internetwork TDMA
synchronization, and optical ISL transmission analysis
and tradeofts.

Worst-case range rate and range variation were coms-
puted for a satellite longitudinal separation of 60° to
120°.  The worst-case range rate and range variation
occurred at 60°. With this separation, a range variation
of 261 1o 432 km foran orbital inclination angle, i, of 0,1°
to 3.0° (assuming longitudinal drift of £0.1°) and a
range rate value of 5.6 m/s (i=0.1°) to 21.9m/s (i=3.0%)
were possible. In comparison, earth station range
variation was 73km (i=0.1%) to 708 km (i=3.0°); earth

= COMSAT LABORATORIES 1986 I

station range rate was 2.4t0 259 m/s. Minimum buffer
requirements set by earth station and ISL range vari-
ations were determined on the basis of these values.
Other buffer components such as frame alignment and
clock drift were also estimated.

ISL. transmission architectures were examined, and
various alternatives for on-board processing of ISL sig-
nals were presented. Within the context of transmission
architectures, both TDMA and TDM/FDMA systems
were considered with 120-Mbit/s (TDM or TDMA) ISL
transmission. Available on-board processing alternatives
for these systems, including no processing (transparent
link), regeneration, IF switching, baseband switching,
and baseband processing, were examined. ISL payload
interconnection options were also considered for satel-
lites with either the same or different ISL payload con-
figurations (Figure 7).
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Figure 7. ISL payload interconnection aptions




The major part of the study focused on ISL. TDMA
network synchronization, identifying on-board process-
ing requirements, impacts on earth station design, and
buffer requirements for the ISL subsystem and earth
Both ground- and on-board based timing
techniques were considered.

For synchronization of multiple-TDMA networks
interconnected by ISLs, several network timing alterna-
tives were studied in conjunction with ground reference
and on-board reference timing. These included inde-
pendent network timing (networks operating with dif-
ferentsatellites are independently synchronized to their
own reference clocks), synchronized on-board timing
(one control station provides reference timing to both
local and remote networks), and synchronized ground

station.

timing (identical to independent network timing except
that ground reference clocks are synchronized using a
terrestrial link). In addition, a minimum on-board hard-

ISL-RB & ISL-TB

ware configuration (Figure 8) wasinvestigated in which
ISL synchronization and processing functions are trans-
ferred to the traffic terminals to simplify the on-board
hardware at the expense of more complicated ground
processing.

After examining the alternatives, it was concluded
that independent network timing is the simplest to im-
plementand resultsin reliable network operation. Slight
enhancements at the reference stations (such as adding
synchronization circuitry and a terrestrial link between
the reference stations) will provide synchronous opera-
tion of the TDMA networks.

For an optical ISL transmission analysis, the optical
ISLtransmission subsystem and parameters, optical power
budget tradeoffs, and ISL. BER considerations were de-
fined. Based on the ISL transmission rate requirements
and the level of maturity of various optical technologies,
it was concluded that GaAlAs technology was promising
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Figure 8. ISL TDMA transmission configuration
requiring minimal im-board hardware
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for this particular application. Parametric results show-
ing ISL. BER versus optical antenna diameter were pre-
sented asa function of ISL separation angle for two levels
of transmitter power (50 and 200 mW). An example
of the study results is shown in Figure 9. ISL. BER
requirements for 120-Mbit/s transmission were also de-
termined with and without the application of forward
error correction (FEC) coding. For FEC coding, both
end-to-end and on-board decoding and recoding were
considered. ISL-BER curves (link BER = 107) for both
cases were presented.

TRANSMITTED POWER = 200 mW
3 DATA RATE = 120 Mbit/s
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Figure 9. Accumulated BER vs antenna diameter
(ISL optical lmk budger)

Packet Switching Experiment

NTDsupported INTELSAT in determining the QOS
ofaninternational packet-switching link that included at
least one satellite hop. The data gathered from the
experimentwere analyzed in detail. The resulting report
contained recommendations on choice of optimal proto-
col parameter values when satellite links carry packet-
switched data.

CORPORATE SUPPORT

CCITT and T1 Activities

NTD has actively participated in international and
national standards organizations dealing with ISDNs
and data communicationsissues. Members of NTD have
participated in Study Groups XTand XVIIT of the CCITT
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and in subcommittees of the ANSI T1 Committee on
Telecommunication. These efforts have been directed
toward ensuring that satellite system characteristics are
accommodated in the development of national and
international standards.

Ensuring the compatibility of satellite communica-
tions with ISDN standards development required analy-
sis of issues ranging from simple timer parameters to
detailed protocol procedures.  Interworking
(Recommendation 1.515), additional packet mode
bearer services (Recommendation 1,122), broadband
ISDN (Recommendation 1.121), asynchronous transfer
mode (ATM), non-D channel application of link access
protocol-D (LAPD), and multipoint broadcast services
were some of the specific topics which were investigated
in detail.

Recommendation L5615 defines the parameter
exchange for ISDN interworking. Typical examples in
which parameter exchange takes place include termi-
nal adaption compatibility establishment, modem tvpe
selection, and voice encoding compatibility establish-
ment. The time parameter N bounds the time
interval allowed for completing the parameter exchange.
The proposed value of 500 ms would have ruled out
satellite links for interworking situations. Npm is now the
implementer’s choice.

Recommendation 1.122 defines frame relaying 1,
frame relaying 2, frame switching, and X.25-based pac-
ket mode bearer services. Differences between these
services arise from the different applicable user-plane
functions. (In the control-plane, all signaling capabili-
ties for call control, parameter negotiation, etc., are
based on a common set of protocols, e.g., Recom-
mendation 1451.) In 1989, it is expected that some
bearer services will be deleted and  not considered
further for standardization,

In the frame relaying 1 service, both the user and
network perform 1.441 core functions, whereas in the
frame relaying 2 service, the user terminal performs
1.441 protocol, whereas the network performs only 1441
core functions. In the frame switching service, both the
user and the network perform full 1.441 protocol func-
tions. In the X.25-based additional packet mode bearer
service, both the user and network perform full 1.441
protocoland the data transfer part (DTP) of X.25 packet
layer protocol (PLP). The core functions of 1.441 are
frame delimiting, frame multiplexing/demultiplexing,
error detection, and frame inspection.




Thedifference between frame relayand frame switch-
ing protocols is that no flow control or local retransmis-
sion is performed in the former schemes. Asaresult. an
additional congestion control technique is needed in
the frame relay protocols to prevent users from flooding
the network. The proposed congestion control scheme
(reduction of windows to one) will not perform well over
satellite links because they typically operate with large
windows. In the COMSAT scheme proposed to the sub-
committee T1S1, the multiplicative decrease in the win-
dow size upon user-perceived congestion is considerably
better for satellite links. Frame switching and X.2)-based
services have no such problems.

LAPD is being modified for non-D channels. NTD
has been participating in this development to ensure its
compatibility with satellite technology.

Recommendation 1.121 defines the broadband
aspects of ISDN. Broadband refers to digital rates higher
than T1 rates (1.544 Mbit/s, or CEPT, 2,048 Mbit/s),
and can be as high as 150 1o 600 Mbit/s. These digital
rates are intended to be supported over fiber optic
transmission media, but so far the specification of stan-
dards has been keptindependent of transmission media.
NTD has been active in ensuring that satellite-based
services are an integral part of B-ISDN.

Maritime Services Support

Maritime Services announced its intention to offer
transoceanic aeronautical communications systems us-
ing satellites in the INMARSAT System. These services
will greatly enhance the capabilities of air traffic
control (ATC), resulting in fuel cost savings. They will
also provide efficient tracking, permit instant emer-
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gency communications, and provide airline company
and public correspondence (both voice and data) to and
from the aircralt. NTD supported Maritime Services in
specifving the interface between the acronautical ground
station and the packet network operated by ARINC.
NTD also contributed 1o ARINC-741, an international
standard for the aviation satellite communications sys-
tem. Specific recommendations for the standard im-
proved the available throughput and made possible the
external measurement of delays through the network.
NTD also assisted in specifying the requirements for an
early-services ground station and in writing a request for
proposal (RFP) for the fullservices ground station.

Computer Network Security

Sponsored by CSD, a study in computer network
security has been undertaken to expand COMSAT's
understanding of this rapidly growing field. Various
security features and mechanisms to implement them, as
wellas security requirements of the defense, civilian, and
private sectors, were examined.  This work included
reviews of the trusted computer system evaluation crite-
ria (TCSEC) and the wtrusted network interpretation
(INI) systems developed by Dol as a guideline for
specifying, providing, and evaluating security functions
inautomated data processing equipment, Security archi-
tectures and funcuons of the protocols in the Secure
Data Network System  (SDNS) were also studied. SDNS
is an outgrowth of the work done by National Security
Agency’s (NSA's) Development Center for Embedded
Comsec Products (DCECP). Also evaluated was the
impact of providing various security functions  at
different layers of the ISO-OSI model.
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he System Development Division (SDD) is responsible for system design and development activities in sup-
port of COMSAT lines of business, INTELSAT, and other COMSAT clients. SDD projects encompass '
development of computer-based systems, including design and implementation of software and the selection,
acquisition, installation, and integration of hardware. Other SDD activities involve development of digital
hardware and microprocessor firmware for prototype equipment produced by COMSAT Laboratories, and de-
velopment of analysis and simulation techniques and computer software for evaluation and optimization of sat-
ellite communications systems and subsystems. State-of-the-art software development techniques, including advanced
methodologies, computer languages, and computer hardware, are investigated and applied. During 1988, SDD contin- '
ued development of several major systems analysis programs, expanded the database of satellite system information,
implemented a computer network to support program management activities, and initiated a research program in
lightweight satellite technology.

COMSAT JURISDICTIONAL R&D

Interactive Channel Modeling Program

As reported in the 1987 COMSAT Laboatories
Annual Report, a baseline version of the Interactive
Channel Modeling Program (ICHAMP) was developed
in 1987. An enhanced version was developed jointly with
the Communications Technology Division (CTD) in
1988. ICHAMP is a time-domain simulation program
that runs on the IBM 3083 processor under the CMS
operating system. Although designed primarily for

simulation of satellite communications channels,
ICHAMP can also be used for analyzing terrestrial com-
munications systems and as a general software package
for digital signal processing.

ICHAMP simulates the steady-state transmission of
digital signals over asatellite channel, and generates per-
formance measures such as bit error rate (BER) and
signal-to-noise ratio (S/N). Graphical outputs of signal
envelopes, eye patterns, scatter diagrams, phase-plane
trajectories, and power spectral density plots can be
generated at any point along the channel. The analysis
algorithms used in [CHAMP originated in the Channel
Modeling Program (CHAMP).

. 3 = .
ICHAMP enables a user to graphically describe - :r: :;‘:; :’;" F F =
digital or FM communications channel configurations ; - :: P ‘!‘- = - TE ‘
in block diagram form by means of a menu-driven e
interface (Figure 1). Icons representing filters, amplifi-
ers, signal generators, and signal operators are used to Figure 1. Block diagram of a satellite channel m ICHAMP
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build the diagram. Multiple channels may be defined in
order to model adjacent channel interference (ACI).
Individual channel component parameters stored in a
component database may be retrieved and used to con-
struct specific channel models. The channel block
diagram is stored in a channel database that may be
edited by the user.

Integration and testing of the enhanced version of
ICHAMP were completed in 1988,
results were validated against CHAMP and known theo-
retical results. An ICHAMP user’s manual, program-
mer's manual, and theoretical manual were prepared.

The simulation

Network Analysis Program

The Network Analysis Program (NAP) is an analvu-
cal tool for evaluating the quality of service of a packet-
switched network which has been augmented and re-
vised since 1987, Network performance is defined by the
throughput and end-to-end delay incurred in sending
messages from a source node to a destination node.
Network performance may also be evaluated by intro-
ducing network component failures,  An availability
analysis of the complete network may be carried out on
the basisof the mean tme between failures (MTBEF) and
the mean time to repair (MTTR) for each link and node.

Components of the network model include network
nodes; processesresiding at cach node; communications
links between nodes, raffic sources, and distributions;
and link level protocols used over each link. A descrip-
non of each of these components serves as program
input. NAP runs on the IBM 3083 processor under the
CMS operating system and also on the HP 9000/320
under UNIX. Program output includes tabular listings
of network parameters, node connectivity, and perform-
ance of various network components.

NAP has been tested and its documentation up-
dated. A user’s manual, programmer's manual, and
theoretical manual are available.

General Antenna Program

Development of an integrated version of the Gen-
eral Antenna Program (GAP) for modeling a reflector
antenna system continued in 1988, GAP can analyze

reflector antenna systems with multiple feeds and
multiple reflecting surfaces with diffractive rim bounda-
ries. It performs surface and aperture integration, geo-
metrical diffraction theory calculations, and sampling
and reconstruction techniques to predict radiation pat-

terns of a variety of reflector antennas.

GAP creates an input file describing the antenna ge-
ometry, invokes aray trace of the radiated field, performs
far-field or near-field integration, and then produces a
plot of the radiation field on a graphics terminal. The
far-field radiation pattern shown in Figure 2 was gener-
ated by a dual reflector system with four feeds. To
analyze the performance of an antenna system, the user
may iteratively adjust parameters describing the antenna
geometry and repeat the analysis.

Developed on an IBM mainframe, GAP was trans-
ferred in 1988 to the HP-9000 (Series 840) computer.
Both versions of the program are currently operational
within COMSAT Laboratories. Supporting documenta-
tion for GAP was also generated.

In 1989, restructuring of GAP to make it more
efficient and easier to use and maintain will be initiated.
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Lightweight Satellite Technology Research

There has been considerable interest recently in po-
tential applications for lightweight, low-orbit satellites
using contemporary technology. COMSAT Laborato-
ries has actively followed developments in this area to
plan for the application of SDD’s technical capahilitiesin
systems engineering, on-board microcomputing, solid-
state RF and digital electronics, Mat-plate antennas, and
efficient long-lite batteries.

SDD led an internal, multidivisional study to survey
appropriate applications for lightweight, low-orbit satel-
lites, and to develop corresponding system concepts that
made eftective use of the applicable base of laboratory-
demonstrated technology, In the study, SDD chose to
explore the next step bevond individual small spacecraft
operating independently. Thatis, SDD concentrated on
designing efficient networks with modest numbers
(tens)of lightweight low-orbit satellites, mterconnected
by millimeter-wave intersatellite links (I1SLs), to provide
data relay coverage of a local area anvwhere on earth,
plus longer range connectivity if required.

The resulting COMSAT Lightsat Network concept,
with satellites autonomously positioned relative to each
other in polar orbit planes, provides full-time communi-
cations coverage (without gaps in time or in space) that
is immediately available to a military commander any-
where, atanytime. Figure 3 showsatypical configuration
with eight satellites in each of four polar orbit planes.

The SDD study avoided a single-point design tor the
system or any component, but rather attempted to ex-
plore the range ol parameters over which the basic con-
cept was applicable and to develop selected design ex-
amples. For instance, SDD found that the concept is
attractive at orbit altitudes between 500 and 2,000 km
and at spacecraft weights of 400 to 500 Ih. Figure 4 is a
top-level block diagram ol a suitable communications
pavioad. ISL data rates of several megabits per second
were feasible, but thev could be increased to 100 Mbits
by the more advanced component technology that has
been demonstrated in the laboratory,

Studies of Lightsat applications and applicable tech-
nology will continue in 1989,

SYSTEM DEVELOPMENT

Figure 3. Lightweight satellite constellation
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COMSAT SUPPORT

Communications System Planning Model

The Communications System  Planning Model
(CSPM), begun in 1987, is an interactive computer




program that facilitates the planning of a satellite com-
munications system. The need for CSPM stemmed from
the large amount of data involved in the planning proc-
ess and the desire to examine many system alternatives.

CSPM contains a number of analysis algorithms for
performing time-consuming and iterative operations.
Implementation of the model entailed focusing not only
on these analysis algorithms, but also on the user inter-
face in order to design and implement a package for a
system planner.

CSPM is a flexible and expandable software pro-
gram. To ensure the most general model possible, pre-
defined parameters and size limitations were avoided.
CSPM allows for multiple ocean regions, each contain-
ing several satellites.

Global Traffic
(specified by
service)

Partition
Traffic

Atlantic Ocean
Region

Pacific
Traffic

Atlantic
Traffic

Indian
Traffic

Global traffic matrices must first
be divided into separate ocean
regions.

Each ocean region is handled
separately by CSPM's algorithms.

This example shows traffic being
partitioned into the three
traditional ocean regions.
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Current satellite communications systems accom-
modate numerous communications services within a
single satellite, and often within a single transponder, all
of which are supported by CSPM's algorithms. The
model addresses both system capacityand costs. Parame-
ters and data are easy to change, simplifying the process
of iterative analysis.

In using
defines all the basic parameters of a satellite communi-
cations
nodes), oceans, satellite deployment data, transponder

the CSPM model, a systems planner

system, including  earth stations (network
configurations, beam coverage regions, earth station
equipment, and service categories, Trafficrequirements,
in the form of traffic matrices. represent actual or

forecast tralfic for each communications service. By

Pacific

Indian
Ocean
Region

Global Traffic Divided into "Ocean Regions"

Figure 5. Traffic partoning m CSPM




editing and manipulating  the system and traffic dara,
the planner creates svstem  configurations  that are
tested tor feasibility or analyzed for performance (e.g..
capacity) and cost. CSPM stores, manipulates, and ana-
Ivzes all of these data.

Several analysis algorithms were implemented for
CSPM.  Traftic manipulation algorithms provide ma-
nipulation functions tor traffic data including the addi-
tion, subtraction, scaling, and partitioning of traffic ma-
trices (see Figure 5). A wraflic routing algorithm divides
svstem-wide traffic between the defined satellites in an
ocean region tocreate raffic matrices for individual sat-
ellites. Awaffic assignmentalgorithm assignsasatellite’s
traffic to specific ransponders, resulting in a transpon-
der loading plan and a summary report on capacity utili-

zation. Finally, an economic model produces reports ol

revenue requirements and net present value.

An interface 1o the INTELSAT Satellite Services
(ISS5) Database Management Facility (IDBMF) allows the
CSPM user torerrieve data from the central ISS database,
The IDBMF contains ac-
tual and forecast traffic,
aswellasmanvol the ba-
sic parameters needed

menus (Figure 6). The screens for CSPM that form the
hasis ot its interface have control buttons, selection but-
tons, and editable fields. Fach sereen can view and edit
a specific category of satellite system data or analvsis al-
gorithm parameters.

Most functions and commands are invoked using a
drop-down menusvstem, but the user can invoke other
frequently used functions related 1o viewing and editing
the tables of data by selecting control buttons displayed
on the screen. Scroll bars allow searching through the
numerous tables of satellite svstem data. Several [une-
tions incorporated into the seroll bar make this process
quick and casy.

Development of CSPM began in 1987 and the first
version was completed at the end of 1988, During 1988,
the CSPM intertace was refined, links wo the 1DBMF
were implemented, analvsis algorithms for CSPM were
completed, and the software helped to evaluate the new
INTELSATVII satellites proposed [or the Pacific Ocean
Region.
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ISS Database Management Facility

The IDBME, as developed on an IBM maintrame, is
the central repository for satellite svstem data within
ISS. providing the ISS stafl with current and accurate
data for many planning, engineering, and marketing
tasks, It also provides a set of defined reports and high-
quality graphs tor use in presentations and published
documents. and supplies data directly 1o the CSPM,

Planning of the IDBMF was imitiated and completed
in 1987, In 1988, the system was implemented and made
available for use.

Currently, the ISS database contains the following

categories of datae

o Assistant Governor data

Alternate Governor data

o country names and 1'TU codes

*  Signatory data

e Poard repr esentation groups

o [NTELSAT trallic actuals

¢ INTELSAT shortrange tratfic estimates
e INTELSAT longrange tratfic estimates
*  carth staton data

*  earth station antenna svstems

e carth station standards

o satellite data

e satellite cost data

e satellite deplovment records

¢ satellite conligurations

* configuration descriptions

o orbital station data.

Manychartsandreports based on data from one or more
categories have been defined and are available 1o the
user (Figure 7).

In 19849, augmentation of IDBME is expected 1o in-
clude extension ol existing categories as well as user

\'Ilp])ull,

COMSAT Orbit Inclination Analysis
Program

During 1988, SDD developed a baseline version of a
software program to compute the effects of orbital inch-
naton buildup for INTELSAT satellites by determining
ib a specified satellite in inclined orbic is visible 1o the

.
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earth stations accessing it. The COMSAT Orbit Inclina-
tion (COIN) analvsis program computes the elevation
angles for these earth stations at regular periods over
one complete orbit and compares these angles with
minimum acceptable clevation angle criterion.

In the baseline version of COIN, the user specifies
only the satellite longitude and inclinaton, which the
program uses to model a circular orbicwith an arbitary
time origin. The program also reads a database of earth
station descriptions that contains the locations of the
carth stations accessing the specified satellite. Program
output consists ol a report listing those earth stations at
which the elevation angles tall below the specified mini-
mum acceptable angle atanv time during one orbit. A
distribution plotshows the carth stations that lose access
to the satellite as a functuon of inclination. Plans have
been proposed for extending the baseline version ot
COIN o accurately model inclination growth over time
by more precisel modeling the satellite’s orbir.

Interactive versions of COIN (written in PASCAL,
with GKS 1o generate plots) have been developed for
the IBM 370 VM CMS svstem and for 1BM PC-DOS

computers.,

ISS Software Support

SDD personnel often apply existing svstems analy-
sis tools 1o current problems to assist ISS staft with its
daily tasks. Programs are often modified 1o produce
special andlyses or report formats. In addition, SDD




provides training in the use of these tools 1o new ISS
software users, and maintains a library ol existing soft-
ware tools and associated documentation for ISS.

In 1988 ISS published an INTELSAT Satellite Cov-
erage Notebook that consisted of maps showing the an-
tenna beam coverages for cach of the currentand planned
satellites in the INTELSAT system. The coverage maps
(as shown in Figure 8) were produced at the Laborato-
ries using the Antenna Coverage Program (ACP). This
task involved gathering datasuch asantenna pointing bi-
ases for each ol the spacecraft and antenna gain data
and modifying ACP to read this specially formarted data.
SDD assisted 1SS with formatting this notebook for
publication. ACP also ploted INTELSAT VI coverages
to aid in evaluating INTELSAT VII proposals.

INTELSAT VII transponder loading plans were de-
veloped using CSPM and verified that the new space-
craft had sufficient capacity to meet the projected IN-
TELSAT wraffic requirements. Tailored reports were
frequently generated for wraffic or earth station data
contained in the IDBMF.

SDD also supported ISS in determining require-
ments for migrating existing systems analysis software to
new computer systems.

Figure 8. Plot from the Antenna Coverage Notebook
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Integrated Project Support Environment

During 1988, SDD developed a comprehensive, in-
tegrated environment for the management of major en-
gineering development projects undertaken by COM-
SAT Systems Division (CSD) and COMSAT Laborato-
rics.  This Integrated Project Support Environment
(IPSE) will assist project managers and staft members to

ensure that the following objectives are met:

e Al
within budget.
* All applicable standards for development, docu-

projects are completed on schedule and

mentation, and status reporting are followed.

¢ Complete records are kept for each project, in-
cluding the deliverable documentation list, mate-
rial list, module status reports, design and code
walkthrough reports, test reports, discrepancy re-
ports, action items, and project correspondence.

* An accurate list of system requirements is main-
tained, with each requirement traceable to one or
more specific system components and to one or
more specific test cases,

e All deliverable documents adhere to a common
accepted standard for style and content, and the
current version of each document is kept on-line
and protected from unauthorized changes.

Thus, IPSE facilitates the tasks of each project team
member and serves as a means of communication be-
tween them.

The IPSE environment consists of a network of
Macintosh workstations, a VAX host computer, and a
set of software tools residing on cach. The IPSE local
area network includes an Ethernet network intercon-
nected with an AppleTalk network., The Ethernet net-
work links the VAX host with CRT terminals, and per-
mits the terminals to communicate with each other and
with the VAX host. The AppleTalk network links the
Macintosh workstations with each other and with a
Macintosh file server and laser printers. An asynchro-
attached 10
permits remote users to access the network through a
dial-up telephone line. A gateway is provided to link
the AppleTalk network with the Ethernet network.

Users of the TPSE system are provided with a com-

nous server the AppleTalk network

prehensive set of software tools, including tools for soft-
ware implementation, project management, analysis,
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and documentation. These resources reside on the [PSE
workstations. the scanner station, the Macintosh file
server, or the VAX host computer.

SCOPE

The user interface to the Macintosh workstations is
provided by the SCOPE program, which was developed
by SDD using HyperCard, an icon-based information
management facility. In HyperCard, information isstored
on cards, which are organized into stacks. Figure 9shows
the stacks included in SCOPE, along with applicaton

programs that are invoked and the documents associ-
ated with each applicaton.  The format of a tvpical
SCOPE stack is shown in Figure 10,

SCOPE provides easy access to all IPSE functions,
while maintaining a database of all project informa-
ton. For proposal preparation, SCOPE maintains the
resumes of all technical personnel in the resumes stack
on the file server. The current labor rates (including
overhead and G&A) for each labor category within each
technical organization are stored on the labor rates
stack, which is also kept on the file server. The proposal

lliélllii'ﬁ_"t'l' '.I!l(i Cosl account managers have accessto these

Labor Rates
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Figure 9. SCOPE overview
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Requirement List I& i O 32

At the start of the project, the
project manager can prepare a
project plan that identifies the
activities to be performed and the

Division Level Reporting Requirements

Category

resources to be applied to the proj-

Subsystemn Seq. No

4

cct. The project  organization

Keywords: |Cosl, Division Manager SOW Ref

1.1:2

chartis maintained ona MacDraw

Requirement:

Uersion 1.0 document accessed through

Provide project-by-project cost performance status for all direct projects |3

in the division. The same information and display requirements apply to ﬁ
this item as to the requirement 1.1. Additionally, a comparative display | |
showing the projects in the order of worst to best is required.

SCOPE.  Standard project man-
agement tools such as MacProject
and ARTEMIS are

3 accessed

O Software O Hardware
O Testing O Analysis

o o)

Implemented In
Yerified By

i

Modules

| 6

Test Cases

¥

Changes

O Dther
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Figure 10

rates when filling in the pricing sheets, which are Excel
documents accessed through SCOPE.

The Constructive Cost Model (COCOMO) is main-
tained on another Excel document that is accessed
SCOPE. The proposal
COCOMO to obtain an estimate of software develop-

through manager can use
ment costs and schedule for any project involving soft-
ware development,

The proposal manager has on-line access through
SCOPE to all documents generated in the proposal
phase, including the proposal plan, the technical pro-
posal, and the management proposal. SCOPE can store
and maintain common (boilerplate) information for
these documents on the file server.

SCOPE maintains current descriptions of develop-
ment standards in the development standards stack on
the file server. The name of each distinet project phase
is identified in the phases stack, along with a list ot the
activities to be performed during that phase and the de-
liverables required at the end of that phase. For each
activity identified in the phases stack, a brief description
is provided in the activities stack, along with references
to any relevant development standard documents. In
addition, a brief description of each deliverable identi-
fied in the phases stack is provided in the deliverables
stack, along with references to any relevant develop-
ment standard documents. The software coding stan-
dards are defined in the coding standards stack.

I'ypical SCOPE stack
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Discrepancies

through SCOPE as well. SCOPE
also maintains a list of major Jm:j-
ect milestones in the milestones

(g

stack, which can be automatically

updated with information from
the project management tool.
SCOPE contains additional stacks
for entering the work breakdown
structure (WBS) dictionary, cost
accounts, and work packages.

The proposal manager can generate a complete list
of system requirements and enter them in the SCOPE re-
quirements stack. Changes to the requirements after
contractaward are entered in the change liststack, along
with pointers to the requirements affected. SCOPE has
a facility for verifving that

* foreach system requirementimplemented in soft
ware, one or more soltware modules are specified
that address this requirement

* for each system requirement verified by testing,

one or more test cases are specified that address

this requirement.

SCOPE’s action item stack maintains a list of action
items arising from formal meetings with the customer or
informal requests by the customer aswell as action items
generated by the project staff. A list of all contract
deliverables is kept in the deliverables stack. All deliver-
able documents adhere o the standard sivle defined in
the SCOPE document template. The project manager
maintains a list of all materials 1o be acquired and
delivered to the customer in the material list stack. A list
of manulacturersand vendorsis found in the equipment
sources stack maintained on the file server.

SCOPE provides a number of tools and stacks to

facilitate the software development phase. Software




requirements analysis is performed by AnaTool, which

generates a hierarchical set ol data flow diagrams, a data
dictionary, and a set of standard specifications, Soltware
design is performed by MacDesigner, which generates a
hierarchical set of structure charts, module prologues,
and program design language (PDL) descriptions of
each module.

All software subsystems identified in the data flow
diagramsare included in the subsystems stack, which can
track the status of software requirements analysis for
cach subsystem.  Software modules identified in the
structure charts areincluded in the modulesstack, which
can track the status of design and coding for each mod-
ule. The software QA manager invokes the review forms
stack to enter the results of cach internal review (analy-
sis, design, or code walkthrough) and to track the status
of changes requested during the review.

A number of implementation tools are provided on
the VAX host, including source code templates, lan-
guage-sensitive editors, and program analyzers.

The integration and test manager enters each test
case and test procedure in the test cases stack and enters
the results of all formal (witnessed or unwitnessed) tests
in the test reports stack. Separate test cases and test re-
ports stacks are maintained for each phase of testing. All
discrepancy (or trouble) reports are entered in the dis-
crepancies stack, and this list is updated with informa-
tion regarding the status of the discrepancy report .

The IPSE svstem, including SCOPE, has been in-
stalled at COMSAT in Clarksburg and currently serves
usersin both SDDand COMSAT Systems Division (CSD).
Experience gained in applving SCOPE 1o current devel-
opment projects determines whether further enhance-
ments are required, and also whether COMSAT will
make SCOPE available 1o external users.

Ada Software Development Environment

Adais a modern computer language designated by
the Department of Defense (DoD) as the official lan-
guage for all future software projects. Ada supports two
basic software engineering principles: abstraction and

information hiding. Ada is a strongly tvped language
(with respect to definitions of variables) and has strict
cross-checking of interfaces. Furthermore, itis a highly
portable language that provides a software development
environment that is independent of the computer and
the operating system. Thus, software developed in Ada
tends to be error free, highly modular, and reusable,
which signilicantly increases software productivity and
decreases maintenance costs,

COMSAT will soon develop Ada software or inte-
grate software developed by subcontractors or supplicd
by vendors.  Inany case, COMSAT must acquire exper-
tise in managing all aspects of an Ada software project. A
fully integrated Ada
(APSE), including an appropriate sofiware engineering

Project Support Environment

methodology, is the first step toward this goal.

By the end of 1988, COMSAT personnel had re-
ceived Ada language training and attended several semi-
nars on Ada project management, DoD reguirements for
Ada software, and Ada software design methodologies.
Several Ada compilers were tested to select a compiler
suited to COMSAT's needs and two medium-sized Ada
programs were written and tested to gain some practical
experience in Ada software development. Finally, a pre-
liminary report was prepared that surveyed existing Ada
software development methodologies, including Object
Oriented Design (OOD), the Process Abstraction Method
for Large Embedded Applications (PAMELA), and the
Extended Buhr Development Method (EBDM).

INTELSAT SUPPORT

Fixed TDMA Burst Time Plan Software

SDD continued to maintain and enhance the lixed
TDMA Burst Time Plan Generation (BTPGEN) solt-
ware system for INTELSAT in 1988, This system consists
of four programs used 10 develop network burst time
plans.  individual
(MTPs), and condensed time plans  (CTPs) for the
INTELSAT fixed TDMA system. Major developments in
1988 consisted of modifyimg the software to accommo-

earth station master time plans




date direct digital interface (DDI) modules and digital
circuit multiplication equipment (DCME). In addition,
all documentation on the software system was revised
and reissued.

Satellite-Switched TDMA Burst Time Plan
Software

SDD began developing the Satellite-Switched Mas-
ter Time Plan/Condensed Time Plan (SSMTP/SSCTP)
software system  for use with  the forthcoming IN-
TELSAT SS/TDMA system (Figure 11). The SSMTP/
SSCTP soltware system consists of two programs used to
generate MTPs and CTPs  for each individual carth
station, a switch state time plan (SSTP), anda diagnostic
processor time plan (DPTP) for an INTELSAT 8§/
TDMA nemwork. The software is being developed on
INTELSAT s IBM mainframe under the MVS/TSO op-
erating svstem. The Generate Satellite-Switched Para-

meters (GSSPARM) program was developed to gener-

ate simulated SS/TDMA network parameters that are re-
quired by the SSMTP /SSCTP software,

SYSTEM DEVELOPMENT

INTELSAT VI

T~ TDMA -
REFERENCE
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Figure 11 INTELSAT SSITDMA coverage areas
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Since 1984, the Advanced Communications Technology Satellite (ACTS) program has been under development by
the National Aeronautics and Space Administration (NASA). Under direct contract to NASA, COMSAT is
responsible for developing the NASA ground station (NGS) and the master control station (MCS). Signficant ac-
complishments recorded in 1988 include the NGS/MCS hardware and software developments required to implement
the ground control and operational equipment needed at NASA Lewis Research Center (LeRC). General Electric’s
= (GE's) AstroSpuce Division, the spacecraft contractor, is well on the way to meeting its requirements. The overall
goal of developing basic technologies to ensure the continuing preeminence of U.S. technology in the satellite communi-
cations industry is being realized. By combining its outstanding technical resources with a highly effective program
management team, COMSAT Laboratories is demonstrating that it is capable of assembling and managing a large systems

development and integration program.

ACTS PROGRAM MANAGEMENT OFFICE

In January 1988, NASArestructured the entire ACTS
program in order to streamline relatonships with con-
tractors and to control costs. In accordance with Con-
gressional direction, the program cost was capped, with
each contractor to assume all responsibility for any cost
exposure that exceeded the cap.

NASA established areporting relationship with COM-
SAT as prime contractor (NAS3-25084) for the NGS and
MCS that replaced COMSAT’s subcontractor relation-
ship through GE’s AstroSpace Division. However, the
COMSAT subcontract with Motorola for the ground
modem equipment was assigned directly 10 GE.

In conjunction with these changes, NASA modified
the program schedule. The launch date was postponed
to May 1992; delivery ol the NGS/MCS to GE and subse-
quently to NASA's Lewis Research Center was delaved
accordingly.

COMSAT completely reestimated the cost of the
restructured program in order to establish a cap value
and to determine the effect on cost of the delay in
delivery of equipment and subsequent launch of the
satellite,

Work remaining on each technical element of the
program was reexamined and replanned to minimize
costand to coincide with the delaved schedule. Arevised
program plan was prepared and submitted to NASA in
COMSAT has been
working according to this new plan since July 1, 1988,

The ACTS Program Management Office (PMO)
directs the program within COMSAT Laboratories, and

the third quarter of the vear.
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manages the interface NASA. The PMO includes the
technical managers of each of the major elements of the
program, as well as cost and schedule control managers
and staff.

Technical managers operate with counterparts in
the various functonal organizations, defining and
scheduling the work to be accomplished and the re-
sources required. Upon agreement, these parameters
are entered into a computer-based ARTEMIS cost and
schedule control system, which produces system and
subsystem schedule networks and detailed cost projec-
tions for each element of the program. This information
is continually monitored and updated, distributed to
various COMSAT management levels, and reported on
a regular basis to the customer.

The PMO was instrumental in directing, coordinat-
ing, and supporting the development of this plan. Com-
pletely new schedule networks were constructed and
N('\\-

cost estimates were developed for cach segment of the

refined until all umetable constraints were met.

work breakdown structure to determine new budget and
estimate-at-completion amounts associated with increas-
ing the duration of the program.

Because of the uncertainty surrounding the NASA
course of action and the new ground rules associated
with the restructured program, the COMSAT stafling
levels were deliberately held in check until new cost and
schedule estimates could be developed. Consequently,
instead of the work effort reaching a peak during 1988,
stall levels remained relatively constant vis-a-vis 1987
levels, with approximately 20 percent of the total

Laboratories’ staff engaged in ACTS-related acuvities,
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Systems Engineering

COMSAT's systems engineering role in the ACTS
program includes responsibility for the engineering,
and  testing
COMSAT's deliverable hardware and software. A sec-
ond responsibility is the direct engineering and analyti-
cal support of NASA as prime contractor, a role that

analysis, integration, associated  with

involves substantial interaction on technical matterswith
NASA and other program subcontractors. Both roles
draw heavily on the Laboratories’ technical resources
and have led to significant engineering and analytical
contributions.

During 1988, with the restructuring of the ACTS
program, NASA formalized the technical interactions
among subcontractors by instituting working groups to
coordinate the implementation of the overall ACTS
system. Each working group is chaived by NASA and
focuses on a specific technical area, e.g., the program-
ming and control of the multibeam communications
package aboard the ACTS spacecraft.  The working
group provides a forum in which technical interface
issues are discussed and resolved. Related contractual
issues are resolved separately between subcontractor
PMOs. Each working group also maintains an interface
control document (1CD) as the governing document
over the technical area for which the group is respon-
sible, In 1988, COMSAT was heavily involved both in the
initiation of the several working groups relating to the
ACTS ground segment and as a participant in them. As
the implementation of the ACTS system proceeds, the
critical system engincering coordination function per-
formed by the working groups will continue to grow in
importance.

With system development efforts nearing comple-
tion, the systems engineering focus has shifted toward
the integration and test (I&T) phase, which will lead 1o
the verification of system performance. A major effort
has been the ongoing development of a comprehensive
1&T plan for the COMSAT portion of the ACTS Ground
Segment. Because of the unique complexities of evalu-
ating a satelliteswitched communications  system,
COMSAT's test activities are significant 1o the total
ACTS program. Whereas analog repeater systems per-
mit the loopback of test signals through  spacecralt
transponders, satellite-switched  systems, with  their
essentially independent up- and down-links, place new
demands on communications systems test programs and

.
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require rethinking of classical spacecraft communica-
tions test techniques, The technical challenge is further
compounded by the hopped spot-beam antenna cover-
ages and the digital regencerative repeaters of the ACTS
spacecraft,

In the I&T process. the major subsystems will be
tested separately by the internal COMSAT engineering
groups developing them, prior to delivery of the subsys-
tems 1o the system I&T process. When delivered, the
subsvstem elements will be integrated into the NGS/
MCS svstem residing in the ACTS system test facility at
COMSAT Laboratories. The equipment ensemble will
include the Ka-band RF terminal equipment developed
by the Microwave Technology Division (MTD), the MCS
computer equipment and software, developed by the
System Development Division (SDD). and two sets of
TDMA terminal equipment developed by the Network
Technology Division (NTD).

The equipment ensemble will also include govern-
ment-furnished equipment (GFE) produced by other
ACTS subcontractors,
exercise and test the COMSAT ground segment equip-

This equipment, required to

ment, includes modems produced by Motorola for use
with the low burst rate (LBR) TDMA subsystem, special
test equipment for those modems, aspacecraftsimulator
produced by GE and TRW (the engineering model of
the ACTS spacecraft communications pavload), and
support equipment for the spacecraft simulator to per-
mit monitoring and control of the simulator via a simu-
lated TT&C channel.

The functionality and correctness of the interfaces
between subsystem elements will be verified as these
elements are integrated into the svstem. When the inte-
gration process has been completed, the entire en-
semble of equipment will be exercised together in a
series of functional and performance verification tests
designed 10 verify compliance of the COMSAT ground
segment equipmentwith the requirements of the ground
segment performance specification,

The I&T tests at COMSAT will verify the complex,
multifaceted operation of the LBR network, including
MCS control of network and spacecraft tunctions, dy-
namic message routing and demand assignment of
channel capacity, fade compensation and housekeeping
functions of status monitoring and data logging for
ground segment equipment, space segment equipment,
and network operations, This test approach provides
preliminary data on the functioning of the overall ACTS
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Figure 1. NGS/MCS equipment lavout at NASA LeRC

cight deliverable subassemblies were complete, includ-
ing all the operational up-and down-converters for both
the communications and TT&C signals.

Figure 2 shows assembly work in progress on the
second production command up-converter plate. This
up-converts a 70-MHz signal 1o the 29.975-GHz transmit
frequency. Figure 3shows testing of the production LBR
up-converter, which up-converts the 3-GHz output from
the modulators to the 29.26-GHz transmit frequency.

The design, assembly, and testof the loopback subas-
semblies have been ongoing activities this vear. These
loopback subsystems will be used to complete all the
signal paths that are incomplete in the absence of the

e
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spacecraft. They will be used to test and troubleshoot
the completed station. In addition, they will be used
extensively  during the station I&T phase, when the
satellite signals are not available,

As  the number of completed subassemblies in-
creased, work began on the RFT I&T phase. Racks that
ultimately will be installed at LeRC were procured, rack
lavouts were developed, and equipment was installed in
the racks.

The need o measure rain fade atenuation using
signals transmitted from the spacecraft has presented
special challenges, Measurements of rain fade attenu-
ation signals — generally  employ

using  spacecraft




dedicated beacons. In the ACTS system, the require-
ment is for two of the three rain fade attenuation meas-
urements to utilize modulated spacecraft carriers and
beacons. The modulation mav be that associated with
digital relemetry, analog telemetry, or ranging tones.
The need to extract fade data from these modulated
carriers over a wide dynamic range has required the de-
velopment of innovative circuits and techniques that
were completed in early 1988,

During 1988, changes to characteristics of these
down-link lade beacons were made by the customer.
Using new measurement technology developed as part
of an R&D program, COMSAT was able to respond to
these changes and, concurrently, to simplify the original
design. Following COMSAT's new approach, commer-
cially available equipment could accommodate the cus-
tomer changes and, in addition, could perform func-
tions for which, in the previous plan, specialized custom
circuitry was required. The change reduced the techni-
cal risks to the program and simplified the hardware 1o
be fabricated.

The RFT performs many of its functions, and is
monitored, under computer control. The functions are
controlled by the RFT supervisor, an HP 9000/ 350C
computer. Other elements of the digital circuitry are
located in the rain fade measurement equipment, an-
tennacontrolunit, and experiment measurementequip-
ment. Most of the hardware has been procured, and the
software is under development.

Parts of the RFT were developed outside COMSAT
in parallel with hardware being developed at COMSAT
Laboratories. Subcontracts being monitored by COM-
SAT for modem equipment and for LBR transmitters
were in place at the beginning of 1988, During the year,
GE assumed the modem subcontract responsibility,
However, COMSAT will still be involved in monitoring
the progress ol the modems until they are delivered 1o
COMSAT as GFE.

I'he LBR transmitter subcontract came close to com-
pletion with the delivery to COMSAT of three 50-W, 30-
GHz rransmittersatvear's end from Hughes Aircraft Co,
During 1988, significant work was done in planning the
procurement of, and secking potential vendors for, the
command transmitter, with the objective of placing a
subcontract for that transmitter. During 1988, NASA
reduced the command transmitter e.ir.p., permitting
the command function to be performed by a transmitter
conforming essentially tothe LBR design. Consequently,

Figure 2. Assembly of a command up-converter

Figure 3. Testing of the LBR up-converter




the separate LBRand command transmitter rack designs
were combined into a single rack. and a new subcontract
for a command transmitter became unnecessary.,

TDMA TERMINAL DEVELOPMENT

COMSAT Laboratories is developing two TDMA ter-
minals that will be integrated into the ACTS NGS: a 110-
Msymbol/s TDMA terminal serving as both the LBR
reference terminal and as a tratfic terminal; and a 27.5-
Msymbol/s TDMA terminal serving as a stand-alone
traffic terminal. The reference terminal acquires and
synchronizes to the satellite’s baseband processor (BBI?)
generated TDMA frame to transter the MCS control and
status orderwire channels to the BBP and to the LBR
terminals. The reference terminal preprocesses these
orderwire channels, which have a combined maximum
rate of 1,476 Mbit/s. The reference terminal also con-
tinuously compares the BBP on-board clock drift to a
local frequency standard, and periodically reports devia-
tions to the MCS. The MCS then up-links frequency cor-
rections to the BBP to maintain network clock stability,

The traffic terminals acquire and synchronize to the
BBP TDMA frame to interconnect experimenter terres-
trial circuits to the LBR newwork, The 110-Msvinbol /s
terminal provides service for eight T interfaces op-
erating at 1.544 Mbit/s and six interfaces operating at
6.312 Mbit/s. The 27.5-Msymbol/s terminal provides
service for four T interfaces and wo 6.312-Mbit /s
interfaces. Together, the terminals can interface 1,072
64-kbit/s equivalent voice channels to the LBR nerwork.
Call-processing functions within the terminals provide
for both single-channel dyvnamic routing using dial digits
and multichannel runk routing in either point-to-point
or broadcast connections,

NTD has primary responsibility for TDMA terminal
development, ranging from architectural concept,
through design and producton and subsvstem accep-
tance testing. NTD will also provide support during
system integration and acceptance testing.

The design of the forward ervor correction (FEC)
decoder module was developed by CTD. This module
uses an large scale integraton (LSH decoder circuitand
provides some on-board sell-testing features,

NTD has developed a TDMA design and documen-
tation methodology that is structured in a six-level, 1op-

down hierarchy. The highest levels include external

interface specifications and major subsystem functional
partitioning. Middle levels include analyses 1o derive
lowest level functional elements in terms of hardware /
software partitioning and trade-offs to map functional re-
quirements into the physical implementation. The low-
est levels include detailed electrical design ot hardware
using computer-aided engineering work stations, logical
design and coding of embedded microprocessor soll-
ware, and overall 1&T of the terminals. This meticulous
top-down approach ensures that the design implemen-
tation fulfills all program requirements.

Figure 4 is a functional block diagram of the 110-
Msvmbol /s terminal design. The 27.5-Msymbol/s de-
sign is identical except for deletion of the transmit and
receive MCS interfaces. The terminals are partitioned
into two major subsystems, the terrestrial intertace equip-
ment (TIE) and a TDMA burst controller. The major
functional requirements for each are as follows:

TIFE

Tland 6.312-Mt/s Interfaces. Provide tervestrial line
interface, plesiochronousbuflering of channel data,
and T1 supervisorv signaling processing.

o Tyansmit and Recerve Bus Controllevs. Provide digital
switching of channel data o/ from the burst control-
ler or the signaling extraction /signaling generation
(SXU/SGU) hardware under call processor control.

*  SXU/SGUYS. Provide dual-tone multifrequency selec-
tive signaling reception/transmission to,/ from ex-
perimenter channels for dynamic single-channel
routing in the LBR network.

e Receive and Transmit Traffic Buffer Interfaces. Buller
channel data for high-speed transfer o/ from the
TDMA burst controller.

¢ Demand-Assigned Multiple-Access Call Processor. Proc-
esses supervisory and address signaling to/from
experimenter channels, sends and receives order-
wire messages to/from the MCS 1o acquire and
release satellite capacity, dynamically routes channel
data to/lrom the burst controller, and maintains
call records for operator status display.

TDMA Burst Controller

o [ecvive and Transmit MCS Interfaces. Provide high-
speed transfer and  preprocessing of orderwire
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Figure 4. NGS TDMA terminal functional block diagram

channels to/ from the MCS, as well as the BBP and
traltic terminal network.,

e Receiveand Transmit Traffic Interfaces. Buffer channel
datato/ from the TIE and route channels into MCS-
assigned satellite slots,

¢ DAMA (Recvive and Transmit Frame Management). Dy-
namically alters TDMA frame structure and wathic
slotassignments in response 1o MCS orderwire com-
mands. and performs synchronous burst time plan
changes.

*  Recerve and Transmit Timing and Control. Acquires
and maintains synchronizaton 1o the BBP TDMA
frame.

*  Recerve and Transmit Space Segment Interfaces. Multi-
plex/demultiplex channel data to/from the TDMA
bursts at either the 110- or 27.5 Msvmbol /s serial
rates, and provide FEC encoding /decoding at rate =
1/2 and constraint length, k = 5,

*  System Executive. Provides overall terminal monitor-
ing and control, processes MCS monitor/ control
and LBR fade data links, and interfaces to the termi-
nal operator for commands and status displays.

9l

The terminal design presented in Figure 4 repre-
sents a carefully balanced selection of digital hardware
and microprocessor soltware components. High-speed
digital logie and carefully engineered digital intercon-
nection backplanes ensure error-free and reliable per-
formance. The extensive use of programmable array
logic (PAL) hardware and microprocessor software
ensures i design that can be easily adapted 1o the needs
of NASA'sexperimental program, aswellasto the opera-
tional requirements of future commercial terminals in
the ACTS system.

Overall, the TDMA terminal design requires 45
unique hardware module designs and 78 soltware proc-
esses. During 1988, over 60 percent of the hardware
schematic designs were completed. Fabrication and as-
sembly of hardware modules began in 1988 and will con-
tinue throughout 1989, Figure 5 shows testing progress
on three modules in a prototype chassis. The TDMA
subrack backplaneswere designed, fabricated, assembled,
and tested. This monolithic printed circuit backplane is
a COMSAT design based on the VME-Bus standard. Fig-
ure 6 shows the mechanical CAD design and physical
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Figure 6. TDMA subrack chassis

realization of the burst controller backplane mounted in
a subrack chassis. This backplane simultancously passes
transmit and receive dataat rates up to 110-Mbit/s. Test-
ing showed error-free performance.

A test set for the FEC decoder was completed by
CTD. Thistestset permits extensive systematic testing of
the error correction performance for the ACTS down-
link FEC decoder module.

Sixty-five percent of the program description lan-
guage for the firmware modules was completed in 1988,
Firmware coding is 48 percent complete and 20 percent
of the code has been tested. This coding uses an NTD-
developed State Machine Generator utility program that

.
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has proven highly successfulin creating C-language code
from high-level state machine descriptions. All code for
ACTS TDMA microprocessors is designed to run in the
COSMOS (an NTD-developed real-time executive pro-
gram) operating environment.

TDMA terminal operator consoles are based on
NTD's Virtual Console System (VCS) and Macintosh 11
computers.

MCS DEVELOPMENT

Figure 7 is a functional block diagram of the MCS,
which is responsible for the real-time control and moni-
toring of the ACTS LBR communications networks, as
well asassociated control of the ACTS payload., including
the BBP. ITralso supports ACTS experiments by control-
ling system configuration parameters and managing re-
corded data.

The MCS, implemented entirely in software hosted
on a VAX 8600 super-minicomputer consists of the
following software subsvstems:

*  LBR Network Control. Provides real-time monitoring
of ACTS LBR networks, call-by-call
DAMA functions, adaptive fade compensation, con-

and control

trol of terminal acquisition, and recording of net-
work performance data.

e MCP Telemetry and Control. Provides real-time moni-
toring and control of the ACTS MCP (including the
BBP, the scanning beam antenna, and the MCP
master oscillator), and operatesin conjunction with
the LBR network control subsystem.

o RIT Interface. Records RE measurements made by
the NGS RFT.

e [Experiment Configuration Support.
functionsto configure the MCSand MCP for specific

Provides off-line

experiments.

s Experiment Data Processing. Provides oft-line manage-
ment of data recorded by the MCS during ACTS
experiments,

e Executive and Utilities. Controls the startup and shut-
down of the MCS, and provides a library of reusable
utility routines.

®  Test Support Software. Provides nonoperational test
software consisting of simulators used in testing the
LBR, MCP, and RFT subsystems.




Figure 7. MCS functemal block diagram

The DAMA functions performed by the MCS use
several algorithms, depending on the type of connection
required (single- or multichannel, single- or multidesti-
nation, etc.). The development of these algorithms re-
quired careful consideration of conflicting objectives
and constraints, including response time, frame utiliza-
tion, BBP operational constraints, recovery from errors
in control messages, experimental flexibility, and im-
plementation cost,

In particular, the requirement to provide call setup
times on the order of 3 to 5 seconds, and the complexi-
ties of programming the BBP, offered significant techni-
cal challenges to the ACTS MCS and TDMA (eams.
Several simulation programs were developed to test and
refine alternative approaches 1o the DAMA problem.
The resulting system design and algorithms developed
by COMSAT will fully demonstrate the flexibility and ef-
ficiency available in a TDMA network with an on-board
baseband switch . A first release of the MCS DAMA soft-
ware was completed and tested by the end of 1987, This
release provided the DAMA functions associated with
initialization and acquisition of the reference terminal
equipment and TDMA tratfic terminals. The second

LBR and final) release of the MCS DAMA  soft-
EXPERIMENTER ACTS NGS RF ( i : i
TERMINALS SPACECRAFT MCP TERMINAL ware was coded by the end of 1988, and will be
I MEP tested by mid-1989.  This software release
LBR BBP STATUS  TELEMETRY RET i ) Y T, )
ORDERWIRE AND CONTAOL AND MEASUREMENT provides all DAMA functions, including net
DATA DATA (via TDMA) ?V?BMT'!‘FI,“&N&S work startup, network shutdown, and on-de-
1 1 mand call connect/disconnect services.
L ; ;
NETWORK A5 S T . . Associated with the LBR network are con-
SUBSYSTEM f#gﬁ"?ﬁg iy trol and programming functions of the BBP.
AL ; : ; i ¢
' ) ; The BBP is essentially a TDMA terminal in the
sky, under the complete control of the MCS.
gf:ﬁﬁ'g%‘;g © The MCS generates the BBP micro-code-level
1 s fy ot ; . o i » » 8 L
EXECUTIVE instructions and transmits them to the BBP via
EXPERIMENT i 2y ’
@ § EXESEHCENT CONFIGURATION uTﬂ.TT?ES a576-kbit/s LBR command channel provided
E_" Sgggsgfgu HERaAGE by the TDMA reference terminal. Because the
< OFELNG BBP must be reprogrammed approximately
E every 3 seconds, a feced-forward protocol is
o . .
= TEST used on the command channel to eliminate
w EXPERIMENT EXPERIMENT SUPPORT . . .
@ DATA DATA - SOFTWARE the need for a time-consuming command ac-
5 ={PROCESSING | RECORDS —p :
< L SlliljBFsFYa‘l';Iél;ﬁ Q knowledgment. This protocolwas designed to
| ensure that the BBP will be reliably pro-
PERIMENT . . y
DE(AFREF.EHTS grammed. even in the eventof biterrorsin the

command channel. By the end of 1988, all of
the software associated with the programming
of the BBP was coded and tested.

The experiment configuration support software al-
lows the user tosetup satellite communications- related
experiments. A full LBR network experiment can be
configured to include the reference terminal and up to
40 traffic terminals, whercas an MCP-only experiment
will not include any trallic terminals, An experiment is
set up by selecting options and choosing desired values
for LBR network parameters and MCP parameters. The
resulting configuration is validated by the experiment
configuration support software. An mitial burst time
plan is ecreated and the experiment is stored in a library
of experiments that can be later run as needed. By the
end of 1988, the experiment configuration support soft-
ware was coded except for the program thatvalidates the
MCP configuration.

Theoperator interfaces to the MCS consistof textual
andgraphic displavsimplemented on color graphic CRT
terminals. Because all controland monitoring functions
are associated with the operator interface, these pro-
grams are among the largest and most complex in the
MCS. Figure 8depicts aseriesof LBR burst time plan dis-
plays, showing the location of the scanning beam dwell
periods and vallic bursts within each LBR TDMA frame.
Figure 8a shows the dwell schedules for each of the four




TDMA frames. Figure 8b shows the bursts located in the
first dwell in the west scan up-link frame, and Figure 8c
shows the contents of the first burstin the dwell shown in
Figure 8b. By the end of 1988, software was coded for the
LBR subsystem operator interface, the MCP subsystem
operator interface, and the experiment configuration
support subsystem interface.

SCENARID ID: 00036

EXP CONFIC: LBR DNELL SCHEDULES
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Figure 8a. LBR dwell schedule display

For the total MCS project, approximately 130,000
lines of code (LOC) of an anticipated 165,000 LOC for

the entire system were produced by year’s end, and 73 of

101 programs were completed. Six subsystem builds, in-
cluding five LBR subsystem builds and one MCP subsys-
tem build, were successfully integrated. The five [LBR
builds included the 1.BR subsystem software which con-
trols the startup of an LBR network. The MCP build
included software that receives and displays the MCP te-
lemetry. As currently defined, the MCS integrates 21
builds, each of which comprises two or more programs.
This incremental development/integration approach
provides for early testing and demonstration of key fea-
tures of the system, and permits maximum use of paral-
lel development activities, shortening the total project
schedule.

NAME: Comsat Wetwork Test
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Work on the MCS project has been performed by
COMSAT Laboratories’ Systems Development Division
(SDD), which has brought to bear its well-established
mt*[hndolngl\', including software d('sigll. t'u(]ill;___',. test-
ing, and documentation standards; an effective conligu-
ration management/software performance assurance
(PA) system; and an ever-expanding set of sophisti-
cated software development tools
and reusable utility software.
Measured productivity for the
MCS project is approximately 38
percenthigher than the industry
norm.

FADE POOL

PERFORMANCE
ASSURANCE

1988, the COMSAT

PA team focused on the actual

During

performance of *hands on work”
as it applies to hardware, software
and firmware built or purchased
for the ACTS program. The
team’s activities included design
reviews, component and subsys-
tem procurementreviews, inspec-
tions, manufacturing engineer-
ing, production planning, con-
figuration management, product
assurance, and product safety.

The quality assurance meth-
ods, quality engineering, and inspections used on pro-
cured and in-house fabricated items have proven to be
effective and have continued to operate well. The con-
trols exercised over the ACTS stockrooms have pro-
duced pt)si[i\'c results, in that the inventory ot prm'll:(lﬁ
is accurate and quickly accessed for accountability and
preparation of complete as-built kits. In-house fabrica-
tion inspections were performed on both the RFT and
TDMA units. This process resulted in assemblies that
were compliantwith contracted requirements and qual-
ity standards.

Meetings of the key PA program control groups (the
Configuration Control Board, the Software Review Board,
and the Material Review Board) have continued. Formal
PA reviews have been held for both in-house manufac-

turing and out-of-house procurements. These reviews
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ACTS

implemented (o support parts
procurement and assembly
build and test.

I'he change management
procedures for both in-house
and out-of~house activities have
established the stundard level
of control necessary for thistvpe
of comprehensive program.
Drawings and hardware and
soltware configuration control
have been merged into one op-
erational control svstem.

Software PA  personnel
have implemented the configu-
ration control database for all
related MCS software, and are
now receving RFT and TDMA
inputs lor appropriate applica-
tion. Atvear’s end, the CMS li-
brarv contained 5,000 of a pro-
jected 6,000 ASCII source and
test liles related to the LBR, test
support, and MCP subsystems.
I'he module management sys-
tem database stores the execut-
ables and binary files associ-
ated with these subsystems.

In the areas of manufac-
turing and fabrication. the PA
team continued o control and
monitor the preparation  of
subassemblies, assemblies, and
subsystem hardware (both in-
and out-of-house). The proce-
dures developed 1o manage
ACTS hardware and software
deliverables have been imple-
mented and are in continuous
use. The management proce-
duresimplemented encompass
the entire hardware build cycle

from design, procurement ol

parts and components, inventory control, kit assembly,

and labnicaton, through final test and checkout

will continue through the entire build cvcle and through I'he guideline documents and methods developed

svstem-level integration and test of the ground system, carlier for program safetv and maintainability have been

Hazard and safety  analvsis procedures have been implemented, with positive results achieved.
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PUBLICATIONS AND PATENTS

The following is a list of 1988 publications and patents by authors at COMSAT Laboratories. Copies of the
publications may be obtained by contacting the COMSAT authors at COMSAT Laboratories, 22300 Comsat Drive,

Clarksburg, MD 20871-9475.
PUBLICATIONS

ANDERSON, W. T #*Meulenberg, A, Beall, |. M., * Kazi, A. H..*
Harrison, R, C..* Gerdes, [..* and Mitdeman, 8. D. . * “Radia-
tion Induced Displacement Damage in GaAs Devices,”
Gallium Arsenide and Related Compounds 1987, A. Christou
and H. S. Rupprecht, eds., Bristol, England: 1OP Publish-
ing, 1988, pp. 471-474.

ASSAL, F. T., and Mahle, C. E., "Hardware Development for
Future Commercial Communications Satellites," AIAA 12th
International Communication Satellite Systems Confer-
ence, Arlington, VA, March 1988, A Collection of Technical
Papers, pp. 352-349. AIAA Paper No.88-0815.

ASSAL, F. T., Zaghloul, A. I, and Sorbello, R, M., "Multiple
Spot Beam Systems for Satellite Communications,” AIAA
12th International Communication Satellite Systems Con-
ference, Arlington, VA, March 1988, A Collection of Technical
Papers, pp. 322-331. AIAA Paper No. 88-0814.

ASSAL, F. T., Zaghloul, A. 1., and Sorbello, R. M., "Active
Phased Arrays for Multibeam Communications Applica-
tions,” IEEE Military Communications Conference
(MILCOM), San Diego, CA, October 1988, Conference Record,
Classified Session No. 29,

BARGELLINIL, P. L., and Hyde, ., "Electrical Communica-
tions Svstems Approaching the Year 2000, Satellite Inte-
grated Commaunications Netwarks, E. Del Re, P. Bartholomé,
and P. P. Nuspl, eds,, Amsterdam: Elsevier Science, 1988,
pp. 11-21.

BONETTI, R. R, and Williams, A. E., “A TE Triple-Mode
Filter," IEEE MTT-S International Microwave Symposium,
New York, NY, May 1988, Digest, pp. b1 1-514.

CAMPANELLA, S. |., "Satellite Switches,” Satellite Integraled
Communications Networks, E. Del Re, P. Bartholomé, and
P. P. Nuspl. eds., Amsterdam: Flsevier Science, 1988, pp.
A7-64.

CAMPANELLA, S, |.. and Pontano, B. A., "Economic Compari-
son of Cables and Satellites,” Satellite Integrated Communica-
tions Networks, E. Del Re, P. Bartholome, and P. P. Nuspl,
eds., Amsterdam: Elsevier Science, 1988, pp. 35-46.

CAMPANELLA, §. J., and Savegh, S. L, "A Flexible On-Board
Demultiplexer/Demodulator,” AIAA 12th Internarional
Communication Satellite Systems Conference, Arlington,
VA, March 1988, A Collection of Technical Papers, pp. 299303,
ATAA Paper No. 88-0811.

CAMPANELLA, 8. J., and Dimolitsas, S, “Digital Voice Trans-
mission Techniques for Aeronautical Communications,”
Radio Technical Commission for Acronautics (RTCA)
Annual Assembly Meeting and Technical Symposium,
Washington. DC, November 1988, Proc., pp. 51-73. RTCA

Paper No. 405-88/AS-349.

* Non-COMSAT author,

CHITRE, D. M., “ISDN Challenges to Satellite Communica-
tions" (Abstract) IEEE 21st Electronics and Aecrospace
Conference (EASCON), Arlington, VA, November 1988,
Proc., p. 107.

CHITRE, D. M., and McCoskey, J. 8., "VSAT Newworks: Archi-
tectures, Protocols and Management,” [EEE Communica-
tions Magazine, Vol. 26, No. 7, July 1988, pp. 28-38,

CONEY. T-A." Dobyns, T. R, Chitre. D. M., and Lindstrom, R.,
“Service Offerings and Interfaces [or the ACTS Network of
Earth Stations,” AIAA 12th International Communication
Satellite Systems Conference, Arlington, VA, March 1988,
A Collection of Technical Papers, pp. 247-258. AIAA Paper No.
88-0800.

DIMOLITSAS, S., and Gunn, |. E..* “"A Modular, Off-Line, Full
Duplex Telephone Channel Simulator for High Speed
Data Transciever Evaluaton,” Proc. [EE, Part F: Communica-
tions, Radarand Signal Processing. Vol 135, No. 2, April 1988,
pp- 1556160,

FANG, R. |. F., and Budinger, |.,* “Bandwidth-Efficient High-
Speed Coded Trellis Modulation, " AIAA 12th International
Communication Satellite Systems Conference, Arlington,
VA, March 1988, A Collection of Technical Papers, pp. 313-321,
ALAA Paper No. 88-0813.

GELLER, B., and Goettle, P., “*Quasi-Monolithic 4-GHz Power
Amplifiers With 65-percent Power-Added Efficien cy,"IEEE
MTT-S International Microwave Symposium, New York,
NY, May 1988, Digest, pp. 835-838.

GUPTA. R., Reynolds, ., and McNally, P., "Modeling and CAD
of an Ultra-Broadband Monolithic 5-bit Digital Attenu-
ator,” 18th European Microwave Conference, Stockholm,
Sweden, September 1988, Proc., pp. 151-155.

GUPTA. R., Gerson. H., Ross, P., and Assal, F., “Design and
Packaging Approach for MMIC Insertion in a Broadband
4 x 4 Microwave Switch Martrix,” IEEE GaAs 1C Symposium,
Nashville, TN, November 1988, Digest, pp. 261-264,

HAMPSCH, T.. “Digital Controller for High-Speed Multibeam
Antennas,” COMSAT Technieal Remew, Vol. 18, No. 2, Fall
1988, pp. 265-268 [C'TRES /337 ].

HEGAZL G., Hung, H-L., Phelleps. F.. Holdeman, L., Cornfeld,
AL, Smith, T., Allison, |, and Huang, H., "V-Band Mono-
lithic Power MESFET Amplifiers,” IEEE MTT-S Interna-
tional Microwave Symposium, New York, NY, May 1988,
Digest, pp. 409412,

HEMMATI, F,, “Closest Coset Decoding,” IEEE International
Conference on Communications (ICC-88), Philadelphia,
PA, June 1988, Proc., pp. 21.2.1-21.2.5,

HEMMATI, F.. “Reduced-Complexity. Decoding of Convolu-
tional Codes,” COMSAT Technical Review, Vol, 18, No, 2, Fall
1988, pp. 239-253 [CTRSS/336].



HULLEY, M. A., “lon-Noise Sidebands as a Possible Quality
Control Tool in TWTs,” Advisory Group on Electronic
Devices (AGED) and IEEE Microwave Power Tube Confer-
ence, Monterey, CA, May 1988, Proe., p. 3D.2.

HUNG, H-L. A, Lee, T.'T., Phelleps, F. R, Singer, ]. F., Bass, |.
F., Noble, T, F., and Huang, H. C., "60-GHz GaAs MMIC
Low-Noise Amplifiers,” IEEE Microwave and Millimeter-
Wave Monaolithic Circuits Syvmposium, New York, NY, Mav
1988, Dugest, pp. 87-90.

HUNG, H-1.. A, Hegazi, G, M., Peterson, K. E., and Huang, H.
€., "Design and Performance of MESFET Power Amplifiers
at K- and K -Band,” Microwave Journal, Vol.31, No. 6, June
1988, pp. 177-190.

HUNG, H-L. A, Hegari, G, Peterson, K E., Phelleps, F. R, and
Huang, H. C.. “Monolithic Dual-Gate MESFET Power
Amplifiers,” IEEE GaAs IC Symposium, Nashville, TN,
November 1988, Digest, pp. 41-44.

HUNG, H-L. A, Hegazi, G, Lee, T., Phelleps, F., Singer, |, and
Huang, H., "V-Band MMIC Low-Noise and Power
Amplifiers,” IEEE Transactions on Micyvowave Theory and
Technigues, Vol. MTT-36. No. 12, December 1988, pp.
1966-1975.,

INUKAL T, Jupin. D.. Lindstrom, R., and Meadows, D., "ACTS
TDMA Newwork Control Architecture,” AIAA 12th Interna-
tnonal Commumnication Satellite Svstems Conference, Ar-
lington, VA, March 1988, A Collection of Technical Papers, pp.
295-259. ATAA Paper No. 884 V798,

KELLY, W. H., Reisenweber, J. H., Robinson, J. AL and Aber-
crombie, . B.," “Program Overview and In-Orbit Perform-
ance Evaluation of the INTELSAT V Spacecraft Thermal
Control Subsystem.” AIAA Thermophysics, Plasmadynam-
ics and Lasers Conference, June 1988, San Antonio, TX.
AIAA Paper No. 882600,

LEE, B. S., Zaghloul, A, 1., and Sorbello, R, M., "Performance
Comparison for Scanning and Hopping Beam Satellite
Antennas™ (Abstract), URSI Radio Science Meeting,
Syracuse, NY, June 1988, Program and Abstracts., p. 435,

LEE, T. T., Hung, H-L. A., Cornteld, A., Phelleps, F. R, Singer,
J- L. Bass, |. F., and Huang. H. C., *GaAs MBE Monolithic
Amplifiers for Millimeter-Wave Applications,” Government
Microcircuits Applications Conference (GOMAC), Las
Vegas, NV, November 1988, Digest, pp. 369-372.

MAHLE, C. E.. Geller, B. D)., Potukuchi. |. R., and Hyde, G.,
“Advanced Communications Satellite Technology,” IEEE,
21st Electronics and Aerospace Conference (EASCON),
Arlington, VA, November 1988, Proc., pp. 207-211.

MARSHALEK, R. G, “( omparison of Optical Technologies for
Intersatellite Link Payloads. Part 10 Mass, Prime Power, and
Volume Estimates,” COMSAT Technical Review, Vol. 18, No.
2, Fall 1988, pp. 191-214 [CTR88/335].

MARSHALEK, R. G, and Paul, D. K., "Annotated Bibliography
of Optical Intersatellite Link Technology 1970-1988"
COMSAT Technical Review, Vol. 18, No. 2, Fall 1988, pp.
283-348 [CTRBE,/ 3341,

* Non-COMSAT author,

_.

MeNALLY, P. ], and Cregger, B. B., “lon-Implanted Hyper-
abrupt Varactor Diodes for GaAs MMICs," COMSAT Techm
cal Review, Vol. 18, No. 1, Spring 1988, pp. 1-20 [CTR88/
3301,

MEULENBERG, A., "Radiation-Hardened Depaosited Oxides,”
COMSAT Technical Review, Vol. 18, No. 2, Fall 1988, pp.
200-282 |CTREE /338,

MEULENBERG, A, Hung, H-L. A., Peterson, K. E., and Ander-
son, W.T..* “Total Dose and Transient Radiation Effectson
GaAs MMICs,” IEEE Transactions on Electron Devices, Special
[ssue on Reliability, Vol. ED-35, No. 12, December 1988,
pp.2125-2132,

MEULENBERG, A, Hung, H-L. A, and Tough, G., "Microwave
Characterization of Bulk and Powdered High-T Supercon-
ductors,” SPIE 13th Internatonal Conference on Infrared
and Millimeter Waves, Honolulu, HI, December 1988,
Digest, pp. 259-260).

MOTT, R. C., Potukuchi, |, R., Gupta, R. K., Zaghloul, A. L,
Siddiqi, S., and Gourley, S. E., *Monolithic Transmit Mod-
ules for a Multibeam K -Band Phased Array Antenna,” 18th
European Microwave Conference, Stockholm, Sweden,
September 1988, Proc., pp. 759-763.

NADERI, F. M.,” and Campanella, S. J., "NASA’s Advanced
Communications Technology Satellite (ACTS): An Over-
view ol the Satellite, the Network, and the Underlying
Technologies,” AIAA 12th International Communication
Satellite Systems Conference, Arlington, VA, March 1988, A
Collection of Technical Papers, pp. 204-224. AIAA Paper No.
HR-07497.

ONUFRY, M., “The New Challenges of DOME,” ITU Telerommu-
nication jom‘mzt'. Spf‘t'i:ll lssue on Spm‘(h Processing, Vol
55, No. 12, December 1988, pp. 831-837.

PALMER. L. C., and Chang, P. Y., “Simulation of a Random-
Access-With-Notification Protocol for VSAT Applications,”
COMSAT Technical Revie, Vol. 18, No. 1, Spring 1988, pp.
21-53 [CTR8B/331].

PALMER, L., and White, L., “Demand Assignmentin the ACTS
LBR Svstem,” IEEE International Conference on Commu-
nications, Philadelphia, PA, June 1988, Proc., pp.
16.3.1=-16.3.6.

PAUL, D. K., "Status and Trends in Fiber Optic Communica-
tions,” Guest Editorial in Laser Focus Fall Produet Bulletin,
August 1988, p. 20.

PALL, D, K., "Reliable Fiber Optics” (Summary of the panel
session ), Fiber Optics Reliability: Benign and Adverse En-
vironments 1, Boston, MA, September 1988, Proc. SPIE,
Vol 992, D, K. Paul, R. AL Greenwell, and 8. Wadekar, eds.,
pp. 223-229,

PAUL, D. K., “Broadband Analog Capability Opens Up New
Fiber Optic Applications,” Guest Editorial in Laser Focus
Magazine. Annual Fiber Optics Review Editon, Vol 24, No.
10, October 1988, p. 136.

PAUL, D. K., *Comparison of Optical Technologies for Inter-
satellite Link Payloads.  Part 1I:  Impact of Reliability
Considerations on Technology Selection,” COMSAT Tech-
nical Review, Vol. 18, No. 2, Fall 1988, pp. 215-238 [(CTR88/
335].




POLAK-DINGELS, P..* Hung, H-L. A.. Smith, T., Huang, H. C.,
Webb, K. |..* and Lee, C. H..* “*On-Wafer Characterization
ol Monolithic Millimeter-Wave Integrated Circuits by a
Picosecond Optical Electronic Technique,” IEEE MTT-S
International Microwave Symposium, New York, NY, May
1988, Digest, pp. 237-240.

POLAK-DINGELS, P..* Hung, H-1.. A, Webb, K. |..* Lee, T. T,
Smith, T., and Lee, C. TL* “An Optoelectronic Technigue
for S-Parameter Measurements of GaAs Monolithic Inte-
grated Circuits,” SPIE 13th International Conference on
Infrared and Millimeter Waves, Honolulu, HI, December
1988, Digest, pp. 69-70,

POTURUCHL . R, Gupta, R, K., Assal, F. T, Holdeman, L. B.,
Mott, R. C., and Zaghloul, A. 1., "MMIC Modules for Active
Phased-Array Applications in Communications Satellites,”
Microwave Systems News, Vol. 18, No. 11, November 1988, pp.
20-27.

ROGERS, D. V., “Radio-Wave Propagation,” Chapter 1, Elee-
tronic Communications Handbook, A. F. Inglis, ed., New York:
McGraw-Hill, 1988,

SAYEGH, S. 1, Assal, F. T_, and Inukai, T_, "On-Board Process-
ing Architectures and Technology,” IEEE 21st Electronics
and Aerospace Conference (EASCON), Arlington, VA,
November 1988, Proc., pp. 217-223.

SCHMIDT, W. D., “The ACTS LBR System: A Technology
Testbed for Future VSAT/ TDMA Networking Applications,”
AIAA 12th International Communication Satellite Systems
Conference, Arlington, VA, March 1988, A Collection of
Technical Papers, pp. 259-263. AIAA Paper No, 88-0801.

SORBELLO, R. M., “Advanced Satellite Antenna Develop-
ments for the 1990s,” AIAA 12th International Communi-
cation Satellite Systems Conference, Arlington, VA, March
1988, A Collection of Technical Papers, pp. 652-659, AIAA
Paper No. 88-0873.

SORBELLO, R. M., Zaghloul, A. ., EMand, |. E., and DiFonzo,
D. F., "An Efficient Flat Plate Antenna for Direct Broadcast
Applications,” I8th Furopean Microwave Conference, Stock-
holm, Sweden, September 1988, Proc., pp. 295-299.

SUYDERHOUD, H. G.. “Dependence of Mean Opinion Scores
on Differencesin Lingual Interpretation,” COMSAT Techni-
cal Review, Vol. 18, No. 1, Spring 1988, pp. 55-64 [CTR88/
332].

SUYDERHOUD, H. G, and Dimolitsas, S., “Impact of Noise
and Encoder Decoder Mistracking in ADPCM System Per-
formance,” IEEE International Conference on Acoustics,
S;woch and Hignal Processing, New York, NY, April 1988,
Proc.. pp. 16.56.4.1-16.56.4.4,

TZENG, F. F., "Multipulse Excitation Codebook Design and
Fast Search Methods for CELP Speech Coding,” IEEE
Global Telecommunications Conference, Hollvwood., FL,
November 1988, Conference Record Vol. 1, pp. 18.6.1-18.6.5.

* Non-COMSAT author.
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VAIDYANATHAN. H., “Long-Term Storage of Nickel-Hydro-
gen Cells,”™ Journal of Power Sourees, Vol. 22, 1988, pp. 221-228,

VAIDYANATHAN, H., and Farl, M. W_, "Capacity and Pressure
Variation of INTELSAT VI Nickel-Hydrogen Cells With
Storage and Cycling,” 23rd Intersociety Energy Conversion
Engineering Conference, Denver, CO, Julv=August 1988,
Proc., D. Groswami, ed., The American Society of Mechani-
cal Engineers, New York, NY, pp. 471-475.

WILLIAMS, A. E., and Boneui, R. R., "A Mixed Dual-Quad-
ruple Mode 10-Pole Filter.,” 18th Furopean Microwave
Conference, Stockholm, Sweden, Seprember 1988, Proc,
pp. 966-968,

WISE, P, C.," Kelly, W, H., and Sharma, S. P., “Critique of the
Thermal Design Verification Program for a High-Power
Communications Spacecraft.” AIAA Thermophvsics, Plas-
madynamics and Lasers Conference, June 1988, San Anto-
nio, TX. AIAA Paper No. 88-2648,

ZAGHLOUL, AL L, Sorbello, R. M., and Assal, F. T, "Develop-
ment of Active Phased Arravs for Reconfigurable Satellite
Antennas,” European Space Agency COST 213/KUL
Phased Array Workshop. Leuven, Belgium, October 1988,
Proc., pp. 1356-150.

PATENTS

The following patents were issued to employees (or
former employees) of COMSAT Laboratories in 1988,

CAMPANELLA, 8. |.. and Inukai, T.. “Satellite Clock System,”
L. S. Patent No. 4792963, issued December 20, 1988,

GUPTA, V., Onufry, M., Suvderhoud, H., and Virupaksha, K.,
“Variable Bit Rate Speech Codec With Backward-Type
Prediction and Quantization,” UL S. Patent No. 4,751,736,
issued June 14, 1988,

ZAGHLOUL, A. L, "Electromagnetically Coupled Microstrip
Antennas Having Feeding Patches Capacitively Coupled
to Feedlines,” U, S, Patent No. 4,761,654, issued August
2, 1988,

The patent listing below was inadvertently omitted
from the 1987 Annual Report.

GELLER, B. D., and Zaghloul, A. 1., *General Technique for
the Integration of MIC/MMIC’s With Waveguides,” U. S,
Patent No. 4,636,753, 1ssued January 13, 1987,
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HONORS AND AWARDS

COMSAT Laboratories is pleased to acknowledge those of its scientists who were recognized in 1988 for their sig-

nificant contributions to the field of satellite technology.

EXCEPTIONAL INVENTION AWARD

For the second time in its history, COMSAT
Laboratories presented the Exceptional Invention
Award to two COMSAT researchers. This award rec-
ognizes COMSAT engineers whose patented inven-
tions are the basis for substantial savings or income
for the corporation. This vear, Dr. Russell |. F. Fang
and Dr. Lin-Nan Lee of the Communications Tech-
nology Division were awarded $5,000 each for their
invention, “Security System for SSTV,” U.S. Patent
No. 4,484,654, an encryption system that prevents un-

Dr. R. J. F. Fang authorized reception of the visual or audio segments Dr. L-N. Lee
of a TV signal. This system formed the basis for a se-

curity system design that is licensed to Scienufic Atlanta (S/A) and incorporated into the /A B-MAC video transmis-
sion systern—the premier video scrambling system in the video transmission and distribution industry, and the only
one that hasnot been compromised, even though more than 70,000 decoders have been in operation worldwide. The
corporation receives a steady rovalty revenue through B-MAC sales as a result of this invention.

IEEE FELLOW

The Institute of Electrical and Electronic Engineers (IEEE) this year awarded
the grade of Fellow to Dr. Krishna Pande for his outstanding scientific research.
Dr. Pande received his Fellow for contributions to 1I1-V semiconductor materials and
device technology, and particularly for advancing the new area of indinm-phosphide
field-effect transistor (FET) technology. FETs fabricated with indium-phosphide
have the potential 1o be at least two and a half times faster than FETs made using
gallivm arsenide (GaAs).

Dr. K. Pande




— HONORS & AWARDS

RESEARCH AWARDS

Four outstanding research projects carried out at the Laboratories over the past several years have been named
winners of the COMSAT Laboratories Research Award for their valuable contributions to the state of the art of
communications technology and their strategic importance to the corporation. Winners share a cash prize and their
names are added to a plaque listing the recipients of this annual award.

The 1985 Research Award was presented 1o Lin-Nan Lee, Neal D. Becker, Yih-Sien Kao, and Mark D.
8 5 Redman for theirwork in developing a COMSAT version of a multiplexed analog component (MAC) video

transmission system. This work contributed to a video encryvption system and represented substantial
progress in video transmission techniques, which find application in high-definiton television (HDTV) and video
multiplexing,

Two Research Awards were presented for two exceptional pieces of work performed in 1986. Jack H.

8 6 Rieser. Michael Onufry, Jr., Krishnamoorthy Virupaksha, Henri G. Suyderhoud, and Vaikunth N. Gupta

were honored for contributing key concepts to the development of the INTELSAT 32-kbit/s low-rate en-

coded, digital circuit multplication equipment (LRE/DCME), which is now being built into the global satellite

system. DCME allows as many as four telephone conversations to be carried on a single circuit, and is an essential
feature in INTELSAT's program to compete successfully with fiber optic cable.

A 1986 Rescarch Award was also presented to Robert M. Sorbello, Amir 1. Zaghloul, John E. Effland, Daniel F.
DiFonzo, and Henry B. Williams for their contributions to the design of a flat-plate antenna for use with direct
broadcast satellites (DBS). This device targets the DBS TV market and is expected ro yield significant royalty reve-
nues. Embodying a number of technical innovations, thisinexpensive and attractive antenna can be used in situations
and locations where larger parabolic antennas are impractical.

The 1987 Research Award was granted for the development of a coded modulation system that enables
8 7 cight satellite transponders to handle the same amount of traffic, at the same digital transmission rates,

as can be carried by the entire TAT-8 fiber optic cable. Russell J. F. Fang, Farhad Hemmati, Neal D.
Becker, and William J. Hersey III were cited as innovators and developers of the 140-Mbit/s coded octal phase-shift
keying (COPSK) modulation technique . The system has been successfully demonstrated over INTELSAT 72-MHz
bandwidth transponders and was employed for sending 140-Mbit/s HDTV between the U.S. and Japan.
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