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RCA Astro-Electronics leads
twenty-five years of excellence
In 1957, a man-made star entered our firmament. Its
name was Sputnik and it ushered in a new era of
technology.

U.S. industry moved rapidly to the new challenge;
none moved faster than RCA. Just five months after
Sputnik, Dr. Elmer Engstrom, then Corporate Vice -
President of the David Sarnoff Research Center,
established RCA Astro-Electronics as a separate
division to pioneer the development and production
of satellites, space vehicles, and associated ground
equipment.

Twenty-five years later, RCA Astro-Electronics is still
pursuing that charter, more robust than ever. Since
our first TIROS launch on April 1, 1960, Astro's engi-
neers have successfully competed in all major areas
of spacecraft application: communication, meteorol-
ogy, navigation, and science. RCA Astro engineers-
supported by Government Systems Division, the
David Sarnoff Research Center, and other RCA di-
visions-have accomplished an impressive array of
technological innovations and advances.

Charles A. Schmidt
Division Vice -President

and General Manager
RCA Astro-Electronics

From a heritage as the sole supplier of military and
civilian low -earth -orbit meteorological satellites, we
have, in the still -young decade of the eighties,
achieved the position as the preeminent domestic
communications -satellite contractor.

During the past quarter century, Astro has built and
successfully launched 78 satellites and presently
has 36 under contract in various stages of design or
fabrication.

This issue of the RCA Engineer is a tribute to
twenty-five years of engineering excellence, and a
statement of firm resolve to set the stage for an
equally successful second quarter century.
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in this issue ...
space technology

IN First quarter century: "Astro-Electronics has acquired a record of
satellite orbital performance that is unmatched by anyone, anywhere."

 Roundtable: "For this session, to discuss various space technolo-
gies, we have gathered together the managers who are responsible for
bringing the technology to bear on our products."

 Weaver: "This paper presents basic operational principles: what a
communications satellite is and how it works."

 Cashman: "Distributed processing and man -machine interface
enhancements are two trends that will influence satellite -control -center
design over the coming decade."

 Balcewicz: "The trend since Satcom I has been to design a limited
amount of reconfigurability into the spacecraft's antenna system."

 Gounder/Talley/Ino: "These designs offer precise dimensional tol-
erances and environmental stabilities that translate into superior rf
performance."

 Acampora/Bunting/Petri: "Fine -structure processing of video sig-
nals does indeed provide signals with less noise."

36

 Buntschuh: ". . . the main point is that with all design changes
included, the DBS spacecraft is, in fact, a modified Satcom
spacecraft-"

 Klensch/Knight/Staras: "First, the good news. In the past several
years, significant progress has been made toward the development of
an appropriate technology."

 Simpson: "MTP's planners, experienced in hundreds of other missile
and satellite launches, found many unique aspects of the Space Shuttle
operation to consider."
 Muller: "The primary launch vehicles available for communications
satellites are the Delta, the Ariane, and the Space Transportation Sys-
tem (STS), more popularly known as the Shuttle."
 Schwarze: "Actually, a myriad of activities, occurring simultaneously
and integrated into a master schedule, result in a successful launch
and on -station operational satellite."

 Rosenberg/Hogan: "Active laser sensors have the potential for
measuring both these parameters with the accuracy and vertical
resolution required for global weather forecasting."

 Maehl: "[Asteroids] may provide unique samples of the primordial
material from which the solar system evolved, uncomplicated by the
geological evolution that has taken place on the inner planets."
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RCA Astro-Electronics Staff

Astro-Electronics' first quarter century

RCA Astro-Electronics has completed its first quarter century of
space activities with a stellar record of outstanding space
achievements.

COMMUNICATIONS
MISSIONS

METEOROLOGICAL
IVIISSIONS

.. CIVILIAN

METEOROLOGICAL
IVIISSIONS

MILITARY

NAVIGATION
MISSIONS

CLASSIFIED
MISSIONS

ciENT'FicmissioNs EARTH

sciENT'Fic
missioNs LuNAR

pLANETARY

58 I I .6

1958-1960
1 SCORE (13 days)
2 TIROS I (89 days)
3 Echo 1 Subsystems

(7 years, 9 months)
4 TIROS II (376 days)

1961-1963
5 TIROS III (230 days)

Fig.1. Now in our third decade of space.

61 I
11

I

64 I I

1964-7966

30
31
32
33

Classified (94 days)
Ranger IX (provided 5886 PhOt0s)
Classified (637 days)
TIROS X
(turned off alter 23 months)

17 RELAY II (35 months) 34 Classified (421 days)
18 Classified (174 days) 35 OGO 2 Subsystems (18 months)

6 TIROS IV (161 days) /9 Ranger VI (unsuccessful: 36 ESSA 1 (turned off after 28 months)
7 Classified ((aunch vehicle failure) activation during launch) 37 Classified (launch vehicle failure)
8 TIROS V (321 days) 10 Classified (433 days) 38 ESSA 2 APT
9 TIROS VI (389 days) 21 Classified (607 days) (turned all after 55 months)

10 Classified (217 days) 21 Classified (469 days) 39 Classolled (553 days)
11 RELAY I (26 months) 13 SERT (1 hours) 40 OAO 1 Subsystems
11 Classified (87 days) 24 Ranger VII (provided 4310 photos) (power supply failure)
13 TIROS VII 25 Nimbus 1 Subsystems (28 clays) 41 Nimbus II Subsystems

(turned on after 59 months) 26 OGO t Subsystems (turned off after 32 months)
14 Classified (launch vehicle failure) 27 TIROS IX 42 OGO 3 Subsystems
15 Classified (launch vehicle failure) (turned off after 40 months) 43 Lunar Orbiter I Subsystems
16 TIROS VIII 18 Classified (launch vehicle failure) (10 -month mission)

(turned off after 42 months) 19 Ranger VIII (provided 7160 photos) 44 DMSP(788days)

10
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As the years have passed, Astro-Electron-
ics has compiled space -performance records
that have established its preeminence in
space technology. In the past 25 years, 78
spacecraft were launched surrfssfully, and
all but one (Satcom C suffered an apogee-
motor failure) met and exceeded the mis-
sion requirements. Astro-Electronics has ac-
quired a record of satellite orbital perfor-
mance that is unmatched by anyone, any-
where. Figure 1 shows by spacecraft and
mission the history of Astro-Electronics'
accomplishments.
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45 ESSA 3 AVCS
(turned oft alter 24 months,

16 Lunar Orbiter 11 Subsystems
(11 months)

1967-1989
47 ESSA I APT

(turned oil after /5 months)
48 DMSP (100 days)
49 Lunar Orbiter III Subsystems

i9 months)
50 ESSA 5 A VCS

(turned olf alter 30 months)
51 A TS 2 Subsystems (Elliptic.,

Orbit prevented test)
52 Lunar Orbiter IV Subsystems

(80 days)
53 DMSP (1012 days)
54 OGO 0 Subsystems (5 years)
55 Lunar Orbiter V Subsystems

(6 months)
56 DMSP (167 days)
57 ESSA 6 APT

(turned off alter 25 months)
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107
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58 NA VSA T 18 (86 months)
59 OGO 5 Subsystems
60 Nimbus B Subsystems

(launch vehicle failure)
61 DMSP (617 days)
62 Explorer 38 Subsystems
63 ESSA 7 AVCS

(turned off alter 19 months)
61 Apollo 7 Subsystems
65 DMSP (711 days)
66 OAO 2 Subsystems
67 ESSA 8 APT (2644 days)
68 Apollo 8 Subsystems
69 ESSA 9 A VCS

(turned off after 4 years. 9 months)
70 Nimbus III Subsystems

(turned oft alter 32 months)
71 OGO 6 Subsystems (t8 days)
72 DMSP (720 days)

1970-1972
73 (705 1 (turned off after 16 months)
74 DMSP (78 days)
75 Stratoscope II. Flight 7 Subsystems
76 Nimbus (V Subsystems

(Deactivated)
77 NA VSA7 19 (still operating)

Additionally, Astro-Electronics has pro-
vided space systems for many space pro-
grams. Again, the orbital performance of
this equipment has been outstanding. A
total of 46 subsystems were launched, of
which 41 were successfully orbited and
met or exceeded the mission objectives.
Astro's stellar space performance, as sum-
marized in Table I, is the product of a
talented and dedicated staff, and a facility
that can provide the services unique to the

76 I
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115

78 DMSP (81 days)
79 NOAA 1 (turned off after 8 months)
80 DMSP (770 days)
81 Apollo 15 Subsystems
82 DMSP (350days)
83 (705 B (launch vehicle failure)
84 DMSP (700 days)
85 Apollo 16 Subsystems
86 Landsat 1 Subsystems

(turned oft alter 5', years)
87 NOAA 2

(turned off after 27 months)
88 DMSP (732 days)
89 Apollo 17 Subsystems
90 Numbus V Subsystems

(Still operating)
1973-1975

91 1TOS E (launch vehicle failure)
92 DMSP (1210days)
93 NAVSA7 20 (still operating)
54 NOAA 3(1038 days)
95 Explorer 51 (4 days short of 5 years)
98 DMSP (900 days)
97 DMSP (100 days)
98 NOAA 4 (turned off alter 4 years)
99 Landsat ?Subsystems

100 Nimbus VI Subsystems
(still operating)

79 I

20

131

requirements of building and testing
spacecraft systems. Here's how RCA Astro
began.

The beginning
A Special Systems Development (SSD)
Department was formed in 1957 of per-

4
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101 DMSP (867 days)
102 Viking B Subsystems
103 Viking A Subsystems
104 Explorer 54 (240 days)
105 Explorer 55 (still operational)
108 RCA Satcom I (still operating)

1978-1978
107 DMSP (launch vehicle Wore)
101 RCA Satcom II (still operating)
109 NOAA 5
110 DMSP (1100 days)
111 DMSP (still operating)
112 Landsat 3 Subsystems

(still operating)
113 DMSP (581 days)
5/4 7IROS-N (868 days)
/55 Nimbus VII Subsystems

(still operating)
116 Anik B (still operating)

1979-1981
117 DMSP (still operating)
118 NOAA-6 operating)
119 RCA Sworn C

(transfer Orbit failure)
120 NOAA-B (launch vehicle failure)
121 DMSP (launch vehicle failure)
122 First Shuttle Launch STS 1

(successful)
123 NOVA -1 (still operating)
124 NOAA-7 (still operating)
125 DE -1 (still operating)
126 DE -2 (still operating)
127 STS -2 (successful)
12d RCA Satcom operating)

133

129 RCA Satcom IV operating)
130 STS3 successfully initiated

March 22
131 STS -4 successfully initiated

June 27
132 RCA Satcom V (still operating)
133 STS -5 successfully Masted

November 11

134 DMSP (still operating)

Astro launch

As we were going to
press. RCA Astro-
Electronics announced
yet another satellite
launch-the NOAA-E.

RCA Astro-Electronics Staff: Astro-Electronics' first quarter century 5



sonnet from Camden's Advanced Tech-
nology Laboratory and Princeton's RCA
Laboratories. The SSD group, consisting
of approximately 60 people, became in-
volved in two studies. The first study.
ACSIMATIC, was a program for handling
and processing data and communications
for the U.S. Army Intelligence Department.
The second study, called JANUS, was for
a space reconnaissance system for the Army
Ballistic Missile Division at Huntsville, Ala-
bama. In early 1958, the Department of
Defense declared that space reconnaissance
was not in the Army's charter. The JANUS
project was reprogrammed as a meteoro-
logical observation satellite, then named
"Juno -Met," then "Cloud -Cover," and fi-
nally "TIROS" (Television Infrared Obser-
vation Satellite). The project was assigned
to the Army Signal Corps at Fort Mon-
mouth, New Jersey. When NASA was
established in 1959, the TIROS Project
was transferred to the NASA Goddard
Space Flight Center at Bethesda, Maryland.

In March 1958, the Astro-Electronics
Products Division was formed and char-
tered with the responsibility for the devel-
opment of spacecraft, space systems, and
associated ground equipment. The Astro-
Electronics facility was established at its

present location at Locust Corners, shown
in Fig. 2. The SSD personnel were trans-
ferred to Astro-Electronics, additional trans-
fers were made from other RCA divisions,
and new personnel were hired, increasing
the staff to 260 by the end of 1958.

On December 18, 1958, less than nine
months after Astro-Electronics was estab-
lished, the SCORE satellite carrying the
RCA communications payload in a com-
partment of an Atlas booster was success-
fully orbited, beaming back to earth the
recorded Christmas message of President

Abstract: Astro-Electronics, established
in March 1958, contributed a communica-
tions payload to the SCORE satellite
launched less than nine months later.
Eisenhower's Christmas message, beamed
back to earth by SCORE, demonstrated
satellite -communications potential for the
first time. Since that remarkable feat
twenty-five years ago, RCA Astro-Elec-
tronics has developed satellites, technolo-
gies, and facilities unrivalled in the busi-
ness. This article briefly notes the
landmarks reached in the sixties, the
seventies, and the eighties.

©1983 RCA Corporation
Final manuscript received February 1, 1983.
Reprint RE -28-2-1

Table I. RCA Astro-Electronics' major firsts.

First Communications Spacecraft SCORE, 1958

First Meteorological Spacecraft TIROS I, 1960

First Navigation Operating System Transit, 1967

First 24 -Channel C -Band Communi-
cations Satellite Satcom I, 1975

First Hybrid Communications
Satellite 4NIK B, 1378

First AN Solid State Commercial
Communications Satellite Satcom V, 1982

First Direct Broadcast Satellite STC DBS, scheduled
for launch in 1986

Fig. 2. The original Astro-Electronics facility (from top)-Past, present, and future.
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Dwight D. Eisenhower. SCORE demon-
strated for the first time the potential for a
satellite to relay communications from
space.

One of the most important events in
Astro-Electronics' brief history was the suc-
cessful launch and orbital operation of the
TIROS I meteorological satellite. Launched
on April 1, 1960, the TIROS I was not
only the world's first weather satellite, but
was one of the most sophisticated space-
craft during that time. The 260 -pound, 42 -

inch diameter, 22 -inch high spacecraft (one
of the largest and heaviest at that time)
was configured with two 1/2 -inch vidicon
TV cameras. One was a wide-angle TV
camera capable of imaging 4 million square
miles with a single exposure, while the
second camera was a narrow -angle high -

resolution TV camera capable of 0.1 -mile
resolution from its 400 -mile altitude. Video
recorders stored and played back remotely
observed scenes. The spin rate was con-
trolled by five pairs of spin -up rockets;
nutation of the spin axis was minimized
by active mechanical dampers. TIROS II,
launched in November 1960, was the first
satellite equipped with scanning infrared
sensors. A magnetic torquing coil was in-
stalled to control the motion of the spin
axis. This novel Astro-Electronics innova-
tion has been used on most of our satel-
lites. Magnetic torquing has been used to
stabilize the spin axis, control the satellite
spin rate, null the residual magnetic field,
control the roll and yaw axis, and precess
the spin axis.

The sixties

In the early sixties Astro-Electronics ex-
panded rapidly. The resounding success of
the early TIROS satellites resulted in the
acquisition of additional programs. The
TIROS program expanded further with
the initiation of the TIROS Operational
Satellite ESSA. Astro acquired new pro-
grams such as the Echo passive-comunica-
tions satellite beacon, the active -communi-
cations satellite Relay, the SERT ballistic-

trajectory space platform for testing ion
engines in space, the Ranger 6 TV -camera
payload for JPL's Ranger, the Nimbus
subsystems (including the AVCS and APT
(Automatic Picture Taking) TV cameras,
the high -data -rate recorders, the multiplexer,
power supply and solar arrays), and equip-
ment for a number of classified programs.

Astro-Electronics expanded its staff and
added the environmental center, buildings
402 and 403, and the engineering build-
ings 411 through 415 in 1961-1962. The

new 20 -foot by 24 -foot diameter thermal -
vacuum chamber was a sharp contrast to
the old 4 -foot diameter chamber in which
the early TIROS spacecraft, barely clear-
ing the inner walls of the chamber by 1-
inch, were tested. A 25,000 -pound -force
random -vibration shaker was also added.

By the mid -sixties Astro-Electronics' repu-
tation for developing reliable and cost-ef-
fective high-technology spacecraft systems
and subsystems became well known. This
laid the groundwork for the acquisition of
additional programs: the Defense Meteo-
rological Satellite Program (DMSP) for
the Department of Defense, the produc-
tion contract for 15 navigation satellites
(NAVSAT) for the U.S. Navy, five Lunar
Orbiter power system and solar arrays,
equipment for the OGO (Orbiting Geo-
physical Observatory) and the OAO (Orbit-
ing Astronomical Observatory), and the
Apollo ground -controlled TV camera sys-
tem and antenna. Work on the third -gen-
eration Improved TIROS Operational Satel-
lite (ITOS), a three -axis -stabilized satellite,
was set in motion.

The seventies

As NASA's Apollo program matured in
the early seventies, NASA's expenditures
declined sharply. However, Astro, with a
solid base consisting of three important
operational programs (TIROS/NOAA,
DMSP, and NAVSAT), maintained a con-
stant sales level and an adequate backlog
of work. A fourth operational program,
the commercial RCA Satcom, was initiated
in addition to the Landsat RBV (return -
beam vidicon) cameras, receiver, power
system and solar arrays; the Viking com-
mand and communications subsystem for
the Mars Lander; and the Atmosphere Ex-
plorer C, D, and E scientific spacecraft.
The fourth -generation TIROS-N/NOAA-
A-G and the DMSP Block 5D programs
began.

Astro-Electronics' expansion continued
in the early seventies with the addition of
the high -bay integration building, one of
the country's more modern clean -room facil-
ities. A newly acquired quad -shaker facil-
ity could be used to test spacecraft weigh-
ing up to 10,000 pounds. This facility was
suitable for vibrational testing of the
TIROS -N and the DMSP spacecraft, which
were ten times heavier and ten times larger
than the earlier configurations. Also, an
antenna -test -range facility was installed for
testing the communications systems.

During the seventies, our spacecraft
evolved into more complex and sophisti-

cated configurations. The space -proven tech-
nology made Astro preeminent in space-
craft stabilization encompassing spin -con-
trolled satellites and three -axis controlled,
momentum -bias, and zero -momentum sys-
tems. Autonomous spacecraft were devel-
oped for DMSP and TIROS -N, and light-
weight structures were made for Satcom.
Active and passive thermal control subsys-
tems were designed for many programs,
and the use of GFEC (graphite -fiber epoxy
composites) for structures, antennas, and
communications elements were among the
many innovations.

The post -Apollo period was highly com-
petitive. Astro-Electronics' position in this
arena was strengthened with its broad spec-
trum of programs that included meteoro-
logical, navigation, communications, and
scientific satellites. This spectrum of offer-
ings was made possible by the enhanced
skill of Astro's personnel and the capabili-
ties of its manufacturing, test, and integra-
tion facilities. Astro's reputation for design-
ing and building reliable hardware, on sched-
ule and cost effectively, continued to grow
in the space industry.

In the second half of the seventies, Astro-
Electronics acquired the Canadian Anik-B
Telesat communications satellite program,
the Space Shuttle CCTV camera subsys-
tems, the Dynamics Explorer A and B
scientific satellite, the NOVA navigation
satellite, and additional follow-on contracts
such as the Advanced TIROS -N (ATN),
the DMSP Block 5D-2, and additional
RCA Satcom spacecraft.

The eighties

In the early eighties, Astro-Electronics' tech-
nical and managerial skills were demon-
strated in its lead position in the DMSP
Block 6 and the NOSS competitive stud-
ies. A contract was received from NEC of
Japan for system studies and hardware
elements in the MOS-1 (Maritime Obser-
vation Satellite). Our competitive capabil-
ity was demonstrated by the acquisition of
two domestic communications programs:
the GSTAR Program for GTE and the
Spacenet Program for Southern Pacific Com-
munications Corp., followed by the high -
power direct -broadcast communications
spacecraft program for Satellite Television
Corporation (STC). In October 1980, Astro
launched Satcom V, the first all solid-state
communication satellite.

Astro is constructing a thermal vacuum
chamber that will meet the demand for
larger shuttle -compatible spacecraft. This

(Continued on page 10)
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Recollections: Some of the pioneers

Table II. Original Astro-Electronics staff in 1958.

Albert T. Aronson

Thomas P. Baird

George A. Beck

Paul J. Bizzaro

Lewis E. Boodley

William E. Borgelt

Daniel D. Brodhead

Daniel J. Cannella

Joseph A. Casarella

Patsy J. Cimerola

Marvin S. Cohen

Glenn Corrington

William G. DeWindt

Harold B. Dougherty

Charles H. Gierman

Edwin Goldberg

Michael C. Greschak George Newcamp

Herbert M. Gurk Joseph Paoletti

John Haluszka Frank Pinelli

William J. Haneman John Procaccino

Marvin H. Harper William E. Samuel

Donald J. Hoch Frank Scearce

Robert W. Hoedemaker Robert Schmicker

Eileen D. Huzzy Abraham Schnapf

Jay L. Johnson John Schroth

John E. Keigler Albert A. Seifert

Samuel Kutik John A. Seltzer

Warren P. Manger Joseph R. Staniszewski

William E. Martin Warren W. Wagner

Donald B. Martz Edwin R. Walthall

Norman G. Matthews Paul R. Waseleski

Walter Maxwell Peter H. Werenfels

Fig. 3. Astro-Electronics' softball team.

On this anniversary, 36 of the origi-
nal pioneers are still at Astro-Elec-
tronics (Table II lists this group).
Some of the early days at Astro-
Electronics are recalled by some of
these people.

6 6 Ed Walthall, Fixed Service Satellite
Technical Director

As a member of the original SSD
team, I remember being housed in
temporary wooden quarters at RCA
Laboratories, where we were
developing some of the first space
systems. Today, a quarter century
later, I am privileged to work on
some of the most advanced space
programs, and because of Astro's
present growth, am again housed
in temporary quarters.

John Schroth, Manager, Manufac-
turing Fabrication

I remember transferring from the
security of the RCA Laboratories to
the new, unknown RCA space ven-
ture that would become Astro. The
experience of setting up Astro's
machine shop has been a highlight
of my life. It is this shop that has
produced so many of the precision,
complex parts that have contrib-
uted to Astro's success.

Joe Paoletti, Manager, Financial
Operations

When I joined Astro at its inception,
my small staff and I performed all
accounting procedures and
record -keeping manually. One of
my earliest fond recollections con-
cerns our softball team, shown in
Fig. 3.

Don Martz, Manager, Maintenance
and Services

I also transferred from RCA
Laboratories with my personal

8 RCA Engineer  28-2  March/April 1983



toolbox being the only maintenance
tools available when I joined Astro.
I remember ordering new tools
from the Sears catalog. One of the
greatest thrills in my life is still
remembering those first pictures
from TIROS I.

Jack Keigler, Manager, Communi-
cations Satellite Systems

One of my first assignments at the
newly created Astro was to simu-
late a picture of cloud cover as
might be seen from space by
TIROS I, which had not yet been
launched. Toward this end, I sug-
gested that we assemble a mosaic
of photos taken from high -flying
aircraft. A Navy reconnaissance
squadron of four jets, from Jack-
sonville, Fla., was placed at my dis-
posal. These jets flew up and down
the Florida peninsula four times in
parallel lines, twenty miles apart at
an altitude of 50,000 feet to obtain
enough photos to approximate a
single early TIROS photo like the
one shown in Fig. 4.

Joe Staniszewski, Navy Navigation
Satellite System Program Manager

One of the projects I worked on in
my early days at Astro was a pro-
ject to photograph the moon's sur-
face in a fly -by mission. We
adapted a TIROS 1/2 -inch TV
camera for this purpose. Later, this
project developed into the Ranger
program. The Ranger spacecraft
photographed the lunar surface
prior to its impact on the moon. The
immense satisfaction of receiving
these pictures is unimaginable.
Figure 5 shows Ranger. A typical
Ranger TV picture is an improve-
ment of 1000 to 1 over the best taken
from earthbound telescopes. 9 9

1

"sr

Fig. 4. First TV picture of the Earth, taken from TIROS I.

Fig. 5. Artist's rendition of Ranger taking pictures of the lunar surface.

RCA Astro-Electronics Staff: Astro-Electronics' first quarter century 9



Table III. Astro-Electronics' 25 years of growth.

Item 1958 1983

Facilities

Personnel

Sales

Contract backlog

Satellites successfully
launched

Subsystems launched

Ongoing programs

78,000 sq. ft.

260

$4,700,000

$4,000,000

0
1

SCORE
TIROS
ACSIMATIC

479,000 sq. ft.

1,521

$225,000,000

$700,000,000

78
47

TIROS
DMSP
NAVSAT
Satcom
Spacenet
GSTAR
DBS for STC
CCTV
MOS
American Satellite

Corp.
SOOS
NOVA

Table IV. RCA space systems' orbital operational life as of March 1, 1983.

SPACECRAFT SYSTEMS - 15 Launch
Date

Orbital Life
(months)*

Mission Type

Operational Systems

NASAiNOAA

NOAA-7 06-23-81 20.4 Environmental
NOAA-6 06-27-79 44.3 Environmental

USAF/DMSP

5D-DMSP-21 05-01-78 58.0 Meteorological
5D-DMSP-22 12-20-82 2.5 Meteorological

U.S. Navy

NOVA -1 05-15-81 21.5 Navigation
NAVSAT-20 10-29-73 112.3 Navigation
NAVSAT-19 08-27-70 150.4 Navigation

RCA Commercial Communications

RCA Satcom V 10-27-82 4.2 Communications
RCA Satcom IV 01-15-82 13.5 Communications
RCA Satcom IIIR 11-12-81 15.5 Communications
Telesat Anik-B 12-15-78 50.5 Communications
RCA Satcom II 03-26-76 83.3 Communications
RCA Satcom I 12-12-75 86.5 Communications

Earth -Orbiting Scientific
Satellites

Dynamics Explorer -A 08-03-81 19.0 Earth's magnetosphere

MAJOR SUBSYSTEMS - 6

Planetary

Viking Lander -1 08-20-75 91.0 Mars - Science

Technology Satellites

Nimbus -7 10-24-78 52.2 Weather technology
Nimbus -6 06-12-75 92.5 Weather technology
Nimbus -5 12-11-72 122.5 Weather technology

Landsat-3 03-05-78 62.0 Earth resources
Landsat-2 01-22-75 97.5 Earth resources

* Still in operation.

(Cont. from p. 7)

facility is the largest clean -pumped vacuum
chamber in the country. Twenty-five years
after being established as the center for
RCA's space activities, Astro-Electronics is
in a business and facility growth to meet
the challenge for the next decade. Building
500 and temporary modular offices are in
place, and a new high -bay building with
the larger thermal -vacuum chamber, and
an improved antenna test range will be in
place as we complete our first quarter cen-
tury. Table III illustrates Astro's growth in
facilities, sales, and so on, in the past 25
years. Astro is prepared to start the next
quarter century of space activities with the
biggest backlog of work in its history and
a spectrum of programs that clearly identi-
fies Astro as a leader.

Astro's 25 -year record of performance
in the space industry is unequaled in terms
of number of satellites and space systems
in orbit, the number of successful missions,
the diversity of the spacecraft, payloads
and technology, and the cost-effectiveness
in the production of Astro's spacecraft and
systems' operation. Our present status in
the satellite industry portends a shining
future for Astro. As of this writing we
have a backlog of 36 spacecraft. Continu-
ing commitment to technical excellence
and corporate investment has established
Astro's place in the forefront of the satel-
lite industry and will propel us on as we
lead the industry into the next quarter cen-
tury. Ours is a great heritage with an even
greater future.
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Participants (seated, left to right) Brian Stewart, Bob Miller,
Hal Curtis; (standing, left to right) Roy Ohanian, Jack Keigler,
Emil Dusio.

The 25th anniversary of RCA Astro-Electronics
coincides with record satellite business bookings.
Thanks in large part to the outstanding technology
developed at Astro and in supporting activities, the
present engineering developments are many, and
the future holds exciting prospects.

What are those technological ingredients for
success? Our staff wanted answers, so with the
help of Astro's Chief Engineer Bob Miller, and Edi-
torial Representative Carol Klarmann, we took our
questions directly to the Astro-Electronics engi-
neering managers and asked them to focus on
recent technological developments and to prognos-
ticate the future growth of Astro's engineering
capability.

On January 21, 1983, Hans Jenny, Tom King,
Editorial Representative Carol Klarmann, and
Mike Sweeny from the RCA Engineer staff sat
down with members of Astro's engineering man-
agement to discuss the issues. During the lively
interchange, reproduced here, the following partic-
ipants touched on virtually every aspect of Astro-
Electronics' technological spectrum of activities:

Abstract: A wide-ranging roundtable discussion with members
of Astro-Electronics' engineering -management team explores
recent and projected space technologies. Bob Miller, Chief Engi-
neer at Astro, opened the discussion with a statement of the roots
of Astro's technology in communications and weather -satellite
applications. The discussion that ensued held to recent develop-
ments in these basic areas. Spacecraft mechanical systems and
materials, sensors, DBS, communications payloads, engineering
synergism between RCA locations and divisions, cost benefits,
Space Shuttle prospects, and computer -aided engineering are just
some of the topics discussed

©1983 RCA Corporation
Final manuscript received March 11. 1983.
Reprint RE -28-2-2

Bob Miller, who opened the discussion with a brief
statement, is Astro-Electronics' Chief Engineer. He
took that position last spring after working as
Manager, Satellite Programs. Since joining RCA
Astro-Electronics in 1964, Bob has managed a
wide variety of space programs, including the
NIMBUS, the Atmosphere Explorer, RCA Satcom,
Anik-B, and TIROS spacecraft programs.

Roy Ohanian is Administrator, Independent
Research and Development (IR&D). He oversees
discretionary funds that RCA uses to "do home-
work" on future technology developments. These
programs are not contract work, but they apply to
all business areas.

Hal Curtis is Manager, Preliminary Design. His
group is basically responsible for the conceptual
design of the next -generation spacecraft at Astro-
whether it's meteorological spacecraft, or commu-
nications spacecraft.

Brian Stewart is Manager, Spacecraft Systems.
Spacecraft systems encompasses the mechanical
disciplines of spacecraft technology: propulsion,
power, thermal effects, structure, and guidance and
control. His department takes the preliminary
designs, which Dr. Curtis' group establishes at the
beginning of a contract, and produces detailed
designs and drawings necessary for the production
of the mechanical equipment.

Jack Keigler's section of the engineering depart-
ment is Communications Satellite Systems, respon-
sible for the design and development of the com-
munications -payload portion of the satellites-that
is, the design of the antennas, receivers, transmit-
ters, and interconnecting components. The group
also technically supports, in these design areas,
ongoing NASA and DoD satellite programs.

Emilio Dusio is Manager, Electronic Systems.
Electronic Systems is responsible for the design
and development of the nonradiofrequency portion
of satellites, the supporting Aerospace Ground
Equipment (AGE), and software for on -board
AGE computers.

Jim Blankenship and Ron Maehl could not attend
the roundtable because of previous commitments,
but Jim has offered a sidebar (page 22) for this
article, and Ron has contributed a full-length article
(page 91) to this issue describing their respective
areas.
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Miller: RCA Astro-Electronics, since its inception in 1958, has
been a leader in technology in the industry. Indeed, the success
of Astro over the years can be attributed to the effective use of
technology in this field. This use of available technology has
enabled RCA Astro to accomplish many firsts in the space
industry.

It started with applications of the technology RCA had in the
field of infrared, television, and communications-in the TIROS
satellite, and in the first application of communications equip-
ment aboard the Atlas to provide the playback of President
Eisenhower's statement during the Christmas season, 1958.
That event marked the first satellite communications, and of
course the early TIROS weather satellite was a first application
of television to observation of weather from space. That applica-
tion has continued over the 25 years. We have seen the recent
advancement of domestic communications, wherein a large por-
tion of our present-day business is in the domestic communica-
tions satellites-the fixed -service satellite field.

For this session, to discuss various space technologies, we
have gathered together the managers who are responsible for
bringing the technology to bear on our products.

RCA Engineer: It's difficult to choose, but could you each
describe one major engineering success in your area,
achieved recently?

Keigler: We like to think that our most shining example
recently is the payload on the latest Satcom, Satcom V, launched
in October, which is now in service for Alascom to provide
communications service to Alaska. The unique feature of that
spacecraft design is the use of all -solid-state transponders. It is
the first time a communications satellite has used a solid-state
amplifier to replace a traveling -wave tube for the transmitter
power stage. Also on that spacecraft is a completely new
antenna design referred to as a shaped -beam, high -efficiency
antenna. This antenna is a marked improvement over that
employed on the original Satcom series, which was first
launched in 1975. Both of these components were developed
within Astro.

Stewart: Of many innovations in the past years, I would pick
out the development and application of something we call the
electrothermal hydrazine thrusters (EHTs). These thrusters, an
extension of the technology of previously developed propulsion

"Right now we are preparing software enhance-
ments to do on -board power management to
make the spacecraft even more autonomous."

($ Millions)
Government

Civilian 4.3%

Government
Military
16.0%

Inter -
notional

1.1%

Commercial
Fixed

Service 60.9%

1983

DDS 17 7%

Astro's business has changed from 100 -percent government -
related work at the outset, to predominantly commercial -
communications -work today.

engines, have allowed us to substantially increase performance
on the order of 30 percent over what we achieved previously.
This development, done in conjunction with our subcontractor,
Rocket Research Corp. of Seattle, was begun essentially from
scratch and has been completed, within about 9 months, for use
on our Satcom G satellite. The success and speed of that devel-
opment has astounded both ourselves and our customers.

Keigler: I'd add that, in Brian's area, there are so many good
things, it's hard to single out the best. For example, you wouldn't
have the success of communications satellites without the use of
the lightweight structural materials in our antennas. These com-
posites have the strength -to -weight properties required and the
proper dielectric properties for use in our antenna systems.

Curtis: My group doesn't deal with individual engineering
developments, but certainly our biggest success in recent months
has been the system design of the direct -broadcast satellite
(DBS) for Satellite Television Corporation (STC), which was a
winning proposal in intensive competition, and probably the
start of a new industry. Again it wasn't something we did alone,
it depended heavily on the Independent Research and Develop-
ment (IR&D) work done in the communications group and on
help from Brian's spacecraft -systems group.

Miller: I think that's an important point. In the areas that Jack
(Keigler) has discussed with Brian (Stewart) and Hal (Curtis),
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Bob Miller, Chief Engineer
"A fair amount of our cost in the production of equipment
and satellites is the validation of the design, before it is
committed to space. Astro has extensive environmental test
facilities . . . RCA is adding to these facilities to accommo-
date the larger spacecraft that the Shuttle makes possible."

the seed money that comes through IR&D prepares our tech-
nology base and puts us in a winning position for competitions
such as the direct -broadcast satellite for STC.

Ohanian: One important development with regard to IR&D is
that, over the past few years, the various divisions or units at
RCA have increasingly learned to work together to pool their
technical talents in such a way that a winning end product can
be made. It is particularly true .of the close relationship between
Astro and the Laboratories-and also the Advanced Technology
Laboratories in Camden. Probably the best testimony I can think
of for it is that, as little as three years ago, when we used to have
joint IR&D project reviews, we could get most of those reviews
done by mid -morning; we didn't have a lot to say. This year we
have about 17 programs to discuss, and now it takes the better
part of a day to have all the companion project people present
their results on a regular basis. That shows a rather large expan-
sion in the common areas in which we're all working.

We've also come a long way in radiation analysis. There were
times when we did not have the tools, methods, or testing tech-
niques to understand radiation degradation of devices in space.
As a result we often had to apply rather conservative rules on
shielding devices against the space environment. We are now
able to calculate these effects in many cases down to very low
percentages of error, say 5 or 10 percent, whereas in previous
years we were glad to be within an order of magnitude. This
enables us to save a lot of weight on a spacecraft, because in
previous years we had to arbitrarily put perhaps 30 mils of lead
on a device to protect it. Now we can calculate whether we

need 5 mils of aluminum or 10 mils of aluminum. If you mul-
tiply that old requirement by the number of devices on a space-
craft, then you're talking about a considerable number of added
pounds, which we now save.

RCA Engineer: Roy, where has this improvement had a
great impact?

Ohanian: Well, I think particularly on the communications
satellites that's had a great impact, because what's the ratio?
How many extra thousand dollars per pound of fuel, what's the
basic payoff for every extra pound of fuel?

"We use CAD for the layout of the electronics
components and have a well -integrated system for

design through test and manufacturing."

Stewart: I think it's dramatic, Roy, in terms of the user benefits.
What is a typical communications satellite worth in terms of
income or revenue per pound? I think someone said that was on
the order of a million dollars per pound.

Ohanian: So the fact that we can just take off five to ten
pounds, depending on the spacecraft design, is important. Or,
alternatively, we can use more advanced devices without worry-
ing so much about radiation effects.

RCA Engineer: Emil, what's an important achievement in
your area?

Dusio: We are especially proud of the flawless launch and
operation of the second -generation software for the recent
DMSP F6 spacecraft program. That software does everything,
from lift-off to operation in space. We eliminated many opera-
tional problems that we saw during the first five years of opera-
tion. Right now we are preparing software enhancements to do
on -board power management to make the spacecraft even more
autonomous.

RCA Engineer: Roy, you referred earlier to the synergism
among RCA business units. Could you outline a number of
those successes?

Ohanian: Yes. Let's first talk about a universal concern among
all spacecraft designers, that is, the drive toward improved LSI
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circuitry. In the commercial world, this has led to higher -scale
integration at ever-increasing densities. In the spacecraft business,
we share this desire as much as anyone else, because improved
LSI technology can save a great deal of weight and power-two
of the most precious commodities we have to spend on any
space mission.

However, we also have a requirement above and beyond that
of the "normal" world, namely, that space systems must be tol-
erant of space radiation. RCA has been able to muster the forces
of several of its divisions to achieve a string of successes in radia-
tion -hardened device technology. There is no question that the
cooperation among the Solid State Division (SSD), the Solid
State Technology Center (SSTC), the Government Systems Di-
vision's Advanced Technology Laboratories (ATL), the David
Sarnoff Research Center (DSRC), and Astro-Electronks has led
to several key space systems available today, including our most
recent achievement: a radiation -hardened, second -generation, all
CMOS/SOS spaceborne computer.

Dusio: This was an all -RCA achievement. It required custom
LSI chips produced by SSD/SSTC, circuit designs optimized for
radiation -hardening by ATL, techniques for processing radiation-

"Lidar sensors will represent a major break-
through in . . . environmental sensing."

hardened chips developed at DSRC, and high -density circuit -
packaging techniques developed at GSD's Missile and Surface
Radar unit in Moorestown-all in accordance with the needs,
systems analysis, and system designs determined at Astro.

I might add that the RCA CDP 1802 was the first micro-
processor to achieve space qualification as part of a similar
cooperation among RCA divisions.

Ohanian: ATL also has expertise in automation and pattern
recognition, or "vision," systems that we are hoping to imple-
ment here at Astro in some automated manufacturing pro-
cedures. Similarly, we are incorporating, as they become
available, concepts for distributed spaceborne data-processing
architecture and computer -aided engineering as they are being
developed at ATL. For our advanced imagers and laser -based
remote sensor development, we are getting support from both
ATL and DSRC.

But perhaps the best example of synergism is the DSRC-Astro
effort on the C -band solid-state power amplifier (SSPA) that
Jack alluded to earlier, and he can give you that history.

"In fact, as we proceeded in the development of
the SSPA, its performance advantages equaled or

outweighed its reliability advantages."

Keigler: Work began in 1975, when we became convinced
that we could build a solid-state power amplifier with
competitive gain, power output, and weight compared to the
traveling -wave tube amplifier (TWTA). For space applications
requiring high reliability and high efficiency, GaAs FETs (gal-
lium arsenide field-effect transistors) were the technical break-
through that resulted in devices with requisite power capability
and efficiency for amplifiers to compete with the weight and
power demands of the traveling -wave tubes.

It's interesting that, in the mid -1970s, the impetus was to
replace the reliability risk of a thermionic cathode with a solid-
state device. In fact, as we proceeded in the development of the
SSPA, its performance advantages equaled or outweighed its
reliability advantages. Namely, it is a more linear amplifier,
therefore there is less intermodulation between multiple signals
going through the amplifier. And, at the same bandwidth, the
traffic capacity of an SSPA is considerably greater than that for
its corresponding TWTA. From the point of view of the user,
the traffic capacity per channel is markedly increased. In addi-
tion, the SSPA is more reliable.

RCA Engineer: How does Americom fit into this picture of
synergism?

Keigler: Americom is capitalizing on this technology. They have
developed modulation schemes-modems-that can exploit this
linearity advantage so that they will now be increasing traffic
capacity. When we started with the first Satcom, in 1975, the
nominal maximum capacity of that 36 -MHz -wide amplifier was
about 900 one-way voice circuits per transponder channel. With
the advent of the linear amplification that the SSPA provides,
and with the introduction of single-sideband techniques to
reduce the required bandwidth per voice circuit, Americom is
planning on over 5,000 one-way voice circuits per transponder
channel and there are 24 channels, so you multiply that out
and you have over 120,000 one-way voice circuits per
spacecraft.

The other feature that the Satcom satellite introduced was a
frequency -reuse technology of having orthogonally polarized sig-
nals, so that within the same rf bandwidth you can have two
independent transmissions. In the case that we developed for
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Jack Keigler, Manager, Communications Satellite Systems
"We don't have the number of buyers or applications for mil-
itary -communications satellites that we have for commercial
satellites, so our major thrust will continue to be in the
commercial area."

Americom, there were vertically and horizontally polarized sig-
nals, so that the bandwidth has a 2:1 multiplication by that tech-
nique, and then the capacity per channel on each polarization is
multiplied by this ratio of about 5,000 to 900, as just mentioned.

RCA Engineer: Jack, can we move from commercial com-
munications satellites to military communications satel-
lites? What are Astro's plans for military communication
satellites?

Keigler: Military satellites, unlike commercial ones, come in
rather widely spaced programs. The next announced military
communications -satellite program is referred to as Milstar. The
contract was recently awarded to Lockheed, with Astro being a
contender for the payload computer. We don't have the number
of buyers or applications for military -communications satellites
that we have for commercial satellites, so our major thrust will
continue to be in the commercial area.

Miller: Many aerospace companies have a part in large military
programs. Perhaps Emil (Dusio) would like to comment on the
particular segment (of the Milstar program) that we are address-
ing, which uses the technical expertise of not only Astro but
ATL, SSTC, and SSD.

Dusio: We supported TRW in their pursuit of the Milstar bus
contract. Our program had two components-a communica-
tions package, which is the payload; and a bus. TRW and
Lockheed were competing for the bus.* We are supporting them
with data processing, which is an extension of the on -board

* Since this interview. Lockheed has been awarded the Milstar contract. Astro is now
responding to Lockheed's request -for -proposal to provide the on -board computers.

computer work that we developed for our DMSP program and
are using on TIROS. At RCA, we have a three-part effort
underway. We are using a GPU bit -slice processor to imple-
ment a 1750A architecture microprocessor.Together with the
Solid State Division, SSTC is developing gate universal arrays
(GUAs). We will perhaps be doing some software work with
ATL in support of JOVIAL J73, the designated language for
that program.

RCA Engineer: What new technology comes out of
government contract work at Astro that can be translated
into commercial business?

Dusio: Radiation -hardening technologies extend into the com-
mercial market. Efforts to meet military requirements translate
into less weight and longer available lives for the electronic
components on a communications satellite. As we achieve
lighter weight and longer life, we can fly more fuel and maintain
a longer life in orbit-a commercial advantage. Other enhance-
ments include leadless-chip-carrier packaging of radiation -
hardened components mounted on ceramic substrates. These
have the potential to reduce the weight of the housekeeping elec-
tronics to half its present value. In addition, stationkeeping
maneuvers are developed from satellite -to -ground -station ranging
measurements and triangulation. Enhancements to the ground -
control station software systems will completely automate the
stationkeeping maneuver planning and execution.

Keigler: A new NASA program going through the initial stages
of procurement, the Advanced Communications Technology
Satellite (ACTS), specifically addresses the development of tech-
nology for the next -higher frequency band. Satellite communica-
tions are, perforce, restrained to agreed -upon communications
bands based on frequency assignments. The majority of com-
mercial development to date has been called C -band communi-
cations, which uses the portion of the rf spectrum around 6 GHz
for the earth -to -space link, and a 4-GHz downlink. Recently a
number of carriers have expanded into Ku -band (14/12 GHz).
Both of these are limited to 500 MHz of bandwidth.

"A lot of truly basic scientific research is being
done and needs to be done in the area of sensor

design. The clearer the picture from space, the far
more efficient the data -gathering system

is going to be."
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"Astro has been building these so-called inte-
grated satellites for a number of years on the

TIROS and DMSP programs. That technology
will carry over directly into the Shuttle era."

The next designated band, which is seen as the resource that
the industry will add on when the first two bands-C-and Ku -
band have reached their capacity for the number of orbital
slots they will support, is the so-called Ka -band with 30-GHz
uplink and 20-GHz downlink. and usable bandwidth of 2.5
GHz. That's five times the bandwidth of the other two bands.
The NASA ACTS program will demonstrate both the state of
development of the hardware components to work at that fre-
quency (which places new demands on amplifier noise figures
and efficiency), as well as show the complex dynamic ground
network needed to use the capabilities of that system in a very
complex satellite -switched time -division multiple -access
(TDMA) network of a lot of users accessing the satellite with
very precisely controlled time slots and antenna -gain positions.
The NASA ACTS program is expected to enter its first contract
about a year from now, with the first launch scheduled for 1987
or 1988.

RCA Engineer: What would you say are the problems
inherent in going to the higher frequencies?

Keigler: Well, there are several areas that require new develop-
ments: For the antenna system, a multiple -beam antenna must
have high isolation between spot beams so there can be
reuse of the spectrum spatially; in the transponder, both am-
plifiers at the output and receivers at the input must have the
requisite performance at higher frequencies. Very exotic signal
processing is to be done on board. The baseband processor, for
example, is a high-speed digital processor that demodulates and
reformats and remodulates this data stream with data rates on
the order of 250 Mbps.

RCA Engineer: Talking about government programs, what
effect does the Shuttle have on satellite design? What do
you foresee?

Curtis: Satellites have been limited by expendable launch vehi-
cles like Delta in two ways: First, the fairing-the heat shield
between the spacecraft and the outside-limits the diameter of
the spacecraft. Second. as the Delta program has evolved, and as
the communications -satellite programs have evolved, Delta has
limited the amount of weight that can be put into orbit. Now, in
the Shuttle, the limiting diameter becomes 15 feet rather than the

7 feet of the Delta heat shield. The weight that can be placed in
orbit remains limited by available perigee rocket motors, but
jumps to a maximum of 13,400 pounds for Boeing's proposed
TOS stage, in contrast to 2,750 pounds for the McDonnell
Douglas Delta PAM -D stage. Therefore, spacecraft can become
larger, and antennas can become larger. The first instance of this
evolution is the DBS program. The DBS antenna is the first
antenna that will exceed the size of the Delta fairing. The first
satellites to exceed the Delta weight limit are satellites that we
have recently proposed for both fixed service and DBS.

First, some background. The weight that can be put in orbit,
even after Shuttle launch, is limited by the throw -weight capabil-
ity of the next stage. This, too, has been limited by developments
that have been transitions from the expendable launch vehicle.
The next generation of those boosters will allow much greater
weight into transfer orbit and into geosynchronous orbit. Ameri-
corn's 16 -channel, 40 watts per channel, K -band satellite now
planned for launch in 1986, will use a larger perigee stage after
Shuttle launch.

Stewart: Another point is that the Shuttle can lift these larger
payloads, but only into very low -altitude orbits, unlike the
expendable launch vehicles. Thus, the upper -stage propulsion
capability must be provided on the satellite itself. There, Astro
has a clear advantage: Astro has been building these so-called
integrated satellites for a number of years on the TIROS and
DMSP programs. That technology will carry over directly into
the Shuttle era.

"Spacecraft such as the Dynamics Explorer, the
Atmosphere Explorer and TIROS all have the
ability to do useful missions to deep space."

RCA Engineer: What exactly is an integrated satellite in
this case?

Stewart: Fundamentally, the satellite contains the capability of
getting itself into orbit. It contains propulsion stages and a
method of guidance and, in that sense, is a rocket itself.

On our DMSP program, for example, the satellite is the
brains of the launch vehicle. It controls the guidance of the
rocket from lift-off. All the trajectory programming and control
is derived from the satellite.
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Hal Curtis, Manager, Preliminary Design
"Certainly our biggest success in recent months has been
the system design of the direct -broadcast satellite (DBS) for
Satellite Television Corporation (STC), which was a winning
proposal in intensive competition, and probably the start of
a new industry."

Miller: The fact that the Shuttle takes you out of the atmosphere
and into space, does this leave you design flexibility you didn't
have before when we had to operate the satellite from the
ground up?

Stewart: The satellite will still be exposed to the same environ-
ment, whether it's launched from Shuttle or from an expendable
vehicle, but on the Shuttle it certainly does have the advantage
that the crew is there with it and, for special missions that might
require human intervention before committing the satellite to its
final mission operation, you can gain an extra flexibility. For
example, a satellite could be thoroughly checked out before
being released from the Shuttle. Or it could be manually
released if there were any problems with the separation from the
launch vehicle. It is possible, but unlikely, that there could be
failures under the extreme mechanical -stress environments
encountered during launch.

RCA Engineer: What are the different propulsion
requirements?

Stewart: Although the distance traveled by Shuttle isn't very far,
the velocity you need to get there is a significant part of the total
velocity required. Once you are in orbit, provided you have the
ability to steer your satellite or your propulsion stage, you can
use very low thrusts. On the other hand, to lift off from the
ground, you need enough thrust to overcome the weight of the
launch vehicle, and that restricts you to the very large engines
that are on standard launch vehicles.

Ohanian: Not only that, but during low thrust, you could
spread out the solar arrays and other deployables.

Miller: When we launch from the ground, we can't view stars
or have other navigation references, so we have to resort to very
expensive inertial measurement platforms and gyroscopes. The
Shuttle's position in space is known quite precisely when the
spacecraft and Shuttle are separated. Also, being out of the
atmosphere and out of the heat shield offers the system designer
other navigational techniques that may prove more cost
effective.

RCA Engineer: Let's focus for a moment on issues sur-
rounding DBS. How are Astro engineers uniquely qualified
to handle DBS?

Keigler: In contrast to the current fixed -service satellites, DBS
requires a higher effective isotropically radiated power (EIRP);
namely, the product of the transmitter output power and the
antenna gain must be greater. Because there is a specific geo-
graphical area to be covered, the antenna gain is limited. If the
gain were increased, the beam would be smaller, and that would
not be suitable for direct -broadcast service, which is planned to
broadcast to approximately one U.S. time -zone area. So cover-
age area sets a limit on antenna gain.

Therefore, to get the required EIRP, which translates directly
into the received signal strength to the ground, you must have
higher transmitter power. The numbers that illustrate this are:
For fixed -service satellites the output transmitter power is on the
order of 5 to 20 watts, whereas that of a direct -broadcast satellite
is something over 200 watts per channel. This also means fewer
channels on the satellite, because not as many 200 -watt channels
can be supported as 20 -watt channels.

And, in terms of demands on the satellite, we have to handle
the concentrated thermal loads that these high -power tubes pre-
sent, and we also have to assure that those high -power tubes and
their high -voltage supplies have the reliability and life to make
the investment economical.

Miller: In the case of DBS, there is the synergistic effect of the
many operations of RCA. Government Systems Division has
what is called a "focus" program in which the efforts of several

"It's a part of our business for people to do what
we call a 'sanity check' to verify that the numeri-

cal results correspond to the physical world."
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IR&D programs are directed to achieve a specific goal-in this
case, the direct -broadcast satellite. The Microwave Technology
Center at the DSRC, the Communications Satellite Systems
group at Astro, and the high -voltage, high -power electrical
power conditioner design group at GCS, Camden, all worked on
IR&D programs that led to the transponder design. RCA's
background and experience in high -power tubes, specifically in
the area of cathodes and slow -wave structures, led to the selec-
tion of the appropriate traveling -wave tube. Brian Stewart's
group at Astro did work on the attitude control, structure,
power, and thermal subsystems. Astro's IR&D program
included work on the composite materials and antennas. All of
these technology developments came together to provide the
winning configuration of the satellite that will be the most cost
effective for our customer.

Stewart: The applications of new materials is certainly a signifi-
cant factor in new satellite design. As we heard earlier, weight is
a premium, particularly in commercial satellites. Years ago, typi-
cally 12 to 14 percent of the weight of a satellite was dedicated to
structure. Today it's more like 4 or 5 percent. This is mostly a
result of work in the area of composites. They are of significant
benefit in this field, not only because of their low weight but
because of their low coefficients of thermal expansion, which has
given us the thermal structural stability that is so important to
precision pointing in many applications.

RCA Engineer: You've mentioned composites and you've
mentioned the resources available. This preoccupation
with structure leads directly into the question of computer-
aided design and computer -aided manufacturing (CAD/
CAM). What kinds of influence will CAD/CAM have on
satellite design in the future?

Stewart: That does lead directly to the question of CAD/CAM.
Together with having the materials to achieve lightweight design,
structural optimization is also a key factor in reducing weight.
The advent of sophisticated tools and analysis coupled into
CAD is a tool that we call computer -aided engineering. It is the
new wave in our business and allows more precision and optim-
ization in the design of our primary structures and all critical
appendages that comprise a satellite. For example, the antenna
reflectors used on our commercial satellites have been developed
by these methods. They are designed from composite material,
and the designs have undergone extensive optimization by use of
these tools.

RCA Engineer: What are some other applications of
CAD/CAM?

Dusio: We use CAD for the design and drafting of electronic
circuit boards and have an integrated system from design
through production to test. One benefit of this system is that we

can perform many design iterations and then produce a consis-
tent set of documentation for production and test of the design.

Curtis: One use we see for CAD is in the very early conceptual
design stage of a spacecraft, particularly one that has many opti-
cal sensors with fields of view, and many other appendages. This
ability, very early in the design process, to make a simple space-
craft structure in three dimensions, to model that sensor in three
dimensions, to place it anywhere on the spacecraft, and to make
the appendages move to assure that the sensors do not have
obstructions, can save time by about a factor of ten.

Keigler: In the microwave area, we are using CAD tools in two
areas that we didn't have as recently as three years ago. We have
an in-house HP1000 facility to do antenna modelling. Our
antenna designs with their shaped -beam performance require

"Years ago, typically 12 to 14 percent of the
weight of the satellite was dedicated to structure.

Today it's more like 4 to 5 percent."

that the contour of the beam match the coverage area. We have
about 50 interdependent variables to iterate to optimize an
antenna design. This is feasible only with computer modelling.

Likewise, during the design of active microwave circuits the
microstrip circuits-we are tied into the VAX computer system
at the Microwave Technology Center where there are computer
models of active circuit performance to optimize the impedance
matching and circuit tuning to get the maximum gain and effi-
ciency of the rf circuits. This could never be accomplished by
any kind of laboratory iteration.

Stewart: I'd like to make one more point on this. The virtue
these systems have in our business is in the way they can couple
the many disciplines that we have to avoid redundancy in our
work. CAD is far more than just being able to make drawings
on a scope. From those drawings we can develop finite -element
models (FEMs). From those FEMs we can in turn do our
mechanical analysis. Thermal analysis can be developed from
those same FEMs as well as radiation analysis. We finally can
produce the tapes by which the hardware is made in CAM. This
end -to -end capability that reduces redundancy in engineering
will be the ultimate benefit to us.
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Brian Stewart, Manager, Spacecraft Systems
"These thrusters, an extension of the technology of pre-
viously developed propulsion engines, have allowed us to
substantially increase performance on the order of 30 per-
cent over what we achieved previously."

RCA Engineer: In the manufacturing area, can you talk
about your plans to use robotics?

Ohanian: Our primary use of robotics is for automated cover -
glass placement on the solar cells. I believe that is now planned
for production for DBS.

Miller: We have the first -generation IBM robot. The first appli-
cation of that robot will be in a very repetitive operation, the
application of cover glass to solar cells in the manufacturing of
our solar arrays. That's just the first application of robotics.
Later, robotics will be applied to other manufacturing opera-
tions. There is a subtle difference between robotics and CAM.
We have been using numerically controlled machining for years
--a step short of robotics. We have also used numerical control
in assembly of other units, such as our welded -wire circuit
hoards. Computer control also extends to computer -aided testing
of the solid-state power amplifiers and digital boxes.

Ohanian: Most people are used to robots producing many
thousands of objects (cars on an assembly line, for example). But
we don't produce thousands of satellites. We produce a few
high -precision products. The question is, how do you convert
robot technology so that it's cost effective in that domain of
manufacturing where you're making relatively few items? You
have to take advantage of the programmability of the robot to,
in a quick but precise way, change as the different products are
made. That is the key issue: Where is the trade-off between how
much effort is needed in reprogramming the robot versus the
few relatively precise items that will be made with it? That also
may be true of other aspects of CAM. Is there unnecessary effort
to develop software and the programs to produce the one or two
pictures that you're going to produce? It may not be worthwhile.

RCA Engineer: Also, are you removing your engineers
farther and farther from their product?

Ohanian: I don't know if that's true. f think, for all the "remo-
val" you get, you also give the engineer a lot more feedback
than before. As Hal was pointing out, the average engineer in
previous days would be lucky to come up with one or two
designs a month where he had the layout of all his instruments,
and maybe he could see if two instruments were, say, interfering
with one another. No question, he was right up on the drafting
board seeing his work embodied right in front of him. He's now
"removed" because his work is behind his CRT screen or on a
disk file somewhere. In the meantime, though, he gets much
more feedback. He knows sooner what he is producing and he
can vary it much faster.

Keigler: The pitfall is that there is the risk that the people accept
the output of some computer program without double-checking
the physical world that it's describing. It's a part of our business
for people to do what we call a "sanity check" to verify that the
numerical results correspond to the physical world.

RCA Engineer: What facilities do you have to do those
things, to test out assumptions?

Miller: That extends not only from the electrical performance
tests of the equipment that we build, but to the overall design as
well. A fair amount of our cost in the production of equipment

"The first application of (our) robot will be
in . . . the application of cover glass to solar cells
in the manufacturing of our solar arrays. That's

just the first application of robotics."

and satellites is the validation of the design, before it is commit-
ted to space. Astro has extensive environmental test facilities
where we subject not only these spacecraft, but the component
"boxes" that go into the spacecraft, to environments such as
vibration, thermal stress, and thermal vacuum. We should men-
tion that RCA is adding to these facilities to accommodate the
larger spacecraft that the Shuttle makes possible.

We are currently installing a large, 46 -foot thermal vacuum
chamber. A new K -band antenna range, to provide far -field test-
ing of the longer focal length antennas that Jack's group is build -
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"(The engineer) is now 'removed' because his
work is behind his CRT screen or on a disk file
somewhere. In the meantime, though, he gets

much more feedback."

ing, is also part of this facility. So, to verify that a design is good,
we do subject it to a full range of performance and environmen-
tal tests.

As part of the argument, CAD allows more precise calcula-
tion of stresses, loads, resonant frequencies. But that has to be
balanced by an increased knowledge of the materials we use.
We design more efficient structures, having a smaller percentage
of the total weight. But that also calls for a better knowledge of
the materials. Before, the design margins were such that we
could be off a little in the properties of the materials. Well, as we
shave the margins of safety to increase the efficiency of the struc-
tures, it demands that we know the properties of the materials so
we don't exceed the allowable limits. That can't be done by a
computer program.

RCA Engineer: What advances is Astro making to improve
their meteorological satellites?

Ohanian: As Bob mentioned before, meteorological satellites
are a very large part of Astro's heritage. A lot of truly basic
scientific research is being done and needs to be done in the area
of sensor design. The clearer the picture you have from space,
the more efficient the data gathering system is going to be. This
has implications in weather prediction, earth resources, and stra-
tegic surveillance. Clearly, there is a great demand for accurate
sensing information.

For RCA's part, there are a couple of programs worth men-
tioning. A key issue is: If we could achieve a staring planar sen-
sor composed of a mosaic of small infrared sensors that could
stay fixed on the earth, possibly from geosynchronous altitude,
that sensor would have tremendous advantages over some of the
sensors used now, which are spin -scan type sensors. In the spin -
scan system, a limited number of sensors are spinning around to
create a picture a little at a time. Relatively few pictures result
because it takes several cycles before enough picture elements
are taken. A staring sensor would also have reliability advan-
tages. The key issue, though, is that the infrared response of the
types of materials used in the staring sensors-platinum silicide
and palladium silicide, Schottky -barrier infrared charge -coupled-

devices (IRCCDs)-needs some development. They don't
respond with as large a signal as we would like in certain key
regions of the infrared spectrum. A considerable amount of
physics research is needed to enhance that response.

That's a passive sensor, just sitting there "watching" the
information come in. The next great leap in sensing will be
active sensing. We already have a fair effort in this area on laser-

based sensors, in which case we aim a laser toward the atmos-
phere and wait for the scattered signal, or report, to return. From
that signal, because you're actively probing the environment, you
can get much more information on what's in the atmosphere,
where it's going, and at a much higher data rate. That brings
about a number of basic research questions, not the least of
which is: How do you support these high-powered lasers in
space and make them "live" for a long period of time? When
Jim Blankenship makes his contribution (see page 22), he may
elaborate on these points.

Possibly the IRCCD sensors we have now could be used as
particular channels on a future instrument. But we cannot now
propose using those devices for the entire instrument. As for the
laser work, we do have an experimental laser lab at Astro to do
some probes of the sky. But we're a long way from a space -qual-
ified spaceborne laser. A lot of work needs to be done through-
out the industry in that field. The first step would be to use it on
a Shuttle experiment and see what the response would be from
space. It is not likely that such an experiment would occur for
another three years.

Curtis: But I see it on a "free -flier," too. The next advance in
environmental sensing will undoubtedly be ocean -surface sensing
by the use of passive microwave imaging with a fairly large
antenna that scans and simply resolves a beamwidth as it scans.
This is basically a device that will measure the temperature of

"RCA has all the necessary disciplines to success-
fully provide the direct -broadcast satellite."

the ocean surface. Another oceanographic sensor will be a scat-
terometer, which is a multi-narrowbeam radar, the return from
which is proportional to the very small wavelets on the surface
and these, in turn, depend critically on wind speed, so that it
becomes a wind -measuring device. The third instrument to be
carried will be a very accurate radar altimeter that will be used
to measure the geopotential surface of the ocean, and therefore
to measure large-scale currents in the ocean. Such programs are
actively under consideration by the Navy.

Ohanian: The use of this information would be primarily
ocean -current prediction or weather prediction?
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Emil Dusio, Manager, Electronic Systems
"We are especially proud of the flawless launch and opera-
tion of the second -generation software for the recent DMSP
F6 spacecraft program. That software does everything, from
lift-off to operation in space."

Curtis: Tactically, for the Navy, it's "What am I surrounded by,
in terms of temperature, winds, and ocean state?" Another
advance in environmental satellites, for tactical use, is the reduc-
tion on -board of the basic data, its conversion into meteorologi-
cal parameters, and its transmission in real time to users.

RCA Engineer: What about the large space platform and
space stations. Are they in RCA's future?

Curtis: They're in the present, in the form of a small subcontract
that we have from one of the eight companies that are studying
the needs for a space station. NASA has an active program now
in the study phase, for a space station-probably in a low -incli-
nation low -altitude orbit-and the present eight contracts are an
attempt to make an economic justification of, and to devise an
architecture for, the space station. Our future in the space station
would be to provide avionics subsystems for the space station.

RCA Engineer: What possibilities do you see in the future
for non -earth -orbiting spacecraft? How's Astro going to
get involved?

Curtis: In two cases in the last year we've had contracts from
the Jet Propulsion Laboratory. One is a study of the feasibility of
the use of our low -altitude satellites in Mars and Lunar Geo-
physical Orbiter missions. The other is a similar study for an
Asteroid Rendezvous mission, which again is to look at the geo-

Sensor technologies

The next advancement in environmental sensing will
be in the remote sensing of oceans. Astro is pres-
ently working with both NOAA/NASA and the DoD
on the development of such space systems. These
spacecraft will carry radar altimeters to measure the
slope of the ocean for determination of current, and
infrared and color scanners to measure the tem-
perature and identify areas of pollution or chlorophyll
concentration. This information is vital to the fishing
industry.

Another design challenge in the system is the
radar scatterometer. This is a six -antenna radar that
can detect the corpuscular waves due to wind stress
on the ocean surface. The return scatter from these
waves provides an indirect measure of the surface
wind speed. The most significant sensor is a large -
aperture (3- to 6 -meter -diameter) passive microwave
imager. This device will scan the ocean and mea-

in clear or
cloudy areas. This is used to define current boun-
daries. Also, the device will provide a measure of the
sea state and ice boundaries.

The real design challenge is to place both the
active and passive radar devices on the same
spacecraft without rf interference. The scanning
motion of the large antenna, approximately 60 rpm, is
a significant design challenge considering that the
spacecraft attitude variation must remain less than
0.1° with better than 0.997 probability on all axes.

Next -generation weather satellites will probably
carry three basic instrument packages: a visual and

physical properties of the asteroid (see article by R. Maehl,
page 91). Both of these are attempts by NASA to foster the
application of inexpensive spacecraft buses-normally used for
earth sensing-to deep -space sensing.

RCA Engineer: Could you expand on that point?

Curtis: Yes. Spacecraft such as the Dynamics Explorer, Atmos-
phere Explorer, and TIROS all have the ability to do useful mis-
sions in deep space. So the question becomes: How do I mod-
ify the spacecraft bus for this purpose? The modifications in
communications, for instance, are significant. Secondly, the
spacecraft can by no means create the same amount of power in
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infrared imager; a microwave sounder for operations
through clouds (both instruments similar to those
carried today); and a laser -based system for detailed
sounding of the atmospheric temperature, moisture,
and probably constituents such as ozone. The same
laser -based system will also provide direct mea-
surements of winds in clear air.

The technical basis of atmospheric sounding will
be a differential absorption lidar technique, com-
monly referred to as DIAL. Basically, a tunable laser
is operated at two very close frequencies: one at
which the atmosphere's absorption occurs, and one
only affected by atmospheric scatter. The return sig-
nals can then be processed to remove all nonab-
sorption atmospheric effects, resulting only in a sig-
nal that is directly proportional to the absorption
properties of a certain gas. The proper selection of
wavelengths can produce concentration -versus -
height measurements or temperature -versus -height
measurements.

Wind measurements are accomplished by mea-
suring the Doppler shift in the backscatter of a laser
beam due to the motion of aerosols. Two measure-
ments at different angles resolve those vectors
necessary to define the atmospheric motion fields.

RCA Astro, the Advanced Technology Labs, and
RCA Labs have active IR&D programs to develop
key elements of the lidar sensors of the future. They
will represent a major breakthrough in state-of-the-
art environmental sensing.

-Jim Blankenship
Director,

Advanced Programs

deep space, a long way from the sun. But, with modifications,
these inexpensive spacecraft can be used for the deep -space
missions.

RCA Engineer: Could someone sum up? What questions
or issues do scientists and engineers hope to resolve with
future satellites?

Ohanian: Everyone in one way or another has essentially
reduced allowable margins. We are becoming increasingly
sophisticated. True, satellites are getting bigger and more power-
ful. But, at the same time, we are doing much more with each

Roy Ohanian, Administrator, Independent Research
and Development
"One important development with regard to IR&D is that
over the past few years the various divisions or units of RCA
have increasingly learned to work together to pool their
technical talents in such a way that a winning end product
can be made."

unit of weight and power that we have at our disposal. Every-
thing is being pushed to tighter tolerances. And I'm not sure
whether we're driving the technology because of the tighter tol-
erances, or whether the technology is making the reduction in
design margins possible. We're pushing for the next dB of gain,
trying to remove an extra few ounces of shielding, removing
weight from the structure, trying to achieve an optimum config-
uration of sensors. This trend should continue for a number of
years where, in order to gain efficiency, we just have to push the
limits as hard as we can. If we don't, our competitors will.
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F.C. Weaver

Introduction to communications satellites

Illustrations accompany the fundamentals, and provide the
foundations for understanding satellite communications.

The use of communications satellites to transmit
voice, data, and television programming is revo-
lutionizing business and home entertainment
services. This paper presents basic operational
principles: what a communications satellite is
and how it works. Current issues such as reduced
orbital spacing to relieve the shortage of orbital
slots will also be covered. As with any new tech-
nology, the state-of-the-art is steadily advancing.
The introduction of solid-state power amplifiers

(SSPAs) to replace traveling -wave -tube amplifiers
(TWTAs) will increase the traffic capacity and the
reliability of communications satellites. Some of
the benefits of SSPAs versus TWTAs are described.
Direct Broadcast Satellites, the latest innovative
application of microwave technology, will use
high -power TWTAs to transmit television pro-
gramming directly from the satellite to low -noise
home receivers.

1I

A communications satellite is
simply a radio relay in the sky. It

performs four primary functions: (1)
it receives a signal from an earth
station, (2) it changes the frequency
of the signal, (3) it amplifies the sig-
nal, and (4) it retransmits that signal
to another earth station. A satellite
can provide for point-to-point and
point-to-multipoint connections to
earth stations within its coverage
area.

-skk,Zilett 4iV-Aral1irs
A Radio A.
Relay in
the Sky

It

Satellite Functions

 Receives signal from earth station

 Changes frequency of signal

 Amplifies signal

 Retransmits signal to earth station
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2
A communications satellite must
operate at geosynchronous orbit

where the spacecraft appears to be
stationary when viewed from the
ground. At a height of 22,300 miles
above the earth's equator, the gravi-
tational pull of the earth and the
centrifugal forces acting on the
satellite are in balance when it is
revolving at the same angular veloc-
ity as the earth: one revolution per
day. The spacecraft 's velocity is
6,879 miles per hour. In that orbit,
the up-and-down propagation time
for a signal would be approximately
one-fourth of a second.

CENTRIFUGAL
FORCE

Fixed Satellite Service (FSS)

C -band
6/4 GHz

Uplink
5.925-6.425 GHz

Downlink
3.7-4.2 GHz

K -bond
14/12 GHz

/
14.0-14.5 GHz 11.712.2 GHz

Broadcast Satellite Service (BSS)

K -bond Uplink Downlink
17/12 GHz 17.3-17.8 GHz* 12.212.7 GHz'

"TEM at RARC-83

3
In North and South America,
transmission to and from the

satellite occurs at specified fre-
quencies established by the Interna-
tional Telecommunications Union
(ITU). This figure shows how fre-
quencies are allocated for both the
Fixed and the Broadcast Satellite
Service (BSS). The BSS frequencies
will be assigned at the Regional
Administrative Radio Conference in
June 1983.

A Satellites operating at the same frequency4 must be spaced far enough apart to
reduce interference. This figure illustrates
current and proposed spacing requirements.
At 22,300 miles, one degree of separation
corresponds to 450 miles. For U.S. satellites,
the Federal Communications Commission
(FCC) requires 4° spacing at C -band and 3°
at K -band. In a bilateral agreement with the
Canadian Department of State and the FCC,
Canadian satellites operate with 5° of separa-
tion at C -band.

N \
2 or 900 MilesN -

5 or 2250 mile's' /
4

3 or 1350 Miles
or 1800 Miles
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5
It is proposed that 2° spacing may be
required at both C- and K -band for satel-

lites operating over the U.S. Such a move
would create more orbital slots, but there is a
potential for more interference. This figure
identifies the sources of interference. There is
uplink sidelobe interference from the earth
station, and there is also downlink interfer-
ence from adjacent spacecraft. The implica-
tion of a move to 2° spacing is that the earth -
station antenna-sidelobe discrimination must
be improved to reduce interference.

is 4
# 11 **

ORBITAL SPACING
EM WANTED SIGNAL
NH INTERFERING SIGNALS

olifg -

\ vole
,rN .406

Ir DOWNLINK# INTERFERENCE

I I # UPLINKs I P s INTERFERENCE

SA,

ANGLE OF ELEVATION

Usually. 5 is the minimum
practical angle of elevation

Although 2° spacing may create more
6 orbital slots, the finite arc that covers the
U.S. is determined by the angle of elevation.
As shown here, the angle of elevation is that
angle subtended at the antenna between the
satellite and the earth's horizon. To avoid bar-
riers such as mountains or tall buildings and
to reduce the amount of the signal's travel
through the earth's atmosphere, 5° has been
determined as the minimum practical angle of
elevation.

7Assuming that we do have a 5° angle of elevation,
the orbital arc that can cover the continental U.S.

(CONUS) is between 54° and 143° west longitude. To
cover all 50 states, a communications satellite would
have to be positioned farther westward in that orbital
arc, between 119° and 143° west longitude. To provide
communications coverage to Canada, both C- and K -
band satellites are located around 100° west longitude.
At positions near 100° west longitude, satellites can
cover Canada at some of the northern latitudes that lie
far above the Arctic Circle.

United States (assuming minimum 5° elevation)
CONUS (lower 48 states): 54' - 143' West Longitude (WL)
All 50 stores, 119" - 143' WL

Canada
C -bond: 104° - 1 1 4 WL (5" spacing required)
K -band: 105° - 116° WL (3° spacing required)

Available slots (from 54° - 143° WL)
22 at C -band with 4° spacing for U.S. and 5' spacing for Canada
30 at K -bond with 3' spacing
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8Given the orbital arc that has
been defined, how many slots

are there? At C -band with the cur-
rent 4° spacing requirement, there
are approximately 22 slots avail-
able; at K -band with the current 3°
spacing requirement, there are
approximately 30 slots available.
This figure illustrates how crowded
the current orbital arc is. The
shaded slots represent operational
communications satellites. The
unshaded slots represent com-
munications satellites currently
planned to provide service, or
those still awaiting FCC approval.
A proposed 2° spacing would
create more orbital slots and
relieve some of the congestion.
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n Stationkeeping, which is performed by a reaction -
control subsystem on the spacecraft, is required to

maintain position in orbit and to keep the downlink sig-
nal over the desired coverage area. C -band communi-
cations satellites are controlled to within ± 0.1 degree
north -south and east -west. That restriction translates to
a "box" that is approximately 90 miles on a side. For
satellites operating at K -band, the requirement is 0.05
degree north -south and east -west, corresponding to a
box that is only 45 miles on a side.

1
n To maintain that spacecraft's
V orientation in orbit, the

spacecraft is either spin stabilized
or three -axis stabilized. With a spin -
stabilized spacecraft, the main body
spins at a rate between 60 and 100
revolutions per minute. The solar
cells that provide the electrical
power to all of the spacecraft sub-
systems are mounted on the main
body of the spacecraft. So, at any
given time, roughly one third of that
surface area is exposed to the sun.
Because the antenna must always
face the earth, it is mounted on a
de -spun platform.

A three -axis stabilized spacecraft
operates differently. Instead of the
main body spinning, a flywheel is
mounted within the main body of the
spacecraft. It spins between 4,000
and 6,000 revolutions per minute
while the main body is positioned

3 -Axis Stabilized

 Flywheel Spins
4000-6000 RPM

 Body Stabilized

 Solor Array
Tracks Sun

ORBIT

I

PITCH
ROLL

YAW

Spin Stabilized

 Main Body Spins 60-100 RPM

 Antenna Platform Despun

with respect to the three orthogonal
axes that are shown in the diagram.
Because the main body is not spin-

ning, the solar cells are mounted on
panels that track the sun as the
spacecraft moves around in its orbit.
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11
With the communications satellite properly po-
sitioned in orbit, we can have effective commu-

nications service 24 hours a day, via a typical C -band
transmission link. The uplink signal is transmitted at 6
GHz from a large earth station that uses a reflector of
approximately 13 meters in diameter. The effective iso-
tropic radiated power (EIRP) of this signal is approxi-
mately 91 dBW. The signal is attenuated by rain and
clouds, and it also loses strength as it travels the
22,300 miles to the spacecraft. The weak signal is
received at the spacecraft, it is amplified, the frequency
is downconverted from 6 GHz to 4 GHz, and then
retransmitted to earth with a downlink EIRP of about 34
dBW. K -band transmission links work much the same
way; however, rain can more severely attenuate the
signal. Therefore, to compensate for the loss by rain
and clouds, more uplink power must be provided from
the earth station and more downlink power from the
spacecraft.

.C5F3.4terl Transmitter Output: 9 dBW
Antenna Gain: 25 dB

G/T = -4 dB/°K EIRP ((ONUS): 34 dBW

Free Space Loss: 200 dB

Attenuation in
Rain and cloud:

2 dB

EIRP: 91 dBW
Antenna Gain:

56 dB
Transmitter Diameter: 13 M
Output:
35 dBW

Free Space Loss: 196 dB

\Diameter: 13 M
Antenna Gain: 52 dB
Received Signal:

-110 dBW

 Communications

 Power

 Attitude Control

 Command. Ranging and Telemetry

 Reaction Control

 Structure/ARM/Thermal
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Several subsystems work together to make the
satellite transmission link possible. The most

important is the communications subsystem, or pay-
load, consisting of the antenna and the transponders.
In the Advanced RCA Satcom, the communications

payload weighs approximately 287 pounds-about 25
percent of the spacecraft's on -orbit weight.

Two other subsystems of primary importance on the
spacecraft are the power and the reaction -control sub-
systems. The power subsystem consists of the solar
arrays and batteries, which supply electrical power to
the spacecraft during eclipse periods. The power sub-
system provides power to every other system aboard
the satellite. The reaction -control subsystem maintains
the satellite-which is perturbed by the effects of the
sun and moon and the elliptical shape of the earth's
gravitational field-at its orbital station. It contains
spherical tanks that hold the hydrazine propellant.

The attitude -control subsystem orients the satellite's
antenna to a designated boresight angle. The com-
mand, ranging, and telemetry subsystem receives
ground commands and transmits the spacecraft's sta-
tus back to the ground. The apogee kick motor sends
the spacecraft into a circular, geosynchronous orbit.
The thermal subsystem maintains the spacecraft to
within safe operating -temperature limits.

Frank Weaver, Manager, Communications Satellite Marketing, is
responsible for marketing domestic communications satellite
programming. Previously, as Manager, Marketing Administration,
he was responsible for News and Information, advertising, and
business analysis. He joined RCA Astro in 1977 as marketing
representative. He received a BSEE from Howard University and
a MBA from the University of North Carolina.
Contact him at
RCA Astro-Electronics
Princeton, N.J.
TACNET: 229-2966
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1
Astro-Electronics has made many tech-

%) nological advances in satellite design, and we
are still working on some that will increase the payload
performance, reliability, and lifetime in orbit. A specific
example of this technological enhancement is RCA
Satcom V (shown in 12), the world's first all -solid-state
communications satellite, which was successfully
launched on October 27,1982. All 24 transponder
channels are powered by 8.5 -watt solid-state power
amplifiers (SSPAs) developed jointly by RCA Astro-
Electronics and the Microwave Technology Center of
the RCA Laboratories. In addition to the increased reli-
ability and longer life of the SSPA compared to trav-
eling -wave -tube amplifiers (TWTAs) used on other
communications satellites, the SSPAs of Satcom V pro-
vide greater traffic capacity per transponder channel
due to their higher linearity and lower AM -to -PM dis-
tortion. Initial tests demonstrated the capability of two
high -quality TV signals per transponder channel, oper-
ating without any input drive backoff as would be
required for TWTAs. Thus, with these SSPAs, such a
two -for -one TV service is possible, even to the many
small, receive -only terminals.

The GaAs FET device was designed for C -band ser-
vice with a dc-to-rf efficiency of approximately 33 per-
cent and an operating gain of 60 dB. The amplifier,
which covers an instantaneous bandwidth of 160 MHz

 8 5 WATT

 GaAs FET

 LOW VOTALCA (I QV

 INCREASED CAPACITY WITH
IMPROVED LINEARITY

 LOWER COST IN-HOUSE
PRODUCTION

selectable within the 3.7- to 4.2-GHz band, operates
with a nominal input potential of 8.7 volts and weighs
less than 13 ounces, approximately half the weight of
the TWT it replaces, and measures 7" X 3" X 0.75".*
This significant weight differential may be used in the
spacecraft's solar -power supply to offset the slightly
lower dc-to-rf power efficiency of the SSPA compared
to the efficiency of the two -collector TWT (typically 33
percent versus 38 percent).

* H.J. Wolkstein and J.N. LaPrade, "Solid State Power Amplifiers
Replacing TWTs in C -Band Satellites," RCA Engineer, Vol. 27, No. 5.
p. 7 (Sept./Oct. 1982).
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High -power microwave devices are
also being used to provide the new

Direct Broadcast Satellite (DBS) Service. In
October 1982, RCA Astro-Electronics was
awarded a contract by Satellite Television
Corporation, a subsidiary of Comsat, to pro-
vide DBS equipment for Phase I of STC's
new venture. It was the first DBS contract
awarded for a U.S. system.

Direct broadcast spacecraft operate with
200 -watt TWTAs, a power 10 to 40 times
that of conventional C- or K -band satellites.
By concentrating this power in an area
approximating one U.S. time zone, it is pos-
sible to receive television programming
directly from the satellite to the home with an
antenna less than one meter in diameter.
The primary audience for DBS would be
those viewers who do not have cable and
have limited program offerings.

From this discussion, it can be seen that com-
munications satellites are simply microwave
relay stations in space with many applications
ranging from fixed to broadcast satellite servi-
ces. In the fixed service, satellites have en-
hanced the growth of cable television and busi-

ness communications. Satellites will play a
major role in the broadcast service by creating
another distribution network for the delivery of
programming to individual households at any
location.
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W.F. Cashman

Ground -control processing
for communications satellites
Trends for the next decade

The satellite is only part of the space -communications picture.
On the ground, in the control centers, the man -machine
interface is being improved, as computer technology allows
status data to be presented more clearly and acted upon more
swiftly. Also, new computer system architectures will provide
greater reliability and growth capability.

[f Ill
SATELLITE OPERATIONAL TELEMETRY, TRACKING, AND

CONTROL CENTER COMMAND STATION

TCOMMANDS

TELEMETRY

 SATELLITE OPERATIONS PLANNING
 COMMAND LIST GENERATION
 TELEMETRY DATA PROCESSING

Commercial communications satellites are
placed in geostationary orbits about 22,300
miles (35,800 km) above the earth's equa-
tor. From these points in space, the satel-
lites relay signals between ground -based
communications stations. Operation of the

Abstract: Contemporary ground systems
for real-time control of communications -
satellite operation use centralized process-
ing architectures and provide operator
interaction via keyboards and alphanu-
meric video display terminals. One chal-
lenge of the next decade will be to exploit
emerging technologies related to process-
ing architectures and man -machine inter-
faces, thereby improving system perfor-
mance. Future ground systems will likely
employ distributed -processing architectures
to facilitate system expansion and the
implementation of redundancy. In addition,
operator displays will employ color and
graphics to promote information compre-
hension, and non -keyboard data -entry
devices will be available for operator input.

©1983 RCA Corporation
Final manuscript received March 1. 1983.
Reprint RE -28-2-4

 RF INTERFACE WITH SATELLITE
 COMMAND TRANSMISSION
 TELEMETRY RECEPTION

satellites is planned and executed by ground -
operations personnel, who use telemetered
data to monitor satellite status and gener-
ate any needed commands to control satel-
lite functions.

Ground -control activities for a communi-
cations satellite are normally divided be-
tween a Satellite Operational Control Cen-
ter (SOCC) and a Telemetry, Tracking,
and Command (TT&C) Station. The
SOCC has responsibility for planning satel-
lite operations and generating command
lists to implement these plans. Also, satel-
lite -telemetry data are processed at the
SOCC to monitor the health and configu-
ration of the satellite. The TT&C Station
provides the rf interface with the satellite
and is used to transmit satellite commands
and receive satellite -status telemetry. Al-
though the SOCC and the TT&C Station
may be collocated, many systems employ
separately located facilities and tie them
together with data- and voice -communica-
tions links. Figure 1 presents an overview
of ground facilities used to monitor and
control a communications satellite.

Present-day communications -satellite con-
trol systems rely on digital computers to

Fig.1. Overview of
ground facilities used to control

communications -satellite
operations.

assist operations personnel by formatting
satellite commands, and by displaying and
checking satellite -telemetry data. The major-
ity of the real-time data processing per-
formed to support satellite operations takes
place in the SOCC. Typically, the SOCC
real-time computing system uses a central-
ized processing architecture in which a
single high-performance minicomputer per-
forms all needed processing, and a redun-
dant backup minicomputer is available to
recover rapidly from a failure of the pri-
mary computer. The system's man -machine
interface is implemented using black -and -
white, alphanumeric video display termi-
nals for output displays and keyboards for
operator input.

During this coming decade, it seems
likely that the processing architecture and
man -machine interface will evolve to take
advantage of benefits offered by new hard-
ware options and increasingly sophisticated
software designs. In particular, distributed
processing will be used to allow easy
growth of satellite -control systems to accom-
modate additional satellites and to parti-
tion the processing hardware into small
units that will allow redundancy to be
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(a) This redundant computer system performs SOCC ground -
control processing.

Iri

achieved at a small incremental cost. For
the man -machine interface, greater use will
be made of displays offering both graphics
and color capabilities. Although keyboards
will be retained for operator input, they
will be augmented by "touch panels," and
other means, as appropriate, to facilitate
the task at hand.

The next step in SOCC
computer -system architecture

Ground -processing requirements

At the SOCC, the communications satel-
lite's operational configuration is estab-
lished, satellite orientation and orbital posi-
tion is maintained, and the status of satellite
subsystems is monitored. Satellite control
is exercised by operators who use SOCC
computers to prepare command lists that
are relayed to the satellite via a TT&C
Station. SOCC computers are also used to
control the operation of turnaround -rang-
ing equipment located at the TT&C Sta-
tion. These ranging data are returned to
the SOCC where they are processed to
determine satellite orbital position. Finally,
SOCC computers are used to accept satel-
lite -status telemetry data from a TT&C
Station, process the telemetry for display
to the operator, and perform limit -check-
ing to detect anomalous conditions.

To perform the required functions,
SOCC processing must occur in real-time.
Many satellite -commanding activities are
time critical; satellite telemetry must be
processed quickly so that up-to-date status
information can be displayed for operator
review. The computing capability needed
to support real-time processing can be sub-
stantial, particularly for an SOCC handling
multiple satellites simultaneously. It is also
worth noting that commercial communi-
cations satellites generate substantial reve-

(b) One of two operations consoles used for satellite control.

Fig. 2. Example of equipment used in a modern SOCC real-
time computing complex. Redundant computer systems pro-
vide necessary system availability.

nues amounting to $35 -million to $40 -
million per year, per satellite. For this rea-
son, the entire ground -control system must
be designed to achieve high availability so
that equipment failures do not jeopardize
revenue flow. Thus, two important require-
ments for SOCC computing systems are
real-time operation and high availability.

Today: Centralized processing

Present-day control centers tend to per-
form all satellite -control processing in a
single minicomputer system-even in those
cases where multiple satellites are being
controlled. This concentration of all com-
mand -generation and telemetry -processing
tasks in a single computer is termed cen-
tralized processing. A multi -tasking operat-
ing system provides the means by which
the various ground -control tasks share the
CPU and peripheral resources. The use of
a single computer in this application has
been made possible by significant advan-
ces in computer speed and memory capac-
ity over the past ten years. This use of a
single computer system to handle multiple
satellites is less costly than dedicating one
computer system to each satellite.

Although a single minicomputer system
can provide sufficient capability for real-
time command and telemetry processing,
such a system does not meet the require-
ment for high availability. The needed avail-
ability can be achieved through the use of
additional redundant equipment that can
be brought on-line if the primary equip-
ment fails. A common means of configur-
ing the redundancy is to duplicate the
primary system in the redundant system,
that is, to use high-level redundancy.' This
redundancy approach has the advantage
of minimizing the amount and complexity
of switching required to "cut in" the redun-
dant system. As long as any needed data

bases are accessible to the redundant sys-
tem (say, via two -ported access to a shared
disk drive), the only required switching is
to move the TT&C communications links
from the failed system to the redundant
backup. With the "cutover" accomplished,
satellite -control processing can resume in
the redundant system, and the primary
system can be repaired.

Figure 2 shows an SOCC computing
complex that uses Hewlett-Packard 1000/F
minicomputer systems and centralized pro-
cessing. High-level redundancy is provided
by having duplicate computer systems. Fig-
ure 3 contains a simplified block diagram
of the computing complex.

With the current state of the art, cen-
tralized processing offers several benefits.
Ground -control system designers have
gained considerable experience during the
past decade in working with centralized
processing architectures. Hardware to sup-
port single -CPU systems is available from
a number of vendors, and techniques for
optimizing the hardware configuration to
maximize system throughput are reason-
ably well understood. Programming of a
single -CPU system is relatively straightfor-
ward. Because special programming skills
are not required, most programmers can
design and implement the required software.

On the other hand, centralized process-
ing has a number of significant disadvan-
tages. Because all tasks are executed in the
same computer system and thus contend
for the same resources, it is important to
limit peak resource usage to less than 80
percent. This constraint will ensure that
required real-time performance will not be
degraded under peak loading conditions;
however, the analysis needed to demon-
strate design compliance with the constraint
under all conditions may be quite involved.
Accommodation of growth is another area
of difficulty associated with centralized pro -
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Fig. 3. An SOCC real-time computing system in which processing for all applica-
tions tasks is centralized in a single CPU. A redundant, alternate CPU assumes
satellite -control tasks should the primary CPU fail.

cessing. A ground -control system designed
to handle only an initial number of satel-
lites may require expensive hardware and
software upgrading to handle additional
satellites, whereas a system designed to
handle the total number of planned satel-
lites might be greatly overdesigned for the
initial satellite complement. Neither of these
situations is financially attractive. Finally,
redundancy in centralized processing sys-
tems generally is implemented by duplicat-
ing the primary system. This use of high-
level redundancy simplifies cutover proce-
dures and eliminates reliability problems
associated with complex equipment -switch-
ing networks, but the cost of having dupli-
cate systems is high.

The future: Distributed processing

A distributed -processing system employs a
collection of CPUs and peripherals to pro-
vide the computing power needed by an
application.' The CPUs may be cooperat-
ing closely (that is, tightly coupled) or
operating nearly independently (that is, loose-
ly coupled) depending on the requirements

of the application. Distributed -processing
software is modular and partitioned to re-
flect the organization of the computer hard-
ware. The result of this hardware and soft-
ware combination is a multiprocessing envi-
ronment for task execution.

Figure 4 presents one of several possible
distributed -processing configurations' de-
signed to handle a satellite -control applica-
tion similar to that considered in Fig. 3.
As can be seen by examining Fig. 4, con-
trol processing for each satellite is per-
formed in a separate CPU, with the active
CPUs sharing access to the TT&C com-
munications links and the computer -sys-
tem peripherals. Data are routed through
the distributed -processing system in the
form of fixed -length message packets over
the redundant intercommunications bus.
Use of a packet structure permits efficient
movement of bus traffic, selective message
routing, and close control of message integ-
rity. Peripheral devices are attached to the
bus by the use of interface (I/F) proces-
sors that support the bus protocol.

To circumvent the failure of a CPU, a
spare CPU already connected to the inter -

communications bus is loaded with the
appropriate software package. Duplication
and sharing of peripheral subsystems allow
sufficient backup capability to accommo-
date peripheral -device failures. Growth of
the ground -control system to handle addi-
tional satellites can be accomplished by
adding CPUs to the bus and loading them
with copies of the common software pack-
age used for command and telemetry pro-
cessing.

Distributed -processing configurations
have the potential to provide a cost-effec-
tive design for future satellite ground -con-
trol applications-particularly in those ap-
plications requiring growth capability and
high availability. However, several chal-
lenges must be overcome before the poten-
tial can be realized.

First, hardware supporting distributed,
real-time processing systems is not readily
available from a large number of vendors;
in some cases, the available hardware is
not flexible enough to be used in the satel-
lite -control application. Next, standard sys-
tems software (specifically, operating sys-
tems and on-line diagnostics) is generally
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Fig. 4. A future SOCC real-time computing system using distributed processing for
satellite -control tasks. Redundancy provisions and accommodation of growth are
facilitated by the modular architecture of hardware and software.
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not capable of performing cutover of redun-
dant CPUs and rerouting of message pack-
ets (to bypass failed hardware units) as
part of the normal multiprocessing environ-
ment.

Finally, although distributed processing
tends to limit the workload of a given
CPU and to make the processing require-
ments less variable, distributed processing
does place a heavy burden on the com-
munications medium-in our example, the
redundant intercommunications bus. Bet-
ter techniques need to be developed for
making efficient use of bus capability and
for analyzing average and worst -case bus
traffic to eliminate the possibility of real-
time performance degradation.

Evolution of the
man -machine interface

Operator interface requirements

In a satellite -control application, the oper-
ator is responsible for monitoring satellite
status, generating command lists to estab-
lish satellite configuration, and controlling

all ground -based equipment used to sup-
port satellite operation. To perform these
tasks, the man -machine interface located
at the operations console must provide
both a display capability for status data
and a means for operator entry of com-
mands. As a minimum, the console must
permit rapid, up-to-date display of satellite
or ground -equipment status, and it is pre-
ferable to have the data converted to natu-
ral (engineering) units rather than shown
as raw telemetry values. On the operator
entry side, the input device(s) must permit
an operator to select all operational modes
of the satellite and ground equipment, and
here it is preferable to structure the inter-
action to speed operator -input tasks and
minimize operator errors. The following
paragraphs discuss the present approach to
implementing the man -machine interface
for communications -satellite control and
the future evolution of this interface.

Today's man -machine interface

In a typical ground -control system, alpha-
numeric black -and -white CRT terminals

CPU
(SPARE)

MAGNETIC
TAPE

I/F

r

CPU
(GROWTH)

L

DISK
I/F

c't

DISK
CF

serve as the workhorses for display of sta-
tus data. These CRTs provide adequate
capability to present so-called "pages" of
satellite- or ground -equipment status in a
tabular format. Raw status data are usu-
ally converted to engineering units before
display to facilitate operator comprehen-
sion, but, when appropriate, raw data can
also be displayed. Most systems will per-
form comparison of selected status points
against operator -specified limits, and, if a
point falls outside the limits, the operator
is notified. This notification may take the
form of a message on the display device,
but may also be communicated by flash-
ing a displayed value or using a "reverse-

video" format. Figure 5 shows a sample
page used to display the status of a satellite
subsystem.

In some operator consoles, CRT -display
terminals having enhanced capabilities
such as color, graphics, or both-are being
used to supplement the alphanumeric black -

and -white CRTs. The reason for employing
enhanced display devices is that such de-
vices give a designer additional options in
presenting information to an operator.' This
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Reaction control subsystem

REA status

Thruster Enabled Armed
C.B.

Temp. (° C) Thruster Enabled Armed
C.B.

Temp. (° C)

Yes Yes 200 7 No No 15

2 Yes Yes 200 8 No No 15

3 Yes Yes 200 9 No No 15

4 Yes Yes 200 10 No No 15

5 No No 15 11 No No 15

6 No No 15 12 No No 15

EHT status

C.B. A.H. C.B. A.H.

Thruster Enabled Temp. (° C) Curr. (amps) Thruster Enabled Temp. (° C) Curr. (amps)

13 Yes 600 16 15 Yes 600 16

14 No 15 0 16 No 15 0

RCS status

Tank 1 Temp. 10° Celsius Latch Valve 1 Open

Tank 2 Temp. 10° Celsius Latch Valve 2 Closed

Tank 3 Temp. 10° Celsius Latch Valve 3 Open

Tank 4 Temp. 10° Celsius

Odd -System Press. 250 psi Even -System Press. 250 psi

Fig. 5. Sample telemetry page showing status of a satellite subsystem. Such pages use capabilities found in conven-
tional alphanumeric, black -and -white CRT terminals. This page is shown typeset for greater readability.

additional flexibility permits display of in-
formation in a way that promotes opera-
tor comprehension and speeds operator re-
sponse to contingencies. Costs for these
enhanced capability displays have declined
over the past decade, and the number of
vendors making reliable, commercial -grade
devices has increased. Thus, greater use is
being made of these displays in the design
of new satellite -control centers and in up-
grades of existing centers. The limiting fac-
tor in realizing the potential of enhanced -
capability displays is the current lack of a
methodology (or guidelines) to help in de-
signing display formats.'

Turning to the issue of operator entry in
today's systems, we find that a keyboard is
used exclusively as the input device in
almost all systems. Keyboards offer con-
siderable flexibility in generating command
strings and supplying any needed data val-
ues. An operator is assisted in his input
tasks by selection menus (or prompts) dis-
played on a CRT. To select one of the
items in a menu, an operator uses the
keyboard to type in the digit or letter
associated with the item (or moves a cur-
sor to the item) and then depresses an
"enter" key. These menus structure the

input dialogue so that only valid options
are available for operator selection at each
stage of the input process. Moreover, any
data supplied as part of the dialogue, wheth-
er supplied directly or by mnemonic refer-
ence, are checked for conformance to the
set of values that may legally occupy the
designated data fields. This use of menus
and data validation eliminates many poten-
tial operator -input errors.

Man -machine interface trends

Looking to the future, one is certain to see
heavy, possibly total use of color -graphics
terminals for status displays. These devices
will allow use of color diagrams, plots,
and bar charts to indicate satellite or ground -
system status. They will also allow use of
black -and -white tables of data where such
displays are deemed to be the best choice.
Equal in importance to the advances in
display devices will be the increased soft-
ware analysis of data prior to display.

As noted earlier, today's systems can
limit check data values and alert the oper-
ator to out -of -limit conditions. However, a
single problem may lead to numerous fault
indications, and the operator is forced to

deduce the cause. Future systems will aid
the operator by analyzing the fault data to
determine the likely cause of the problem,
displaying the problem cause, and suggest-
ing options for problem correction. When
multiple problems occur simultaneously,
the problems will be given priorities, with
the most critical problem displayed first
for operator action. Figure 6 presents a
sample color -graphics display screen that
might be used to show the status of a
satellite subsystem.

For operator -entry tasks, future systems
will employ various alternative input de-
vices. One promising alternative device for
menu -selection tasks is a "touch panel"
that fits over the screen of a CRT display.
With this device installed, an operator
makes menu selections by touching desig-
nated areas of the display screen. Thus,
operator concentration is not disturbed by
constant shifting of attention from the
screen to the keyboard and back again.
The keyboard will be used only where
data entry is required by a task.

The envisioned evolution of the man -
machine interface will produce a number
of operational benefits. Communications -
satellite operations are characterized by long
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Fig. 6. Sample color -graphics display showing status of a satellite subsystem.
Colors are used to denote enable/arm status of thrusters and propellant flow path.
Out -of -limit telemetry values are highlighted using appropriate colors.

periods of low-level, routine control and
monitoring of on -station satellites, with oc-
casional peak periods occurring at the times
of satellite orbital -correction maneuvers.
The future man -machine interface will pro-
mote operator control and monitoring of
planned satellite activities. More important-
ly, the future interface will produce more
rapid recognition by the operator of con-
tingency conditions and will hasten his
response to them. In addition, the improved
man -machine interface will increase the
predictability and consistency of operator
performance and reduce the skill level re-
quired to operate a satellite.

To achieve these benefits, some chal-
lenges must be addressed before the future
man -machine interface can become a real-
ity. Because much of the hardware tech-
nology needed to support this interface
already exists, the hardware challenge is to
further reduce costs and increase reliabil-
ity. The software challenges are to develop
tools that simplify the generation and modi-
fication of color -graphics screen images used
for status data display, and to construct
routines, possibly based on fault trees, that
analyze status data and relate fault indica-
tions to probable cause. Finally, perhaps
the most difficult challenge will be to devel-
op a methodology to guide designers in
producing color -graphics screen images that
optimize transference of status information
to an operator.'

Conclusions
Distributed processing and man -machine
interface enhancements are two trends that
will influence satellite -control -center design
over the coming decade. Benefits of these
trends include greater ground -control sys-
tem availability at lower cost and more
effective operator control of the satellite.
However, these benefits will be realized
only after certain challenges concerning
hardware, software, and design methodol-
ogy have been conquered.
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J.F. Balcewicz

In -orbit reconfigurable
communications -satellite antennas

In -orbit reconfigurable antennas can change with the demand,
and with the times, thereby optimizing communications -satellite
performance.

There is a fundamental relationship be-
tween the angular coverage provided by a
directive antenna and its gain. Antenna
gain is expressed in dBi (or decibels above

Abstract: Shaped -beam antennas are
used on present-day geosynchronous-orbit
communications satellites to maximize the
effective isotropically radiated power
(EIRP) reaching the desired coverage
areas. When a communications satellite
must meet its coverage requirements over a
wide range of orbital positions, the per-
formance of its single, fixed -antenna pat-
tern is often less than that which could be
achieved with an antenna pattern opti-
mized for a single orbital position. A
communications satellite with an antenna
whose radiation pattern could be adjusted
in -orbit would clearly offer an attractive
capability. In -orbit reconfigurability is also
desirable to accommodate changing traffic
demands during the satellite's 10 -year life-
time. This paper describes several current
examples of RCA -designed communica-
tions satellites that include modest in -orbit
reconfigurability (namely Satcom G,
Spacenet, and GSTAR), and gives details
of a proposed design for a reconfigurable
communications -satellite antenna with
commandable beam shapes matched to a
wide range of orbit positions and service
areas.

©1983 RCA Corporation
Final manuscript received
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the gain of an isotropic radiator). The iso-
tropic radiator may be thought of as an
omni-directional antenna that radiates uni-
formly in all directions. Antenna gain is
therefore a measure of the degree to which
the radiation from the antenna is concen-
trated in a specific desired direction. The
relationship is given by:

Gain (dBi) = 10 logic, (K/0102) (1)

The constant, K, in equation (1) is usually
about 27,000 for practical antennas, and
01 and 02 are the dimensions of the anten-
na's angular coverage pattern expressed in
degrees. As an example, an antenna de-
signed to generate a 7° X 3° elliptical
radiation pattern (which is approximately
the size of the 48 contiguous United States
as seen from geosynchronous altitude),
would be expected to have a gain at beam
center of 31.1 dBi from equation (1). The
gain at the edge of the 7° X 3° beam
would be nominally 3 dB lower.

One communications -spacecraft parame-
ter of great importance is effective isotro-
pically radiated power (EIRP), which spec-
ifies how powerful the spacecraft's transmis-
sions are. EIRP in dBW (decibels above a
1 -watt reference), may be calculated from
equation (2):

EIRP (dBW) = Power (dBW) +
Gain (dBi) (2)

As seen from equation (2), EIRP is the
sum of the power (in dBW) that is fed
into an antenna and the gain of that anten-
na in dBi. For the 7° X 3° antenna dis-
cussed previously, a 5-W (or 10 log 10 5 =

7.0 dBW) input -power level results in a
transmitted EIRP of:

EIRP (dBW) = 7.0 dBW + 31.1 dBi
= 38.1 dBW (3)

at beam center and 35.1 dBW around the
edge of the 7° X 3° pattern. Note that
35.1 dBW represents a power level of
3.24 kW. This demonstrates the ability of
the antenna to concentrate the 5-W rf
power generated on the spacecraft into the
desired coverage area, thereby acting as a
much more highly powered transmitter.

For most communications -spacecraft ap-
plications, the greater the EIRP that can
be generated (subject to spacecraft weight
and power constraints and sometimes reg-
ulatory constraints as well) the better. One
way to increase EIRP without increasing
the power fed to the antenna is to reduce
the antenna coverage area to a minimum
and thus increase the antenna's gain. This
is why shaped -beam antennas' have come
to be used in modern communications -sat-
ellite systems. A shaped -beam antenna pro-
duces a radiation pattern that exactly
matches the desired coverage area. This
minimizes the angular extent of the cover-
age region, maximizes the antenna gain,
and prevents radiation of spacecraft power
into unwanted regions.

The problem
Unfortunately, there is a drawback to this
situation. Because a shaped -beam antenna -
radiation pattern is so well matched to the
shape of a specific geographic region as
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Fig. la. Shaped -beam coverage of CONUS from a satellite
at 70° W. The antenna -radiation pattern conforms closely to
the shape of CONUS as viewed from geosynchronous al-
titude.

seen from geosynchronous altitude, even
small changes in coverage -region shape will
result in less than optimum performance.

Such changes in coverage -region shape
can result from either the addition or dele-
tion of certain regions from the nominal
satellite service area or from a relocation
of the satellites from one geosynchronous
station (longitude) to another. An example
of the former might be a desire to add
coverage of Alaska and Hawaii to a com-
munications satellite with continental Unit-
ed States (CONUS)-only coverage, after
only a fraction of the satellite's 10 -year life
has expired. Satellite relocation must be
considered because specific orbital slots are
not assigned to a spacecraft until long after
the design phase is complete and because
the Federal Communications Commission
is always considering ways of using the
"geosynchronous arc" more efficiently, in-
cluding relocating satellites already in orbit.
Figure 1 shows the shape of CONUS as
seen from geosynchronous orbit locations
of 70°W longitude and 140°W longitude.
It is seen that a shaped -beam antenna pat-
tern providing good coverage from 70°W
would provide extremely poor coverage
from 140°W.

An added dimension to this problem is
the spare satellite(s). Consider the case of a
communications carrier who wishes to have
two satellites in orbit: one at 70°W and
one at 140°W. To maximize the perfor-
mance of each, the spacecraft designer must
design two different shaped -beam antenna
patterns, one for each orbital location. To
protect himself against a catastrophic space-
craft failure, the carrier also orders a spare
satellite. His problem is in deciding which
antenna design should be put on the spare
spacecraft. Not knowing, a priori, which
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Fig. lb. Use of the 70° W shaped -beam pattern at 140°W.
The shape of CONUS changes drastically from 70° W to
140° W. Coverage of northwest and southeast CONUS is
poor, and transmit power is wasted off the California and
mid -Atlantic coasts.

spacecraft will fail, he may have both anten-
na systems built and wait for a spacecraft
failure before mounting the antenna on
the spacecraft. Unfortunately, the time in-
volved in mounting the antenna, complet-
ing spacecraft testing and obtaining a
launch date may be 9 months or longer.
Providing a spare spacecraft antenna that
is a compromise between the 70°W and
140°W antenna design is also unattractive
because it would provide less performance
than the carrier's customers were receiv-
ing. Having two spare spacecraft, one for
each orbit location, is a possible but costly
alternative.

The solution
The solution under current study at Astro
lies in designing a communications -satel-
lite antenna system that is reconfigurable
in orbit. Such a system would generate a
number of shaped -beam antenna patterns
that could be selected via the command
link once the spacecraft was placed in
orbit.

Satcom

The original Satcom series includes the
spacecraft shown in Table I. These space -

Table I. First -generation Satcom space-
craft.

Spacecraft Launch date
Orbital
location

I December 1975

II March 1976

IIIR November 1981

IV January 1982

135°W

119°W

131°W

83°W

craft have no in -orbit reconfiguration ca-
pability. Any attempt to match the anten-
na's radiation pattern to the desired cover-
age regions had to be made prior to launch.
For this reason, the nominal antenna foot-
print shown in Fig. 2 was slightly modi-
fied for several groups of channels on the
Satcom I and Satcom H spacecraft. These
modifications included a shift of one six -
channel beam on Satcom I west, a six -
channel beam on Satcom II southeast, and
another six -channel beam on Satcom II
northwest to improve coverage of Alaska.
Had Satcom II failed early in its life, the
Satcom I spacecraft would not have been
able to effectively back up those six Alas-
kan channels.

The Satcom IV spacecraft was desig-
nated to serve CONUS from an easterly
longitude. Because of the radical change in
the shape of the coverage region between
the westerly orbit locations (119°W,
131°W, and 135°W) and 83°W, the ellip-
tical antenna pattern, canted at an angle of
20.5° to the equatorial plane, was not
suitable for Satcom IV. Consequently, the
entire Satcom IV antenna system was ro-
tated through 16° to provide an elliptical
footprint whose major axis was nearly hori-
zontal (aligned with the east -west direction
of CONUS).

Satcom V, launched in October 1982
and stationed at 143°W longitude, is the
first of the advanced Satcom spacecraft.' It
also contains no in -orbit antenna pattern
reconfigurability. However, the Satcom V
antenna system provides shaped -beam cov-
erage of all 50 United States for the 12
vertically polarized channels and Alaska -
only coverage for the 12 horizontally polar-
ized channels. Satcom G, scheduled for an
April 1983 launch, must provide a backup
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Fig. 2. Satcom 1, 11, and IIIR antenna -pattern footprint from westerly orbit longi-
tudes. The 8.4° X 3.2° elliptical radiation pattern is tilted 20.5° with respect to the
equatorial plane to cover CONUS/Alaska.
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Fig. 3. Spacenet antenna block diagram. The switch directs a fraction of the
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Fig. 4a. Typical Spacenet EIRP pattern: Eastern satellite con-
figuration (70° W). Transmit power is divided among the
CONUS west, CONUS central, CONUS east, and Puerto
Rico horns.
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capability for the 12 Alaskan channels. It
will accomplish this by use of an in -orbit
reconfigurable antenna. The design of this
antenna is such that the 12 horizontal chan-
nel signals may be sent to one of two
antenna -power -dividing networks (PDN).
One of the networks divides the transmit
power among the three horns that cover
Alaska. The other PDN divides the power
among the seven horns that cover CONUS,
Alaska, and Hawaii. Selection between the
two PDNs is made via coaxial transfer
switches that are remotely controlled from
the ground.

Spacenet

Astro is currently constructing four Space -
net communications spacecraft for the South-
ern Pacific Satellite Company. The first
launch will be in 1984. It is anticipated
that one of the spacecraft will be located
at 70°W longitude and must provide C -
band coverage of CONUS and Puerto Rico
while another spacecraft will be located at
119°W longitude and must cover CONUS,
Alaska, and Hawaii. Furthermore, the sec-
ond satellite must serve as a launch backup
for the first, and it must be possible to re-
locate a spacecraft from a westerly station
to an easterly station (or vice versa) any
time after launch. A reconfigurable C -band
antenna shown in Fig. 3 was designed for
this mission.

For the switch in the position shown,
the power leaving Port 1 of the 2 -to -4
PDN is sent to the Hawaii and Alaska
transmit feed horns, and the Puerto Rico
horn is terminated. This provides western
coverage. For the alternate switch posi-
tion, the Port -1 power is sent to the Puerto
Rico feed horn, and an eastern coverage
pattern results. The 180° phase shift is

needed to provide a monotonic phase pro-

-9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5

Fig. 4b. Typical Spacenet EIRP pattern: Western satellite con-
figuration (119° W). Transmit power is divided among CONUS
east, CONUS central, CONUS west, Alaska, and Hawaii
horns.
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gression over the feed array. This is neces-
sary for the individual component beams
to add constructively and not exhibit a
deep hole within the coverage region. Typi-
cal EIRP patterns are shown in Fig. 4 for
the eastern and western antenna config-
urations.

GSTAR

Astro is also constructing four Ku -band
spacecraft for the GTE Satellite Company.
They will be launched beginning in 1984.
These spacecraft have been designed to
operate over a relatively narrow range of
orbital longitudes (94°W to 106°W). With
regard to reconfigurability, fourteen of the
sixteen transponder channels aboard each
GSTAR spacecraft must be individually
switchable among a CONUS radiation pat-
tern, an eastern spot -beam pattern, and a
western spot -beam pattern. This is accom-
plished by the combination of output mul-
tiplexer and antenna equipment shown in
Fig. 5. There is a variable power divider
(VPD) for each of the fourteen channels
that can be individually set. When the
VPD sends all of its incoming power to
the seven eastern feed horns via the east
multiplexer and east PDN, an eastern spot
beam is formed. Similarly, the western
spot beam is formed when the VPD sends
80 percent of its incoming power to the
six western feed horns and 20 percent to
the eastern feed horns. An east/west split
of 55 percent/45 percent generates a
CONUS beam. The phase of each chan-
nel's signal paths through the east and
west multiplexers must be equalized to
ensure that east and west spot beams con-
structively combine to create the CONUS
beam.

Reconfigurable antenna system

An Independent Research and Develop-
ment (IR&D) program was conducted in
1982 to develop and analyze a conceptual
reconfigurable antenna system that could
provide the range of antenna -radiation pat-
terns necessary to act as a spare for the
Satcom series of spacecraft. Consequently,
the antenna system was required to gener-
ate good shaped -beam antenna patterns
from 66°W, 83°W, 119°W, 129°W, and
139°W including spot -beam coverage of
Alaska (as in Satcom V). A block diagram
of the antenna system that was developed
is shown in Fig. 6. It consists of 15 VPDs,
2 fixed -power dividers, and an array of 13
feed horns. The horns are labelled to indi-
cate the region of the coverage area that

CH 2
INPUT

SIGNAL

EAST
SPOT
BEAM
FEED
ARRAY

WEST
SPOT
BEAM
FEED
ARRAY

Fig. 5. GSTAR output multiplexer/antenna block diagram. Fourteen of the sixteen
channels contain a variable -power divider (VPD) that is controllable from the
ground and is used to form an east or west spot beam or an all-CONUS beam.
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Fig. 6. Reconfigurable-antenna-system block diagram. The 15 VPDs enable a wide
range of transmit -power distributions to be achieved under ground control.
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their component beams illuminate. The
CONUS horns (horns 1 through 8) are
arranged in a "southern" row (horns 5
through 8) and a "northern" row (horns 1
through 4). By properly selecting the div-
ision ratio in each VPD, the input power
can be split among those feed horns needed
to produce a shaped -beam pattern over
the desired coverage region. Figure 7 shows
several examples of the patterns that may
be generated, and Table II defines the per-
cent of input power that is present in each
feed horn to produce each pattern.

The added flexibility of this reconfig-
urable antenna system does not come with-
out penalty. These penalties are additional
weight and rf losses as compared to an
antenna system optimized for a single -lon-
gitude mission.

Conclusions
There is a need in future communications-
satellite missions to be able to alter the
communication antenna's radiation pattern
in orbit to respond to changes in orbital
location or the specified service areas, and
to provide a general-purpose spare satellite
that can back up the other satellites. The
trend since Satcom I has been to design a
limited amount of reconfigurability into
the spacecraft's antenna system. The most
reconfigurable of the designs described
above will be implemented only if the
weight and loss penalties can be reduced
to manageable levels.
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Table II. Feed -horn power -division percentages.
Feed horn Percent of input power for:

139° W
(Conus/

139° W
(Alaska

Number Name 66° W 83° W 119° W 129° W Alaska/ only)
Hawaii)

1 CE2 16.6 8.0 6.3 -
2 CCE2 16.8 16.0 12.6 13.1 12.1

3 CCW2 16.6 17.5 13.7 13.1 12.1

4 CW2 8.5 6.7 13.1 12.1

5 CE1 16.6 8.0 6.3 13.1 12.1

6 CCE1 16.8 16.0 12.6 13.1 12.1

7 CCW1 16.6 17.5 13.7 13.1 12.1

8 CW1 8.5 6.7 -
9 AE 5.5 5.5 5.4 28.8

10 ACE 5.6 5.6 8.0 28.8
11 ACW - 5.5 5.5 8.0 28.8

12 AW - 13.6

13 H 4.8 4.8 6.0
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R.N. Gounder E. Talley S. lno

Thermally stable, precision antenna
reflectors for satellite communications

Lightweight, sturdy composite materials provide satellite
reflectors with the dimensional stability under operational
environments required for effective performance.

The communications satellites built by
RCA Astro-Electronics are shown in Fig.
1. The antenna reflectors used on these
satellites fall into three categories: Fre-
quency -reuse, dual -shell reflectors; dual -
polarized, single -shell reflectors; and solid,
single -shell reflectors. These reflectors may
be either fixed to the spacecraft or deploy-
able from a stowed configuration.

Communications
antenna reflectors
Fixed. frequency -reuse. dual -shell
reflectors

The fixed, frequency -reuse, dual -shell re-
flector (Fig. 2) is exemplified by the Sat-

Abstract: This paper discusses
advanced -composites applications to com-
munications -antenna reflectors used on
RCA -built satellites. Various types of
reflector systems and their specific mate-
rials and structural requirements are
reviewed The mechanical design, analysis
and test results for the different types of
advanced -composite reflectors are pre-
sented The specific problems associated
with deployable, frequency -reuse, gridded
Kevlar reflectors and large, deployable,
high -frequency graphite reflectors are dis-
cussed Novel design concepts for the con-
trol of thermal distortions in deployable,
composite reflectors are presented

©1983 RCA Corporation
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com partially overlapping, dual -shell, C -
band reflectors; the Advanced Satcom, fully
overlapping, dual -shell, C -band reflectors;
the GSTAR fully overlapping, dual -shell,
K -band reflectors; and the Spacenet fully
overlapping, dual -shell C -band reflectors.

In general, these communications -anten-
na reflectors consist of two parabolic sand-
wich shells, one in front of the other.
These shells are attached to each other

with precisely contoured sandwich ribs,
resulting in a "super -sandwich" assembly.
The two shells are orthogonally polarized.
This arrangement allows for compact and
efficient packing of two reflectors within
the launch vehicle's volume envelope. The
apertures of the reflecting shells range from
30 to 86 inches in diameter, and their
focal lengths are generally in the range of
25 to 85 inches. The two shells are usually

04
STC DBS

TCOM F, G, H ro-Electronics

Fig.1. RCA -built communications satellites. RCA Astro-Electronics is building com-
munications satellites for C -band and K -band communications as well as Direct -
Broadcast Satellite (DBS) systems.
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offset for sufficient separation of their focal shell structures with reflecting surfaces that
points, to allow for positioning of their have parabolic contours satisfying the fol-
respeciive feed -horn assemblies. lowing relationship:

The individual reflectors are sandwich- + 4fW

GSTAR K -BAND

SATCOM C -BAND

ADVANCED SATCOM C -BAND SPACENET C -BAND

Fig. 2. Fixed frequency -reuse, dual -shell reflectors. Overlapping dual -shell reflec-
tor designs offer compact packing within the limited launch -vehicle volume. The
super -sandwich design results in high structural stiffness and dimensional stability.

ANIK-B K -BAND SPACENET K BAND

Fig. 3. Fixed, dual -polarized, single -shell reflectors. Provision of dual polarization
on a single reflecting surface allows the use of a single -feed assembly for both
receive and transmit modes.

where f = focal length. The vertex of the
paraboloid is located at U = V = W = 0.
The sandwich shell is fabricated from Kev-
lar 49 fabric/epoxy and consists of a honey-
comb core, top and bottom face sheets,
and edge closures. The honeycomb core
and edge closures are fabricated from sin-
gle -ply Kevlar 49 fabric/epoxy. The top
and bottom face sheets are of two-ply
construction with the rf reflecting grids
bonded to the parabolic surface. The if
reflecting grids consist of thin copper ele-
ments of specified dimensions and spac-
ings. Upon projection to the focal plane,
the copper elements are parallel to the
appropriate polarization axis of the reflector.

The two reflectors are bonded to each
other by means of a Kevlar 49 fabric/ep-
oxy honeycomb -core sandwich construc-
tion similar to that of the reflector shells.
The rib subassembly provides maximum
stiffness and thermal stability while requir-
ing a minimum amount of material be-
tween the two reflectors. Astro-Electronics
engineers achieve minimum insertion loss
for the bottom vertical reflector by select-
ing proprietary materials with low -loss if
characteristics and by optimally orienting
the skins, core, and rib assembly. In addi-
tion to reinforcing the shells, the rib as-
sembly provides load paths from the shell
to the support points. The dual -shell reflec-
tor assembly is supported by fixed legs
configured to minimize the effects of ther-
mal distortion of the reflectors. The legs
are made of graphite/epoxy composites.
Titanium mounting brackets are bonded
to the bottom of the legs.

Fixed, dual -polarized,
single -shell reflectors

Anik-B and Spacenet K -band reflectors
(Fig. 3) are two examples of fixed, dual -
polarized, single -shell reflectors. Dual polari-
zation on a single shell is achieved by
bonding two types of polarization grids on
different areas of the reflecting surface. One
polarization is reserved for the transmit
beam and the other for the receive beam.
The Spacenet K -band reflector, for exam-
ple, has a 36 -inch by 3I -inch elliptical aper-
ture with the entire aperture area suitably
polarized to reflect the horizontally polar-
ized transmit beam, whereas only the mid-
dle 36 -inch by 20 -inch aperture area "sees"
the vertically polarized receive beam. Such
dual -polarized, single -shell reflectors are
used when a single feed assembly is em-
ployed in both receive and transmit modes.

This type of reflector also consists of
Kevlar 49/epoxy honeycomb -core sand -

44 RCA Engineer  28-2  March/April 1983



Fig. 4. Solid single -shell reflectors offer extreme dimensional stabilities (less than
0.003 -inch rms distortions) under mission thermal environments.

wich shells, Kevlar 49/epoxy sandwich
ribs, and graphite/epoxy fixed -support legs.
The reflecting grids are bonded to the top
surface of the sandwich shell.

Solid single -shell reflectors

The solid single -shell reflector concept is
exemplified by the 36 -inch diameter aper-
ture, Independent Research and Develop-
ment (IR&D) reflector shown in Fig. 4.
The conventional design of these reflectors
consists of a graphite/epoxy skin, an alumi-
num honeycomb core, and a sandwich -
shell structure. A modified design may em-
ploy a hybrid of graphite/epoxy and Kev-
lar/epoxy for the skin material and Kevlar/
epoxy honeycomb for the core material.
The concept shown in Fig. 4 represents a
minimum weight, maximum environmen-
tal stability, single -shell, solid reflector de-
sign. This type of reflector consists of a
quasi -isotropic lay-up, graphite/epoxy skin
supported at the edge only by means of
graphite/epoxy stiffener rings. The reflect-
ing surface may be coated with a thin
layer of vapor -deposited aluminum (VDA)
to enhance rf reflectivity.

Deployable reflectors

Fixed reflectors offer design simplicity and
enhanced mechanical performance. How-
ever, if a large number of reflectors have
to be provided on a spacecraft, or the

operational dimensions of the reflector ex-
ceed the available launch -fairing cross sec-
tions, deployment of the reflectors becomes
necessary. In this case, the reflectors are
stowed in orientations such that they stay
within the launch vehicle's fairing enve-
lope. After launch, the reflectors are de-
ployed to their operational orientations.

Any of the three categories of reflect-
ors, described earlier, may be deployed.
Figure 5 shows a deployable, frequency -
reuse, dual -shell reflector and a solid deploy-
able, single -shell reflector. The former is a
developmental IR&D hardware and the
latter represents the reflector design for a
17/12-G Hz direct -broadcast system.

Performance of antenna reflectors
The operational if performance of an anten-
na reflector is usually achieved by meeting
several mechanical specifications. These in-
clude dimensional tolerances; dimensional
stability under operational thermal, radia-
tion, zero -gravity, and aging environments;
and load -carrying capability under a launch
environment. Actual requirements depend
on the specific mission. In all of the reflec-
tor systems developed thus far, RCA designs
have exceeded the specification require-
ments.

Fabrication tolerances

With the aid of the subcontractor, Com-
posite Optics, Inc., of San Diego, Califor-
nia, RCA has established unique reflector -
fabrication techniques that have resulted in

(Continued on page 47)

Fig. 5. Deployable antenna reflectors. Deployable reflector designs allow for a
large number or large area reflectors on a single spacecraft. Both the single -shell
and the dual -shell reflectors may be deployed: (a) is a solid, single -shell, 17/12-
GHz reflector. (b) is an lR&D frequency -reverse, dual -shell reflector.
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(a) FEM of stowed reflector.

(b) FEM of deployed reflector.

Fig. 6. Finite -element model (FEM) of de-
ployable, frequency -reuse, dual -shell
reflector. FEMs are used to predict reflect-
or natural frequencies, stress margins
and distortions under mission environ-
ments.

Table I. Overall dimensions of RCA -developed antenna
reflectors.

Spacecraft Type of reflector Aperture
system assembly shape and size

Advanced
Satcom

GSTAR

Spacenet

Spacenet

Frequency reuse,
dual -shell
C -band

Frequency reuse,
dual -shell
K -band

Frequency reuse,
dual -shell
C -band

Dual -polarized,
single -shell
K -band

Truncated circle
84" major axis
64" minor axis

Circular
60" diameter

Double -truncated
circle
66" major axis
48" minor axis

Elliptical
36" major axis
31" minor axis
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(Cont. from p. 45)
extremely precise dimensional tolerances.
The tolerances, as -built, are far better than
the specification requirements in each and
every hardware developed by RCA.

Dimensional stability
under space thermal environments

The dimensional stabilities of RCA -devel-
oped antenna reflectors, under operational
temperature distributions and materials -
aging conditions, have been established by
a combination of materials testing and fi-
nite -element analysis. These predicted per-
formances have been well -proven by the
operational performances of the commun-
ications spacecraft shown in Fig. 1. In
addition, the predicted performances are
currently being further verified by direct
photogrammetric measurement techniques

on some of RCA's latest reflectors.
Figure 6 shows the finite -element model

employed for the thermal distortion analy-
sis of the IR&D, deployable, frequency -
reuse, dual -shell reflector assembly shown
in Fig. 5. The predicted performances of
these reflectors are far superior to the spec-
ification requirements. Recently, RCA has
developed several unique mechanical and
thermal design concepts for antenna reflec-
tors that show further improvements in
the environmental stabilities of these hard-
ware.

Lightweight, advanced -composite
reflector structures
The communications -antenna reflectors
described above are made from Kevlar
49/epoxy and/or graphite/epoxy compos-
ites. Judicious application of such advanced

materials has resulted in minimum -weight
designs for the antenna reflectors. The over-
all dimensions and the total assembly
weights of the RCA -developed reflectors
are summarized in Table I.

Conclusions
RCA Astro-Electronics has established inno-
vative mechanical designs for communica-
tions -antenna reflectors as proven by a
variety of reflector hardware for a number
of communications -satellite missions. These
designs offer precise dimensional toleran-
ces and environmental stabilities that trans-
late into superior rf performance. Such
excellent reflector performance has been
achieved with minimum -weight structures
because of the judicious application of ad-
vanced -composite materials.
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A.A. Acampora R.M. Bunting R.J. Petri

Noise -reduction in video signals
by a digital fine -structure process

A crisp video picture depends on a signal without noise and
interference. Direct broadcast operations are particularly
susceptible, but new digital techniques will "muffle" the noise.

The spectrum of both monochrome- and
color -video signals has a structured aspect
in the frequency domain. This struc-
turing manifests itself as spectral "clumps,
or pickets" of energy with spacings related
to the horizontal rate of the video signal.
The well-known example of Fig. 1 illus-
trates how the luminance component (Y)
and chrominance component (C), each with
picket spacings of 15.734 kHz, are inter-
laced in the National Television Standards
Committee (NTSC) format. The resulting
spacing of this composite signal is thus
7.867 kHz in the frequency regions where
both Y and C coexist.

This fine -structure aspect of video sig-
nals lends itself to some interesting pro -

Abstract: As the technology of satellite -
video transmission moves toward closer -
spaced satellites that operate at higher fre-
quencies into smaller earth stations for
direct -broadcast applications, the noise and
interference introduced into these signals
increases. Increased noise and interference
also occur in the conventional satellite sys-
tems when video signals are frequency
multiplexed to improve bandwidth use. The
objective of the digital techniques pre-
sented in this paper is to process a noisy
received composite video signal in a way
that reduces the noise and thereby
improves the signal-to-noise ratio.

©1983 RCA Corporation
Final manuscript received January 26, 1983.
Reprint RE -28-2-8

cessing applications, the most popular of
which is comb -filter separation of lumi-
nance and chrominance. The objective of
the work presented here is to improve the
signal-to-noise ratio (SNR) by processing
a noisy received composite video signal
with a method resembling comb filtering.

Basic theory
A recursive filter is used at the receiver to
provide periodic attenuation in the spectral
regions between pickets. In this way, noise
added to the signal before it reaches the

t
A

111111.1 ILII I1 Ii Ind II0- 734kHz

receiver can be de-emphasized in frequency
regions where there is little signal energy.
However, the interpicket regions are not
entirely devoid of some important signal
energy. In the NTSC-color case, this energy
is associated with changes in luminance
and chrominance within the scene in the
vertical direction. Hence, the application
of de -emphasis alone would suppress the
noise, but would also create objectionable
artifacts in the video picture, especially at
these vertical boundaries.

For this reason, a corresponding com-
plementary process is used at the transmit-
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Fig. 1. TV energy spectrum. Notice how the spectral pickets of the modulated
3.58 -MHz color carrier fall between those of the luminance signal. The width of
both Y and C pickets is determined by the degree of scene change in the picture's
vertical direction.
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Fig. 2. NTSC encoder system with pre -emphasis processor. The delay -line struc-
ture creates a 3 -tap finite -impulse -response (FIR) filter for the pickets of spectral
energy.

ter. The process is also recursive and acts
to pre -emphasize the interpicket region.
This predistortion is entirely accounted for
in the end -to -end system since the pre-
emphasizer (encoder) and the de-empha-
sizer (decoder) are designed to have a flat
back-to-back frequency response. In more
rigorous terms, the Z -plane poles and zeroes
of the encoder are the same zeroes and
poles of the decoder, respectively.

Encoder system implementation
The encoder block diagram is shown in
Fig. 2. Since the process is digital, a syn-
chronous system clock must be developed.
A crystal voltage -controlled oscillator
(XVCO), operating at four times the nom-
inal color-subcarrier frequency, is used to
provide this clock. To ensure synchronism,
the XVCO output is divided by four and
phase locked to the color subcarrier (3.58
MHz) of the incoming video. This subcar-
rier is obtained by gating the burst. The

phase comparator develops an error signal
to maintain lock. Because of the relation-
ships in NTSC video between the frequen-
cies of the horizontal -line rate and of the
color subcarrier, exactly 910 clock pulses
are formed for each horizontal line in the
video signal. Therefore, horizontal -line -time
delays can be accurately determined by
counting clock pulses.

The input video is clamped prior to the
analog -to -digital conversion (A/D). The
A/D derives 8 -bit parallel digital samples
of the input video, which appear at the
system clock rate.

Encoder processor
These digitized video levels are now passed
to the encoder processor. There is a cas-
cade of two digital delay lines, each of
which is two horizontal lines long. This
system forms a 3 -tap digital filter. A pro-
cess board "weights" the taps, appropriately
adjusts the signs, and accumulates the sum

to obtain the filter output. The transversal
filter thus formed is a finite -impulse -re-
sponse (FIR) design. Notice that the tap
weights have denominators that are pow-
ers of two. This fact allows simple weight-
ing without the use of digital multipliers.
The technique used in place of multiplica-
tion is to "bit shift and add."

The details of the tap -output accumula-
tion of the process are shown in Fig. 2.
The 1/4 weight applied to the end tap is
simply a shift to the right of the data byte
by two bit positions. The 9/16 weighting
of the center tap is formed by adding 1/2
to 1/16 of the data byte as shown, each
portion of which is obtained by a "right
shift" of one bit position and a "right shift"
of four bit positions, respectively. The mid-
dle tap (with inverted sign) and the end
tap are summed in a full adder, and further
accumulated with the input tap to form
the output. The output is converted back
to analog form by a digital -to -analog (D/A)
converter.
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Since two TV lines of delay must be
achieved between successive taps, each de-
lay element is required to store 2 X 910,
or 1820, bytes. Straightforward digital shift
registers would do, except for the long
lengths involved. It is easier to configure
the delay as a random -access -memory
(RAM) structure, shown in Fig. 3. The
system clock is used in a RAM controller
to step an address generator, and also steer
the read/write cycle of the RAM. A read -
modified write is employed where the con-
tents of memory are addressed and read
out; in the latter part of the same address
cycle, the new data is written in. This
newly written data is not accessed for read-
ing until the clock undergoes 1820 cycles.
Thus, the output data is delayed by two
TV lines relative to the input data.

Decoder system implementation
The major difference between the encoder
and decoder is that the latter processor is
an infinite -impulse -response (IIR) digital
filter, where the weighted tap outputs are
recirculated back to the digital -delay -line
input. The block diagram of Fig. 4 illus-
trates this difference. The digitized video
from the A/D enters a full adder, where it
is joined with the sum of the weighted
taps.

Again, a 3 -tap filter is formed from a
cascade of two 2-H delay lines. The center
tap is weighted and summed with the end
tap. The end tap now has the sign inver-
sion. The resulting signal is added to the
input signal. This aggregate signal is the
input to the delay lines as well as the de-
coder output. As before, the weights are

memory. Use of a read -modified -write
to delay all bytes by the address recy-

formed by bit shifting -and -adding tech-
niques. The process output is returned to
analog form by means of a D/A converter.

Frequency responses
The frequency response of the encoding
system is shown in Fig. 5. The frequency
regions between pickets are pre -empha-
sized by a gain factor K. The significance
of K will be presented shortly.

Since the center and end tap weights of

the IIR filter in the decoder have signs
opposite to those of the FIR filter in the
encoder, the decoder frequency response is
the reciprocal of the encoder response (see
Fig. 5).

The previous responses show that, for
larger K, there will be large attenuations in
the noisy interpicket regions at the de-
coder. The result is better SNR improve-
ment. Correspondingly, the interpicket re-
gions would be highly emphasized at the
encoder. The result is large overshoots in
the transmitted signal at times when the
picture (scene) has significant changes in
the vertical direction. This would be toler-
able in transmission systems that are not
peak -power limited. But since this peak -
power limitation does exist in microwave
or satellite FM systems, the overshoots
cause overdeviations, which drive the FM
carrier out of the available radio band-
width, and result in severe distortions (tear-
ing) on vertical edges.

There is then a compromise K based on
just -noticeable tearing (JNT). For the case
at hand, this K is 16/11. In more appro-
priate terms, the expected SNR improve-
ment is 2.2 dB.

Test results for NTSC video
The fine -structure processor was subjected
to noise tests to determine the value of the
process. To determine if indeed the back -
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Fig. 4. NTSC decoder with de -emphasis processor. Since the delay -line taps are
fed back to the input, an infinite -impulse -response (IIR) filter is created.
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Fig. 5. Frequency responses. (a) At the encoder, the spectral regions between Y
and C pickets are boosted by a gain factor K. (b) At the decoder, the interpicket
regions are now cut back by a factor of K to create an overall unity gain response.

to -back coder/decoder (CODEC) system
has flat response, a video test signal called
the "window" is used. This waveform,
shown in Fig. 6, is valuable in the tests
since it has a vertical transition from black
level to white level, and then returns to
black level. These transitions cause signal
energy to spread into the regions between
pickets, such that these edges themselves
become accentuated by the encoder, as
shown in Fig. 6. The magnified view of
the leading edge of the window shows
that the transient lasts for four TV lines
and comprises a pair of two TV -line inter-
vals. However, after passing through the
matched decoder, the signal is restored to
the normal waveform, as shown in the
figure.

When noise is inserted between the en-
coder and decoder, interesting results are
obtained. Although objective measurements
verify the theoretical SNR improvement
of slightly more than 2 dB, the recursive
action of the decoder tends to correlate the
added noise. The linear addition of the
noise at the tap outputs gives rise to a
resulting interference, which has less noise -
power density, but is more structured in
the scene's vertical direction.

This phenomenon can be seen in the
TV -monitor screens shown in Fig. 7. The
normally grainy noise is transformed into
vertically correlated noise, for which the
eye has greater acuity. Therefore, on a
subjective basis, only half of the objective
improvement is realized.

The determination of K revisited
For the simple 3 -tap filters presented so
far, there is only moderate control over
the shape of the filter response. It is pri-

soursis.wromisameatilliMit

sonnuemum
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ENCODER OUTPUT

(b) WINDOW SIGNAL AT
DECODER OUTPUT

(c) EXPANDED VIEW OF
ENCODER OUTPUT

Fig. 6. System waveforms. (a) At the encoder output, the leading and trailing edges
of the window signal are perturbed by the action of the encoder. (b) At the decoder
output, the window signal is restored because of the back-to-back unity gain.
(c) An expanded view. The leading edge of the window is perturbed over two line
pairs corresponding to the two 2-H delay lines.
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Fig. 7. Screen photographs. Both staircase and monoscope waveforms show the
effects of noise correlation in the vertical direction.

marily the peak -to -valley separation that
provides the noise -suppression factor. The
peak -to -valley ratio is directly dependent
on the processor gain K. A more impor-
tant discovery is that the degree of spatial
correlation is also proportional to K. Hence,
the determination of processor noise im-
provement is not a function of peak -power

considerations only; the noise correlation
is a more decisive factor.

The only possibility of providing any
further noise improvement, while not appre-
ciably increasing K, is to create filtering
that has improved shape factors. Sharper -
skirted filters with wider reject -band fre-
quency intervals are obtained by digital fil-

ters with progressively more weighted taps.
These shapes can approach the dotted re-
sponses shown in Fig. 5.

Within the constraints of the present
hardware, a 5 -tap filter can be obtained by
splitting each of the 2-H digital delay ele-
ments (see Figs. 2 and 4) in half. This
forms a 5 -tap filter with 1-H delay separa-
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tions. Such a filter, however, has a peri-
odicity that cannot support the presence of
the interleaved chrominance pickets; test-
ing can be accomplished only on mono-
chrome video signals. Nonetheless, valu-
able information can be obtained and subse-
quently scaled to include the color -signal
case.

Monochrome system tests
The CODEC processes designed for the
more complex filters in the monochrome
case are shown in Fig. 8. Because of the
shape -factor improvement, a noise reduc-
tion of about 5 dB is expected. For the
same amount of signal overdeviation at
vertical transitions, the system should pro-
vide about 3 -dB further improvement over
the previous NTSC CODEC's performance.

Tests with noise show the improvement
to be objectively realized. However, sub-
jective tests show that the correlation fac-
tor cuts substantially into the visible
improvement-again about half the mea-
sured result is apparent.

Discussion

Fine -structure processing of video signals
does indeed provide signals with less noise.
However, the reduced noise -power density
is manifest in a noise spectrum that has
stronger low -frequency content than that
of the original noise. This is due to the
correlative properties of the process. Visual
perception, the ultimate critic in all display
systems, has more acuity to low -frequency
disturbances. Thus, the correlation phenom-

enon eradicates some of the objective im-
provement.

It appears that this subjective loss is less
in cases where the amount of additive
noise at the decoder is decreased. This is
perhaps due to a nonlinear perception of
visual disturbance as a function of the
strength of the perturbation.

The systemic problem is that the pro-
cess operates in the spatial (that is, the
dimensional axis) domain of the video
scene. As such, the correlation inherent in
the fine -structure process yields visual arti-
facts in this domain. There is continuing
work at the Laboratories to develop sys-
tems that will reduce the spatial artifacts
and, therefore, lessen the amount of "back -
off' in subjective versus objective im-
provement.
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Fig. 8. Process for the monochrome case. (a) At the encoder, by splitting up the
delay lines into four 1-H sections, a monochrome FIR is obtained. (b) At the de-
coder, with sign reversals in the adder tree, and feedback to the input, the corres-
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R.F. Buntschuh

Direct -broadcast satellite considerations

The solutions to the direct -broadcast satellite technical
challenges are clearly available.

The direct -broadcast satellite* (DBS) will
provide TV signals directly to the home
from geostationary orbit. To allow for prac-
tical and inexpensive home terminals for
users, the signal level from the spacecraft
must be many times larger than that from
a fixed -service satellite (FSS) whose earth

* DBS service discussed in this paper is defined by a 12.2 -to

12.7-GHz downlink -this is "true- DBS as defined by the

ITU. However, "low -power" DBS, making use of 11.7 to

12.7 GHz, is offered through fixed -service spacecraft.

Abstract: The newest entity in the com-
munications -satellite field is the direct -
broadcast satellite (DBS), capable of
broadcasting TV signals of nearly studio
quality to home -satellite terminals costing
as little as $300. This new application for
commercial satellites brings with it many
technical challenges and some interesting
solutions.

The effective isotropic radiated power
(EIRP) requirements for a DBS spacecraft
are reviewed and means of implementa-
tion discussed The two principal means
are (1) increased rf power generation
through use of high -power TWTAs, and
(2) use of antenna concepts that maximize
the efficiency of an antenna by providing a
more nearly uniform illumination over the
coverage area than by conventional tech-
niques employing elliptical shaped beams.

Available technology has been used via
a series of modifications to a Satcom bus
to accomplish the transformation into a
high -power direct broadcast satellite.

©1983 RCA Corporation
Final manuscript received February 28, 1983.
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terminals, being limited in number and
not constrained in size due to installation
requirements, can be configured with reflec-
tors having diameters in excess of 3 meters.
Typical radiated power from a DBS satel-
lite is characterized by effective isotropi-
cally radiated power (EIRP) ranging from
55 to 58 dBW for continental U.S. (CON -
US) services and up to 63 dBW for Euro-
pean DBS systems. This is to be compared
to the fixed -service satellite's 34 to 40 dBW
EIRP. The 15- to 20 -dB increase in radiated
power makes the DBS spacecraft unique
in the family of geostationary communica-
tions spacecraft.

There are several ways of increasing
EIRP. One is to use traveling -wave -tube
amplifiers (TWTAs) designed for high effi-
ciency as well as high power. Another less
obvious way of increasing EIRP is to tai-
lor the antenna beam shape to a smaller
than CONUS coverage area-typically a
time zone-and to use an antenna that has
a high -gain rolloff with angle, thereby con-
centrating the radiated power in the desired
coverage zone and reducing the wasted
power outside the coverage zone.

These technologies were used in the
RCA Astro-Electronics design that was suc-
cessfully proposed to the Satellite Televi-
sion Corporation (STC) in response to
their request for proposal for a direct -broad-
cast satellite. This program is the first do-
mestic DBS satellite program that has gone
to the contract stage in the United States.
The STC spacecraft supports three chan-
nels of direct -broadcast transmissions on a
spacecraft in the Delta weight class of
650 -kg mission orbit weight. The same
technologies are applicable to satellite de-

signs for up to six channels of transmission
capability.

High -power TWTAs

Approximately 10- to 12 -dB enhancement
of EIRP over FSS designs is accommo-
dated through the use of TWTAs provid-
ing approximately 220 watts at the begin-
ning, and 200 watts at the end, of satellite
life at the DBS operating frequency of
12.5 GHz. These TWTAs are available
from Thomson-CSF and AEG-Telefun-
ken, who developed them for the TV -SAT
and TDF programs of Germany and
France, respectively.

The three -channel STC spacecraft will
generate 660 watts at beginning, and 600
watts at the end, of satellite life. This com-
pares to the 144 watts of rf power gener-
ated by the initial 24 -channel Satcom space-
craft and the 340 watts generated by the
GSTAR spacecraft. Because these space-
craft are both of the Delta class, it is

obvious that there must be some other
change in a DBS spacecraft design to allow
this much generated rf energy to be pro-
vided. That significant difference is that
the DBS spacecraft does not supply trans-
ponder operation during spacecraft eclipse,
thereby negating the requirement for a large
battery. For a single channel's operation
during eclipse, approximately 20 ampere
hours of battery capacity would be re-
quired, excluding depth -of -discharge con-
siderations. This is roughly equivalent to
the total battery capacity used on the early
Satcom spacecraft. Even though battery
technology has improved since the early
Satcom, the battery weight required for
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round-the-clock operation of the DBS pay-
load would be prohibitive for the Delta -
class spacecraft.

The lack of transponder operation dur-
ing spacecraft eclipse is of small concern
from an operations standpoint in that the
spacecraft can be located an hour to the
west of the coverage zone, thereby causing
any outage to occur past local midnight,
viewers' time. This is a small price to pay
for the very important weight saving
achieved.

The lack of transponder operation dur-
ing eclipse, however, does cause the space-
craft designer some additional concerns.
The first of these concerns is that the demon-
strated lifetime of the in -orbit TWTAs on
the Satcom spacecraft has been better than
on other satellite programs, and that a
possible and probable explanation is that
the Satcom payload is never cycled off
and on. Fears associated with this situation
prompted a qualification program for the
TWTAs. The program includes the accel-
erated life testing of the tubes in a simu-
lated space environment that includes simu-
lation of the thermal profile during seven
years of eclipses and thus subjects the tubes
to the thermal transients they will en-
counter.

The second major spacecraft -systems is-
sue caused by the non -operation of the
transponder during spacecraft eclipse is that
the lack of thermal dissipation during the
eclipse will cause the payload temperature
levels to plummet. The high -power pay-
load for the STC spacecraft will dissipate
approximately 800 watts during operation,
as compared to the Satcom dissipation of
only 300 watts during operation. Once the
radiator sizes have been determined by the
energy -dissipation requirements to maintain
the payload at safe temperature levels, then
the amount of make-up heat energy re-
quired to limit the cold temperature at the
end of an eclipse must be determined, and
the battery must then be sized to supply
this make-up heat during an eclipse.

The TWT design employed has a for-
giving aspect to it in that the majority of
the heat dissipation in the TWT is in the
collector and that heat is radiated directly
to space. Figures 1 and 2, photographs of
the two tubes under consideration, show
the radiating collectors. The collector is

seen to be nearly cylindrical and is meant
to be mounted on the spacecraft so as to
be exposed to the environment of deep
space. Of the 267 watts of heat dissipated
from each tube, 130 watts is dissipated by
this collector directly to space. Therefore,
the conducted thermal dissipation from the

Fig. 1. A 220 -watt TWT manufactured by Thomson CSF employing a radiating col-
lector design. The collector is coated with alumina to stabilize the emissivity of the
surface over life.

Fig. 2. The 220 -watt TWT manufactured by AEG-Telefunken uses a radiating col-
lector design differing in detail and implementation from the Thomson design. This
collector is coated with a highly emissive coating.

TWTAs of the DBS payload, that which
must be handled by the spacecraft, is re-
duced from the 800 watts previously stated
to 410 watts, or less than twice the ther-
mal dissipation of the Satcom spacecraft.
Strictly from the standpoint of dissipation,
the solution is within reach.

The remaining major thermal problem
is caused by the nature of the dissipation
in the DBS payload. It behaves almost
like a point source. A total of three TWTAs

operate at any time, for a total of 410
watts of conducted dissipation. The total
dissipation occurs at six points on the pay-
load panels. Heat spreading from these hot
spots must be accomplished, or the local
temperatures will rise above the survival
temperature of the components. Figure 3
reveals the application of heat pipes embed-
ded into the payload panels to accomplish
this heat spreading. The same spreading
could be accomplished without heat pipes
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at the expense of weight taken up in thicker heat pipes and aluminum heat spreaders, coverage considerations

skins as in the Satcom spacecraft. Figure 4 and clearly shows that the heat pipe is the The second method of attaining a high
is the result of the weight trade-off between winner of the trade-off. EIRP is to match the antenna pattern of

The next logical question is: Can we
use a variable conductance heat pipe to
allow control of the radiation of heat dur-
ing eclipse and thus reduce the weight of
the batteries required for thermal control
during eclipse? For the STC spacecraft,
the answer is "no," because the transfer -
orbit battery requirements are also a driv-
ing factor in the sizing of the battery. That
is not to say that the answer to the question
will not be reversed when the six -channel
DBS spacecraft is examined in detail.

These discussions have highlighted the
problems in thermal design of the DBS
spacecraft. Implicit in the discussions is the
importance played by the dc-to-rf conver-
sion efficiency obtained by the TWT as
well as the dc -to -dc conversion efficiency
obtained by the TWT EPC (electronic
power conditioner). The conversion effi-
ciency of load bus power to rf obtained
for the STC design is more than 40 per-
cent, and must remain there to allow three
channels on a Delta -class spacecraft.
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the spacecraft precisely to the desired cov-
erage area, and to size the coverage area
to include that group of people interested
in viewing programs with a given sched-
ule. STC equated viewing groups to time
zones and has thus specified the use of
antenna patterns that cover roughly one
time zone per beam. The single time zone
per beam provides approximately a 6 -dB
increase in radiated power as compared to
a CONUS coverage pattern.

The next consideration is that of antenna
type. Choices available are restricted to
reflector -optic designs with two principal
alternatives. The older technology is to use
a shaped -aperture reflector to provide a
beam of approximately the proper shape.
Beams of this type have a cross section of
the (sinx)/x shape, and it is common prac-
tice to place the edges of coverage at the
3 -dB performance contour of the resultant
beam shape. The spacecraft designer, in
attempting to satisfy system -performance
requirements, finds that the energy trans-

' mined outside the coverage area is wasted
and must be minimized to provide accept-
able performance. He also finds that energy
expended within the coverage area that
exceeds the specified requirements detracts
from the performance at the peripheral
points, which are the points at which he is
graded. Therefore, he seeks the use of anten-
na technology that allows the most precise
matching of performance to the require-
ments, within available hardware.

To attain a better match of beam shape
and coverage area and to provide a more
constant antenna gain across the coverage
area, the reflector can be oversized, and
the outputs of many adjacent horns can be
combined to provide a zone of nearly con-
stant illumination. It is difficult to estimate
the percent increase in efficiency attained
by this technology; however, a quick com-
parison of the gain attained through the
use of the shaped beam and of that attained
by an elliptical beam covering the same
coverage area (time zone) reveals an en-
hancement of 2 dB. The shaped -beam an-
tenna has seen much use in space and, to
a limited extent, is found in the antenna
design of the early Satcom spacecraft. When
the payoff to the customer of small changes
in antenna performance provides signifi-
cant changes in downlink performance (to
the extent of saving millions of dollars in
user terminals expense), then the attention
to design detail required for the precise
shaped -beam antenna becomes paramount.

An added advantage of the shaped -beam
antenna is that the pattern can take on the
form of increased EIRP to those areas

with largest rain attenuation, such as the
Gulf Coast of the United States. This fea-
ture has been incorporated into the antenna
designed for the STC spacecraft.

The use of the oversized antenna, while
providing the antenna gain necessary to
accomplish the mission, is not without its
problems. The aperture required for the
DBS antenna design is 2.2 meters in diame-
ter. This reflector size is much larger than
those previously used on RCA spacecraft.
Figure 5 shows the STC DBS configura-
tion, which uses a deployed reflector with
the feed -network body mounted, in con-
trast to the normal Satcom fixed reflector
and tower -mounted feed system. A fixed
reflector could have been employed; how-
ever, the focal -length restrictions would
have made an impractical antenna system.
The result would also be marginal from the
point of view of mechanical mass proper-
ties. With the deployed -reflector configu-
ration, the calculated inertia ratio for the
STC configuration is greater than 1.1, bet-
ter by far than the normal Satcom ratio of
1.04.

Summary
The three -channel direct -broadcast satellite,
as configured by RCA Astro for STC, has
accomplished the goal of supporting three
fully redundant 200 -watt channels in a
Delta -weight -class spacecraft. To accom-
plish this task, several applications of new
technologies were employed. Noteworthy
are the use of TWTs with direct -to -space
radiating collectors, heat pipes for thermal
energy distribution, and a deployed antenna
reflector to allow the use of large -aperture
and long -focal -length antennas.

There are many more less substantive
changes from the RCA Satcom series of
spacecraft to the DBS spacecraft configu-
ration; however, the main point is that
with all design changes included, the DBS

Fig. 5. Prominent on this view are the
TWT collectors protruding from the north
and south payload panels and the long
focal length, deployed reflector.

spacecraft is, in fact, a modified Satcom
spacecraft-changes have been made to
the details to adapt the basic design to still
another mission.

Bob Buntschuh is Manager, DBS Techni-
cal Direction, responsible for baselines,
designs and technical leadership on the
direct -broadcast satellite program. He's
involved in systems engineering, launch,
and mission planning. Buntschuh joined
RCA Astro in 1965 as a System Engineer
on the TIROS project, and held a series of
engineering management positions on var-
ious Astro programs-including Manager,
Advanced Missions (Communications)-
before taking his present post in Decem-
ber, 1982. His BSEE is from Massachu-
setts Institute of Technology and his
MSEE is from Cornell University.
Contact him at:
RCA Astro-Electronics
Princeton, N.J.
TACNET: 229-3230
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Critical system parameters in the DBS service

There may be a heavenly picture in your future now that DBS is
in the countdown phase for its first launch. The aggressive
advocates for this new service feel that what this country
needs is a good two -foot dish on every garage.

Satellite distribution of television programs-
both pay and advertiser supported-is pro-
liferating rapidly. Cable operators were the
first major customers for such a delivery
service; more recently, master -antenna TV
operators (those who supply TV programs
to smaller self-contained units-for exam-
ple, apartment houses, hospitals, condomin-

Abstract: The FCC has recently autho-
rized several companies to proceed with
their plans to construct satellites that will
provide a TV service direct to the home.
Although this may imply to some that all
technical and perhaps even financial
problems have been resolved actually that
is not the case. Some of the system
parameters have indeed been agreed upon,
for example, polarization (circular), chan-
nel spacing (26 MHz), and nominal home -
antenna size (0.75 m). Others, however,
have still not been definitively determined
Among these are the roll -off of the
antenna sidelobe pattern and the subjective
effect of interference from neighboring
satellites. These play a vital role in deter-
mining satellite spacing in orbit and there-
fore, the total number of channels avail-
able. Finally, much more consideration
must be given to what is probably the most
important parameter of all; namely, the
design of a low-cost home terminal
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ium complexes, and so on) have started to
appear and, shortly, direct -to -the -home de-
livery by DBS (Direct Broadcast Satellite)
is expected to begin. An excellent over-
view of DBS was presented by John F.
Clark in his paper in the RCA Engineer,
July/August 1982. Our paper discusses,
somewhat more quantitatively, several of
the key system parameters that are planned
for this new service.

System parameters already set
Two major features of the DBS system
make it different from current communi-
cation satellite systems. First, rainstorms
can significantly degrade the signals in the
frequency band for DBS (12/14 GHz).
Second, to make the home receiving sys-
tem relatively inexpensive, the satellite -ra-
diated power will be 10 to 14 dB higher
than any in use today. The first of the
above characteristics manifests itself in at-
tenuation and depolarization of the trans-
mitted signal. As it turns out, signal at-
tenuation is the more serious effect in many
parts of the U.S. (not, of course, in the
desert regions of the Southwest) and can
result in poor reception for 5 or 10 mi-
nutes at a time on, perhaps, 50 different
occasions during the year. Luckily, more
than half of these occasions are likely to
occur on summer afternoons, which may
not be a particularly important viewing
period. But only experience will show how
the public will react to this situation.

The second of the DBS system charac-
teristics (that is, high -power satellites) im-
plies that one DBS satellite will be able to
carry only three to six channels because of
weight and power considerations. But since
approximately 36 TV channels will be able
to fit in the allocated frequency band, one
orbital position will have to ultimately ac-
commodate 8 -to -10 co -located satellites, a
situation that may be a problem all by
itself. Furthermore, the high signal require-
ment at the home receiver terminal will
mean that all the co -located DBS satellites
will use directive antennas that will pro-
vide coverage to approximately one time
zone only. Therefore, to cover all of the
U.S., it is expected that four orbital posi-
tions will be used and, as mentioned above,
each position will contain up to 10 satellites.

Channelization

Tentatively (the final decision is due in
1983), 500 MHz of bandwidth has been
allocated to the DBS service-from 12.2
to 12.7 GHz for the satellite -to -earth link
and 500 MHz more (from 17.3 to 17.8
GHz) for the earth -to -satellite link. Initially,
at least, the modulation will be FM. Since
the FM improvement (and, therefore, the
signal-to-noise ratio) increases with increas-
ing rf bandwidth, the first decision required
was a trade-off between the total number
of channels that could be accommodated
in the allocated bandwidth and the signal
quality achievable in any one channel.
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After much discussion in an industry -
government advisory committee to the
FCC, a reasonable compromise was
reached. Channels (called transponders) of
26 -MHz bandwidth would be arranged
according to the frequency plan shown in
Fig. 1. The dashed lines indicate qualita-
tively the spectrum of the signals within
each of the transponders. In effect, there
would be a total of 36 transponders allo-
cated to the U.S.-18 of them would be
on one polarization and 18 additional trans-
ponders, frequency offset by half of a trans-
ponder bandwidth, would be on the orthog-
onal polarization. The home -terminal anten-
na will have fairly good (but not perfect)
rejection of the unwanted cross -polarized
signals that fall in the same band. The fre-
quency -offset plan sketched in Fig. 1 in-
creases the rejection of the unwanted signal.

Specifically, if a viewer wishes to watch
channel 3, which is on one polarization,
there is a possibility that interference from
channels 2 and 4 may be objectionable.
Without frequency offset, the energy from
channel 4 (which would be co -channel
with channel 3) would be depressed approx-
imately 25 dB by the home -terminal anten-
na. But because the spectrum of a TV sig-
nal is highly concentrated around the center
of the band, the frequency -offset plan per-
mits substantially less than one-half the
energy of channels 2 and 4 to fall within
the most important portion of the spec-
trum in channel 3. This feature permits
additional rejection of the cross -polarized
signal and will be discussed more quanti-
tatively below.

Polarization

Basically, there are two possible choices
for the pair of orthogonal polarizations
shown in the frequency plan of Fig. 1.

Either one polarization is vertical and the
other horizontal, or one polarization is right-
hand circular and the other is left-hand
circular. It turns out that a pair of linear
polarizations (vertical and horizontal) suffers
less degradation in heavy rain than does a
pair of circular polarizations. But circular
polarization is slightly easier to install at
the home receiver than linear polarization,
because one does not have to align the
home -antenna polarization with that of the
down -coming radiation. Subjective tests car-
ried out by one of the authors indicated
that, because of the frequency -offset plan
sketched in Fig. 1, even the highest degra-
dation expected in the use of circular polar-
ization is likely to be acceptable to the
vast majority of viewers. In other words,

DBS home -receiver installation

OPTIONAL
ROOFTOP MOUNTING

WI/

-ODU

GHz

12 5 GHz DBS

24,000 - mi PATH

OPTIONAL
GROUND MOUNTING

A 12.5-GHz FM signal from a
Direct Broadcast Satellite (DBS)
falls on a small "dish" antenna on
the home. An outdoor unit (ODU)
mounted on the back of the
antenna amplifies and downcon-
verts the signal to a frequency of
approximately 1 GHz. The 1-GHz
signal is then delivered by a low -

loss cable to an indoor unit (IDU)
that processes the FM signal and
reformats it to an AM signal that
can be accepted by the home TV
set for viewing. Downconversion
in the ODU is necessary to
reduce the line losses from the
ODU to the IDU.

rain will attenuate the signal to unusable
levels before it degrades the polarization
purity to objectionable levels. For these
reasons, the FCC Advisory Committee on
DBS (mentioned earlier) recommended im-
plementation of circular polarization.

System parameters
to be determined
Carrier -to -interference ratio

One aspect of this item has already been
discussed in connection with the decision
on polarization. The evidence (described
below) appeared sufficient to assure that
circular polarization would perform satis-
factorily in rain. But there is another impor-
tant system consideration that requires bet-
ter information than is currently available;
namely, how far apart in the geosynchro-
nous orbit can one place DBS satellite

clusters? If one places them too close to-
gether there may be unacceptable interfer-
ence at the home terminal. On the other
hand, if one places them too far apart,
there may not be enough room to accom-
modate all of the channels needed for all
the time zones of the U.S., Canada, Mex-
ico, and the Caribbean countries. While
this type of problem also exists in present
satellite communication systems, DBS im-
poses a special requirement for very low
cost receiver antennas. These antennas must
be quite small (2- to 3 -ft diameter). By
definition, they will have much wider
beams and, possibly, higher sidelobe levels
than the antennas in current use. There-
fore, the question of co -channel interfer-
ence from adjacent satellites deserves spe-
cial consideration.

Signal quality. Three major factors influ-
ence the quality of a TV signal; namely,

I.- 26 MHz -1.-- 26MHz -1.-- 26 MH z

_

1.13MHz -4- 26 MHz --I---- 26MHz -.1.13 MHz -I

Fig.1. Probable frequency channelization for the U.S. DBS service. P, represents
one polarization and P2 represents the orthogonal polarization. These polarizations
will be circular according to present plans.
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Fig.2. Test setup for measuring "just -observable interference" as a function of
carrier -to -interference ratio (C/I), frequency offset, and carrier -to -noise ratio (C/N).
V2 represents the desired signal; V1 represents the interfering signal. The frequency
band occupied by the interfering signal can be varied by the tunable downconvert-
er, while its amplitude can be varied by an attenuator (symbolized by the variable
resistance). Carrier -to -noise (C/N) can also be adjusted by an attenuator.

thermal noise, distortion, and interference.
Thermal noise and distortion depend pri-
marily on the home -terminal designer, but
interference is a system consideration and
requires agreed -upon standards. Subjective
tests conducted 20 and more years ago in
connection with current TV broadcasting
determined that a S/N of 43 dB results in
a good picture, a S/N of 48 dB yields a
very good picture, while a S/N of 52 dB

or more provides an excellent picture. But
there is a dearth of good subjective data
on interference. Therefore, to get a handle
on this question, a limited series of tests
were undertaken at RCA Laboratories.

Currently, a more complete set of tests
are in progress together with tests under-
taken by other participants in the FCC
Advisory Committee on DBS. To better
appreciate the complexity of these tests,
consider that the interference could be
caused by a single carrier or a number of
different carriers having similar or different
modulating waveforms. For example, the
desired signal might be a standard NTSC
waveform FM modulating a carrier with a
peak deviation (..1f) of 7 MHz, say, while
the interference could be due to (1) an
HDTV (high -definition TV) signal FM -
modulating its carrier, (2) a time -com-
pressed signal, (3) another NTSC signal,
or (4) a combination of these signals. It is

also possible that the interfering signal is
not co -channel but is offset in carrier fre-
quency. Clearly, an interferer whose center
frequency is offset from that of the desired
signal will introduce less energy in the
band of the desired signal (see Fig. 1). In

the limit, when all of the spectral compo-
nents of an interfering signal lie out -of -
band from those of the desired signal, no
interference is perceived. For the frequen-
cy -offset case, then, the receiver -filter char-
acteristics play an important role in inter-
ference reduction.
Tentative results from measurements.
Laboratory experiments-to determine the
effects of interference for the co -channel
case, and also as a function of carrier
offset-have been performed. The block
diagram shown in Fig. 2 illustrates the
implementation to carry out those tests.
Referring to Fig. 2, the "satellite -simula-
tor" box is electrically equivalent to a trans-
ponder. Since only one simulator was avail-
able, it was used in the path of the interfer-
ing signal (marked V1). The "desired" signal
( V2) feeds the summing point directly at
IF (70 MHz), as does the 70 -MHz wide -
band noise generator. As shown, the receive
path also connects to the summing point
and produces an output signal (V). Level
controls on both the "noise" and the "inter-
ference" paths can be independently ad-
justed to provide any value of C/I from
roughly +50 to -50 dB and any value of
C/N from less than 0 dB to +38 dB.

The curve shown in Fig. 3 is the result
of two expert viewers observing the effects
of a single interfering signal on a desired
signal. Both signals were NTSC-FM oper-
ating at a peak deviation (..1f) of 7.1 MHz.
The bandwidth of all three IF filters (one
for each modulator and one for the demod-
ulator, as shown in Fig. 2) was 25 MHz in
this experiment. The curve gives the value

FREQUENCY OFFSET (MHz)

Fig. 3. Subjectively measured results of
"just -observable interference" as a func-
tion of carrier -to -interference (C/I) and
frequency offset.

of C/I (carrier -to -interference ratio in dB)
that the two observers agreed represents
just -observable interference. The C/I values
are plotted as a function of carrier offset.
At a carrier offset of about 16 MHz, the
C/I for just -perceptible interference is 0
dB. But more important, at a frequency
offset of 13 MHz (see the channelization
plan in Fig. 1), the required C/I is about 8
dB. This implies that the cross -polarization
rejection should be at least 11 dB per
interferer. Even 15 dB is easily achievable
with circular polarization under rain -de-
graded conditions. This fact played an im-
portant role in recommending circular po-
larization, a topic discussed earlier.

Attention is directed to the required C/I
at zero offset (that is, co -channel interfer-
ence). Our results indicate that a C/I of
23 dB is sufficient, but another investigator
(Ed Miller and his group at NASA Lewis
Research Center) has measured co -chan-
nel C/I requirements around 30 dB. Some
explanations of this discrepancy will be
given shortly, but it is very important to
get agreement on this topic because orbital
spacing-and, therefore, the total number
of channels for the U.S., Canada, and
Mexico depends on it. It should be explic-
itly noted that the C/I values discussed
here should represent the interfering power,
I, of all the interferers taken together. Sin-
gle-entry interference should, therefore, be
about 4 dB lower, that is, the C/I for a
single interferer should be at least 27 dB
based on RCA tests, but around 34 dB
based on NASA Lewis tests.
The design of the experiments. The sig-
nals used for these experiments were off -
air programming (cable news network) for
the desired signal (V,) and color bars for
the interfering signal ( V1). Just -perceptible
interference values depend on the video
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Fig. 4. Block diagram of an outdoor unit (ODU) for a DBS home receiver. A 12.5-
GHz FM signal from the DBS satellite is picked up by the antenna on the left and is
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material used in each channel as well as
on the relative timing between the two
signals. For the results shown in Fig. 3, the
two signals were not locked together so
that the visual effect has the interfering
signal slowly moving horizontally and even
slower vertically. If one observes the inter-
ference effects for long enough, both hori-
zontal and vertical sync times will be cen-
tered in the picture. This black "cross"
condition is one of the most stringent tests
(usually, indicating high -visibility interfer-
ence in the desired picture).

Other combinations of signals could also
be used to determine the just -observable
C/I ratio. Still -picture (slides) or electroni-
cally generated video test signals (color
bars, for example) could be used exclu-
sively. When two motion pictures are used,
the results suggest that a lower C/I is
acceptable because the motion tends to
obscure effects of interference (the beat
pattern is continually changing, making the
effects less perceptible).

This sensitivity of just -observable C/I
on the nature of the video signals makes it
important not to use, as a system criterion
for C/I, the results obtained from either
the most lenient or the most stringent set
of video signals.

Current subjective experiments use a num-
ber (four to six) of agreed -upon slides as
the desired signal, and a motion (off -air)
video signal as the interference. This com-
bination should produce results that will
be more -or -less typical of actual operating
systems.

Some preliminary results on multiple
interferers suggest that more total interfer-
ence power is allowable for the same cri-
terion of just -perceptible interference than

when only one interferer is present. If fur-
ther tests prove this correct, the reason
could be due to the more uniformly dis-
tributed interference power (low correla-
tion between signals). More detailed experi-
ments are planned in this area by both the
U. S. and Canada.

The home terminal

General considerations. To be acceptable
for the general consumer market, the DBS
home terminal must meet several criteria.
First of all, the cost must be very low-
$500 retail is a maximum. Manufacturing
costs would therefore have to be $200 or
less. Second, the terminal must be easily
transported and easily installed. Next, the
terminal must be designed for long life (7
to 10 years). Finally, the terminal should
be no more difficult to use than an ordi-
nary TV set and outdoor antenna. The
first two criteria, plus the esthetic require-
ment that the antenna not be too intrusive
(demanded by the community), force the
design toward a "dish" antenna with a
diameter in the 2- to 3 -ft range. A detailed
stringent examination of all the factors indi-
cates that the antenna and the outdoor
unit (ODU) are the key cost and perfor-
mance items of the home terminal.

A block diagram of the ODU, which
will be mounted on the back of the home
antenna, is shown in Fig. 4. A key com-
ponent in the ODU is the low -noise GaAs
field-effect transistor (FET) amplifier. It is
currently expected that a cost-effective noise
temperature will be in the range of 225 to
290 Kelvin. This figure corresponds to noise
figures of 2.5 to 3 dB. In addition, there
will be an indoor unit (IDU) containing a

multichannel FM demodulator with indi-
vidual channel tuning, a channel -number
display system, video and stereo -audio base-
band processing with baseband outputs,
an AM modulator for use with TV sets
not having video and audio inputs, and
the power supply for both the IDU and
the ODU (which are interconnected by
low -loss coaxial cable). A block diagram
is shown in Fig. 5.
Figure of merit. A parameter that has
become standard in describing the perfor-
mance of an earth station is the quantity
G/T, where G is the gain of the antenna
and is strongly dependent on its size, while
T is the system's noise temperature in Kel-
vin (K). This is just another way of expres-
sing the noise figure of the receiver. Table
I below provides current estimates of cost
as a function of the performance capability
of the DBS home terminal. These esti-
mates represent a substantial improvement
over those used only three years ago (1980).
From the table, it can be seen how fast
cost and weight increase with increasing
antenna size. Link budget calculations indi-
cate that a home terminal G/T of 10 to
12 dB/K should be quite satisfactory for
almost all locations in the U.S. There is,
therefore, reason to hope that a 0.6-m (2 -
ft) antenna may prove satisfactory. Just
three years ago, conventional wisdom held
that a minimum antenna size of 0.9 m (3
ft) would be required.
Antenna pattern. In addition to getting a
highly efficient antenna (that is, high gain
on -axis for a given diameter), it is impor-
tant to keep sidelobes suppressed so as to
minimize interference from co -channel trans-
ponders at adjacent orbital positions. These
two requirements (high gain and good side -
lobe suppression) are usually incompatible
requirements. However, recent work at
RCA Laboratories appears to have led to
the right formula for accomplishing both.

Figure 6 shows a measured pattern (solid
curve) for a 2 -ft antenna having 74 -per-
cent efficiency and good sidelobe suppres-
sion. For comparison, the desired goal for
sidelobes specified in the Final Report of
the Conference Preparatory Meeting for
the 1983 Regional Administrative Radio
Conference (RARC '83) is shown by the
dotted curve. We see that the RCA Labs
design falls below the specified mask almost
everywhere.

The important region of interest is in
the angular range of 15 to 20 degrees.
From geographic considerations, the suit-
able orbital arc for a DBS service to cover
North America is of the order of 90 degrees
in differential longitude. If 15 degrees orbi-
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7

tal spacing can be achieved, then seven
orbital positions can be used. On the other
hand, if 20 degrees orbital spacing is re-
quired, only five orbital positions can be
used. The difference (seven versus five) is
very significant.

Where do we stand today?
First, the good news. In the past several
years, significant progress has been made
toward the development of an appropriate
technology. The noise temperature of the
receiver's front end has been reduced by
about 3 dB at no increase in cost, and
antennas with reduced sidelobes and higher
gain have been demonstrated also at no
increase in cost. In 1977, the Europeans,
for example, felt that a cost-effective G/T
for the home terminal would be about 6
dB/K and that this would require a 3 -ft
"dish." Today, a G/T of 11 dB/K with a
2 -ft "dish" seems reasonable (see Table I.).

Two technical problems of some con-
sequence remain. One requires agreement
by the technical community on a C/I
standard so that satellite orbital spacing
can be specified. The other relates to an
acceptable standard for scrambling of the
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Table I. Cost as a function of home -terminal performance (50 K has been added to
receiver noise to allow for sky noise, earth scattering, and line loss).

Front-end characteristics

Antenna characteristics

3 2.5 NF (dB)

290 225 T (K)

Diameter
(m)

Gain
(dB)

Wt.
(Ib) $ 7.00 11.00 $

0.6 36.4 14 17 11.1 12

G/T (dB/K)
1.0 41.1 38 46 15.8 16.7

1.22 42.5 57 68 17.2 18.1

1.6 45.4 97 116 20.1 21

TV signal. Since several of the DBS appli-
cants plan to provide a "pay TV" service,
those signals must be scrambled with de -
scramblers made available only to those
who pay for the service. There are two
conflicting requirements imposed on the
scrambling/descrambling schemes. First, the
scrambling code must be sufficiently com-
plex so that it should not be easily defeat -

able by a cheap descrambler made by a
garage -shop "manufacturer." Second, the
descrambler should be inexpensive since
every subscriber must have one. A detailed
discussion of this aspect of DBS is worthy
of a paper by itself and will not be dis-
cussed further here.

The bad news is concentrated in the
financial and business end of this service.

DBS satellites are very expensive. In addi-
tion, where will the distinctive program-
ming come from? The leading business
entity in this field, Satellite Television Corp.
(STC) estimates an investment of almost
$700 million in the first four years. Other
estimates exceed a billion dollars-and this
to provide only three TV channels! Fur-
thermore, competition for the consumer's
entertainment dollar from other sources
such as CATV, STV, LPTV, video -disk
and so on can be very intense. Perhaps the
most hopeful sign is that close to 20 -mil-
lion households are never likely to be con-
nected to cable systems because they live
in sparsely populated communities. Signif-
icant penetration of that market may make
DBS a viable business.

Should DBS gain a foothold in the home -
entertainment business, the prospect for
higher -quality TV could improve signifi-
cantly. For example, time -compression and
high -definition TV (HDTV), currently un-
der development in various laboratories,
could provide enhanced picture quality to
new TV receiver product lines.

While the future-as always-is un-
known, the prospects are challenging.
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J. Simpson

RCA's Missile Test Project
supports Space Shuttle operations

Missile Test Project, part of RCA Service Company, helped get
the Shuttle off the ground.

T -minus 5 a

4 I NI I 3 I I I
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Fig.1. The USAF Eastern Test Range extends from Cape Canaveral, Florida, to Ascension Island in the
South Atlantic ocean. MTP operates tracking, communications and data systems at each range location in
support of Space Shuttle and other operations.

Another Space Shuttle is boosted into orbit. This exciting final
segment of the countdown, shown by the TV networks and
weekly news magazines, is usually the limit of the average
American's involvement in the launch of a space vehicle. More-
over, as the launches become more routine, less coverage is
allowed to interrupt regular network programs. The launch of a
communications, weather, scientific or other unmanned satellite
goes almost unnoticed today, and yet the services provided by
the technology inherent in these satellites continues to have a
great impact on the quality of American life.

As the thoughtful TV viewer might surmise, the excitement of
the last few seconds before ignition, and the thundering roar of
an ascending rocket engine, are just the tip of the iceberg. A
tremendous amount of effort is expended in the preparation
before, during, and after the launch and flight of a Space Shuttle
and many other satellites. RCA's Missile Test Project (MTP)
people at the Eastern Space and Missile Center's Eastern Test

Abstract: RCA's Service Company's Missile Test Project,
which has been supporting NASA and DOD launches since
1953, contributed greatly to the planning for the unique aspects
of the Shuttle launch. Modifications to the Eastern Test Range
enabled complete tracking and range -safety control of the launch
vehicle. Four major phases of the Shuttle launch support are
described and numerous sidebars present different issues of the
multidisciplinary effort

01983 RCA Corporation
Final manuscript received February 17. 1983.
Reprint RE -28-2-10

Range (ETR) contribute greatly to this effort, and share in the
satisfaction and pride in a ssful operation (Fig. 1).

MTP plans for the Shuttle
Actually, MTP's involvement in many complex launch opera-
tions can be measured in terms of "T -minus weeks"-and in the
case of a completely new launch vehicle, sometimes months.
This was certainly the case with the Space Shuttle. That opera-
tion presented many challenging problems, and not only for
NASA's spacecraft design engineers. MTP programmers and
engineers were responsible for modifying ETR tracking, comput-
er, command -control, and display systems to be compatible with
a whole new set of flight possibilities.

RCA planners and system analysts were busy devising the
best possible methods for the modified tracking systems to
acquire and maintain track of an object that, because of weight
considerations, was not to carry a radar beacon.

MTP controllers were also given the new responsibility of
planning for, and controlling the operation of, not just Eastern
Test Range trackers, but the worldwide network of Department
of Defense (DOD) tracking resources. MTP operators, techni-
cians, and data-processing people needed operating instructions,
training, experience and skill to meet the stringent requirements
imposed by NASA, Air Force Range Safety, and the overriding
consideration of the lives of the Shuttle astronauts.

MTP's planners, experienced in hundreds of other missile and
satellite launches, found many unique aspects of the Space Shut-
tle operation to consider. For example, they had to account for
the unknown effects of multipath reflections from the boosters,
external tank, aircraft -shaped spacecraft and the service tower at
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Fig. 2. The Range Safety Display System provides Air Force
Range Safety Officers with accurate electronic displays of
Space Shuttle and other launch -vehicle flight conditions,
plus the ability to remotely control transmitters that can send
destruct signals if necessary. MTP provides maintenance and
software services.

the time of, and shortly after lift-off. In addition, the antenna
patterns of airborne transmitters would be frequently changed, as
selected by NASA controllers to favor NASA ground receiving
stations. And limitations were imposed on Range radars to only
"skin track" (non -assisted echo -track) the Space Shuttle vehicle,
because of the absence of a C -band radar beacon. Moreover, a
booster exhaust flame could, in flight, reach an effective length of
almost a mile, and could possibly act as a better reflector of
radar signals than the desired target itself, the Orbiter spacecraft.

Once launched, the jettisoned solid rocket boosters would
need to be tracked to ocean impact, and simultaneously, the
spacecraft would be tracked on its way into orbit. A "return to
launch site" situation could occur in the case of an aborted mis-
sion, and the spacecraft would have to be tracked and its posi-
tion displayed until landing, for Range Safety considerations.
The system that would be used by Range Safety Officers to
destroy the Shuttle boosters and fuel tank if abnormal or unsafe
flight conditions existed, was designed to use a sophisticated and
secure coding sequence with a fail-safe verification method dis-
similar to other airborne destruct systems (Fig. 2).

In addition, two small T-38 "chase" planes, piloted by astro-
nauts, were to fly racetrack patterns in the launch area, transmit
TV pictures to a ground station, and be available to assist the
Space Shuttle astronauts in the event of a "return to launch site"
abort. These aircraft had to be continuously tracked so they
could be vectored to the correct altitude and position at the time
of lift-off. The TV signals originated by the aircraft had to be
received on the ground and distributed to NASA for use by
NASA and the TV networks. The tracking operations of radars-
normally involved in Army, Navy and Air Force Range opera-
tions at widely dispersed locations-had to be conducted in a
single, effective, and data -compatible network.

All of these situations required either the development of new
software, new or modified hardware, and many new operating
procedures. As early as 1978, MTP people, in coordination with
Pan American World Services (prime contractor for the Eastern
Test Range) under the direction of the U.S. Air Force, began the
long task of modifying the Range for Space Shuttle support.

MTP missile and space support

For the past 30 years, the RCA Service Company's
Missile Test Project (MTP) has provided primary
technical support services to the Eastern Test Range
(ETR), which stretches from Cape Canaveral to the
Indian Ocean. MTP technicians and engineers oper-
ate and maintain the data -acquisition, data-process-
ing, range -safety, communications, and other sup-
port systems used on the Range. At present, there
are 13 precision tracking and signature radars, 14
telemetry systems, and 127 computers and micro-
processors on the mainland and on down -range
stations and ships.

Engineering, drafting, and technical shops modify
existing systems and integr4te new or modified sys-
tems into the Range instrumentation complex. Over
1,000 engineering tasks and 20,000 repair and cali-
brations services are handled each year.

Data processing maintains approximately 200
active production programs for its large computers.
Some of MTP's major space -support accomplish-
ments are:

 First C -band radar track of a space satellite
(AN/FPS-16 XN-1 radar track of Sputnik 2 on
December 21, 1957).

 Major support and operational techniques for a
worldwide multi -radar network for Project Mercury,
the first U.S. manned space program.

 Development of beacon -pattern "wobbulation"
technique to minimize acquisition and angle -track-
ing problems caused by phase -front disturbances.
Used by NASA for the Mercury and Gemini
launches.

 Development and refinement of search and acqui-
sition techniques to aid pencil -beam tracking ra-
dars in obtaining track on satellites at extended
ranges and with large azimuth uncertainties.

 Development and routine application of computer
programs to fit single- and multi -revolution satellite
track data and to determine radar random and sys-
tematic errors.

 Establishment of around -the -clock high -accuracy
space -object tracking capability for North Ameri-
can Air Defense Command (NORAD). Incorporation
of automated techniques has increased capacity
up to 3,500 tracks per month per radar.

 Development of computer -directed (on -axis) track-
ing techniques to significantly improve radar accu-
racy and precision.

 C -band radar track of Apollo spacecraft out to
64,000 nautical miles (approximately one-third of
the way to the moon).

-Larry Mertens, Manager
Technical Analysis
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Chase/TV aircraft support

Problem: When the requirement to support the
Chase/TV aircraft was received, all the mainland C -
band radars were committed to provide real-time
trajectory and impact -prediction data for the Range
Safety group during the Shuttle launch. Necessary
hardware to vector the aircraft and to designate the
C -band TV -receiving antenna were not available.

Solution: An FPQ-13 radar (0.13) located at Patrick
Air Force Base was available; however, this radar
did not have auto beacon/skin and powered flight -
track capability. The necessary hardware and soft-
ware changes were implemented.

The old XY-plotting boards were replaced with a
new computer -driven CRT vector -control display
system (VCDS). An extensive programming effort
was required to provide map displays for aircraft
racetrack patterns and intercept points, for orbiter
return to launch site and planned landing at
Kennedy Spacecraft Center, and for assorted
alphanumerical readouts.

The Eastern Test Range Telemetry Site on Merritt
Island (Tel -4) was tasked to receive the C -band TV
signal from the aircraft and transmit the video over
land lines to the NASA TV facility. Since the C -band
antenna does not have auto -track capability, the fol-
lowing designate plan was implemented:

 Designate data was derived from another Tel -4
that can track aircraft L -band beacon.

 A MK -51 optical tracker was installed to overcome
tracker -antenna elevation limitations when an air-
craft flies directly over Tel -4.

 Slip rings were installed on the L -band tracker to
eliminate antenna -cable wrapping problems.

 Designate data was also derived from the Radar
0.13 tracking the aircraft C -band beacon.

All systems have satisfactorily supported the Shut-
tle program through the STS -5 launch. However, the
computer -software programming effort continues as
new requirements are received from NASA.

-Larry Mertens

Modifying the Range
For example, two radars that normally operate in the C -band
range (5400 to 5900 MHz) were modified to allow alternate
operation at S -band telemetry frequencies (2200 to 2300 MHz).
By using the Orbiter telemetry downlink as a signal source, this
modification enhanced the radars' ability to discern and discrim-
inate between different targets at the time of booster separation.

Another modification having a similar purpose, and made to
two additional radars, was dubbed "Lead/Lag Edge Track."
This change gave the radars the ability to maintain track of the
lead or lag edge of the radar echo signal, rather than the centroid
portion of the pulse. The "Lag Edge" mode could be used at the
time the large solid rocket boosters separate from the still -accel-
erating spacecraft, to diminish the possibility of having the radar

Fig.3. MTP operates the Master Control Console of the
Cape Canaveral AFS Central Computer Complex, the focal
point for real-time operational data processing.

erroneously track the descending boosters. The "Lead Edge"
mode of track would be used if separation was to occur when
the spacecraft combination was returning to the launch site, fol-
lowing a mission abort. Both of these modifications were made
to the radar hardware, and some software changes were required.

Many other modifications involved Range Safety Command
Control systems, dynamic CRT displays for Range Safety use,
and the processing of track data from all over the world through
MTP-operated computers, for routing to the Goddard and John-
son Space Centers (Fig. 3). Over 50 different computer pro-
grams either had to be developed or modified by RCA analysts
and programmers, all subject to rigid certification procedures
before use.

As each new element was added, or modified, many individ-
ual tests verified correct equipment operation, followed by major
simulated launch scenarios, to ensure that each segment contrib-

overall system operation. As might be
expected, there were several "back to the drawing board" cases
before the successful combination of software, hardware, and
operator action was achieved. During this time, the Range was
also busy with other non -Shuttle -related work. RCA's MTP
organization participated in the support of almost a hundred
other launches such as Titan, Pershing, Atlas -Centaur, Trident,
Poseidon, and several Delta launches including one carrying an
RCA Satcom satellite.

As the Shuttle launch date approached, many tests validated
the several interfaces between NASA launch facilities, the Orbit-
er, and the Range systems such as the "Hold Fire" switches and

Fig.4. This FPQ14 C -band tracking radar at Patrick AFB,
Florida, was built by RCA, and is operated by MTP. It pro-
vides important tracking data during Space Shuttle launch
and orbital phases.
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Radar performance
monitoring on shuttle flights

Missile Test Project analysts monitor the perfor-
mance and accuracy of the 32 radars comprising the
Department of Defense (DOD) C -band radar network
during support of all Space Shuttle missions from
launch to landing. The approach is basically a
worldwide extension of the near -real-time Radar
Accuracy Monitoring Program (RAMP), which was
instituted at the Eastern Test Range as early as
1969. During the orbital flight phase, the Shuttle
Orbiter is tracked by typically 25 or more C -band
radars (FPS -16 and MIPIR types) of the DOD and
NASA Test Ranges, to provide data input to the
High -Speed Trajectory Determination Processor at
the Johnson Space Center, Houston. All data are
routed through the Central Computer Complex
(CCC) at the Eastern Test Range, and the data of
radars to be checked-regularly once per day-are
copied.

The data of typically up to 12 radars per solution
are processed at the CCC (see figure) in near -real-
time in the orbit -determination and error -modeling
software (TEAM/TRACE programs) that solves for
radar systematic errors (for example, biases, refrac-
tion, data timing, survey, dynamic lags). Plots of
residuals with respect to tracking coordinates and
other parameters are provided to assist the analysts
in recognizing and interpreting anomalies in the rad-
ars' performance. With these aids, radar analysts,
well familiar with the characteristics of the different
radar types, are able to spot a variety of opera-
tional/technical problems and their sources, which
are not necessarily recognized by the operating

MTP System Controllers direct operations at the Central
Computer Complex, and supervise the data interface with
display systems and worldwide tracking sensors.

crews. Data timing, discontinuities, encoder -bit
errors, range -tracker find/verify logic, marginal
receiver sensitivities, unusually large biases, refrac-
tion over- and under -correction, and surveys are
typical of the problems routinely identified. The anal-
ysis results are usually available within a few hours
after the radars' tracks, and are relayed via the Shut-
tle Support Group to the Test Ranges for corrective
actions.

This monitoring program has repeatedly demon-
strated with each Shuttle mission its effectiveness in
assuring NASA of radar accuracy within the accept-
able tolerances of 0.25 mils in angles and 100 ft in
range. In the Shuttle support effort, the program's
sensitivity to radar errors is typically better than 0.05
mils in angles and 15 ft in range.

-Larry Mertens

circuits, the visual countdown indicators, and the scores of audio -
communications circuits between key controllers. Many of these
tests included participation by Air Force Range Safety Officers,
who used the launch simulations to check out all of the com-
mand control/destruct, computer and display systems operated
by MTP people, and to verify compatibility with Shuttle air-
borne equipment. These officers also simulated various disastrous
flight situations or abnormal conditions, as training exercises for
the real thing.

In April 1981, NASA declared its readiness to launch Colum-
bia (STS -1), the first Space Shuttle, in the Orbital Flight Test
phase. The Eastern Test Range, Air Force Range Safety, Pan
Am and RCA confirmed the readiness of not only ETR resourc-
es, but also those of the DOD worldwide tracking network.

Space Shuttle Columbia was orbited on April 17, 1981, and a
new era in space technology began. Many MTP people remem-
bered earlier successes.

Since 1953, RCA MTP has been the major subcontractor to
the Eastern Test Range, and has operated radar- and telemetry -
tracking systems, and communications and data-processing equip-
ment during all manned space flights including the Mercury,
Gemini, Apollo, and Skylab programs.

To provide launch area or orbital track data, RCA specialists
are stationed at Patrick Air Force Base, Cape Canaveral Air

Fig. 5. This RCA TPQ14 radar has a 30 -foot -diameter anten-
na, and is located at the Kennedy Space Center, Florida.
Operated by MTP, it provides early launch -tracking and
impact -prediction data for Range Safety Display.

Force Station (AFS), Kennedy Space Center, and "down -range"
islands as far away as Ascension in the Atlantic Ocean (Figs. 4,
5, 6, and 7). An Air Force tracking ship manned by RCA MTP
technicians and engineers is also located in the Atlantic Ocean.
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Fig. 6. MTP radar operators use skill, experience and sophis-
ticated software to provide smooth and accurate tracking
data.

The support effort
During Columbia's STS -1, and in later flights, RCA MTP oper-
ations people provided support in four major phases.

Launch phase

Seven different land -based radars tracked the Orbiter from the
launch pad, to the separation of the solid rocket boosters, and
the acceleration of the Orbiter into its orbit. Tracking systems
on -board ship in the Atlantic Ocean tracked the jettisoned solid
rocket boosters during their parachuted descent into the ocean
(Fig. 8). A Range Safety Display System includes redundant
CRTs and television presentations for use by the Air Force
Range Safety Officers in determining whether the Shuttle flight
is nominal and within safe boundaries, or abnormal requiring an
"abort" or "return to landing site" decision. Timing signal gener-
ators, distribution equipment, and visual countdown systems
were supported in NASA launch and operational control areas.

Computers received and processed tracking data for "real-
time" display of position, velocity, impact or orbital prediction

Fig.7. These 85- and 33 -feet -diameter telemetry -tracking
antennas are located at Grand Bahama Island on the East-
ern Test Range. They acquire internal missile, satellite and
Space Shuttle performance data for mission controllers and
USAF Range Safety Officers.

for the Air Force Range Safety Officers' display. Computers
reformatted individual tracking -system data into a multiplexed
stream for transmission to NASA control centers at Goddard
and Johnson Space Flight Centers. A Command Control system
could terminate the mission during the launch phase, at the
direction of the Air Force Range Safety Officer. Voice and data
communications systems and switches allowed key mission con-
trollers to have current and accurate information during all
phases of the flight.

Orbital phase

RCA MTP operates six tracking radars located in Florida,and in
the Grand Bahama, Grand Turk, Antigua, and Ascension Islands
during the orbital phase. The acquired track data is transmitted
to the Johnson Space Flight Center at Houston and is used in
calculating orbital conditions.

Landing phase

During landings at Kennedy Space Center (KSC), MTP-oper-
ated radars track the Shuttle Orbiter during its traverse across
Florida to its final glide path and landing on the 15,000 -foot
long Shuttle Landing Facility. Two chase aircraft accompany the
Orbiter on its final approach, one carrying color -television equip-
ment. MTP-operated telemetry antennas track these aircraft, and
receive and distribute the color -television signals for NASA and
the TV networks.

"Lead range" support

NASA, although operating a network of its own tracking sta-
tions, relies on DOD facilities around the world to provide
almost continuous data coverage of the Space Shuttle orbital
flights. These facilities consist mainly of tracking systems asso-
ciated with U.S. Air Force, Army and Navy Missile Ranges. In
1978, the Government decided that the Eastern Test Range
would be the "lead" range for all of DOD -provided Space Shut-
tle support. This "lead" -range responsibility entails the prepara-
tion of operating procedures and directives for the use of DOD
tracking systems around the world during checkout tests, simula-
tion and actual Space Shuttle operations. It also requires the
coordination and control of DOD facilities during operations
providing a single focal point of contact between NASA and
DOD. The Lead Range Control Center is located at Cape Ca -

Fig. 8. MTP people on board Range Instrumentation Ships
use radar, telemetry and photographic systems to track mis-
sile and space -vehicle components, such as Space Shuttle
solid rocket boosters, which impact in the ocean.
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naveral AFS, Florida. RCA MTP specialists are members of this
special Lead Range Shuttle Support Group, and exercise opera-
tional control over other DOD systems.

All of the track data acquired by these worldwide systems is
ultimately used by NASA's Johnson Space Center computers to
maintain a display, and to predict the Orbiter's position. It
became apparent that some form of analysis was necessary to
ensure the quality and compatibility of DOD -derived data.
MTP's Technical Analysis organization was chosen to be the
data watchdog for DOD sensors. MTP's analysts perform daily
evaluations of Shuttle orbital track data so that any operational
or metric problems may be detected and corrected.

Conclusion
The Space Shuttle flight testing phase is now over, but launch of
the "Columbia" or "Challenger" can not yet be considered "rou-
tine"-although that certainly is the goal of NASA and Air
Force planners. Frequent flights, short turnaround times, and
many different payloads are likely to become normal Space
Shuttle situations.

At present, ETR and MTP's first interface with each Shuttle
occurs at T -minus 55 days, with a test to be certain that com-
mand -control transmitting and coding equipment on the ground
is compatible with the corresponding receiving equipment in the
spacecraft. Other tests between the Range and Orbiter are sched-
uled at T -minus 50 and 45 days, continuing on to the actual day
of launch.

If Shuttle launches are to occur every three to four weeks as
planned, then many challenges remain for the Eastern Test
Range and for the people of MTP in meeting compressed peri-
ods of readiness testing, and ensuring the continued success of
the Space Shuttle support. As before, it will require program-
ming, engineering, and operating skill and innovation. RCA's
Missile Test Project will be ready.

Jack Simpson was born in England, served in the Royal Air
Force, and joined RCA Service Company Consumer Services in
New York in 1948. He transferred to the Missile Test Project in
1958 and has held various operational management positions in
that organization. He currently is Manager, Test Operations Sup-
port, responsible for the operation, maintenance, planning and
control of Range Instrumentation systems operated by RCA dur-
ing launch countdown and tracking operations at the USAF East-
ern Test Range.
Contact him at:
Test Operations Support
Missile Test Project
RCA Service Company
Patrick AFB, Florida
Phone: (305) 494-2624

Command Remoting System

The Command Remoting System is mandatory
instrumentation for all Shuttle launches. This system
allows the Range Safety Officers to remotely control
the Command Control Transmitting System at the
Cape, on Grand Bahama and Wallops Island, and on
Bermuda. Should a malfunction require such action,
the Range Safety Officers are able to terminate the
Shuttle flight.

The Command Remoting System is an LSI-11
based, redundant, computer-communications/con-
trol network. Some of its features are automatic car-
rier control and plus -count adaptive -destruct delay.
Error detection and automatic switching of the
redundant terminals, combined with fail-safe tech-
niques, provide maximum reliability in this critical
system.

RCA MTP was assigned a major role in the hard-
ware and firmware design of this system. The sys-
tem was fabricated, installed and is maintained by
MTP personnel. -Larry Mertens
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K.H. Muller

Launch vehicles
for commercial communications satellites

As more launch systems become available, spacecraft
designers must become more flexible to accommodate them.
Here's a roundup of current launch systems.

Commercial communications satellites
operate in geosynchronous orbit, approx-
imately 22,300 miles (19,323 nautical miles,
or nmi) above the earth's equator. To
"place" a satellite into the correct orbit,
various propulsion systems are required.
The primary launch vehicles available for
communications satellites are the Delta,
the Ariane, and the Space Transportation
System (STS) more popularly known as
the Shuttle. Delta and Ariane place the
spacecraft in a geosynchronous transfer or-
bit that has a perigee (low point) at about
100 to 200 nmi above the earth and an
apogee (high point) at geosynchronous alti-
tude. The STS places a spacecraft into a

Abstract: The author discusses the cap-
ability of the Ariane family of launch vehi-
cles, the Delta family, and the Space
Transportation System (STS) known as
the Space Shuttle. The challenges and
advantages of designing for all vehicles is
described The facilities available at the
Ariane launch site in French Guiana, as
opposed to those at the Kennedy Space
Center, are discussed Comparisons of
spacecraft design requirements are given
in the tables.

11983 RCA Corporation
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low -altitude (about 160-nmi) circular orbit.
An additional propulsion system, a perigee
stage, is needed to impart the required
additional velocity to the spacecraft to place
it into geosynchronous transfer orbit. RCA
provides the spacecraft with an Apogee
Kick Motor (AKM) that then takes the
spacecraft from transfer orbit into a circu-

lar geosynchronous orbit (Fig. 1).
The early RCA Satcoms were launched

by the Delta launch vehicle, and therefore,
the spacecraft was specifically designed and
tested to be compatible with Delta. How-
ever, current communications -satellite pro-
grams, such as GSTAR, Spacenet, Satel-
lite Television Corporation's direct -broad -

APOGEE

GEOSYNCHRONOUS
TRANSFER
ORBIT

STS ORBIT

GEOSYNCHRONOUS
ORBIT

PERIGEE

Fig.1. The various orbit relationships are shown for an idealized communications -
satellite mission. The PKM, or perigee stage, imparts the V1 velocity increment
while the AKM, or apogee kick motor, imparts the V2 velocity increment.
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cast satellite, and advanced Satcom, require
compatibility with at least two and some-
times all three of the primary launch vehi-
cles. Because these launch vehicles have
different structural, thermal, electrical,
safety, rf, and contamination requirements,
the spacecraft design must envelop all the
demands, but is constrained by the most
critical requirement. Launch -vehicle inter-
face requirements have been compiled into
the Library of Space Transportation at
Astro. In addition to the primary launch
vehicles-Delta, Ariane, and STS-the
Titan, Atlas, and Japanese H-1 launch vehi-
cles could be chosen to launch RCA's
spacecraft.

The launch vehicle is chosen by the cus-
tomer. The customer generally prefers to
maintain several launch options to guard
against a delay in his operational program.
For example, GSTAR is to be compatible
with the Delta, the Ariane, the STS with
the perigee -assist module (PAM -D) stage,
and the STS with the PAM -D II perigee
stage. The major technical factor in the
choice of the launch vehicle is its "throw -
weight capability." Table I gives the approx-
imate geosynchronous-transfer-orbit capa-
bility of various launch systems. An allow-
ance has been made for the different launch
sites.

There are also numerous business con-
siderations when selecting the launch ve-
hicles, such as the following: price, launch
date availability, cash flow, added revenue
from greater throw -weight capability, re-
launch policy, and (if considering foreign
launch vehicles) the political risk. A com-
parison of the cost of launch systems is
given in Table II.

Delta

The workhorse launch vehicle for RCA's
satellites has been the Delta launch vehi-
cle. The Delta launch vehicle was derived
from the Thor Ballistic Missile, and, as
Fig. 2 shows, it has had a long history of
space missions. Its development has resulted
in significant payload improvements. Cur-
rently, two versions of the Delta are in
use, the Delta 3910 and the Delta 3920.
The difference between these two vehicles
is in the second stage, as can be seen in
Fig. 3. Either vehicle can be fitted with a
PAM or TE 364-4 third, or perigee stage.
Although the Delta is scheduled for
launches through 1986, many of its pay-
loads have been shifted to the Shuttle. It is
programmed to be phased out by 1986.
Even if NASA phases out of the Delta
launch business, Delta may become the

Table I. Comparative launch weight capability.
Launch system

Delta 3920

STS PAM -D

1/2 Ariane 3 (low)

1/2 Ariane 3 (high)

STS PAM-Dll

STS PAM -A

1/2 Ariane 4t

Weight (Ibs)
Transfer orbit

Weight (lbs)
Geosynchronous orbit *

2800 1460

2765 1455

2513 1468**

2634 1535**

3960 2080

4400 2315

4150 2420

* Assumes optimum AKM.
** Due to location of launch site.
t Under development, available 1986.

Table II. Comparative launch costs.

Launch system

Delta 3910/PAM

Delta 3920/PAM

Delta 3924

STS/ PAM

Ariane

Cost (millions of dollars)

36.0

41.0

37.8

17.5*

31.0

* NASA has increased STS launch costs. Current
projections for 1986 would place this value at
$28.5M.

DELTA 1960
12 MISSIONS

DELTA E, G 1965
25 MISSIONS

ha

DELTA L, M, N (19701 DELTA 2300, 2900
24 MISSIONS 11973)

43 MISSIONS

1

DE LTA 3920
11982)

Fig. 2. The growth history of the Delta launch vehicle is shown. The Delta has
been the primary communications -satellite launch vehicle for over 20 years.
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DELTA 3914

THIRD STAGE
THIOKOL TE364-4

SECOND STAGE
N204/A-50
TRW TR201 ENGINE

FIRST STAGE
LOX/RP-1

ROCKETDYNE RS -27 ENGINE

9 THIOKOL CASTOR IV
SOLID ROCKET MOTORS

SECOND STAGE
N204/A-50
AEROJET ITIP ENGINE

DELTA 3920/PAM

Fig. 3. The Delta is shown with different second and third stages. The third stage is
interchangeable between Deltas.

Table Ill. Space Shuttle system.
Overall length

Height

Payload weight
 Due East
 104°

Orbiter

Length

Wingspan

Payload bay

Main engines (3)
 Vacuum thrust (each)

OMS engines (2)
 Vacuum thrust (each)

RCS

 38 engines
Vacuum thrust (each)

 6 Vernier engines

Weight (inert)

184.2 ft (56.1 m)

76.6 ft (23.3 m)

65,000 lb (29,483 kg)
32,000 lb (14,575 kg)

122.2 ft (37.2 m)

78.1 ft (23.8 m)

15 ft diameter by 60 ft long

470,000 lb (2090.7 kN)

6000 lb (26.7 kN)

870 lb (3869.9 N)
25 lb (111.2 N)

162,000 lb (73,482 kg)

basis for a commercial launcher competi-
tive with Ariane.

Shuttle

The new launch vehicle of the 1980s is
the Space Transportation System (STS).
The STS injects its payloads into a circular
orbit at an altitude of 160 nmi. A perigee
stage and an apogee stage must be pro-
vided.

Although the throw -weight capability
of the Shuttle is 65,000 pounds into the
160-nmi orbit, the communications -satel-
lite weight is limited by the available peri-
gee stages. STS 5 launched two communi-
cations satellites by the use of the PAM -D,
which can place a 2765 -pound spacecraft
in geosynchronous transfer orbit. Other peri-
gee stages and their geosynchronous-trans-
fer-orbit capabilities are as follows: PAM -
D II, 3960 pounds; PAM -A, 4400 pounds;
and IUS (inertial upper stage), 10,000
pounds.

Because the perigee stage represents a
significant portion of the launch costs, has
a great effect on throw -weight capability,
and significantly affects spacecraft design,
RCA Astro is studying the feasibility of
developing a modular liquid -perigee stage.
The liquid -perigee stage would allow "opti-
mizing" a spacecraft design for the Shuttle,
while significantly reducing launch costs.

Table III gives the characteristics of the
STS system, and Fig. 4 gives some of its
payload capabilities. The Shuttle has some
significant capabilities compared to expend-
able launch vehicles. The spacecraft can
be checked out in orbit, before it is sepa-
rated from the Shuttle. A failed compo-
nent could be returned for refurbishment.
Once deployed, repair, replacement of com-
ponents, or recovery of a communications
spacecraft is not economically feasible now
because the Shuttle's orbit is much lower
than that of the satellite. In the future,
many of the Shuttle's unique capabilities
will permit larger antennas, fuel replen-
ishment, and larger spacecraft.

Because of the manned nature of the
Shuttle, its safety requirements are much
more stringent than those of expendable
launch vehicles (ELVs). Thus, spacecraft
design for STS compatibility is more of a
challenge than that for an ELV. Triple -re-
dundant inhibits for pyrotechnic signals,
use of nonflammable materials, and use of
fracture mechanics for structural design are
just some of the restrictions that must be
followed on the Shuttle. RCA Astro's first
Shuttle launch is planned to be the GSTAR-
3 spacecraft in July 1985.
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Ariane
Ariane is a European launch vehicle mar-
keted by a commercial European company,
Arianespace. Ariane has had five flights,
three of which were completely successful.
Our Spacenet and GSTAR customers have
chosen Ariane 3 as the launch vehicle for
their first two spacecraft. These are sched-
uled for launch in 1984.

Ariane is undergoing a development pro-
gram, similar to that of the Delta, to in-
crease its throw -weight capability (Fig. 5).
Ariane 3 will be used for future commer-
cial -satellite launches, sending two payloads
into orbit with its unique SYLDA arrange-
ment (Fig. 6). The Ariane 3 can boost a
single payload, weighing 2634 pounds, into
geosynchronous orbit. Although this is less
than the 2765 -pound throw -weight capa-
bility of the STS/PAM-D, the favorable
location (5.5°N latitude versus 28.5°N lati-
tude) of the Guiana Space Center (CSG)
versus that of Kennedy Space Center (KSC)
results in a geosynchronous-orbit launch
capability of 1535 pounds versus 1455
pounds, respectively. Arianespace is devel-
oping a larger booster called Ariane 4.
This booster will be available in several
versions with either 0, 2, or 4 solid or liq-

SBS -C DF1

11111
TELESAT -E

( STS -6

TDRS-A
OSTA -2

STS -7
- I

TELESAT -F PALAPA B-1

STS -8

INSAT TDRS-B
1-B

' STS 9

SPACELAB 1

4 -

STS -10'

DOD 84-1

Fig. 4. A large variety of spacecraft can be launched by the Shuttle. A representa-
tive STS payload capability is shown.

NEW FAIRING

TANKS STRETCHED BY 1.3m
2 TONS PROPELLANT

+140s THRUST TIME
H8 H10

STAGE STAGE
HM7 ENGINE

30 CHAMBER PRESSURE -35 BARS
60 -EXPANSION RATIO -080

VIKING IV ENGINE
53.5 -CHAMBER

PRESSURE -.58.5 BARS
THRUST INCREASED BY 9.,

UDMH UDMH + HH

4 VIKING V ENGINES
53.5 - CHAMBER

PRESSURE -58.5 BARS
THRUST INCREASED BY 9%

UDMH UDMH + HH

ARIANE 111700 kg)

SAME MODIFICATIONS AS
FOR ARIANE II +2 BOOSTERS

OF 70 TONS THRUST EACH

ARIANE II 12175 kg) ARIANE III 12580 kg)

Fig. 5. The differences between Ariane 1, 2, and 3 are shown. Ariane 3 will fly first
in early 1984 and then will become a commercial spacecraft launcher.

with SYLDA 4400

Fig. 6. This shows the dual -payload ca-
pability of the Ariane 3. The dimensions
are in millimeters.
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KSC

FIRST PROPULSION PHASE

to

SINGLE PROPULSION PHASE

Fig. 7. The launch trajectories for communication satellites from KSC and CSG are
shown. CSG is favorably located for low -inclination or equatorial orbits.

uid boosters. It should provide formidable
competition to the STS and any commer-
cial launch vehicle developed from 1986
on.

Launch site
A discussion of the launch vehicles would
not be complete without brief mention of
the launch sites (Fig. 7). Delta and STS
are launched from KSC in Florida. The
area is well developed and well known,
and launch -site spacecraft integration and
checkout activities present no unique prob-
lems. Ariane is launched from the CSG in
French Guiana on the coast of South
America. The launch -site facilities, such as
a spacecraft preparation and checkout build-
ing, control centers, and a launch tower,
are new, large, and well equipped. How-
ever, CSG is isolated, surrounded by jun-
gle and water, and is not the most desir-
able place to visit or work. For those who
do not speak French, language will be a
problem. While KSC has Disney World
as a tourist attraction, CSG has Devil's
Island.

Karl Muller is a Staff Project Engineer,
Spacecraft Engineering, at RCA Astro-
Electronics. He joined RCA in 1980 and
has been engaged in the integration of
numerous spacecraft with launch systems.
Before joining Astro, he had over 20 years
of experience in the research, develop-
ment, and management of nuclear, ballistic
missile, and power systems for the U.S.
Government. He is currently involved with
the integration of the GSTAR and STC DBS
spacecraft with both Ariane and STS.
Contact him at:
RCA Astro-Electronics
Princeton, N.J.
TAC NET: 229-3154
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J.J. Schwarze

Satellite launching
A combined effort

Here's a step-by-step guide to the activities that precede a
satellite launch, with Americom coordinating the efforts of many
private and government enterprises.

To the general public, launching a spacecraft into orbit, though
a spectacular sight at lift-off, may seem a fairly simple accom-
plishment. You take a spacecraft, mount it on top of a large
rocket, shoot it into space, steer it to the proper location, and
voila: an operational satellite.

Actually, a myriad of activities, occurring simultaneously and
integrated into a master schedule, result in a successful launch
and on -station operational satellite. I will attempt, in a few
pages, to provide an overview of all major events and disciplines
involved both within Americom and by contractors. A typical
time phasing of these events is presented in Fig. 1.

Launch vehicle

All Satcom launches to date have used the Delta 3900 -series
launch vehicles. The 3900 series resulted from a RCA/

Abstract: The launch into orbit about the earth and the ulti-
mate positioning of the satellite at its assigned orbital location,
ready for service as a communications repeater, happens rather
quickly. But it is the culmination of more than two years of both
spacecraft and launch -vehicle preparation, including design
reviews, component assembly and test, and system integration
and test. Launch activities begin in earnest approximately six
weeks before the launch date, with participation not only by a
variety of major and secondary subcontractors, but also by many
units within Americom. Before launch, a special communications
network must be established, ground facilities at control -and -
tracking stations must be checked out and calibrated, and per-
sonnel and equipment readiness must be verified by rehearsal of
all events scheduled from launch to satellite -earth acquisition and
locking. The excitement of the launch period builds to a cre-
scendo at the lift-off of the launch vehicle, slowly wanes during
the following day or two, and builds up again to the firing of the
apogee kick motor (AKM), the deployment of solar arrays, and
the achievement of attitude control with the antenna pointed to
earth. Subsequent activities, during drift orbit to the assigned
longitudinal station and check-out of all spacecraft systems, is
relatively routine.

©1983 RCA Corporation
Final manuscript received December 22. 1982.
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McDonnell Douglas jointly funded development program to
achieve a greater payload (spacecraft) lift-off weight capability
than available from the existing 2900 -series vehicles. The manu-
facturing/test cycle for a Delta launch vehicle is nominally 24
months.

Approximately 10 to 12 weeks before the launch, the vehicle
is received at the launch site (Air Force Eastern Test Range,
Cape Canaveral, Florida) in sections-first stage, second stage,
third stage, and nine solid motor strap-ons. It takes McDonnell
Douglas personnel approximately four and a half weeks to do
some initial equipment installations, to test, to erect the first stage
on the launch pad, to install and align the nine solid strap-ons,
and to mate the second stage. The next four and a half weeks
are devoted to first- and second -stage integration and test, first -
stage fueling, and third -stage mating with the spacecraft.

As the final week begins, the third stage and spacecraft are
mated to the second stage, followed by additional tests and
inspeCtions, second -stage fueling and countdown -sequence rehears-
al. It should be noted that all activities involving hazardous
operations such as fueling, explosive installations and arming, are
performed under the watchful eye of both NASA and Air Force
range -safety personnel.

Three days before launch, a final launch readiness review
(called the T -minus 3 review) is held. The review is conducted
by a NASA review team consisting of specialists in various dis-
ciplines such as hydraulics, structures, electronics, and so on.
Attendees at the review meeting include NASA, Air Force,
McDonnell Douglas, Aerojet, Thiokol, Americom and Astro-
Electronics personnel. McDonnell Douglas and their rocket en-
gine subcontractors report on the status of all systems and review
all first -flight items, significant test discrepancies, and resolution.

A member of Americom's Program Management Organiza-
tion (PMO), the Manager, Launch Vehicles, arrives at the launch
site approximately five weeks before the launch date. The PMO
manager monitors the launch vehicle integration and test pro-
gress, and provides coordination between various disciplines of
NASA, McDonnell Douglas, Astro-Electronics, Americom, and
various service agencies. This coordination includes establishing
schedules for integrated spacecraft and launch -vehicle activities,
and arranging for the facilities, equipment, and support personnel
required for spacecraft activities.

On launch day, final preparations and inspections are corn -
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Launch vehicle

Launch -site preparations
1st -stage erection
9 solid rocket motors-install & align
2nd -stage mating and integration
1st -stage fuel; 3rd-stage/s/c mating
3rd -stage mating; 2nd -stage fuel
Tower removal; countdown; launch

M.O. Network

Software modification & test
TOS: Ship, install, test
Communications links: Install, test
Vernon Valley, South Mountain test/calibration
Rehearsal #1
Rehearsal#2
Dress rehearsal

Spacecraft

AKM preparations
SCS: Ship, install, test
Systems test (Hangar AE)
Fueling, balance, 3rd -stage mating
Launch -pad test, battery conditioning
Launch -mode, pyro/AKM arm

Mission operations

Launch

L6-8 weeks)

-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 1 2 3 4

Launch
Fig. 1. Launch activities schedule. Close coordination of activities on the launch
vehicle, the spacecraft and the ground mission operations network is required to
achieve a scheduled launch.

pleted and the service tower is rolled back from the launch vehi-
cle five or six hours before launch. The Air Force uses periodi-
cally deployed weather balloons to closely monitor wind condi-
tions and to assure that wind shears will not adversely affect the
booster trajectory. Excessively high winds or electrical storms in
the immediate area could cause a postponement of the launch.

Three hours before launch, members of the launch team
assume their stations in the blockhouse at the launch pad, and in
the Mission Director's Center and Data Evaluation Center at
Hangar AE (approximately 2.5 miles from the pad), to begin the
final countdown.* During the countdown, launch vehicle and
spacecraft parameters (pressures, temperatures, and so on) are
monitored continuously and contact is maintained with the
government -tracking network (in Florida, Lesser Antilles Islands,
the South Atlantic, and the Indian Ocean) and the RCA manned
sites (in Italy, Australia, New Jersey, and California) to verify
system readiness. After lift-off, these stations will report on the
vehicle trajectory and the significant events depicted in Table I.

At the time of spacecraft separation, the launch vehicle has
completed its task of placing the spacecraft into an elliptical orbit
(transfer orbit) about the earth having a low altitude (perigee) of
approximately 90 miles and a high altitude (apogee) of approx-
imately 22,300 miles. The transfer -orbit parameters (apogee,
perigee, inclination, and so on) are documented in a standard
Satellite Orbital Parameters Message (SOPM) and transmitted

* Americom's launch -team representative is usually the Vice -President of Technical
Operations, designated "RCA Mission Director." He generally is supported in the
Mission Directors Center by Americom and Astro personnel including Americom's
Space Systems Director. Americom's Launch Vehicles Manager. Astro's Satcom
Program Manager, and other engineering managers from both organizations.

to Vernon Valley Satellite Operations Control Center and the
Intelsat headquarters in Washington D.C. to establish initial
antenna azimuth and elevation at the Intelsat and Americom
tracking sites.

Table I. Significant events: Lift-off to spacecraft separation.
Time after lift-off*

Event (minutes and seconds)

Solid motor burnout (six motors
ignited for lift-off) 0:57
Solid motor ignition (three
remaining solids) 1:02
Solid motor separation (first six
solids) 1:10
Solid motor burnout and sepa-
ration (last three solids) 2 : 02

Main engine cutoff (MECO) 3 : 44

First -stage separation 3 : 52

Second -stage ignition 3 : 57

Fairing separation 4 : 14

Second -stage cutoff 10 : 02

Second -stage restart 20 : 21

Second -stage cutoff 21 : 36

Second -stage separation 22 : 38

Third -stage ignition 23 : 20

Third -stage burnout 24 : 03

Payload (spacecraft) separation 25 : 26

* Times are typical and vary somewhat for specific launches.
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Fig. 2. RCA Satcom telecommunications interfaces. Prior to launch spacecraft
telemetry is transmitted in real time to the Vernon Valley SOCC via land lines.
Telemetry during Transfer Orbit is transmitted via Intelsat satellites from Australia
and Italy to the east and west coast SOCC.

Mission operations network
The mission -operations network encompasses all the terrestrial
facilities and personnel controlling the satellite in the elliptical
transfer orbit provided by the launch vehicle, circularizing its
orbit at geosynchronous altitude (22,300 mi.), and locating it at
the assigned longitudinal orbit position in operational attitude,
that is, antenna boresight on earth and solar array facing the sun.

Equipment in the mission -operations network is widely scat-
tered:
Transfer Orbit Station (TOS) Fucino, Italy
Transfer Orbit Station (TOS) Carnarvon, Australia

Satellite Operations Control
Center (SOCC)

Back-up SOCC and Tracking
Station

Primary Mission Computer
Back-up Mission Computer

Vernon Valley, N.J.

South Mountain, Calif.
Princeton, N.J.
Santa Monica, Calif.

Spacecraft Checkout Station
(SCS)

Intelsat Communications Center

Cape Canaveral, Fla.
Washington, D.C.

Communications

Voice and data communications links between these sites must
be in place and operational six weeks before launch. The Amer-
icom Mission Operations group determines the requirements for
each link and with this information the Wirelines group is
responsible for ordering the end -to -end installations and verifying
proper adjustments and quality tests. Figure 2 is a detailed view
of data circuits only. Note that intersite links are redundant.

Transfer Orbit Stations (TOS)

The TOS equipment contains a computer and transmit -and -re-
ceive equipment. Americom Mission Operations personnel update
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Fig. 3. RCA Satcom F nominal transfer -orbit ground trace.
This chart shows the path traversed by the satellite for the
first orbit and a half, and the contact times (in minutes after
lift-off) for the Transfer Orbit stations at Carnarvon, Australia,
Fucino, Italy; Vernon Valley, New Jersey; and South Moun-
tain, California.

the computer software for compatibility with the spacecraft
being launched, calibrate and test the stations, and deliver them
to RCA Astro-Electronics. Astro packs and ships the stations to
Fucino and Carnarvon and integrates them with the leased Intel-
sat tracking antennas. Each station is manned by Astro person-
nel familiar with both hardware and software. The TOS provide
Vernon Valley SOCC with orbit parameters and satellite teleme-
try acquired during that portion of the transfer orbit that each
station "views" the satellite. Figure 3 shows typical "viewing"
times for the TOS sites (as well as Vernon Valley and South
Mountain) during the first one and a half orbits.

Mission computer

More commonly referred to as the off-line computer, this is the
principal tool used by Astro mission analysts to determine pre-
cise orbit parameters and satellite attitude, and to plan transfer
orbit maneuvers such as spin -rate trim, satellite precessions, and

LEGEND - VERNON VALLEY (VV) IN CONTACT
SOUTH MOUNTAIN ISM) IN CONTACT
CARNAR VON (C) IN CONTACT
FUCINO IF) IN CONTACT

Apogee Kick Motor (AKM) firing. Before each launch, the mis-
sion -computer software must be modified for compatibility with
the spacecraft being launched and the planned launch vehicle
trajectory. After modification, validation testing is performed on
the primary computer located at Americom headquarters in
Princeton and the back-up computer located at the subcontrac-
tor facility in Santa Monica, California. During the rehearsals
and the launch period, subcontractor hardware and software
personnel are standing by both computers to perform immediate
maintenance if required. Americom analysts are stationed at
Vernon Valley to assist the Astro mission analysts in executing
the programs from remote terminals.

Satellite Operations Control Center (SOCC)

The Vernon Valley and South Mountain earth stations are the
control sites for all Satcom operational satellites. Tracking, tele-
metry and command equipment at the two sites are essentially
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identical. Although the equipment is in continuous use except for
periodic preventive maintenance, a detailed validation test is per-
formed by Spacecraft Operations and Mission Operations per-
sonnel six or seven weeks before launch. During the validation,
the frequencies, signal levels and path losses are calibrated. Prior
to station validation, modifications to the "real-time" operational
software required for the new satellite are incorporated and
tested by software personnel from Mission Operations.

Rehearsals

Approximately six weeks before launch, with equipment at all
sites checked out and intersite voice/data lines in place and
operational, the first of three launch rehearsals is held. The
rehearsal is conducted with personnel at their assigned stations at
Vernon Valley, South Mountain, Carnarvon, Fucino, Cape Can-
averal, Princeton, and Santa Monica. The rehearsal serves three
purposes: (1) a functional test of the entire integrated system, (2)
a "dry run" of procedures, and (3) a familiarization of all per-
sonnel with the detailed tasks to be performed during, and sub-
sequent to, launch.

This rehearsal, which takes approximately one week, is super-
vised by the Astro Mission Director and is basically a dry run of

all events that are to take place between lift-off and station
acquisition. All irregularities or anomalies are recorded, and the
next two weeks are devoted to determining the cause of prob-
lems (equipment, software, procedure, operator error) and mak-
ing required fixes.

A second rehearsal is held approximately three weeks before
launch and, again, all problems are documented for correction at
the conclusion of the rehearsal.

The first two rehearsals are conducted during twelve-hour
work days, and the sequence of events rehearsed is at the discre-
tion of the Astro Mission Director. The third and final "dress
rehearsal" is started four days before launch. It runs twenty-four
hours a day, following the mission time line precisely as sche-
duled for the actual events that are to occur from lift-off to
AKM firing. During the dress rehearsal all Americom, Astro and
subcontractor -support personnel participate on their assigned shifts
(two twelve-hour shifts). The dress rehearsal is usually concluded
twelve to twenty-four hours before launch.

Spacecraft
At the conclusion of a 24- to 30 -month design, build, and test
period, the spacecraft is placed in a protective, environmentally
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controlled container, and shipped via air -bearing truck to Han-
gar AE at the Cape Canaveral launch site. (The nominal time of
arrival at the site is 4 weeks before launch). The spacecraft is
unpacked, inspected, and readied for test by Astro personnel,
monitored by Americom Quality Assurance personnel. The test
equipment (Spacecraft Checkout Station or SCS) arrives at the
launch site about one week before the spacecraft and is set up
and calibrated. Subsystem performance tests are conducted by
the Astro test team and monitored by Americom Spacecraft
Engineering and Quality Assurance. Spacecraft telemetry data is
transmitted to Vernon Valley SOCC during this period as an
additional check of the telemetry -processing system.

Upon completion of the electrical subsystem testing and a
pressure test of the Reaction Control System (RCS), the space-
craft is again placed in the shipping container and transported to
the Delta spin -test facility. Here, the spacecraft is weighed, and
hydrazine propellant is loaded, and the RCS system is pressur-
ized to 30 psi. The AKM, which arrives at the launch site one to
two weeks ahead of the spacecraft for checkout and preparation,
is then mounted in the center cylinder of the spacecraft. The
assembly is then placed on a spin -balance machine, rotated at
approximately 60 rpm, and appropriate weights added to the
spacecraft to achieve a dynamic balance. The spacecraft is then
mated to the third -stage motor and the entire assembly is trans-
ported to the launch pad and mated atop the second stage of the
launch vehicle. Functional tests are conducted from the SCS in
Hangar AE via an rf link to the pad, and the battery condition-
ing and AKM safe and arm equipment located in the block-
house is checked out. The RCS system is then topped off to a final
pressure of 350 psi. Approximately three days before the launch
the fairing is installed, leaving limited access to the spacecraft via
conveniently located access holes. Approximately seven hours
before the start of the terminal countdown, harness connections
are made to place the AKM safe and arm, and the spacecraft
pyrotechnic circuits, on internal battery power. The access holes
are then sealed and the spacecraft system is placed in launch
configuration. Spacecraft telemetry is continuously monitored at
Hangar AE and also transmitted to Vernon Valley. SCS person-
nel periodically report spacecraft status during the terminal count-
down to the RCA team in the Mission Directors Center. This
team usually consists of Americom's V.P. Technical Operations,
Space Systems Director, Launch Vehicles Program Manager,
Astro's Satcom Program Manager, and several support personnel
from both organizations. Five or six minutes after lift-off, teleme-
try contact is lost.

Mission operations
Once the launch vehicle has placed the spacecraft in orbit about
the earth, it is now considered a satellite. The first contact from
the satellite is made by the Carnarvon TOS approximately two
hours after lift-off. Telemetry data is relayed to the SOCC for
review by the Astro analysts. The Carnarvon controller com-
mands the satellite into the Transfer Orbit mode, that is, momen-
tum wheels off, horizon and sun sensor on.Tracking and attitude
data are compiled and transferred to the mission computer for
orbit and attitude determination. From this information, anten-
na -pointing angles and contact times for the four tracking sites
are updated. This process is repeated with data obtained from
each of the sites.

After the satellite reaches the first apogee, the controllers at
the SOCC initiate a 90° reorientation of the satellite (momen-
tum vector to negative orbit normal) to improve communica-

tions and sensor geometry. The satellite is again reoriented near
the third apogee to the proper AKM firing attitude. During ensu-
ing orbits, ranging and attitude data are processed and spin -rate
and attitude adjustments are made as required. At the selected
apogee (typically the seventh for Satcom satellites), the AKM is
fired and the satellite's orbit is circularized at geostationary alti-
tude. The satellite spin rate is reduced to 10 rpm and is reor-
iented with the momentum vector at positive orbit normal.
From this attitude the "dual -spin turn" is initiated by turning on
the momentum wheels at high speed and the satellite precesses
to an attitude with the communications antenna facing earth.
After a final despin operation, the solar arrays are deployed and
oriented facing the sun. The earth sensor is then activated and
the attitude -control system "locks on" to the earth.

The time from lift-off to earth acquisition is usually three to
four days. During this time, the Americom Spacecraft Opera-
tions personnel continue to monitor and control the operational
Satcom satellites (four operational satellites at the time of Sat -
corn V launch in October 1982) while assisting the Astro Mis-
sion Operations team in commanding and telemetry processing
of the newly launched satellite.

Once in geostationary orbit, the satellite is considered in the
"drift orbit" phase, that is, it will drift from the longitudinal posi-
tion achieved at AKM-fire at an inherent drift rate and
direction determined by its actual altitude above or below the
precise geosynchronous altitude. From that point, the drift rate
and direction may be adjusted by firing appropriate thrusters.
After four to six weeks of testing to verify performance of all
subsystems (including redundancies), the satellite is ready for
operation as a communications repeater.

Joe Schwarze is Director, Space Systems, in Americom's Tech-
nical Operations Department at Princeton. His section is respon-
sible for procurement, launch and operation of satellites in Amer-
icom's Satcom system. Since joining RCA in February 1974, he
has been involved in spacecraft design approval, manufacture,
test, launch, and in -orbit operation of Satcoms I through V, which
are now operational. He is currently working on Satcom IR and
IIR to be launched in April and August 1983, and on the definition
and procurement initiation of the next generation of Satcom satel-
lites, which will operate at Ku band. He received the B.E.E. degree
from Brooklyn Polytechnic Institute in 1964.
Contact him at:
RCA American Communications
Princeton, N.J.
TACNET: 258-4112

82 RCA Engineer  28-2 March/April 1983



A Rosenberg D.B. Hogan

Passive and active sounding from satellites
for atmospheric temperatures and constitutents

Whether a sensor passively detects atmospheric properties or a
laser actively probes them, the theory and operation of these
-remote sensors" are becoming a hot topic. Temperature and
water vapor are taken here as examples that can apply to other
atmospheric properties.

The quality of weather forecasts depends on the quality of the
meteorological data from which the predictions are made. Satel-
lites provide ideal platforms from which to collect this informa-
tion because of their large areas of coverage, and because of their
frequent or even continual observations. Sensors on such satel-
lites must determine the atmospheric properties-from a remote
location-by detecting and measuring electromagnetic radiation
that has interacted with the atmosphere. Such remote sensors are
classified as either active or passive, depending on whether they
produce the electromagnetic radiation themselves (active), or
merely detect that which occurs naturally (passive).

All current spaceborne meteorological instruments are passive
sensors. Such sensors are playing an increasingly important role
in the forecast system. However, they are rapidly approaching
their theoretical limits of performance in terms of accuracy and,
most significantly, their ability to resolve the vertical structure of
the atmosphere. Active sensors based on lasers can overcome
these limitations, and will represent the next advance in space -
borne remote -sensing technology.

This article discusses the techniques by which active and pas -

Abstract: The passive sounders aboard the DMSP and NOA A
satellites provide information about atmospheric temperature pro-
files, moisture content, and ozone burden. The physical principles
of these sounders, the data -retrieval techniques, and the mea-
surement limitations will be discussed An analysis of the ca-
pability of the DMSP sounder to provide water -vapor profiles,
performed recently at RCA Astro-Electronics, will be presented
Active laser sensors, known as lidar systems, (Light Detection
And Ranging), can potentially overcome the deficiencies of pas-
sive sounders, most importantly by an improved capability for
resolving vertical atmospheric structure. The physical principles
of lidar sensors, as well as Astro's role in the development of
these systems, will be described

©1983 RCA Corporation
Final manuscript received March 4. 1983.
Reprint RE -28-2-13

sive instruments determine two important meteorological parame-
ters: the vertical structures of temperature and humidity. First,
the physical basis of passive temperature and moisture sounding
is developed. Then, some specific algorithms that are used to
estimate these profiles are presented. Once the abilities of passive
sensing techniques are explained, the theory of active laser -based
sounding is discussed. Finally, Astro's role in the development of
this new generation of remote sensors is highlighted.

Passive sounders

A passive sounder measures the net upwelling radiation being
emitted and reflected by the earth and the atmosphere in specific
spectral bands called channels. The measuring device can be a
Fourier -transform interferometer, a grating or prism spectrome-
ter, or a radiometer that consists of a detector or detectors with a
rotating filter wheel.

The theoretical basis of retrieving atmospheric temperature
and constituent profiles from passive -sounding data is embedded
in the radiative transfer equation (RTE) that relates the radiance
R which is the measured radiation in channel i, to the state of
the atmosphere and the earth.

The measured radiance in channel i R, in the atmosphere, can
be written formally as the sum of various measurable terms.
These contributions include energy emitted by the earth, the
upwelling atmospheric emission, the downward atmospheric emis-
sion reflected by the earth, the sun radiation reflected by the
earth and scattered by the atmosphere, and the deep -space 4 -
Kelvin radiation reflected by the earth. Each of these terms
depends to some extent on the state of the atmosphere, that is,
the vertical temperature and species profiles and the aerosol dis-
tribution. Clearly, to extract atmospheric information from ob-
served radiances in a number of channels is an enormous task,
unless we carefully choose the spectral bands of the channels to
minimize the contribution of most of the terms in the equation.
In this paper, we shall limit our discussion to temperature and
humidity sounders in which the main contribution to the radiance
is from the radiation emitted by the earth and by the atmosphere.

RCA Engineer  28-2  March/April 1983 83



10

100

1000
0 2 4

B i).7%;)111 P

Fig. 1. HIRS weighting functions for the primary sounding
channels. The weighting functions show the contribution
from each level to the measured radiation (adapted from
W.L. Smith, H.M. Woolf, C.M Hayden, D.Q. Wark, and L.M.
McMillan, "The TIROS -N Operational Vertical Sounder,"Bull.
Am. Meteor. Soc., Vol. 10, pp. 1177-1187, October 1979).
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The radiative transfer equation

In the spectral region from 30 to lOpm, assuming local thermo-
dynamic equilibrium, to a very good approximation, the radia-
tive transfer equation can be written as,

R. + B[T(P), ilrd log P (1)
log P, i)logP

where f, is the emissivity of the earth surface, B[ Tv] is the
Planck function, v, is the center frequency of channel i, T. is the
temperature of the ground, T(P) is the temperature at pressure
level P, P, and P,, are the pressures at the surface and at the
satellite altitude, respectively, and r(P) is the frequency -averaged
transmission from the top of the atmosphere to pressure P.

The transmission function r(P) is a key factor in selecting the
spectral bands of the different channels. In general, r(P) is a
function of the molecular species and the temperature. However,
for channels with a wide spectral band (greater than 10 cm '),
the function r(P) has only a slight dependence on the tempera-
ture. The atmospheric temperature information is contained
mainly in the Planck function in Equation (1), while the infor-
mation on the distribution of molecular species is contained only
in the transmission function.

Although the contribution to the measured radiance is from
the entire atmosphere, limited information about the vertical
structure of the atmosphere can be obtained by measuring radi-
ances at different channels. However, the channels must be
chosen in such a way that the main contribution to the radiances
of the different channels comes from different atmospheric lay-

HIRS
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Fig. 2. HIRS normalized temperature sensitivity functions.
These sensitivity functions indicate the relative change in
radiance due to a change in atmospheric temperature at
each level (adapted from J. Susskind, A. Rosenberg, and
L.D. Kaplan, "Advanced Meteorological Temperature Sounder
(AMTS) Simulations," Fourth National Aeronautics and Space
Administration Weather and Climate Conference, printed in
program Review, pp. 191-197, Goddard Space Flight Cen-
ter, Greenbelt, Maryland, January 1979).

ers. The contribution at any level is determined by the integrand
in Equation (1). This function is known as the weighting func-
tion and, in general, peaks at different values of P for each
channel.

Temperature sounding

For temperature sounding, sensors must "probe" the atmosphere
in spectral bandpasses in which the main absorber is a molecular
species with a constant mixing ratio. A natural candidate is car-
bon dioxide, which has a constant mixing ratio of about 330
ppm. As an example, the high -resolution infrared sounder (HIRS)
aboard NOAA satellites, part of the TIROS -N vertical opera-
tional sounder (TVOS), contains 20 channels, 10 of which are in
CO, bands.

To evaluate the capabilities of the sounder to retrieve vertical
temperature profiles, examine the properties of the different
channels in relation to the observed radiance as given by Eq. (1).
In particular, we analyze the following parameters.

 The weighting function B[T(P), ar(P)/ a log P versus log
P, which indicates the contribution to the observed radiance of
the different atmospheric layers.
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Table I. Characteristics of the SSH/2 Sounder.

Channel
number

Wavelength Wavenumber
(pm) (cm -1)

Halfwidth
(cm -1)

Principal
absorbing

species

1 13.4 747 12.5 CO2

2 13.7 731 12.5 CO2

3 14.1 708 12.5 CO2

4 14.4 695 12.5 CO2

5 14.8 676 12.5 CO2

6 15.0 688.5 3.0 CO2

7 12.5 797 12.5 H2O

8 18.7 535 15.0 H2O

9 20.1 497 17.0 H2O

10 24.5 408 14.0 H2 0

11 22.7 441 20.0 H2 0

12 23.9 420 22.0 H2O

13 25.2 397 12.5 H2O

14 28.3 353 14.0 H2O

 The function 812,/aT versus log P, which gives the sensitivity
of the radiance to changes in temperature at different layers.

 The effects of other gases with nonuniform mixing ratios on
the observed radiances.

Figures 1 and 2 give the normalized weighting function and
sensitivity functions for the CO, channels of the HIRS instru-
ments. Both functions peak at different pressure layers for the
various channels. For example, most of the contribution to the
radiance of channel 1 is from the stratosphere, while most of
contribution to channel 8 is from the lower troposphere. These
two channels are also sensitive to changes in temperature in this
region. However, channels 3 and 4 exhibit broadly overlapping
weighting and sensitivity functions. Consequently, the informa-
tion contained in these channels is to some extent redundant and
provides only the average temperature over a large atmospheric
layer. It is the widths of the weighting function and of the sensi-
tivity functions that limit the vertical resolution of a passive
sounder. The width of the weighting functions of the HIRS
channels is partially a result of the broad spectral band of the
channel. However, the width of the weighting functions of a
passive sounder has a theoretical limit that is about 50 to 75
percent of the scale height of the parameter to be measured. For
temperature sounding, this limit is about 4 to 6 km, which gives
the theoretical vertical resolution of a passive sounder.

Some of the channels of HIRS are contaminated by H2O and
N20. To use these channels for temperature retrievals, we must
know the distribution of these two molecules.

Humidity sounders

For moisture sounding, we select a spectral region with water -
vapor absorption bands. The HIRS instrument, for example,
contains three water -vapor channels in the 7-µm region. The
Special Sensor H2 (SSH/2) aboard the DMSP satellite contains
eight water -vapor channels in the 20-30 µm pure -rotational
band of water. Table I gives a list of these channels and their
spectral characteristics. To evaluate the capability of these chan-
nels to retrieve water -vapor profiles, we must analyze the shape
of the integrand in Equation (1) and the sensitivity of the differ -
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Fig. 3. SSH/2 weighting functions for channels 8 and 13 for
three model atmospheres. Note the shift towards lower pres-
sures for the peak in each weighting function, for model
atmospheres with large amounts of water vapor (tropical),
relative to drier models (arctic).

ent channels to changes in the amount of water vapor and to
changes in temperature. These analyses have recently been per-
formed at Astro.

The weighting function /3[T(P), v,]dt(P)/ dlnp is used for the
different channels. For temperature -sounding channels, these func-
tions depend only slightly on the atmospheric profiles. However,
for water -vapor sounding channels, these functions depend strong-
ly on the atmospheric profile as is illustrated in Fig. 3, which
shows the weighting functions characteristic of three climatologi-
cal regions.

In water -vapor sounding channels, unlike temperature -sound-
ing channels, the relative contribution to the radiance from dif-
ferent atmospheric layers depends strongly on the parameter to
be retrieved, that is, the water -vapor content. Therefore, it is

difficult to match, or map, the sounding channels to the different
atmospheric layers without some prior knowledge of the atmos-
pheric water -vapor profile. As in the case of the HIRS tempera-
ture -sounding channels, the weighting functions are very wide
and some of them overlap.

The sensitivity of the measured radiance to changes in water
vapor and temperature is shown in Fig. 4. Figure 4 clearly indi-
cates that none of the channels is sensitive to changes in water
vapor near the surface. Even channels 7 and 8 -considered to
be surface -sounding channels since most of their contribution to
the radiance is from the lower atmospheric layers -are not sensi-
tive to water -vapor changes in this region. This differs from the
temperature -sounding channels, where the sensitivity functions
are very similar in shape to the weighting functions. This lack of
sensitivity to changes of water vapor near the surface is not
unique to the SSH/2. In general, any passive sounder operating
in a spectral region for which the emissivity is close to unity is
insensitive to changes in the concentration of atmospheric con-
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Fig. 4. SSH/2 normalized water -vapor sensitivity functions.
None of the channels respond to water -vapor changes near
the surface (about 1000 mb).

stituents near the surface of the earth. The reason is that when a
change occurs in the amount of a trace constituent near the sur-
face, each of the terms in Equation (1) changes by almost the
same magnitude, but with opposite sign. Consequently, the net
change in the measured radiance is very small.

Because most of the atmospheric moisture is near the surface,
a passive sounder's ability to retrieve the total content of water
vapor in the atmosphere is very limited. The lack of sensitivity of
the channels means that the sounder must rely on indirect means
to determine lower -tropospheric water -vapor profiles. In the
region between 400 and 700 millibars (about 3 to 7 kilometers
above the surface), the sensitivity is higher, and the moisture
profile in this region can be retrieved by nonlinear methods for
solving the radiative transfer equation.

Retrieval techniques

Two basic approaches are used to retrieve atmospheric informa-
tion from observed radiances. In one class of methods, referred
to as statistical methods, the physics of the atmosphere via the
RTE does not enter directly into the solution. One merely corre-
lates the state of the atmosphere, that is, temperature or/and
humidity profiles, to the observed radiances. The correlations are
obtained from a set of in situ ground -truth measurements of the
atmosphere and a set of observed radiances that are collocated in
time and space with these measurements. In the other approach,
known as physical retrieval methods, Equation (1), or some
approximation to it, is solved simultaneously for all the observed
radiances.

Temperature retrievals

The discussion will now turn to the specific problem of deter-
mining temperature profiles. The simplest approach is to assume

a linear relationship between the radiance measurements and the
temperature at a fixed number of levels throughout the atmos-
phere. This relationship can be represented as,

.AT = C AR (2)

where AT is a column vector of temperature deviations from
some mean value of each level, AR is a column vector of
radiance deviations from some mean value for each channel, and
C is a matrix that maps the measurements onto the retrieved
profiles. One approach to deriving a solution matrix C is to
discretize the integral in Equation (1), and write it as a sum.
Then, the resulting equation is linearized around some standard
value. We may now write,

AR D AT (3)

This approximation assumes that the levels are thin, the depen-
dence of the weighting functions on temperature is small, and
the true profile is close to the standard profile. These assump-
tions are generally reasonable ones for channels used in the
sounding of temperature.

One way to derive C is to find the least -squares solution of
the matrix Equation (3). Almost invariably the solution from
this procedure "blows up"; a matrix inversion is attempted on a
singular matrix, or one that is so nearly singular (for the pur-
poses of the computer you are working on) that a "divide by
zero" results. This is the mathematical consequence of trying to
determine a solution from a small number of redundant observa-
tions, without incorporating additional information. The tech-
niques used to include the additional information required for
solution are referred to as Constrained Linear Inversions. A typi-
cal case occurs when one has available a "first -guess" profile that
is believed to be reasonably close to the true profile. The con-
straint then requires that the retrieved profile not deviate too
much from the "first -guess" profile. Another often -used con-
straint minimizes the first derivative of the retrieved profile (and
thereby eliminates highly oscillatory solutions). Often, constraints
with less easily identifiable, but nevertheless real, physical conse-
quences are used.

The inversion techniques just discussed are physically based
inversions, because recourse is made to the radiative transfer
equation (1) in the solution. Another approach to determining
the matrix C in Equation (2) is to rely on statistics. A set of in
situ measurements (most likely made with balloon -borne instru-
ments) is correlated with simultaneous measurements made by a
satellite. Again, the most straightforward approach-a least -
squares solution-meets with disaster. That this technique should
befall the same fate as the linear, physically based retrievals may
at first seem surprising, but on further thought we realize that it
should have been expected. The recourse to statistics does not
eliminate the physical reasons the solution "blew up," but rather
embeds the physics in the correlation matrices. Techniques sim-
ilar to those used in constrained linear inversion are also appli-
cable here, but the physical consequences are not as readily
apparent.

Statistical inversion techniques are computationally efficient,
and essentially self -calibrating. However, one major drawback
concerns the statistics-are they truly representative? Good solu-
tions require that the observations used in deriving the matrix C
should come from nearly the same climate as that to which the
matrix is applied for a retrieval. Otherwise, for example, a C
matrix derived from profiles taken over Siberia will do extremely
poorly when used to estimate the temperature over the Indian
Ocean. This creates a dilemma: Accurate profiles are most
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needed in those areas where the statistics are the poorest (over
the oceans and unpopulated regions). Thus, even though a statis-
tical technique is currently being used operationally by the
National Weather Service to process profiles obtained from the
TIROS satellites, further progress in retrieval accuracy must
resort to retrievals based on physical principles.

So far, this section has been concerned with linear techniques.
Statistical methods can be extended to nonlinear prediction, but
with little or no benefit. Such is not the case for the physical
retrieval techniques.

Because Equation (1) is too complicated to enable one to
write down an analytical solution, it must be solved iteratively;
hence, the name nonlinear iterative retrieval techniques. An
initial profile (actually a vector consisting of the temperature at
each vertical level in the coordinate system) must be obtained.
Call this profile 71,. Since, for temperature sounding, we are deal-
ing with absorbing gases of constant mixing ratio (CO2 for the
HIRS instrument), the radiance for each channel can be esti-
mated by applying Equation (1). Let the resulting estimated
radiance be a vector R,,. Now the iterative solution may be
expressed as some function G of the previous guess, the corres-
ponding estimated radiances, and the measured radiances.

The function G is the relaxation formula. This procedure is
continued until some criteria for stopping are met. The criteria
must consider several cases:

 The solution has converged to within the noise level of the
instrument;

 The procedure is diverging; and

 The solution has stopped converging, but is not within the
noise level.

The first case indicates success of the technique; the remaining
two cases show various degrees of failure. Convergence, how-
ever, does not guarantee that the retrieved profile is accurate.
The non -uniqueness of solutions to (1) is evident here also.

Nonlinear iterative methods tend to exhibit a high degree of
dependence on the first guess. In other words, the final solution
is very similar to the first -guess profile. This is the price that must
be paid to obtain any solution at all-remember the tendency of
the linear solutions to "blow up." Also, as might be expected,
the procedures usually require more computer time than linear
techniques.

Water -vapor retrievals

Much of what was said concerning temperature -profile retrievals
can also be applied to water -vapor -profile retrievals. However, a
number of differences make the task even more difficult. First,
information desired is contained in the transmission term, not in
the Planck function as was the case for temperature channels.
The dependence of this term on water -vapor concentration is
extremely complicated. A more serious problem relates to the
sensitivity-actually a lack thereof-of the moisture channels.
As was mentioned previously, any infrared water -vapor sounder
will have very limited sensitivity to water -vapor changes near the
surface. This is unfortunate, because most of the water vapor is
found near the surface.

Because of these complications, one is tempted to try a statis-
tical solution. If such a solution is attempted using only the
radiances from the water -vapor channels, the results are rather
poor. Adding the CO, sounding channels to the linear statistical
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Fig. 5. Simulation procedure for evaluation of water -vapor
retrieval accuracy. The true water -vapor profiles were com-
pared to those computed from the calculated radiances
(including simulated measurement noise) by the retrieval
algorithms.

prediction matrix-Equation (3)-improves the accuracy mark-
edly. Reasonable results are obtained even for levels near the
surface. This improvement results primarily because of statistical
correlations between water vapor and temperature: On average,
the higher the temperature, the more moisture is contained in the
air.

Linear physical methods are not suited to moisture retrievals
because of the extreme variation of water -vapor densities. Such
variations are not consistent with the assumptions required to
linearize the problem.

At Astro we have* been developing a technique to retrieve
moisture profiles. The technique combines a statistical with a
nonlinear iterative relaxation method. The method was devel-
oped specifically for the SSH/2 infrared sounder on the DMSP
series of satellites, but it has applications to any constituent pro-
file retrieval in the infrared or microwave region.

Our approach consists of obtaining a statistical profile esti-
mate. This estimate is used as a first guess to a nonlinear iterative
relaxation technique. This relaxation method is constrained to
modify the first -guess profile only in regions where the water -
vapor channel radiances have a high sensitivity to water -vapor
changes. We accept the fact that, due to the lack of direct infor-
mation on surface water vapor, a statistical prediction is the best
we can do there. At other levels, the statistically derived profiles
are reasonably accurate, but could be improved further.

As a necessary prerequisite to this study, an algorithm that
permits the rapid computation of the atmospheric transmission
in each of the channels of the SSH/2 was developed. This
"Rapid Algorithm" was necessary because the more exact calcu-
lation of transmittance, which resorts to detailed calculations for
each spectral line, takes many minutes of computer time for each
channel.

The statistical first -guess procedure is very similar to the tech-
nique developed by Smith and Woolf and used by the National
Weather Service for obtaining temperature profiles. Since the
SSH/2 is not yet operational, simulation procedures were used
to test the method's accuracy. Figure 5 gives an outline.

The statistical first -guess gave profiles with accuracies of about
30 to 35 percent throughout most of the troposphere. Two
relaxation algorithms were developed at Astro. Both algorithms
behaved similarly and were able to improve the results in the
middle troposphere-approximately 2 to 7 km above the earth's
surface-by about another 10 percent.

Near the surface and at upper levels, neither procedure was
able to improve on the profiles obtained by the statistical method.
This is exactly what was expected from the sensitivity analysis
that was discussed in the section on humidity sounders.
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Active sounders
The current limitations of passive temperature and humidity
sounders is twofold. First, the signal-to-noise ratio is poor. This
degrades the accuracy of the retrieved parameters. Most impor-
tantly, the weighting functions of the channels are broad, which
results in a poor vertical resolution. Although the weighting
functions can be narrowed to some extent, by a careful selection
of narrow spectral band channels, or by using interferometric
techniques, there is a theoretical limit to the width of the func-
tions. This is a property of the atmosphere, not of the instrument.
Furthermore, for moisture retrievals, passive sounders (with the
possible exception of microwave sounders over oceans) do not
have sensitivity near the surface. Active remote sensing is not
constrained by the same limitations, and hence the possibility
exists of improving on the performance of current sensors by the
use of active systems. Our discussion will be limited to active
sensors based on laser sources and lidar systems. As the name
suggests, lidars (for Light Detection and Ranging) are essentially
radars operating in the visible or infrared region.

The lidar equation

A lidar system contains a pulsed laser source(s), a telescope, and
an electronic gating detection system that can measure, as a func-
tion of time, the laser radiation reflected by the atmospheric
aerosols and molecules . A schematic diagram of a lidar system
is shown in Fig. 6. Lidar's ability to measure the scattered radia-
tion for a well-defined atmospheric layer allows enhanced verti-
cal resolution sensing capability. The theoretical vertical resolu-
tion is half of the pulse width. For a 20-ns pulse, the theoretical
vertical resolution is 3 m. But time averaging, which is necessary
to decrease the noise, degrades the vertical resolution. In general,
1 -to 2 -km vertical resolution is sufficient for remote sensing from
space platforms.

RECEIVER &
DETECTOR

RANGE IS DETERMINED BY TIME
IT TAKES LIGHT TO TRAVEL FROM
R TOR+ -R.

SCATTERING CELL
RANGE R

SCATTERING CELL
RANGE R+ ..NR

The lidar equation, the theoretical basis for active remote sens-
ing, can be written as follows

P,-(v',R)= P,(v)[)3,,(v,R)± p,(R)a,(v',R)1(A/R2)

r(v,R)r(v' ,R) AR  G
where P,(v',R) and P,(v,R) are the received and transmitted
power at frequencies v' and v, respectively, R is the distance
from the lidar to the atmospheric layer to be probed, 0( v,R) is
the back -scattering coefficient of the atmospheric aerosols, p, is
the density and u, is the scattering cross section of the molecular
species i, A is area of the telescope, r(v,R) and T(/ ,R) are the
atmospheric transmittance at frequencies v' and v, and G is a
system calibration factor. While P,(1/ ,R) is the measured quan-
tity of the lidar system, the atmospheric information is contained
in the terms [3(v,R),p,(R),a,(v'),r(v,R) and r(v',R). Several
methods were proposed in the literature to extract atmospheric
parameters from these terms. For example, by measuring the
return signal at the Raman -shifted frequency v'= v-v, where
v, is a vibrational transition of water, or a rotational transition
of nitrogen or oxygen, it is possible to get information about
moisture content from p,{R) or temperature profiles from the
Raman scattering cross section cr,(v',R). This method is probably
not applicable for remote sensing from space because the Raman
cross section is very small. Another technique for temperature
and humidity measurement, which is more promising for space
application, is known as the DIAL (Differential Absorption
Lidar). In this method the return signal is detected at the same
frequency as the transmitted signal, V = v.

The DIAL technique

The basic principle of DIAL consists of measuring the absorp-
tion at a single frequency due to a single spectral line. The
absorption due to a single line depends primarily on three fac-

LASER
TRANSMITTER

FREQUENCY OF TRANSMISSION:

Ni LINE CENTER OF MOLECULE
No NEARBY REGION OF LOW

ABSORPTION

>SCATTERING IS FROM
AEROSOLS AND MOLECULES
IN RANGE CELL

Fig. 6. Principle of lidar measurements. The laser transmitter and receiver are at
the same location. Time gating of the detector allows precise determination of
range.
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tors: the concentration of absorber in the path, its temperature,
and the total pressure. For the case of absorption at a line center,
where the primary spectral broadening mechanism is due to
molecular collisions (pressure broadening), the dependence on
pressure is dropped. The strategy of the DIAL technique can
now be seen:

 By selecting a spectral line where the dependence on tempera-
ture is small, the concentration of the absorbing gas can be
determined.

 Temperature can he measured by selecting an absorbing gas
with a constant concentration and a high sensitivity to tempera-
ture.

To determine the absorption due to a single spectral line, the
effects of all other lines and gases as well as the dependence of
the return signal on the total scattering, must be eliminated. This
is accomplished by transmitting laser pulses at two frequencies.
The first frequency corresponds to the center of an absorption
line. The second is in a nearby spectral region of only back-
ground absorption. Because the variation in absorption of a line
near its center is very large, one is able to select his second
frequency so that the effects of other lines and gases are approx-
imately constant at the two frequencies. The ratio of the detected
power at these two frequencies, known as the on-line and off-
line pulses, then yields the transmission due to the single line
alone. Further, by gating the detector in time one can determine
the absorption at any range from the laser.

Figure 7 illustrates the principle of these measurement strate-
gies. The normalized absorption for three selected lines in the
720-nm region is shown. The line on the left has a positive
dependence of absorption on temperature, while the one in the
center has a negative dependence. It can be seen that the effect
of temperature extends throughout the line, but that it is strong-
est at the center. The residual absorption shown in the line wings
is due to the sum of the wing absorption due to all of the lines in
the band. The last line shown on the left is selected so that its
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temperature dependence is near zero. Such a line would be
selected for the determination of absorber concentration.

A third strategy, investigated in depth at Astro, consists of
determining both the temperature and absorber amounts. Use of
two on-line off-line pairs permits the simultaneous measurement
of both these parameters. Actually, only three frequencies are
needed since the same off-line frequency can be used for the
calibration of both on-line signals. This three -frequency DIAL
technique was analyzed for the measurement of temperature and
humidity, using two water -vapor lines in the 720-nm absorption
band. Errors were estimated for DIAL systems operating from
the ground, the air, and the Space Shuttle. For passive measure-
ments the physics of the absorption process was the factor limit-
ing the accuracy and vertical resolution of the measurements.
For DIAL measurements the limiting factors are characteristics
of the instrument itself: chiefly, laser power and receiver size.

Because of the potential for improving remote -sensing capabil-
ities, Astro is taking an active role in the development of DIAL
systems, in addition to theoretical investigations of the type just
discussed. We are also proceeding with experimental confirma-
tion of our theoretical predictions, and with developing the tech-
nology needed to place such systems in the hostile environment
of space.

The three -frequency DIAL concept was checked in a series of
experimental measurements at the Goddard Space Flight Center
in a cooperative program of NASA, the University of Maryland
and Astro. The experiment confirmed the ability of water -vapor
lines in the 720-nm region to provide information on tempera-
ture and humidity.

Current DIAL systems in this spectral region use tunable dye
lasers. Such dye lasers are not well suited for space applications.
Their overall efficiency is quite low, less then 0.1 percent. The
liquid dye is the most serious problem, because of its volatility
and the requirement that it flow at a high rate to ensure con-
tinued laser operation. An additional complication is the require-
ment for another laser source to pump the dye, usually a
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Fig. 7. Temperature variation of absorption for three water -vapor lines. Low values
of ground -state energy, E,, result in an increase in absorption with temperature;
high values result in a decrease.
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Fig. 8. Tunable DIAL laser transmitter schematic. The oscillator -amplifier configu-
ration is needed to optimize output energy. The doubler is a crystal with a non-
linear polarizability that converts a pulse of frequency v to a pulse of frequencies v
and 2v.

doubled neodymium -based solid-state laser.
For these reasons, Astro has concentrated on the development

of an alternative laser system that can transmit in the 720- to
760-nm region. The laser system is diagrammed in Fig. 8. It is
based on a neodymium -doped glass laser that transmits a tunable
pulse with a wavelength near 1060 nm. A KDP crystal doubles
the frequency to about 530 nm. A cell filled with a Raman
active gas at high pressure shifts the laser pulse to a longer wave-
length. Hydrogen can be used to obtain pulses in the 720-nm
water -vapor band. Such a system can produce pulses at higher
energy and with better efficiency than is possible with a dye
laser. In addition, the lack of flowing liquids makes the system
much more suitable for space applications.

Our efforts at Astro are concentrated on obtaining extremely
narrowband pulses from the neodymium:glass laser, and optimiz-
ing the efficiency of conversion by the Raman cell. A related
effort being undertaken by the RCA David Sarnoff Research
Center is the development of diode arrays for pumping the neo-
dymium:glass laser. Currently these lasers are pumped by gas -
filled flashlamps. Lifetimes of these flashlamps is limited (typi-
cally about a million shots), and the spectral distribution of the
energy limits efficiency of neodymium:glass lasers to about I per-
cent. The increase of both lifetime and efficiency by a factor of
ten or more with the incorporation of diode pumping is believed
possible.

Conclusion
Current passive spaceborne sounders provide useful information
on temperature profiles, although not within the accuracy and
vertical resolution desired by weather forecasters. The quality of
humidity data from these sounders is even lower. Improvements
in the accuracy of these measurements is being hampered by
theoretical limitations on the performance of passive sensors.
Active laser sensors have the potential for measuring both these
parameters with the accuracy and vertical resolution required for
global weather forecasting. RCA is taking an active role in
developing this new generation of atmospheric sensors, which
will represent the next advance in spaceborne remote sensing.
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R.C. Maehl

- The TIROS -based asteroid rendezvous mission

Within our solar system, asteroids will be the most scientifically
useful targets for exploration. Inexpensive modifications of
current technology will be the key to getting the project
off the ground.

Very few missions have been more in-
triguing and enlightening than those to
deep space. First, there were the prelimi-
nary lunar missions, precursors to the Apol-
lo program, followed by preliminary fly-
by probes to Mars, Venus, and Mercury.
Predicated on the technology and scientific
return from these missions, we expanded
our study of the inner planets to include a
Mars landing and sample analysis, sophis-
ticated multi -spacecraft missions to Venus,
and then, fly -by missions to the outer plan-
ets-Jupiter and Saturn.

Outer -planet fly-bys, first done by Pio-

neers 10 and 11, and subsequently by the
more sophisticated Voyager I and 2 space-
craft, provided spectacular data that has
greatly expanded our understanding of these
giants of the solar system. More impor-
tantly, when taken together with the body
of knowledge gained from the more detailed
data available from the inner planets, the
outer -planet fly-bys provided us with a far
more sophisticated view not only of our
solar system but also of our earth as a
planet. These data provided us with signif-
icant clues to the evolution and, perhaps,
the future of our own planet's atmosphere

Abstract: Because asteroids provide a
unique sample of material that may hold
significant clues to the way the solar sys-
tem was formed and has evolved they are
prime candidates for exploration. Very
little is known about asteroids other than
that they do exhibit diverse properties and
are found in a wide range of orbits, pri-
marily situated between Mars and Jupiter
(the main belt) but with a significant
number having perihelion (that is, the
point in the orbit at which they are closest
to the sun) near and even inside the earth's
orbit

To fully understand the asteroids and
their implications to solar -system physics,
an orderly study of several different types,

via spacecraft in asteroid orbits, is
required A logical first step in this pro-
gression is the study of one or more earth -
approaching asteroids. This approach will
allow cost-effective first missions by the
use of earth -orbiter spacecraft technology
for limited missions that will, aside from
their own scientific merit, set the stage for
multiple -asteroid -rendezvous missions with
main -belt asteroids.

This paper discusses the rationale
behind such missions, the scientific objec-
tives (particularly how the study of earth -
approaching asteroids will enhance and
complement the study of main -belt
asteroids, meteorites and comets) and the
requisite spacecraft technology.
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and topology. For example, scientists can
relate such seemingly varied topics as plate
tectonics (continental drift), evolution of
the atmosphere, and development of life
on the earth by way of a complex series of
hypotheses, still very preliminary, which
involve data gained from these planetary
missions.

The first look at Uranus, and possibly
Neptune, will be provided by Voyager late
in this decade, extending still further man's
presence in the solar system. In addition,
the Galileo orbiter/probe mission, also late
in this decade, will provide our first in-
depth study of Jupiter. For the first time, a
probe will sample the atmosphere of this,
our solar -system's largest planet. In the
same time frame, the Venus Mapper will
make detailed maps of the surface of Venus.
A synthetic aperture radar system aboard
the spacecraft will, for the first time, suffi-
ciently resolve surface details of the cloud -
shrouded planet to allow an in-depth geo-
logical comparison with our planet.

Given the current state of our explora-
tion of the solar system, the next set of
targets are quite readily chosen. They are
the minor bodies-asteroids and comets.

Asteroid exploration
Asteroids and comets are extremely impor-
tant to our understanding of the evolution
of the solar system. They may provide
unique samples of the primordial material
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from which the solar system evolved, uncom-
plicated by the geological evolution that
has taken place on the inner planets.

Asteroids, aside from being key to our
understanding of the solar system, may
also be important for other reasons. Because
asteroids are suitable for manned missions.
they could be tapped for their mineral
wealth, whether it be exotic materials that
may be in short supply on earth or, more
likely, common materials for use in large-
scale space structures.

This last option is potentially feasible
because many asteroids are in orbits that
could provide material (either processed
or for processing) to geosynchronous orbit
with far less energy required than would
he necessary to bring the same mass from
earth. This possibility leads to speculation
that, for example, aluminum -smelting opera-
tions on a manned asteroid base or an
asteroid mine, could provide raw material
to a manufacturing facility in earth orbit.
A manned asteroid base could also pro-
vide for a variety of other space research
and manufacturing operations. There is al-
most no end to speculation as to potential
uses of an asteroid.

Currently. the simple fact remains that,
before any of these possibilities can even
be seriously considered, we must signifi-
cantly understand the physical and chemi-
cal properties of asteroids, and this is pre-
cisely what would be done with a prelim-
inary scientific spacecraft mission to such a
body. As of today, the only data available
are from ground -based observation. These
data allow us to make some crude classifi-
cation (by spectral type), allow us to cal-
culate spin rate, and, with some assump-
tions. allow us to estimate the size distribu-
tion of the asteroids. But these observations
are inadequate for anything more than the
selection of a target for precursor missions,
required as preliminaries to exploitation of
the asteroids. Further, because asteroids
exhibit such diverse properties. multiple
rendezvous missions to many different types
of asteroids will be necessary.

Several scientific working groups have
addressed the question of what sample of
asteroids would provide an adequate, gen-
eral understanding of their nature. In gen-
eral, recommendations include several sizes
of asteroids and a wide range of orbital
parameters (between I and 5 astronomical
units) including one group, the near -earth
asteroids. These could be studied, at low
cost, using modified earth -orbiter spacecraft
technology (the RCA TIROS spacecraft)
and existing launch vehicles.

Fig.1. Two spacecraft options, one based on Dynamics Explorer (above) and one
based on TIROS (top), could be applied to deep -space missions.

Low-cost planetary spacecraft
options
The concept of low-cost planetary space-
craft has been evolving at RCA since 1980.
In 1981 and 1982, NASA funded studies to
RCA and others through both the Jet
Propulsion Laboratory and Ames Research
Center for low-cost Mars missions. Two
of these concepts are shown in Fig. 1. The
concept of using a modified TIROS space-
craft for an asteroid -rendezvous mission
was first developed under an RCA Inde-
pendent Research and Development
(IR&D) project. and later development
was funded by the Jet Propulsion Labora-
tory through a systems -study contract. Ini-
tial work done at RCA established the
limits of applicability of earth -orbiter space-
craft to deep -space missions. The estab-
lished boundaries extend from Venus to
the asteroid belt: Any closer to the sun

than Venus (for example, Mercury) and
the thermal constraints are so significant
that systems designed for earth application
are totally inadequate (Fig. 2). Going away
from the sun, Mars is an ideal candidate
for the application of earth -orbiter tech-
nology: in fact, the environment the space-
craft would see in orbit around Mars is
surprisingly close to that of earth. Going
out farther, some designs may be applied
to main -belt asteroid missions. The major
limitation would be the power that could
be derived from the solar array. However,
at Jupiter and beyond, it can be clearly
demonstrated that earth -orbiter technology
does not apply. At these distances, radio -
thermal generators must replace solar arrays
as the source of power, and the extremely
cold temperatures preclude use of earth -

orbiter thermal design. In addition, the
environment near Jupiter and the planets
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Fig. 2. The range of "acceptable" environments for the application of earth -orbiting
spacecraft to deep -space missions. Beyond these limits thermal and/or power
problems necessitate major systems redesign.

beyond is characterized by intense radia-
tion hazards that exceed nominal design
limits of most spacecraft.

With the range of applicability of earth
technology established, clearly a wide range
of missions of scientific interest can be
accomplished cost effectively, with no scien-
tific compromise, by application of earth -

orbiter technology. Near -earth asteroid -

rendezvous missions are one of the most
exciting prospects. To fully appreciate the
rather astonishing conclusion that TIROS
(a spacecraft designed to make meteoro-
logical observations from a low -earth cir-
cular polar orbit), can fully support a mis-
sion as exotic as an asteroid rendezvous, it
becomes necessary to understand in more
detail the rationale (and therefore the instru-
ment complement) behind the asteroid mis-
sion. To do this, let us momentarily digress
to answer some questions about what exact-
ly we hope to learn in the first mission.

Near -earth asteroids

The first obvious questions are: Where do
the asterioids come from? Are they rem-
nants of an exploded planet or perhaps a
planet that never quite formed? Did they
evolve in their present form because of the
influence of Jupiter? Why are they mostly
concentrated between Mars and Jupiter?

We know that most asteroids fall in a
region called the "main belt" (between
Mars and Jupiter). However, we also know
that asteroids are not constrained to lie in
the main belt. Hundreds or perhaps thou-
sands of asteroids penetrate deep into the
inner solar system, extending into, and even
across, the orbit of earth. This set of aster-
oids, earth -approaching and earth -crossing,
are taken together as "near -earth" asteroids.
To fully understand the nature of asteroids
and their implication to the development
and evolution of the solar system, it is

important to study both main -belt and near -
earth asteroids and to understand their rela-
tionship. Because we need to study both
types, and because near -earth asteroids are
by far more easily accessible than main -
belt asteroids, it is logical to select them as
the target for the first spacecraft mission.

Given this selection, the questions the
first mission should address are readily de-
fined. Specifically, where do the near -earth

asteroids come from? Are they merely aster-
oids from the inner edge of the main belt
whose orbits were perturbed, perhaps by a
close approach to Mars, that sent them on
orbits into the inner solar system? Are
they extinct nuclei of short -period comets,
or are they in any way related to comets?
Perhaps they have nothing to do with
main -belt asteroids or comets. If so, where
do they come from?

The next question is: What is the rela-
tionship of earth -approaching asteroids to
meteorites and their classification? Meteor-
ites fall into a highly structured classifica-
tion scheme, and an understanding of the
relationship between the asteroids and this
classification scheme is potentially of great
value. This knowledge would help us to
understand asteroids, and would also pro-
vide a better understanding of the geologic
and/or cosmogenic context in which the
vast amount of meteorite data that exists
should be placed. This can also be said of
the lunar data provided by Apollo. In
addition to these major questions, there
are many other second -order questions re-
lated to the space environment that the
study of asteroids could answer.

First mission objectives
To allow us to address these questions, the
first asteroid mission will be required to
(1) determine chemical and mineralogical
composition, (2) observe surface morphol-
ogy, (3) determine bulk density and den-
sity distribution, and (4) determine mag-
netic properties. Definition of a baseline
instrument complement that could be used
to address these objectives was completed
at the Jet Propulsion Laboratory and sup-
plied to RCA. Instruments included were
a gamma -ray spectrometer, an x-ray spec-
trometer, a multi -spectral infrared mapper,
an altimeter, an optical (CCD) imager,
and a magnetometer.

Table I shows a comparison between
the existing TIROS instrumentation and
the asteroid -mission instrumentation. This
comparison clearly shows that the space-
craft requirements to support both sets of
instruments are similar. Imagers and sound-
ers that TIROS normally carries are nadir -

Table I. Comparison of actual TIROS -N and proposed TIROS-N/Anteros primary
sensors.

Parameter

Mass (kg)
Power (W)
Dimensions (cm)
Data rate (kbps)

Asteroid
Imager

TIROS
Radiometer

Anteros
Spectrometer

TIROS
lR Sounder

28.0 30.4 18.0 33.1
25 30 16 22
30 X 24 X88 51 X 30 X 65 66 X 47 x 81 51 X 30 X 65
806.4 660.0 11.5 2.88
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pointing devices that must be held steady
and properly pointed. The same is true of
the imager, infrared mapper, altimeter, and
spectrometers on the asteroid mission. One
significant difference is that total weight
and mounting area requirements are signif-
icantly less than those of TIROS, allowing
for simplification of the basic spacecraft.
In addition, the power, thermal, command
and control, and data systems of TIROS
can be applied to this mission with little or
no modification. The communications sys-
tem, of course, requires extensive modifi-
cation because, as is the case in any deep -
space mission, the distances from the earth
to the spacecraft are exceedingly large. This
necessitates a large high -gain antenna. The
attitude -control system also needs some
modification due to the required use of a
star reference for navigation guidance. Track-
ing, command, and data acquisition will
be carried out via the Deep Space Network.

STS launch vehicle
One of the key elements of this mission is
the ability to use an existing launch vehi-
cle, thereby avoiding the programmatic and
cost problems that arise when launch -ve-
hicle development is required in parallel
with spacecraft development. Accordingly,
it was decided at the outset of the study
that the selected target asteroid must fall in
a category accessible by existing vehicles.
The launch system chosen was the Space
Transportation System (STS) with the two -
stage Inertial Upper Stage (IUS). Devel-
opment of all portions of this system is
complete, and the STS/IUS combination
will fly, for the first time, early in 1983 as
the launch vehicle for the first Tracking
and Data Relay Satellite (TDRS).

Mission scenario
If we take the known performance of the
STS/IUS combination, the mass of the
spacecraft, and the orbit of the target aster-
oid, we can determine whether we can
provide the energy to make the mission
feasible. In essence, we calculate if it is

possible to achieve the same orbit about
the sun as that of the target asteroid. In
general, to rendezvous with the asteroid, a
five -phase mission is involved.

First, the STS lifts off and goes to a
standard STS parking orbit with an accept-
able inclination as determined by the orbit
of the target asteroid. Second, the IUS/
spacecraft combination is separated from
the STS, and, after achieving proper iner-
tial reference and a safe separation dis-

23,740 kme
EROS 1,

iwOr....EARTHaiS/C

.

MID -COURSE

Fig. 3. The trajectory to be flown by the
mission to the asteroid EROS. Several
mission.

tance from the STS, the IUS fires and
injects the spacecraft into the proper helio-
centric transfer orbit. Remnants of the IUS
and separation adapter are then jettisoned,
the array is partially deployed, the cruise -
phase configuration is assumed, and the
second phase of the mission begins. This
phase of the mission will last between 3
and 12 months (depending on the target)
and involves a cruise coast around the sun
as shown in Fig. 3, which is the specific
case of the asteroid Eros.

During this mission phase, the space-
craft and instruments are essentially dor-
mant; periodic checkouts, health monitor-
ing, and an occasional midcourse correction
are the only planned activities. While in
this phase, detailed tracking of the space-
craft and the asteroid are ongoing, and
midcourse maneuvers are derived from this
detailed tracking data. The target window
for the spacecraft is an imaginary circle,
centered on the asteroid, with a radius of
about 6000 km.

As the spacecraft approaches the aster-
oid, the third phase of the mission begins.
This is the crucial phase in which the on-
board propulsion system (a large hydra-
zine system in the current system design
concept) is used for a major velocity adjust-
ment (on the order of I to 2 km/s) that
takes the spacecraft from the transfer orbit
to the asteroid orbit. At this point, the
spacecraft is flying along with the asteroid,
in the same orbit, but far enough away to
be unaffected by its gravitational pull. At
this point, the asteroid will appear, to the
spacecraft, as the brightest object in the
sky, somewhat like a full moon appears
on earth, and therefore, will be detected
easily by the on -board instruments. All
instruments will be brought on line, checked
out, and will begin operation. Images that
start coming back from the asteroid will

SEPARATION OF EROS AND
SPACECRAFT SHOWN EXAGGERATED

asteroid -rendezvous spacecraft for the
launch windows are available for this

provide not only scientific data but also a
critical navigational tool for the fourth
phase, the approach to the asteroid.

During this phase, the spacecraft is given
a small push, by its propulsion system, in
the direction of the asteroid. Over a period
of several days, it slowly approaches the
asteroid, imaging the target as it goes. On-
board sensors carefully monitor any per-
turbations to its trajectory as it enters the
asteroid's gravitational sphere of influence.

When the sphere of influence of the
asteroid is reached, the fifth mission phase
begins. At this point, several mission options
are available. These include (1) sequential
drift arcs, that is, repeated hyperbolic passes
past the asteroid from long distances; (2)
interrupted free fall, that is, stopping the
spacecraft, letting it fall towards the aster-
oid, and then interrupting the free fall before
impact; (3) stationkeeping, that is, holding
a fixed orbital position over the asteroid;
and (4) orbiting.

The reason so many options are avail-
able and, for the mast part energetically
feasible, is that asteroids are small, and
their gravitational attraction is very weak.
For example, on a typical asteroid a few
kilometers in diameter, the escape velocity
is so low that a man running across the
surface would fly off into space and escape
the asteroid's gravitational pull. Another
consequence of this weak gravitational at-
traction is that altitudes and velocities for
our orbiting spacecraft are on the order of
10 km and less than 1 m/s, respectively,
far different from what we are accustomed
to dealing with.

Calculations have been done on the con-
sequences of these various options, and the
current mission scenario involves three of
the four. Stationkeeping has been elimi-
nated because, even given the weak gravi-
tational attraction of the asteroid, fuel re -
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Fig. 4. This plot shows launch energy (C3) plotted against total velocity increment
(AV) achievable for the current design. Any asteroid that falls under this curve is a
viable target.

quirements are exrfssive at the low altitudes
we would like to achieve.

In the current baseline, near the end of
phase four, we would target the spacecraft
and adjust its velocity so the first pass near
the asteroid would result in an unbound
hyperbolic trajectory (the sequential drift
arc). We would then stop the spacecraft,
reverse its direction, and fly a series of
such maneuvers at an ever -decreasing, clos-
est -approach distance. After this series of
maneuvers, we would have a fairly detailed
map of the surface and would be able to
safely define an optimum orbit into which
we would then insert the spacecraft. From
this orbit, detailed magnetic -field and altim-
etry observations would be done, surface
maps would be improved, and the x-ray
and gamma -ray survey would be done.

After accomplishing detailed orbital cover-

age, we would "stop" the spacecraft and
do a series of interrupted free -fall maneu-
vers to image the asteroid as closely as
possible. The entire duration of the fifth
mission phase would be between 3 and 12
months. At the end of the mission, we
would most likely attempt as soft a land-
ing (in reality a quasi -controlled crash) on
the asteroid as possible. For this first mis-
sion, such a maneuver would not be mis-
sion critical and should, at most, be con-
strued as an engineering test for the next -
generation mission.

Up to now we have considered target
asteroids only in a generic sense. It is pos-
sible to quantize the constraints due to
spacecraft size, IUS performance, and orbit -
injection -velocity change requirements and
relate this to the accessibility of specific
asteroids. In Fig. 4, C3 is plotted (in essence,

NAME DESIGNATION

1 3673 1980 PA

2 2061 ANZA

3 3643 1972 RB

4 3684 1980 YS

5 887 ALINDA
6 1627 IVAR

7 3688 1979 QB

8 1943 ANTEROS

9 1943 ANTEROS

10 1982 DB

11 1982 DB

12 3636 1980 AA

13 3669 1979 VA

14 3687 1981 CW

15 3650 1977 VA

16 433 EROS

17 2368 BE LTROVATA

18 3641 6344 P -L

19 1943 ANTEROS

20 3636 1980 AA

21 3673 1980 AA

22 1627 IVAR

23 2061 ANZA
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the launch energy achievable from the IUS)
against the total velocity change require-
ments, post injection. Several asteroids are
plotted on this graph at the point where
the C, and V would allow an entry to
their orbit (and a launch window for ren-
dezvous). The line of the graph shows
what is achievable, using an all -hydrazine
propulsion system, for a 500 -kg dry space-
craft-roughly the TIROS/asteroid space-
craft mass. Anv asteroid that falls below
this line is, therefore, a viable target.

One important consequence of viewing
the problem this way is that it allows the
project to begin even before the target is
selected. So long as the ultimate target
asteroid falls below this line, it is a feasible
mission option. The working baselines for
the study were the asteroids Anteros and
Eros, both shown on the cross plot. New
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asteroids are being discovered periodically,
and the list is expanding. The asteroid that
is currently the easiest to get to, 1982 DB,
was only recently discovered (and was a
relatively near miss in its most recent pass
by the earth).

Conclusion
In summary, the TIROS/asteroid space-
craft mission has significance in two very
important respects. First, as the maiden
mission to a minor body, it will provide
our first look at a very important class of
bodies in the solar system and will there-
fore provide the opportunity for basic dis-
coveries in much the same way Voyager
provided information about the outer plan-
ets. This mission will also serve as a pre-
cursor, providing critical data required to
plan more extensive asteroid missions, per-
haps leading to manned missions followed
by manned bases to exploit the resources
of the asteroids. Second, of equal impor-
tance, this mission could be the first of a
series of low-cost, deep -space missions that
would permit us, consistent with the NASA
budget for planetary programs, to signifi-
cantly expand the number of missions
flown. This expansion will allow us to

Ronald Maehl, Manager, Market Develop-
ment-NASA, is responsible for marketing
non-military government satellite pro-
grams. He joined RCA Astro in 1979 as
Manager, Science Accommodations. He
was responsible for science payload
accommodations and the integration of the
Dynamics Explorer spacecraft. Later, he
was appointed Manager, Science Pro-
grams, and was responsible for the devel-
opment of scientific satellite programs. Dr.
Maehl received a B.S. in Physics from the
University of Missouri at Rolla and an M.A.
and Ph.D., also in Physics, from Washing-
ton University.
Contact him at:
RCA Astro-Electronics
Princeton, N.J.
TACNET: 229-2583

increase our knowledge of the solar sys-
tem via optimum use of the Shuttle's capa-
bility.

Other missions currently being consid-
ered for this series include several Mars
missions that include climatology, geochem-
istry, and aeronomy, and a lunar polar
orbiter that would survey the polar region
of the moon and ascertain whether the

moon can be a source of raw materials to
be used for manufacturing in space. In
fact, the same TIROS spacecraft described
here is also a candidate for several of these
missions, opening the possibility of a space-
craft series that would further enhance the
cost-effective exploration of the solar sys-

tem and our understanding of the implica-
tions for our own planet.

RCA Review available now
RCA Review is a technical journal published quar-
terly by RCA Laboratories in conjunction with the
subsidiaries and divisions of RCA Corporation.
Copies of the issue are available (at a cost of $5.00)
by contacting the RCA Review office at Princeton,
TACNET: 226-3222.

Contents, March 1983
"It has been our pleasure, as guest editors, to inter-
pret the subject of Semiconductor Materials and
Processes in its broadest sense. Epitaxial growth,
etching, lithography, ion implantation and mea-
surement technologies are highlighted along with
papers on materials and devices. In choosing from
the papers submitted, we have expressed our own
fascination with the range of subjects and disci-
plines studied by RCA researchers."

-N. Goldsmith and H. Kressel

Optical Scanner for Dust and Defect Detection
E.F. Steigmeier and H. Auderset

Rapid Characterization of Polysilicon Films by
Means of a UV Reflectometer
G. Harbeke, E. Meier, J.R. Sandercock, M. Tgetzee,
M.T. Duffy, and R.A. Soltis

The Growth and Characterization of Epitaxial Solar
Cells on Re -Solidified Metallurgical Grade Silicon
R.V. D'Aiello, P.H. Robinson, and E.A. Miller

Electron Flood Technique to Neutralize Beam
Charging During Ion Implantation
C.P. Wu, F. Kolondra, and R. Hesser

Growth of Diode Lasers by Liquid -Phase Epitaxy
D. Botez and J.C. Connoly

Ohmic Contacts for Laser Diodes
I. Ladany and D.P. Marinelli

Positive -Resist Processing Considerations for VLSI
Lithography
L.K. White and D. Meyerhofer

Multilayer Resist Systems for VLSI Lithography
M. Kaplan, D. Meyerhofer, and L.K. White

Reactive Sputter Etching of Dielectrics
M.T. Duffy, J.F. Corboy, and R.A. Soltis

96
RCA Engineer  28-2  March/April 1983



Patents

Advanced
Technology Laboratories

Barnes, K.B.
Expandable FIFO system -4374428

Michaelis, T.D.
Eccentricity control device -4365324

Siryj, B.W.
Thermal processor -4371246

Astro-Electronics

Ganssie, E.R.
Spacecraft separation
apparatus -4355775

Keigler, J.E.
Solar array spacecraft reflector -4371135

Automated Systems

Armstrong, L.R.
Testing the power of a turbocharged
internal combusion engine -4356725

Commercial Communications
Systems Division

Chamberlain, J.W. IGoldschmidt, A.M.
Vertical sync independent digital skew
servo -4368492

Dischert, W.A.
Tape guide with path location and attitude
adjustments -4357641

Hedlund, L.V. I Mathys, R.E., Sr.
Special effects system -4358798

Olson, C.L.1Bazin, L.J.
Adjustable contrast compressor -4366440

Consumer Electronics

Archer. J R
Deflection yoke incorporating a permeable
corrector -4369418

Carlson, D.J.1Lehmann, W.L.
Phase locked loop tuning system includ-
ing a prescaler conditioned to oscillate at
an out -of -band frequency -4368540

Durbin, J., Jr.
Impulse noise reduction system for TV
receivers -4353093

French, M.P.
Search type tuning system with synchron-
ization signal presence transition
detector -4357632

French, M.P.
Phase locked loop tuning control system
including a sync activated AFT signal
seeking arrangement -4358791

George, J.B.1Testin, W.J.
Tuning mode arrangement useful for re-
stricting channel selection to certain
channels -4355415

Harlan, W.E.
Television receiver on -screen alphanu-
meric display -4354202

Lagoni, W.A.
Horizontal and vertical image detail pro-
cessing of a color television
signal -4365266

Ramspacker, R.J.
Sheet material separation
construction -4366198

Rose, G.D.
Capacitive information system -4371961

Shanley, R.L., 2nd 'Harwood, L A
Stabilized video signal control
loop -4371896

Shiu. T
Bar type channel identification apparatus
for a television receiver -4366502

Smith, T.D.
Calculator type keyboard including
printed circuit board contacts and method
of forming -4375017

Snyder, D.J.1Bozarth, F.A.
Anti -latch circuit for power output devices
using inductive loads -4367509

Tullis, J.
Arrangement for both channel swapping
and favorite channel features -4367559

Willis, D.H.
Television receiver ferroresonant load
power supply with reduced saturable
reactor circulating current -4353014

Yost, T.D.
Chrominance signal processor -4371891

Government
Communications Systems

Caracappa, M G
Signal correlation means employing
charged -coupled device type shift
registers -4370726

Crowley, A.T.
Phase comparator system -4370653

Crowley, A.T.
Digiital frequency and phase lock
loop -4374438

Laboratories

Barkow. W.H. (Gross, J.
Color TV display system -4357586

Berkman, S. !Duffy, M.T. Temple, H.E.
Silicon melting crucible -4356152

Bolger, T.V.
Video disc vari-speed playback
system -4361849

Briggs, G.R.
Vehicle multiplex system -4370561

Burrowes, S.D.
Legibility for alpha -mosaic
characters -4358788

Camtsa, R.L.
Monolithic integrated circuit -4374394

Carroll, C.B.1Baker, A.L.
Video disc player having stylus protecting
apparatus -4358841

Chang, K.K.
Thin kinescope and electron beam reflec-
tor therefor -4374343

Clemens, J.K.
Video disc player with RFI reduction cir-
cuit including signal subtraction -4361881

Credelle, T.L.
Electron leakage reduction in flat panel
display devices -4362966

Dholakia, A.R.1Buiocchi, C.J.
Apparatus for sharpening a cutting
stylus -4355382

Dholakia, A.R.
Apparatus and method for sharpening a
cutting stylus -4365447
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Dinter, K.M.
Voltage control oscillator having frequency
control circuit with improved
memory -4358740

Douglas, E C
Apparatus and method for neutralizing the
beam in and ion implanter -4361762

Evans, R.M.
Multiplexing arrangement for a plurality of
voltage controlled filters -4368541

Gale, M.T. I Kane, J.
Recording blank and method for fabricat-
ing therefrom diffractive subtractive filter
metal embossing master -4353622

Gange. R.A.
Modulator structures and methods for
multi -electron gun display
devices -4359671

Gibson, J.J.
Video disc player with RFI reduction cir-
cuit including a signal product
generator -4364119

Goodman, L.A. (Smith, K.P.
Vertical MOSFET with reduced turn -on
resistance -4366495

Goodman, L.A.
Method for manufacturing a vertical,
grooved MOSFET-4374455

Gorog, I. !Lurie, M.J.
Multi -bandwidth optical playback appara-
tus with elongated read spot -4375096

Halon, B. IVossen, J.L., Jr.
Removal of plasma etching
residues -4370195

Hammer, J.M. 'Kaiser, C.J. I Neil, C.C.
Miniaturized symmetrization optics for
junction laser -4362367

Hammer, J.M.
Method of formation of a blazed
grating -4359373

Hang, K.W. (Anderson, W.M.
Partially devitrified porcelain containing
Ba0.2Mg0.2Si02 and 2Mg0.13203
crystalline phases obtained from alkali
metal free divalent metal oxide borosilicate
glass -4355114

Hang, K.W. I Anderson, W.M.
Borosilicate glass frit with MgO and
Ba0-435115

Hawrylo, F.Z. I Olsen, G.H.
Semiconductor laser diode and method of
making the same -4355396

Hedel, R.H.
Workpiece loader -4362236

Hernqvist, K.G. I Pultorak, D.C.
Apparatus and method for cleaning
shadow masks in color picture
tubes -4361370

Hinn, W.
SECAM identification system -4357623

Holmes. D.D.
Television ghost cancellation
system -4359760

Holmes, D.D.
Television signal ghost detector -4364092

Holmes, D.D.
Television ghost cancellation system with
phase -controlled remodulation-4364093

Holmes, D.D.
Television ghost detection and cancella-
tion system controlled over several lines of
a vertical retrace interval -4367489

Holmes, D.D.
Television ghost detector
system -4371266

Holmes, D.D.
Television ghost cancellation system with
ghost carrier phase
compensation -4374400

Hsu, S.T.
Method of forming self -aligned contact in
semiconductor devices -4353159

Hsu, S.T. ISchnable, G.L.
Method of forming tapered contact holes
for integrated circuit devices -4363830

Huggett, P.G. I Frick, K.
Development of germanium selenide
photoresist-4368099

Jastrzebski, L.L.
Method of making CCD imagers with
reduced defects -4360963

Jolly, S.T.
Fixture for VPE reactor -4365588

Kaganowicz, G.
Method for mechanically preparing stylus
lapping discs -4369604

Kaganowicz, G. I Robinson, J.W.
Method of preparing an abrasive coated
substrate -4355052

Kaganowicz, G. I Robinson, J.W.
Method for preparing an abrasive lapping
disc -4361595

Keizer, E.O.
Method and apparatus for testing
styli -4375095

Kilichowski, K.B. Pampolone, T.R.
Method of plasma etching a
su bstrate-4357369

Kuznetzoff, P.
Resistive lens structure for electron
gun -4370594

Liu, F.C.
Video signal defect replacement
circuitry -4368483

Looney, G W
Apparatus for oscillating a gas manifold in
a rotary disc reactor -4354455

Mawhinney, D.D.
Wideband microwave frequency
divider -4357580

McGuffin, W.G.
Position sensor for video disc -4371959

Miller. A.
Array positioning system with out -of -focus
solar cells -4367403

Modla, A.A.
Digitized audio record and playback
system -4363050

Ny, N.O.
Musical keyboard for home
computers -4352313

Olsen, G.H. Botez, D.
Light emitting device -4359774

Pampalone, T.R. Kilichowski, K.B.
Positive radiation sensitive resist
terpolymers-4355094

Prabhu, A.N. I Hang, K.W.
Crossover dielectric inks -4369254

Prabhu, A.N. Hang, K.W.
Crossover dielectric inks used in forming a
multilayer electrical circuit -4369220

Reichert, W.F.
Monolithic integrated circuit interconnec-
tion and fabrication method -4374392

Reitmeier, G.A.
Sampled or digitized color in a high speed
search record and replay -4355324

Riddle, G.H.
Active distortion elimination circuitry for a
video disc player -4360829

Riddle, G.H.
Video disc stylus suspension
apparatus -4366563

Roach, W.R. Gorog, I.
Sound carrier amplitude measurement
system -4363118

Roach, W.R.
Missing order defect detection
apparatus -4352564

Robinson, J.W. Kaganowicz, G.
Method for obtaining an abrasive
coating -4352836

Rockett, L.R., Jr.
Quantizing circuits using a charge
coupled device with a feedback
channel -4369378

Ross, M.D. !Clemens, J.K.
Color subcarrier regenerator for slow
down processor -4370672
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Rutishauser, E.A.
Dual standard vertical deflection
system -4365270

Sandercock, J.R.
Thin film thickness monitor -4355903

Schade, H.E.
CRT with means for suppressing arcing
therein -4353006

Shisler, R.W.
Television deflection yoke -4368445

Siegel, S.
Method for cleaving an optical
fiber -4368064

Sinniger. J.O.
Duty cycle generator with improved
resolution -4365202

Staebler, D.L.
Method of restoring degraded solar
cells -4371838

Sterzer, F.
Frequency discriminator utilizing a trans-
ferred electron device -4356414

Takahashi, T
Method for preparing divalent -europium
activated calcium sulfide
phosphors -4374037

Theriault, G.E.
Pre -tuner tracking traps responsive to a
tuning voltage -4361909

Theriault, G.E.
IF response control system for a television
receiver -4366498

Vossen, J.L., Jr.
Plasma etching technique -4372806

Vossen, J.L., Jr.
Plasma etching of aluminum -4372807

Vossen, J.L., Jr
Anisotropic etching of
aluminum -4370196

Wang, C.C. 'Pinch, H.L. ;Bates, R.F.
Spinel video disc playback
stylus -4370739

Wang, C.0 'Bates, R.F.
Bis(hydroxyalkyl) Disiloxanes and lubri-
cant compositions thereof -4355062

Wine, C.M.
Direct access channel selection apparatus
for a digital tuning system -4361907

Wine, C.M.
Video disc with dynamic stylus
cleaning -4363117

Witchey,
Knife edge bearing system -4361365

Zelez, J.
Plasma etching of polyimide-4357203

Missile & Surface Radar

Bowman, D.F.
Circuit for frequency scan antenna
element -4356462

Henderson, E.L. Anacker, H.F.
Feedback linearization of cascode ampli-
fier configurations -4366446

Landry, N.R.
High power coaxial power
divider -4365215

Pruitt, D.L.
Switching DC -to -DC converter supplying
uninterrupted output current -4369489

Schwarzmann, A.
Space -loaded coaxial coupler -4369415

"SelectaVision"
VideoDisc Operations

Brooks, W.C.
Method for electroforming a replica on a
record matrix -4357216

Coleman, C.F.
Video disc player having record retaining
mechanism -4370738

Desai, N.V. 'Poll, R.F. IGoydish, B.L.
Method for removing carbon particles from
a molded article -4369307

Fletcher, J.D.
Switch actuating apparatus for video disc
player -4368370

French, M.P. 'Tufts, J.
Digital arrangement for detecting a correct
television synchronization signal output
useful in a signal seeking tuning
system -4364094

Hatin. D.T.
Video disc stylus cartridge with protective
member -4374434

Kelleher, K.C. 'Christopher, T.J.
Apparatus for advancing a video disc
pickup transducer beyond a disc record
defect -4375096

O'Connell, P.E.
Video disc player having click
mechanism -4361884

Prusak, J.J.
Apparatus for compression molding
recorded discs -4362492
Schneider. D.M. 'Amery, J.G.
Chrominance signal limiter -4359756

Taylor, B.K.1Pyles, G.D.
Cartridge force and bias adjustment
gage -4361883

Thorn, J.H. 'Jennings, R.E.
System for handling a volatile and flam-
mable liquid -4368636

Torrington, L.A.
Video disc player having caddy -actuated
record receiving pads -4357698

Wharton, J.H.
Video disc player with burst
remover -4357628

Solid State Division

Barlett, S P. 'Dougherty, D.J. 'Locuta, F.P.
Method of forming a mesa in a semicon-
ductor device with subsequent separation
into individual devices -4355457

Becke, H.W. 'Wheatley, C.F., Jr.
Power MOSFET with an anode
region -4364073

Blumenfeld, M A
Method of fabricating buried
contacts -4373254

Butterwick, G.N.
Photomultiplier tube having a stress isola-
tion cage assembly-`4355258

Butterwick, G.N.
Evaporator support assembly for a photo -
multiplier tube -4370585

Dietz, W.F.
Commutated switched regulator with line

transistor deflection -4362974

Dingwall, A.G.
Voltage divider circuits -4354151

Fitts, R.W.
Image intensifier tube having an internal
alkali baffle -4370586

Gentile, E.C. 'Kucharewski, N.
Gated oscillator including initialization
apparatus for enhancing
periodicity -4365212

Gubitose, N.F. 'Schuler, M.R.
Patterson, D.L.
Bellows assembly for crystal ribbon
puller -4360499

Harford, J.R.
Gain -controlled amplifier using a control-
lable alternating -current
resistance -4365208

Harford, J.R.
Television intermediate frequency
amplifier -4366443

Harford, J.R.
Video signal recovery system -4367491

Hoover, M V
Field effect transistor amplifier with vari-
able gain control -4353036

Hoover, M V
Bridge amplifiers employing complemen-
tary field-effect transistors -4355287

RCA Engineer  28-2  March/April 1983 99



Kaplan, L A
Power protection circuit for
transistors -4355341

Knight, M.B.
Dual -mode control signal generating
apparatus -4371793

Kucharewski, N.
Pulse counter type circuit for power -up
indication -4365174

Longsderff, R.W. I Henry, D.V.
Method of making a photosensitive elec-
trode and photosensitive electrode made
thereby -4357368

Malchow. M.E.
AM stereo receiver -4370520

Ott. R
Circuit and method for duty cycle
control -4355283

Preslar. D R
Circuit arrangement using emitter coupled
logic and integrated injection
logic -4357548

Rodgers. R L 3rd
System for coupling the focus current to
the focus voltage of a camera
tube -4361784

Schade, 0 H . Jr
Transistor amplifiers exhibiting low input
offset potentials -4360785

Schade. 0.H.. Jr
Operational amplifier with programmable
gain -4361815

Schade, 0.H.. Jr
Current mirror amplifiers with programma-
ble gain -4361816

Schade, 0 H , Jr
Temperature -independent current trim-
ming arrangement -4366444

Steckler, S.A. Balaban, A.R.
Digital -to -analog converter useful in a
television receiver -4364026

Stewart. R.G.
Random access memory with volatile and
non-volatile storage -4354255

Wallace, L F
Low cost reduced blooming device and
method for making the same -4358323

Wallace. L F
Method of making buried channel charge
coupled device with means for controlling
excess charge -4362575

Zimmerman, H.S. Rhoads, J.L.
Intensified charge coupled image sensor
having universal header
assembly -4355229

Special
Contract Inventors

Smith. K.R.
Anode assembly for electroforming record
matrixes -4359375

Video Component
and Display Division

Burke. T.P.
Television display system employing per-
meable correctors for a deflection
yoke -4357556

Hughes. R.H. Marks. B G
Color picture tube having an improved
inline electron gun with an expanded
focus lens -4370592

Kelly, W R. 'Alvero. E.J.
System and method for intermittently mov-
ing a picture tube panel on a
lighthouse -4370036

Kimbrough. L.B. (Wilbur, L.P., Jr.
System for applying and tensioning an
implosion protecting band to a CRT with a
tension between selected limits -4352226

Kimbrough. L.B.
Holding and notching tool for CRT implo-
sion protection -4356845

Miller. W.R.
Method of assembling a CRT using a
coded subassembly or part -4374451

Ragland. F.R., Jr. Martin, R.W.
Deflection yoke adjustment
apparatus -4360839

Sagolili. E.T. Hall. G.E.
Unitary light shield for use in color picture
tube lighthouses -4354746

Sweigart. R.H. Doersom. M.E.
In -line electron gun and method for modi-
fying the same -4370593

Thompson, R.P.
a

phosphor -4370287

Pen and Podium Recent RCA technical papers and presentations

To obtain copies of papers. check your library or contact the author or his divisional
Technical Publications Administrator (listed on back cover) for a reprint.

Advanced
Technology Laboratories

0. Bessette
Applications of Optical Disk Data Storage
in Information Systems-Presented at the
Naval Post Graduate School, Monterey,
Calif. (11/3/82)

J. Pridgen
TA11256 Radiation Hardened 8K ROM-
Presented at GOMAC, '82, Orlando, Fla.
(11/2-4/82)

M. Stebnisky I M. McGinnis
J. Werbickas R. Putatunda
A Fully Automatic Technology Independ-
ent PLA Macrocell Generator-Presented
at IEEE 1982 International Conference on
Circuits & Computers and published in the
Proceedings, New York, N.Y.
(9/28-10/1/82)

M. Stebnisky M. McGinnis
J. Werbickas R. Putatunda
A Fully Automatic PLA Subchip Generator:
A Logical Design Interface-Presented at
GOMAC '82 and published in the Proceed-
ings, Orlando, Fla. (11/2-4/82)

J. Tower H. Elabd (Labs) IA. Aronson (AE)
Schottky -Barrier IRCCDs for Earth Sensing
Applications-Presented at GOMAC '82
and published in GOMAC Digest of Papers,
Orlando, Fla. (11/2-4/82)

J. Tower E. Elliott D. Gandolfo
D. Kent (IBM)
A CMOS/CCD 256 -Stage Programmable
Transversal Filter-Published in IEEE
Journal of Solid -State Circuits (12/82)

J. Tower IS. Goldfarb and R. Bigler (GCS)
Dr. S. Stein (Elec. Science Labs)
Thick Film on Silicon for an Infrared Elec-
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tro-Optical Array-Presented at the Inter-
national Society for Hybrid Microelectron-
ics and published in the Proceedings,
Reno, Nev. (11/16-18/82)

Astro-Electronics

W. Altman
Simulation Heterodyne Detection from
Aerosols-Topical Mtg. on Optical Tech-
niques for Remote Probing of the Atmos-
phere, Lake Tahoe, Nev. (1/12/83)

A. Aronson I H. Elabd (Labs) IJ. Tower (ATL)
Schottky -Barrier IRCCDs for Earth Sensing
Applications-Presented at GOMAC '82
and published in GOMAC Digest of Papers,
Orlando, Fla. (11/2-4/82)

D. Aubert IS. Dhillon IN. LaPrade
J. Patel IS. Moochalla
Channel and Power Amplifiers for Com-
munications Satellite Applications-
Microwave System News journal, Palo
Alto, Calif. (2/83)

M. Feyerherm1K. Oey
Reliability of Rad Hardened SOS RAMs in
Spacecraft Memory Subsystems -1983
Space Electronics Conference, Los
Angeles, Calif. (1/25/83)

S. Fox
Effects of Plume Impingement on a
Momentum Bias Communications Satel-
lite-Journal of Spacecraft and Rockets,
New York, N.Y. (1-2/83)

P. Goodwin
Autonomous Redundancy Management of
Spacecraft Hardware -1983 Space Elec-
tronics Conference, Los Angeles, Calif.
(1/83)

D. Hogan IC. Howman1A. Rosenberg
Moisture Retrievals from DMSP SSH/2
Sounder: A Simulation Study-Meteorolo-
gical/Optics, Lake Tahoe, Nev. (1/12/83)

K. Muller
The Space Shuttle's Impact on Future
RCA Spacecraft-TREND, Cherry Hill, N.J.

A. Rosenberg ID. Hogan
Analysis of the CMSP - SSH/2 Sounder-
Meteorological/Optics. Lake Tahoe. Nev.
(1/12/83)

Automated Systems

D.A. Gore
Simplified Test Techniques for Engines
and Helicopters-Worcester Polytechnic
Institute, Worcester, Mass. (2/83)

Consumer Electronics

R.T. Mooney I K.M. Schiesier1S.A. Keneman
Piezoresistivity Effects in Plastic -Encapsu-
lated Integrated Circuits-RCA Review,
Vol. 43 (9/82)

Government
Communications Systems

S.P. Clurman1D.G. Herzog
Head/Tape Interface Pressure Control
Using Vacuum-RCA Technical Note
(1/83)

D.G. Herzog I L.W. Dobbins
Performance Comparisons of Electro-pho-
tographic, Dry Silver and Wet Processed
Recording Media Exposed with Gas Laser
and Laser Diode Light Sources for Image
Recording-Presented at the SPIE Tech
Symp. & Exhibit and published in the Pro-
ceedings, Los Angeles, Calif. (1/17-21/83)

J.S. Magnus IJ.F. Navins
Failure Analysis: The Computer as a
Tool-Presented at the 1983 Reliability
Symposium and published in the Proceed-
ings, Orlando, Fla. (1/25/83)

Laboratories

R.R. Barton
Optimization of Stochastic Multidimen-
sional Functions-Presented at the 1982
IEEE International Large Scale Systems
Symposium and published in the Proceed-
ings, (10/82)

D. Botez1D.J. Channin I M. Ettenberg
High -Power Single -Mode AlGaAs Laser
Diodes-Optical Engineering, Vol. 21, No.
6 (11-12/82)

D.Botez J.C. ConnollyID.B. Gilbert
M.G. HarveylM. Ettenberg
High -Power Individually Addressable
Monolithic Array of Constricted Double-
Heterojunction Large -Optical -Cavity
Lasers-Appl. Phys. Lett., Vol. 41. No. 11
(12/1/82)

J.K. Butler ID. Botez
Spatial Mode Discrimination and Control
in High -Power Single -Mode Constricted
Double-Heterojunction Large -Optical -Cav-
ity Diode Lasers-Appl. Phys. Lett., Vol. 41,
No. 12 (12/15/82)

R.L. Camisa IA. Midelsons
Broadband Microwave Power Amplifiers
Using Lumped -Element Matching and Dis-
tributed Combining Techniques-RCA
Review, Vol. 43 (9/82)

C.R.Carlson
Sine -Wave Threshold Contrast Sensitivity
Function: Dependence on Display Size-
RCA Review, Vol. 43 (9/82)

D.J. Channin
Emitters for Fiberoptic Communications-
Laser Focus (11 /82)

K.T. ChungIA. SabolA.P. Pica
Electrical Permittivity and Conductivity of
Carbon Black -Polyvinyl Chloride Com-
posites-J. Appl. Phys., Vol. 53, No. 10
(10/82)

H. Elabd H. Tower (ATL)1A. Aronson (AE)
Schottky -Barrier IRCCDs for Earth Sensing
Applications-Presented at GOMAC '82
and published in the GOMAC Digest of
Papers, Orlando, Fla. (11/2-4/82)

H. Elabd1W.F. Kosonocky
Theory and Measurements of Photo -
Response for Thin Film Pd2Si and PtSi
Infrared Schottky -Barrier Detectors with
Optical Cavity-RCA Review, Vol. 43
(9/82)

R.E. Enstrom IJ.R. Appert
Improving the Electrical Properties of
Vapor Grown III -V Compounds by Cooling
the HCI Liquid Source-Electrical Proper-
ties, Vol. 129, No. 11

G. Hass I M.N. Francombe IJ.L. Vossen
Physics of Thin Films-Vol. 12, Academic
Press, New York (1982)

U.T. Hochli1H.E. Weibel ;W. Rehwald
Elastic and Dielectric Dispersion in the
Dipole Glass K1_xLixTa03-J. Phys. C; Solid
State Phys., Vol. 15 (1982)

S. Freeman
Statistical Inference Algorithms for Auto-
mated Testing of Analog Circuits-Pre-
sented at the 1982 IEEE International Large
Scale Systems Symposium and published
in the Proceedings (10/82)

S. Freeman
Modeling ATE/CUT Interactions When an
Analog Circuit is Diagnosed by ATE-Pro-
ceedings of Autotestcon (1982)

A.M. Goodman
Silicon -Wafer -Surface Damage Revealed
by Surface Photovoltage Measurements-
J. Appl. Phys., Vol. 53, No. 11 (11/82)

J.M. Hammer IC.C. Neil
Observations and Theory of High -Power
Butt Coupling to LiNbO3-Type Wave-
guides-IEEE Journal of Quantum Elec-
tronics, Vol. QE -18, No. 10 (10/82)

D.M. Hoffman IJ. Zelez
An Introduction to the Utilization of a
Vacuum by Scientists and Engineers-
Presented at Drexel University, Philadel-
phia, Pa. (2/19/83)

A.G. Ipri IL. Jastrzebski J.F.l Corboy
Device Characterization on Monocrystal-
line Silicon Grown Over Si02 by the ELO
(Epitaxial Lateral Overgrowth) Process-
Proceedings, International Electron Devi-
ces Meeting (12/82)

S.T. Jolly S.Y. Narayan J.P. Paczkowski
D. Capewell
Semiconductor Growth Technology-Pro-
ceedings of SPIE, The International Society
for Optical Engineering, Vol. 323
(1/26-27/83)

K. Jonnalagadda
Single Sideband, Amplitude Modulated,
Satellite Voice Communication System
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Having 6000 Channels per Transponder-
RCA Review, Vol. 43 (9/82)

W. Kern IG.L. Schnable
Chemically Vapor -Deposited Borophos-
phosilicate Glasses for Silicon Device
Applications-RCA Review, Vol. 43 (9/82)

J Lagowski IL. Jastrzebski I G.W. Cullen
Microscale Characterization of Hetero-
epitaxial Silicon on Sapphire by Scanning
Photovoltage Measurements-Journal of
the Electrochemical Society, Vol. 129, No.
11 (11/82)

R.U. Martinelli
C.F. Wheatley and K.A. Sassaman (SSD)
A Study of Forward Second -Breakdown in
Silicon Bipolar Power Transistors Using
the Unit -Cell Concept-Proceedings,
International Electron Devices Meeting
(2/83)

J.T. McGinn IJ. Blanc IV.A. Greenhut and
T. Tsakalakos (Rutgers University)
Formation of Fault Structures During Coa-
lescence and Growth of Gold Particles in a
Fused Silica Matrix-I-Acta Metall., Vol.
30 (1982)

J.T. McGinn IV.A. Greenhut and
T. Tsakalakos (Rutgers University)
A Mechanism for Fault Formation in Fine
Particles and Implications for Theories of
Annealing Twinds in F.C.C. Metals-II-
Acta Metall., Vol. 30 (1982)

D. Meyerhofer IJ. Mitchell (SSTC,
Somerville)
Proximity Printing of Chrome Masks-RCA
Review, Vol. 43 (9/82)

L.S. Napoli IR.K. Smeltzer1R. Donnelly
and J. Yeh (SSD)
A Radiation Hardened 256x4 Bulk CMOS
RAM-RCA Review, Vol. 43 (9/82)

F. Okamoto T. Oka I K. Kato
Penetration Phosphors: Preparation and
Cathodoluminescence Properties-Japa-
nese Journal of Appl. Physics, Vol. 21, No.
8 (8/82)

G.H. Olsen IT.J. Zamerowski I F.Z. Hawrylo
Vapor Growth of InGaAs and InP on (100),
(110), (111), (311), and (511) InP Substra-
tes-Journal of Crystal Growth, Vol. 59
(1982)

J.I. Pankove
Light -induced metastable effects in

hydrogenated amorphous silicon-Solar
Energy Materials, Vol. 8 (1982)

W. Rehwald IA. Vonlanthen
Ultrasonic Properties of Thiourea in
Phases Ito V-J. Phys. C: Solid State
Phys., Vol. 15 (1982)

K.M. Schiesier1S.A. Keneman i R.T. Mooney
(CE, Indianapolis)
Piezoresistivity Effects in Plastic -Encapsu-
lated Integrated Circuits-RCA Review,
Vol. 43 (9/82)

R Shahbender
Forces Acting on the Tool in VideoDisc
Mastering-RCA Review, Vol. 43 (9/82)

R.K. Smeltzer
Trap Creation in Channel Oxides due to
Ion Penetration of Polycrystalline Silicon-
Appl. Phys. Left., Vol. 42, No. 9 (11/1/82)

H.S. Sommers, Jr.
A Survey of Optical Nonlinearities: Theory
and Observation in (AIGa)As Injection
Lasers-IEEE Proc., Vol. 129, Pt. I, No. 6
(12/82)

L.C. Upadhyayula H.R. Curtice R. Smith
Design, Fabrication, and Evaluation of 2 -
and 3 -Bit GaAs MESFET Analog -to -Digital
ICs-IEEE Transactions, Vol. ED -30, No. 1
(1983)

B.S. Yarman
A Simplified Real Frequency Technique
for Broadband Matching a Complex
Generator to a Complex Load-RCA
Review, Vol. 43 (9/82)

B.S. Yarman
Real Frequency Broadband Matching
Using Linear Programming-RCA Review,
Vol. 43 (9/82)

J. Zelez
A Diamond -Like Carbon Film-RCA
Review, Vol. 43 (9/82)

Missile & Surface Radar
J.A. Bauer
Introduction to Manufacturing Technology
for Surface Mounted Components-Inter-
national Society of Hybrid Manufacturing,
Reno, Nev. (11/17/82)

F.J. Buckley
IEEE Standard 729-1983 IEEE Standard

Glossary of Software Engineering
Terminology-Printed February 1983

F.J. Buckley
Software Quality Assurance-IEEE Soft-
ware Quality Assurance Seminar, New
Orleans, La. (2/21-23/83)

F.J. Buckley
IEEE Standard 829-1983 IEEE Standard
for Software Test Documentation-Printed
February 1983

S.R. Chowdhury
A General Architecture to Support Multi -
Level Dynamic Display-Jadavpur Univ.
Faculty of Engineering and Technology,
Calcutta, India (12/17/82)

P.D. Edgar
The AEGIS Doctrine Management Con-
cept-Tri-Service Combat Identification
Systems Conference, U.S. Naval Post
Graduate School, Monterey, Calif.
(2/7-11/83)

D.J. Herman
Computer Resource Management During
Software Development (panelist)-Six-
teenth Annual Hawaii International Confer-
ence on System Sciences (ACM IEEE
Computer Society), Honolulu, Hawaii
(1/5-7/83)

H.D. Lewis
Air Friend Identification Using AEGIS
S -Band Data Link-Tri-Service Combat
Identification Systems Conference, U.S.
Naval Post Graduate School, Monterey,
Calif. (2/7-11/83)

R. Donnelly IJ. Yeh
L.S. Napoli I R.K. Smeltzer (Labs)
A Radiation Hardened 256x4 Bulk CMOS
RAM-RCA Review, Vol 43 (9/82)

Solid State
Technology Center
J. Mitchell D. Meyerhofer (Labs)
Proximity Printing of Chrome Masks-RCA
Review, Vol. 43 (9/82)

Solid State Division
C.F. Wheatley1K.A. Sassaman
R.U. Martinelli (Labs)
A Study of Forward Second -Breakdown in
Silicon Bipolar Power Transistors Using
the Unit -Cell Concept-International Elec-
tron Devices Meeting (12/82)
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Engineering News and Highlights

Board of Directors

I
T F Bradshaw

Chairman of the Board
& Chief Executive Officer

RCA
Organization as of March 31, 1983

R.R. Frederick
President

& Chief Operating Officer

E.E. Beyer, Jr., Executive Vice President and General Counsel
K.W. Bilby, Executive Vice President
G.H. Fuchs, Executive Vice President, Industrial Relations
W.C. Hittinger, Executive Vice President, Corporate Technology
R.W. Miller, Executive Vice President, and Chief Financial Officer
J.M. Alic, Senior Vice President, Corporate Planning
T.B. Ross, Senior Vice President. Corporate Affairs

National Broadcasting
Company, Inc.

G.A. Tinker
Chairman of the Board

& Chief Executive Officer

C.I.T. Financial Corp.
W.S. Holmes, Jr.

Chairman of the Board
& Chief Executive Officer

RCA Communications
Inc.

E.F. Murphy
President

& Chief Executive Officer

RCA American
Communications, Inc.

RCA Global
Communications, Inc.

RCA Network Services, Inc.
RCA Cylix Communications

Network, Inc.

F.A. Olson
Executive Vice President

The Hertz Corporation
Coronet Industries, Inc.

Senior Management Realignment

A realignment of RCA's senior management,
aimed at placing greater emphasis on long-
range corporate planning and development
of new technologies, was announced on
February 8 by Thornton F. Bradshaw, Chair-
man and Chief Executive Officer.

Executive Vice -President William C.
Hittinger has been named to head a new
group, Corporate Technology, and James
M. Alic, formerly a Group Vice -President,
has been named to the new position of
Senior Vice -President, Corporate Planning.
Both Mr. Hittinger and Mr. Alic report to Mr.
Bradshaw.

Mr. Hittinger continues to be responsible

R.H. Pollack
Executive Vice President

I
J.D. Rittenhouse

Group Vice President

Group Vice President (J.K. Sauter)

Consumer Electronics Division
Distributor & Special Products

Division
Video Component & Display

Division
Cablevision Systems

Solid State Division
"SelectaVision" VideoDisc

Operations
RCA Laboratories

for Patent Operations, Licensing, and Staff
Engineering, and adds a new activity, Tech-
nical Evaluation and Planning, headed by
Dr. James Vollmer, Senior Vice -President.
Mr. Hittinger also serves as the senior tech-
nical advisor to the Chairman of the Board
and the President and will represent RCA
on technology matters with government agen-
cies, trade associations, and academic insti-
tutions.

Dr. Vollmer, in addition to his responsibil-
ities for technical evaluation and planning
at the corporate level, will assist and advise
the Corporate Planning activity on techni-
cal matters as requested. He will also have

Commercial Comm.
Systems Division

Government Systems
Division

RCA Service Company

H.S. Schlosser
Executive Vice President

RCA Records Division
"SelectaVision" VideoDiscs
RCA/Columbia Pictures

Joint Ventures
RCTV Joint Venture

responsibility for maintaining an effective
relationship with appropriate federal govern-
ment agencies in developing business op-
portunities for the Corporation.

Mr. Alic assumes responsibility for develop-
ing and administering the Corporate stra-
tegic planning program and providing func-
tional direction for such programs in RCA's
major operating units.

A new organizational structure is now in
place under Robert R. Frederick, President
and Chief Operating Officer. The following
executives now will report to him.

-Roy Pollack, Executive Vice -President,
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who now assumes responsibility for the
RCA Laboratories in addition to his current
responsibilities for the Consumer Electron-
ics Division, Video Component and Display
Division, Distributor and Special Products
Division, Cablevision Systems, Solid State
Division, and "SelectaVision" VideoDisc
Operations.

-John D. Rittenhouse, who is now a Group
Vice -President, assumes responsibility for
the Government Systems Division, Com-
mercial Communications Systems Division
and the RCA Service Company. Mr. Ritten-
house had been Division Vice -President
and General Manager of the Picture Tube

Division, now the Video Component and
Display Division.

-Eugene F. Murphy, who continues as
President and Chief Executive Officer, RCA
Communications, Inc. This organization in-
cludes RCA American Communications,
Inc., RCA Global Communications, Inc., RCA
Network Services, Inc., and RCA Cylix Com-
munications Network, Inc.

-Frank A. Olson, who continues as Exec-
utive Vice -President with responsibility for
the The Hertz Corporation and Coronet In-
dustries.

-Walter S. Holmes, Jr., Chairman and

Chief Executive Officer of C.I.T. Financial
Corporation.

-Herbert S. Schlosser, who continues as
Executive Vice -President in charge of RCA
Records, VideoDiscs, and certain RCA joint
ventures.

-Grant A. Tinker, Chairman and Chief Ex-
ecutive Officer of the National Broadcast-
ing Company, Inc., continues to report to
Mr. Bradshaw.

Mr. Bradshaw said the realignment was
made to strengthen the company's ability
to seize on the most promising electronic
business opportunities in the future.

Quinn Heads Video
Component & Display Division
(formerly Picture Tube Division)

Charles A. Quinn has been appointed Di-
vision Vice -President and General Manager,
Video Component and Display Division. He
will report to Jack Sauter, Group Vice -Presi-

dent. Mr. Quinn had been Division Vice -
President, Operations, Consumer Electron-
ics Division. There, he had been responsible
for the engineering, production planning,
purchasing, manufacturing and product as-
surance functions of the division.

The division, with principal facilities in

Lancaster and Scranton, Pa., Marion, Ind.,
Circleville, Ohio, and Puerto Rico, supplies
picture tubes to RCA and other color tele-
vision receiver manufacturers. The division
entered the color data display tube busi-
ness last year.

Mr. Quinn joined RCA in 1965 as an
Administrator of the Corporate Staff Pur-
chasing function in Camden, N.J., and
moved to the Communications Systems Di-
vision the following year. He joined the Con-
sumer Electronics Division in 1974 as Direc-
tor of Purchasing.

Quinn is a native of Philadelphia. He
earned a bachelor's degree in electrical
engineering from Villanova University and
an MBA in economics and finance from
Duquesne University.

Tietjen is President
of RCA Americom

The election of Dr. James J. Tietjen as
President and Chief Operating Officer of
RCA American Communications, Inc. was
announced by Eugene Murphy, Group Vice -
President of RCA Corporation.

Dr. Tietjen has served as Staff Vice -Presi-
dent at RCA Laboratories since 1977 and
has 20 years of service with RCA. He suc-

Clemens Named
Staff Vice -President

Appointment of Dr. Jon K. Clemens as Staff
Vice -President, Consumer Electronics Re-
search, was announced by Dr. William M.
Webster, Vice -President, RCA Laboratories,
in Princeton, N.J. In his new position, Dr.
Clemens is responsible for RCA Laborato-
ries research on digital products, television,
and VideoDisc systems.

Since joining RCA Laboratories in 1965,
Dr. Clemens has played a leading role in
the development of the RCA "SelectaVision"
VideoDisc system. In 1976 he was ap-
pointed Head, Signal Systems Research,
with the primary responsibility for develop-
ing the VideoDisc signal system for both
the mastering of records and the player
design. In 1981 he was appointed Director,
VideoDisc Systems Research Laboratory.

In 1980 Dr. Clemens was a co -recipient
of the Rhein-Prize-presented by the

Eduard Rhein Foundation of West Ger-
many-for his contributions to the Video -
Disc system. Dr. Clemens is a co -recipient
of the IEEE Vladimir K. Zworykin Award for
outstanding contributions to the develop-
ment of an electronic disc system for re-
corded television programs. The award will
be presented to him in June of this year.
Dr. Clemens has received two RCA Labo-
ratories Outstanding Achievement Awards
as well as a special VideoDisc award in
1973. In 1981 he was a recipient of the
David Sarnoff Award for Outstanding Tech-
nical Achievement for his work on the CED
VideoDisc system.

Dr. Clemens received a B.A. degree in
Physics from Goshen College in 1960. MIT
awarded him B.S. and M.S. degrees in 1963
and a Ph.D. degree in 1965, all in Electrical
Engineering.
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ceeds Andrew F. Inglis, who will retire from
RCA on June 1 after 30 years of service,
and who has served as President of RCA
Americom since January 1977.

During the iterim period, Mr. Inglis will
serve as Vice -Chairman of RCA Americom.
Both Dr. Tietjen and Mr. Inglis will report to
Mr. Murphy, who is also Chairman and
Chief Executive Officer of RCA Americom.
Following June 1, Mr. Inglis will continue to
serve the company as a consultant in mat-
ters primarily relating to long-range plan-
ning for its communications services.

In announcing the appointment, Mr.
Murphy said, "Dr. Tietjen will bring to RCA
Americom an outstanding background of
management capability and technological
achievement, including direction of the re-
search and development effort that culmi-
nated in the development of the RCA Video -
Disc. These skills will enable the company
to maintain its leadership in providing do-
mestic satellite -communications services to
businesses, the media, and government
agencies."

A native of New York City, Dr. Tietjen
received his B.S. degree, cum laude, in
Chemistry from lona College in 1956. He
was awarded his M.S. and Ph.D. degrees
in Physical Chemistry in 1958 and 1963
from The Pennsylvania State University.

The author of more than 30 published
articles primarily relating to materials and
components research, he has received
RCA's highest technical honor, the David
Sarnoff Award for Outstanding Technical
Achievement, in 1967 and 1970. He was
also awarded RCA Laboratories Outstand-
ing Acheivement Awards in 1965 and 1969.

Staff announcements

Roy H. Pollack, Executive Vice -President,
announces that Jay J. Brandinger, Division
Vice -President and General Manager, "Se-
lectaVision" VideoDisc Operations, and
David Arganbright, Staff Vice -President Busi-
ness Management and Control, VideoDisc
Project, will report to the Executive Vice -
President. Mark L. Frankel is appointed Staff
Vice -President, Planning.

Automated Systems

Thomas E. Fitzpatrick, Director, Vehicle Test
Systems reports to A.T. Hospodor, Division
Vice -President and General Manager.
Richard E. Hanson, Manager, Vehicle Test
Systems Development and John F. Martin,
Manager, Program Operations, report to
Thomas E. Fitzpatrick. John S.J. Harrison,
Manager, Avionic Test Systems Engineer-- ing; Richard P. Percoski, Manager, Auto-

matic Test Systems Engineering, report to
D.M. Priestley, Chief Engineer. Chris A.
Wargo, Manager, Program Operations, re-
ports to Eugene M. Stockton, Director C3I
Systems.

Consumer Electronics

Leonard J. Schneider, Division Vice -Pres-
ident, Manufacturing, announces that the
Board of Directors of RCA Taiwan Limitec.
elected Kenneth S. Williams as President
and General Manager. Mr. Williams reports
administratively to the Board of Directors,
RCA Taiwan Limited, and he reports func-
tionally to the Division Vice -President, Manu-
facturing.

Edmund W. Riedweg, Plant Manager, Bloom-
ington Plant, announces the Bloomington
Plant organization as follows: Robert R.
Beasley, Manager, Plant Engineering; Terry
J. Burns, Manager, Television Manufactur-
ing-Plants I & II; John H. Cook, Manager,
Industrial Relations; Forrest W. Eads, Man-
ager, Manufacturing Analysis; Gerald A.
Gradek, Manager, Television Manufactur-
ing-Plant III; James J. Legault, Manager,
Quality Control; Philip G. McCabe, Man-
ager, Manufacturing Engineering; Bruce W.
Phillips, Manager, Financial Operations; and
Russell M. Smith, Manager, Materials.

J.B. Thomas, Manager, Manufacturing Engi-
neering, announces the appointment of
Keith A. Searcy as Manager, Process Engi-
neering. Mr. Searcy will report to the Man-
ager, Manufacturing Engineering.

Laboratories

William M. Webster, Vice -President, RCA
Laboratories, announces the organization
of the RCA Laboratories as follows: Jon K.
Clemens, Staff Vice -President, Consumer
Electronics Research; Henry Kressel, Staff
Vice -President, Solid State Research; Kerns
H. Powers, Staff VicePresident, Communi-
cations Research; Richard E. Quinn, Staff
Vice -President, Administration; Alfred H.
Teger, Staff Vice -President; William M.
Webster, Acting, Materials and Manufactur-
ing Systems Research; Brown F. Williams,
Staff Vice -President, Display and Energy
Systems Research; and Dominick A. Zurlo,
Staff Vice -President, Industrial Relations.

Jon K. Clemens, Staff Vice -President, Con-
sumer Electronics Research, announces the
organization of Consumer Electronics Re-
search as follows: David D. Holmes, Direc-
tor, Television Research Laboratory; Arthur
Kaiman, Director, Digital Products Research
Laboratory; and John A. van Raalte, Direc-
tor, VideoDisc Systems Research Labo-
ratory.

Bernard J. Lechner, Director, Video Sys-
tems Research Laboratory, announces the
organization of the Video Systems Research
Laboratory as follows: Emilie M. Lengel,
Head, Systems Technology Research; Allen
H. Simon, Fellow, Technical Staff; Frank J.
Marlowe, Head, Digital Video Research;
Charles B. Oakley, Head, Satellite Trans-
mission Technology Research; Leonard
Schiff, Head, Communication Analysis Re-
search; Harold Staras, Fellow, Technical
Staff; Paul Schnitzler, Head, Broadcast Sys-
tems Research; and Robert E. Flory, Fel-
low, Technical Staff.

RCA Cylix Communications
Network, Inc.

Ralph R. Johnson, President and Chief Ex-
ecutive Officer, RCA Cylix Communications
Network, Inc., announces the organization
of the President and Chief Executive Officer
as follows: R. Ronald Burgess, Director,
Personnel; Byron M. Eagle, Vice -President,
Finance and Administration; Floyd H. Jean,
Vice -President, Engineering and Develop-
ment; Ralph R. Johnson, Acting, Operations;
and Ronald L. Young, Vice -President,
Marketing.

Solid State Division

Jon A. Shroyer, Division Vice -President Inte-
grated Circuits, announces the appointment
of Otto H. Schade, Jr. as Principal Member
of the Technical Staff. Mr. Schade will report
to George J. Waas, Manager, Design Engi-
neering -Bipolar & MOS Logic.

Larry J. French, Division Vice -President,
Solid State Technology Center, announces
the appointment of Christopher B. Davis as
Principal Member of the Technical Staff.
Mr. Davis will continue to report to Larry
M. Rosenberg, Manager, Design Automation.

Carlton L. Rintz, Director, Tube Operations,
announces the appointment of William S.
Lynch as Manager, Materials, Planning and
Operations Support. Mr. Lynch will report
to the Director, Tube Operations.

William S. Lynch, Manager, Materials, Plan-
ning and Operations Support-Tube Oper-
ations, announces the organization of Mate-
rials, Planning and Operations Support-
Tube Operations as follows: John H. Hipp,
Manager, Purchasing; Arthur A. May, Man-
ager, Warehouse and Distribution; Robert
J. Rutherford, Manager, Systems and Facil-
ities; Joseph D. Schmitt, Manager, Produc-
tion Planning-Power Tube; and William
M. Sloyer, Manager, Production Planning-
Conversion Tube.
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Professional activities

Williams elected IEEE Fellow

Dr. Brown F. Williams, Staff Vice -President,
Display and Energy Systems Research, has
been elected a Fellow of the Institute of
Electrical and Electronics Engineers (IEEE).
Fellow is the highest membership grade
attainable in the IEEE, conferred upon "per-
sons of outstanding and extraordinary quali-
fications in their particular fields." Dr.
Williams was honored "for technical con-
tributions and innovative leadership in re-
search and development of electron de-
vices." He is one of 130 Fellows elected in
1982 from among the IEEE's world-wide
membership of 234,000.

Burlington Sigma Xi
club meeting

The RCA Burlington club of Sigma Xi held
a meeting at the Automated Systems facil-
ity on November 17, 1982. The meeting,
conducted by Club President Lionel Arlan,
included a report on the Society Annual
Delegates Meeting and induction of four-
teen new associate members.

Guest speaker, Dr. Fred Sterzer, Direc-
tor of the Microwave Technology Center at
the David Sarnoff Research Center, spoke
on "Localized Hyperthermia Treatment."
This fascinating lecture described how lo-
calized hyperthermia treatment (sustained
heating of tissues to temperatures of about
42 to 43.5°C) is one of the number of uncon-
ventional methods of treating cancer that
are receiving increased attention from oncol-
ogists. Dr. Sterzer reviewed the effects of
hyperthermia on malignent cells and tis-
sues, and described techniques and appa-
ratus developed at RCA Laboratories for
clinical application.

Monshaw elected IEEE Fellow

V.R. Monshaw was elected a Fellow of the
Institute of Electrical and Electronic Engi-
neers effective January 1, 1983, with the
following citation:

"For contributions to the reliability engi-
neering of space electronic systems"

Mr. Monshaw is Manager of Product Assur-
ance at RCA Astro-Electronics.

Vollmer to head Rutgers
business advisory council

Dr. James Vollmer, Senior Vice -President
of RCA Corporation, has been named Chair-
man of the new Executive Advisory Coun-
cil to the business studies faculty at Rutgers
University's Camden campus. The 10 -mem-
ber council was formed by Rutgers to ad-
vise faculty members on curriculum, to
study how faculty members and students
can help business, and to keep the faculty
informed of business trends, according to
Dr. Peter Weissenberg, Associate Dean for
Business Studies at Rutgers-Camden.

Dr. Vollmer has a doctor's degree in phys-
ics from Temple Unversity, where he later
taught for five years. He also was gradu-
ated from the Harvard Business School's
Advanced Management Program. He joined
RCA in 1959.

Balzer is committee chairman

Dan Balzer, Manager, Propulsion & Space
Transportation, Astro-Electronics, was elec-
ted by the AIAA Technical Committee on
Liquid Propulsion (TC-LP) to serve as the
Committee Chairman effective May 1, 1983.
The term of office is two years. The general
scope of the AIAA TC-LP is to foster the

development of technology for all aspects
of reaction propulsion employing liquid or
gaseous propellants. The committee is com-
posed of representatives from government
agencies, universities, virtually every major
aerospace company in the U.S. and for-
eign -country members from England,
France, Federal Republic of Germany, and
Japan.

Bartolini named 1983-84
Sigma Xi National Lecturer

Robert A. Bartolini, Solid State Devices Lab-
oratory, is one of 30 scientists to be named
a Sigma Xi National Lecturer for 1983-84.
Each year the scientific research society
assembles a College of National Lecturers
so that its chapters and clubs can have the
opportunity to hear nationally known scien-
tists discuss particularly lively areas of cur-
rent research. Dr. Bartolini will lecture to
various Sigma Xi groups on "Laser Record-
ing of Mass Memory Data: The Potential
Solution to the Information Explosion."

Lannon on ASQL committee

R. Lannon of Quality Engineering, RCA Astro-
Electronics was a committee member respon-
sible for developing exhibitor participation
at the 26th Annual Symposium for the Phila.
Section of ASQC (American Society for Qual-
ity Control) held Nov. 18, 1982, Cherry Hill
Inn, Cherry Hill, N.J.

Sommer wins
Gaede-Langmuir Award

Dr. Alfred H. Sommer from Thermo Elec-
tron Corporation has been selected as the
1982 winner of the Gaede-Langmuir Award:

"For inventions and development of pho-
tocathodes and secondary emitters used
in a variety of applications such as vacu-
um tubes, high energy physics, medi-
cine and biology, astronomy, night vision
and television."

Alfred FL Sommer was born and educated
in Germany. He received the Dr. Phil. degree
in Physical Chemistry from Berlin Univer-
sity in 1934. Throughout his career at RCA
Laboratories (1953-1974), his main interest
has been development and study of new
photoemissive and secondary electron emit-
ting materials and their applications in pho-
tomultipliers, image tubes and TV camera
tubes.
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Woll to receive
engineering award

Dr. Harry J. Woll, Staff Vice -President and
Chief Engineer, RCA Electronic Products,
Systems and Services, received the 1982
Yarnall Award from the University of Penn-
sylvania's Engineering Alumni Society.

RCA man elected
to IEEE Board

The IEEE Assembly has elected new Vice -
Presidents for Regional and Educational
Activities, and other officers. Merrill Buck-
ley, Jr., Missile and Surface Radar, Former
Region 2 Director, replaces Hans Cherney
on the Executive Committee and the Board
of Directors, as Vice -President for Regional
Activities.

Enstrom is VP
of The Electrochemical Society

Dr. Ronald E. Enstrom has been elected a
Vice -President of The Electrochemical Soci-
ety. The Society is headquartered in Pen-
nington, New Jersey and facilitates com-
munication among about 6000 scientists in
a number of materials -related research
areas both in the United States and abroad.
He has served on a number of committees
within the Society, and most recently has

been chairman of the Electronics Division,
which focusses on the growth, processing,
technology and science of semiconducting
materials for electronic device applications.

Dr. Enstrom is with the Display Process-
ing and Manufacturing Research Labora-
tory at the RCA David Sarnoff Research
Center in Princeton, New Jersey. He is the
author or co-author of more than 60 pa-
pers, has been awarded 5 patents, and
was awarded the David Sarnoff Award for
Outstanding Technical Achievement, which
is the RCA Corporation's highest scientific
award. For the academic year 1973-74, he
was at the Swiss Federal Institute of Tech-
nology in Zurich, Switzerland.

NBC engineers in
professional societies

NBC's engineers are involved currently in
several professional societies. For exam-
ple, Robert J. Butler is on the Electronic
Industries Association (EIA) committee on
Satellite Equipment and Systems. Donald
J. Musson is on the IEEE Broadcast Group
Audio Measurements Subcommittee, and
he is IEEE Administrative President of the
Broadcast Technology Society. Burnett
Sams is on the Society of Motion Picture
and Television Engineers (SMPTE) Work-
ing Group for Standardization of Digital Con-
trol of Television Equipment. David
Rabinowitz is on the SMPTE Working

Group on Digital Video Standards and on
the SMPTE Sub -Group on Digital Studio
Implementation. The important voluntary stan-
dards -setting activities of industry, to which
these men contribute, help to determine
the shape of future broadcast technologies.

Isom wins AES bronze medal

Warren Rex Isom, who joined RCA in 1944
and retired in 1975 after 10 years as Chief
Engineer for RCA Records, received the
Audio Engineering Society Bronze Medal
at the 72nd Convention. He was cited for
"distinguished and creative services to the
Society over many years and his particular
contributions to special publications." Mr.
Isom spent his professional career on the
frontier of engineering, particularly at the
interface of electronics and mechanics.

Upadhyayula chairs
IEEE chapter

Dr. L. Chainulu Upadhyayula is currently
the Chairman of the Electron Devices/Mi-
crowave Theory and Techniques Chapter
of the IEEE Princeton section. He is also
elected to the Committee on Digital Micro-
wave Theory and Techniques Society.
Upadhyayula is a Member of Technical
Staff, RCA Laboratories.

Technical excellence

Harrison wins Americom's first technical excellence award

RCA American Communications, Inc., has
announced that the first recipient in its Tech-
nical Excellence Award program is Irving
W. Harrison, a group leader for space sys-
tems mission operations.

Mr. Harrison was cited by the company's
Awards Committee for work that resulted
in a redesign of the tracking, telemetry and
control computer software systems that main-
tain RCA Americom's Satcom communica-
tions satellites while in orbit 22,300 miles
above the equator.

John Christopher, Vice -President, Tech-
nical Operations, cited Mr. Harrison's "out-
standing display of knowledge, implemen-

tation skill and dedication on this project,"
which helped RCA Americom to fulfill its
contractual commitments to Alascom, Inc.,
and to meet interface obligations with space-
craft software and hardware conirctors.

Mr. Harrison has been associated with
RCA Americom since 1975, when he served
as a ground systems analyst at the com-
pany's main earth station in Vernon Valley,
N.J. He later moved to headquarters as a
senior systems analyst in Technical Opera-
tions until assuming his present position in
1979.

The Technical Excellence Award program
is an RCA corporate -wide activity that orig-

Harrison

inated 15 years ago for the purpose of
serving the professional needs and inter-
ests of the company's engineering commu-
nity. It was established this year at RCA
Americom to promote engineering excel-
lence and the development of activities lead-
ing to enhanced professionalism and pro-
ductivity.
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MSR's special
technical excellence awards

Cheng

Katsumata

Griffin

Bernie Matulis, Chief Engineer at Missile
and Surface Radar, announced three spe-
cial Chief Engineer's Technical Excellence
Awards to be presented to Raymond
Cheng, Brian Griffin, and Kun Katsumata,
all engineers at the Advanced Technology
Laboratories. A brief summary of their accom-
plishments follows.

For their significant accomplishments
on the Military Computer Family Program
in defining the original CPU hardware
and microcode architecture for the
AN/UYK-41 super minicomputer and
AN/UYK-49 microcomputer. Their efforts
consisted of partitioning the design for
VLSI technology insertion, developing
detailed hardware specifications for each
functional element, generating more than
2,000 lines of microcode, establishing
simulation models, and, finally, verifying
both the hardware architecture and micro-
code via functional simulation.

In addition, they played a key role in
the debugging and testing of the ad-
vanced development modules, handling
the prime responsibility for microcode
integration, and supporting the accep-
tance test and system software inte-
gration.

Automated Systems team award. From left to right: R. Caron, D. Nowak, R.
Thomson, A. Hospodor, Division Vice -President and General Manager, R. Cowley,
A. Fortin, Jr., M. Lospinuso, K. St. Pierre, L. Armstrong, D. Chin, D. Lee, F. Shirak.

The STE/ M1 Validation/Verification team,
directed by A.H. Fortin, Jr., received a com-
mendation for outstanding team perfor-
mance in validating and verifying Simplified
Test Equipment for the Abrams M1 tank.
The team members worked for many
months in Center Line, Michigan, at the
General Dynamics Land Systems Division
tank manufacturing facility. Their dedicated
efforts resulted in expeditious completion
of validation and verification of STE/ M1
and permitted the RCA production contract
to proceed without delay. The Engineering
Team award honors the following team mem-
bers for outstanding effort on this important
project:

L.R. Armstrong,
Engineering Scientist

R.W. Caron,
Member Technical Staff

D. Chin,
Member Technical Staff

D.K. Lee,
Member Technical Staff

M.D. Lospinuso,
Senior Member Technical Staff

D. Nowak,
Senior Member Technical Staff

K.J. St. Pierre,
Member Technical Staff

R.J. Thomson,
Data Processor, Engineering

The Engineering Team Award program
was instituted in late 1982 by the Automated
Systems Engineering Department, to give
credit and recognition to deserving teams
for successful completion of important proj-
ects or a key phase of a project.

Paterson wins MSR's annual technical excellence award

Bill Paterson won Missile and Surface Ra-
dar's Technical Excellence Award for 1982.

For outstanding contributions to the archi-
tecture design of the Military Computer
Family and for system engineering leader-
ship on the program. He personally devel-
oped a detailed, transaction -based simu-
lation model of the minicomputer in
GPSS (General Purpose System Simu-
lator). With a baseline model thus estab-
lished, he made extensive use of
BMEWS and AEGIS software program
application statistics as a basis for key
trade-offs in memory subsystem design.
These trade-offs were slanted toward
real-time Command and Control pro-
cessing environments and involved deci-
sions in cache utilization, cache page
size and update strategies, and system
bus structure. The superiority of the arch-
itecture has been verified in extensive
AD model demonstrations.

As chief system engineer for the pro -

Paterson

gram, he has been responsible for the
overall MCF system design, including
traceability of the functional design from
concept to the Advanced Development
models, and thence to the projected final
design that will include insertion of VLSI
technology. As RCA's representative on
the Army's Nebula Tiger Team, Mr.
Paterson has also played a key role in
the finalization of the MCF Instruction
Set Architecture.
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MSR third-quarter 1982 awards

Blum

Mason

Houck

Monastra

At Missile and Surface Radar, the review of
Technical Excellence Award nominations
for the third quarter 1982 has yielded nine
winners.

C. Blum-for important acomplishments in
two distinct areas of the EDM-4 antenna
development program. His design of state-
of-the-art rectangular coaxial power divid-
ers exceeded design requirements, and his
involvement in software development for
testing phase shifters and drivers has also
proved completely successful. These achieve-
ments are particularly noteworthy, coming
in his first year as a graduate engineer.

A.S. Cooper-for his initiative, dedication,
and tenacity in the implementation of a Hy-
brid Circuit Design System-an extraordi-
nary performance, well beyond that ex-
pected from one of his experience and posi-
tion. His efforts, which included development
of more than 40 program modules, have
resulted in an effective system for the de-
sign and checkout of hybrid circuits on
ceramic substrates.

R.L. Houck-for extraordinary performance
under difficult circumstances in restoring
operational status to a NIDIR radar located
in a remote foreign location. With no re-
course to MSR for information or assis-
tance, Mr. Houck exhibited his expertise by

MSR fourth-quarter 1982 awards

At Missile and Surface Radar, the review of
Technical Excellence Award nominations
for the fourth quarter 1982 has yielded sev-
en winners.

D.W. Copeland, Jr.-for significant contri-
butions to AEGIS Combat System training
through incorporation of the ownship motion
simulation capability of the hull sonar as

Scott

resolving problems in a wide range of areas,
including azimuth encoders, pulse amplifi-
ers, magnetic tape controls, and elevation
bandwidth circuitry.

G.A. Hughes-for his successful structural
design and development of fabrication and
assembly techniques for the EDM-4 anten-
na structure. His approaches to alignment
of the high -precision, ultra -lightweight deep
beam assemblies to the integrated horn/
front plate assembly provided a structure
with significantly lower weight than that of
the SPY -1A.

K.P. Hui-for outstanding performance in
the development of Military Computer Fam-
ily CPU subsystems and integration of Neb-
ula microcode in the hardware. His techni-
cal direction and personal design contri-
butions were key elements of the success-
ful design and implementation that pro-
duced more than 2100 unique integrated
circuits in seven months.

N.R. Landry-for contributions to the
EDM-4 antenna array development, espe-
cially in the computer -aided design of the
precise power divider T -junctions used in
the beamformer networks. Augmenting this
work was a set of computer -aided test pro-
grams for evaluation and analysis of the
complex beamformer network circuits. He

an integral part of the overall AEGIS Com-
bat System Training System (ACTS). As a
result of his efforts, the utility of the anti-
submarine warfare trainers has been extend-
ed so that the entire AEGIS Combat Sys-
tem can apply simulated navigation data
for dockside training.

M.R. Ducoff -for demonstrating outstand-

Hughes Landry

earlier provided a computer program for
evaluation of the phase shifters.

R.J. Mason-for his design combining the
capabilities of the precision 3D Applicon
system and the Gerber photo -plotter to pro-
duce artwork, photomasks, inspection tem-
plates, and drawings for large (2X4 feet)
microwave etched circuits. Also produced
were tapes for numerically controlled ma-
chining of associated ground planes. The
resulting circuits are laminated by a vendor,
under Mr. Mason's direction, to provide col-
umn beamformers for the EDM-4 antenna
array.

E.J. Monastra-for his contributions to the
design and test of the MCF advanced devel-
opment CPU, including integration and test-
ing of Nebula microcode. In addition to assum-
ing personal responsibility for detailed de-
sign of 970 of the 2100 unique integrated
circuits, Mr. Monastra initiated a number of
logic design techniques that made it pos-
sible to meet the highly compressed inte-
gration and testing schedules.

M.J. Scott-for extraordinary performance
under difficult circumstances in restoring
operational status to a NIDIR radar located
in a remote foreign location. With no re-
course to MSR for information or assist-
ance, Mr. Scott successfully resolved a wide
variety of electrical and mechanical prob-
lems in the local oscillator assembly, trans-
mitter tuner control, microwave pressure
and dehydration systems, and boresight tow-
er signals.

The award winners were honored at a
special function, and each received a com-
memorative desk plaque and a current text
or reference book.

ing technical expertise over a broad range
of radar system engineering skills in model-
ing, simulating, and evaluating the probable
and predicted performance capabilities of
an advanced Soviet air defense threat radar
system. The thoroughness and depth of
detail that characterized Mr. Ducoff's anal-
ysis was so compelling that the Govern -
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Copeland

Henderson

McCamy

Paterson

Ducoff

McBride

Seymour

rent is updating its Threat Assessment
Report to incorporate the results of his
efforts.

D.W. Henderson-for designing and devel-
oping a Military Computer Family (MCF)
Test Case Generator for evaluating all varia-
tions of operation codes used in the Neb-
ula Instruction Set Architectures. The resul-
tant ISA tests, and a Demonstration Test
Plan he created, were highly successful in
verifying the capabilities of the MCF com-
puters in customer demonstrations. Further,
his innovative techniques are readily adapt-
able to testing other developmental compu-
ter equipment.

E.J. McBride-for his technical performance
and leadership during the design and devel-
opment of the Military Computer Family Ad-
vanced Development input-output subsys-
tem. Mr. McBride personally designed the

hardware for the majority of this large and
complex subsystem, which consisted of
more than 800 integrated circuit chips. In
addition, he provided technical direction in
the development of over 4500 lines of com-
plex microcode. Finally he undertook respon-
sibility for development and testing of five
serial and six parallel I/O Mupac boards.

R.D. McCamy-for designing, documenting,
and coding the Military Computer Family
Ruff Time Monitor, a basic multitasking oper-
ating system for demonstrating MCF hard-
ware. Building a program of this size (2,200
lines of code) and complexity for a new,
untested machine, in a new language, made
his achievement outstanding. In addition,
Mr. McCamy continued his responsibilities
as Chief Programmer for the MCF Software
Support Group throughout the period of
development.

W.J. Paterson-for outstanding contribu-
tions to the architecture design of the Mil -

GCS PONTIAC team wins award

The Government Communications Systems
PONTIAC Design Team has been selected
for a Technical Excellence Award for the
successful design of a Special Arithmetic
Unit (SAU). The team members honored
are:

Joseph Branch, Jr.
Joseph Dombrowski
Patrick Lonski
Marilyn MacRae
Vincent Masciandaro

C. Alan Michel
Merwyn Russell
David Sapp
Willie Singley

The SAU design was based on existing
RCA equipment that needed enhanced per-
formance, and greatly improved reliability
and maintainability. The SAU is an impor-
tant component of systems in the field, and
is complex and sophisticated. The PON-
TIAC Design Team achieved a highly reli-

itary Computer Family and for system engi-
neering leadership on the project. Mr.
Paterson personally developed a detailed,
transaction -based simulation model of the
MCF minicomputer, using GPSS, a general
purpose system simulator. His innovative
modeling approach and important tradeoff
decisions resulted in a final architecture
that was successfully built and demon-
strated in Advanced Development models.

G.L. Seymour-for his special achieve-
ments in defining and implementing func-
tional requirements for four minicomputer -
based test stations critical to the Military
Computer Family Advanced Development
(AD) program. Under a tight deadline, Mr.
Seymour defined the functional require-
ments and then built, tested, and integrated
the equipment and software for these test
stations. This achievement and his prior
I/O contributions were key to the success
of the MCF AD Program.

able design as well as diagnostic software
for fault isolation and easy repair. The entire
hardware and software design was accom-
plished on a crash schedule to meet the
customer's need. To achieve the design
schedule of nine months, the PONTIAC
team used the customer's secure computer -
aided design facility at a remote location
(during odd hours) to generate complete
documentation for multiwire board fabrica-
tion. The whole team participated in the
design automation effort to achieve fault -
free input of design information in a strange
CAD format, and detailed checking of the
output. The customer was very apprecia-
tive of the PONTIAC team performance and
recognized it the best way: a sole -source
award for production of 70 SAUs.

PONTIAC Design Team award. Seated (left to right): Dave Sapp, Pat Lonski,
Marilyn MacRae, Joe Dombrowski, and Willie Singley, award winners. Standing
(left to right): Don Parker, Director, Digital Communications and Recording Sys-
tems; Merwyn Russell, Alan Michel, Vince Masciandaro, award winners; Bob
Schollenberger, Unit Manager; Don Kaplan, Unit Manager; Joe Branch, award
winner; and Jim Fayer, Chief Engineer.
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GCS technical excellence award

The Government Communications Systems
Technical Excellence Committee has made
a team award to Dick Araskewitz, Dean
Johnson, and Bob Nichols of Digital Com-
munications Engineering for their outstand-
ing work in the design and development of
the MPT-85 Multipurpose Tester. The objec-
tive of this project was to develop a pro-
duct that could be used for FALCON and
other COMSEC applications to function as
a system test vehicle, a burn -in exerciser
and monitor, and a first -article exerciser
and tester. The unit had to be low cost and
easy to use.

The final hardware design was a well -
conceived assembly of wire -wrap platters
and a printed -circuit board of line termina-
tions. Solid-state crosspoints were also
used throughout to eliminate any cabling
changes or discrete switches. Software for
this project was written in BASIC by this

MPT-85 Design Team award. Left to right: Jim Fayer, Chief Engineer; Dick Aras-
kewitz, Bob Nichols and Dean Johnson, team award winners; and Don Parker,
Director, COMSEC programs.

same team. Several software versions were
written to accommodate the first four types
of burn -in tests, three types of system test,
several first -article tests, and self tests.

The MPT-85 was a major factor in reduc-

Consumer Electronics gives annual TEC awards

Tufts Teskey

Recipients of the Consumer Electronics
1982 Annual TEC Awards were chosen by
the TEC from among the Quarterly TEC
award nominees throughout the year. The
RCA Consumer Electronics Engineering Com-
munity congratulates these six recipients
on their outstanding accomplishment.

Juri Tults-for the innovative development

Testin Herskowitz

of synthesizer logic for the CATV version
of the FS -I IC and for the FS -II IC.

John Teskey and William Testin-for out-
standing effort in implementing FS 1.5 de-
spite an extremely short development cycle.
As a result, the benefits and cost advan-
tages of the unified remote were realized a
year earlier than expected.

Fourth-quarter awards at Consumer Electronics

Van Breemen Left to right: Toler. Stephens. and Gobush.

Fourth-quarter TEC awards were recently
given to the following twelve people. Based
on managers' recommendations, the recip-
ients' work was researched by the Techni-
cal Excellence Committee. The nominating
managers were then interviewed, and selec-

tions for awards were made.
Bertram Van Breemen-for his develop-
ment of the mathematical theory that led to
a novel projection TV screen concept which
not only provides a dramatic improvement
in light output, but also increases viewing

ing production cost estimates, and as a
result RCA won the FALCON "B" Program.
The customer is very impressed with this
product, and is suggesting that it be used
for several other applications.

McCorkle Moore

Martin Herskowitz, David McCorkle, and
George Moore-for the development of an
automatic system that measures and aligns
center purity, center convergence, Z-axis
edge purity, and yoke rotation while provid-
ing enough mechanical integrity to allow
yoke -clamp tightening without disturbing
alignment.

angle in both the horizontal and vertical
directions.

Red Toler, Terry Stephens, Raymond
Gobush-a team award for innovative de-
sign of an automated system for packaging
and delivering plastic cabinets from the end
of the finishing line directly into trucks while
producing real-time production and ship-
ping inventories using a laser/bar code
scanning system.

Darrel Billings-for his proposal and suc-
cessful development of a chassis load/un-
load shuttle mechanism for ATE systems.
The shuttle mechanism significantly in-
creases ATE throughput, allowing a reduc-
tion in the number of ATE systems per
production line.
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Billings

William Testin and John Teskey-a team
award for outstanding effort in implement-
ing FS 1.5, despite an extremely short devel-
opment cycle. As a result, the benefits and
cost advantages of the unified remote were
realized a year earlier than expected.

Testin (left) and Teskey.

Jack Chaney, Tom Yost, Dave Brown, Russ
Fling, and Bob O'Brien-a team award for
exceptional motivation and dedication in
the development of the integrated circuit
characterization system.

Mountaintop technical
excellence award

The Mountaintop Technical Excellence
Award is designed to recognize and reward
members of the technical community who
have consistently exhibited qualities of ini-
tiative, leadership, technical competence,
attitude and follow-up. The Technical Excel-
lence Committee announced that the recip-
ients of the award for January, 1983, are
Gloria Vodzak and Joe Melluzzo. The recip-
ients of the February, 1983, award are
Wayne Ordille and Ernie Scaran.

Vodzak Melluzzo

Scaran

Left to right: Chaney, Yost, Brown, Fling, and O'Brien.

Eleven at Consumer Electronics get third-quarter TEC awards

Sampson Speer

Third-quarter TEC awards were recently
given to the following eleven people at Con-
sumer Electronics.

Todd Sampson-for the design and imple-
mentation of a low-cost pattern generator
for testing digital ICs and microprocessors.

Walter Speer-for the development of a
novel rotary detent tuning mechanism that
can be side mounted to the TV cabinet,
allowing smaller overall cabinet size.

Danny Wilson-for exceptional effort in the
successful completion of an improved pro-

Harger, Blatter, Teskey, Amaral. Brombaugh, and Tamer.

Wilson Hermeling

gram to automate a group of four, 250 -ton
injection -molding presses.

Gil Hermeling-for the development and
calibration of the 2 -meter TEM cell and his
state-of-the-art contribution to the mea-
surement of electromagnetic interference
in TV products via its use.

Mark Harger, John Teskey, Charles Brom-
baugh, Harold Blatter, Joseph Amaral, and
Gregory Tamer-a team award for the devel-
opment of a higher -performance, cost -re-
duced infrared remote control system.
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