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MEMORANDUM 

To: Historic Preservation Commission  

From: John Liebertz, Cultural Resource Planner III, Countywide Planning and Policy Division, 
Montgomery Planning 

Date:  January 22, 2025 

Re:  An Amendment to the Master Plan for Historic Preservation: COMSAT Laboratories, 22300 
Comsat Drive, Clarksburg, MD (M: 13-59) 

Description: The Historic Preservation Commission (HPC) will receive public testimony, hold a 
worksession, and provide recommendations to the Planning Board and County Council on the evaluation 
of COMSAT Laboratories for listing in the Master Plan for Historic Preservation. 

Summary: 

 The COMSAT Laboratories property is approximately 205 acres and zoned EOF-.75H-100T, 
Employment Office. 

 In 2024, the Maryland Historical Trust found the property to be eligible for listing in the National 
Register of Historic Places. 

 Historic Preservation staff reaffirms the Historic Preservation Commissions (HPC) findings in 
2005 that COMSAT Laboratories satisfied six of the nine designation criteria as outlined in 24A-
3(b), Historic Resources Preservation, Montgomery County Code. 

 Staff recommends that the HPC finds that the property continues to meet the designation criteria, 
proposes an environmental setting of 33.47 acres, and transmits their recommendation to the 
Planning Board. 

 Montgomery Planning and the Historic Preservation Office will not be recommending the listing 
of COMSAT Laboratories to the Master Plan for Historic Preservation as part of the Clarksburg 
Gateway Sector Plan. 

Recommendation: 

Staff recommends that the Historic Preservation Commission (HPC): 

1. Finds that COMSAT Laboratories satisfies six designation criteria as listed in 24A-3(b), Historic 
Resources Preservation, Montgomery County Code; 

2. Proposes an environmental setting of 33.47 acres; and, 
3. Transmits their recommendation to the Planning Board. 

Attachments: 

Attachment A: Environmental Setting 
Attachment B: MIHP Form (2004) 
Attachment C: Letter from the Maryland Historical Trust 
Attachment D: COMSAT Laboratories: 1985 Annual Report    
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Overview 

As part of the Clarksburg Gateway Sector Plan, Montgomery Planning evaluated several potential sites 
and districts for listing in the Master Plan for Historic Preservation. This included the review of the 
COMSAT Laboratories (M: (#13-59) at 22300 COMSAT Drive. COMSAT Laboratories, built in 1969, is 
an early work of world-renowned master architect Cesar Pelli that epitomized “high-technology” 
architectural design which became prevalent along the I-270 corridor. The research and development 
advances at COMSAT revolutionized communication technology.  

In 1994, the County Council adopted the Clarksburg Master Plan (1994) that envisioned the property as a 
major employment and transit center. At that time, the 24-year-old building remained actively occupied 
by COMSAT with no threat of demolition. The building’s age paired with its active use and a lack of 
realization of its significance led to no evaluation of the site for historic designation as part of that plan.  

In the early 2000s, COMSAT Laboratories was considered for listing in the Master Plan for Historic 
Preservation absent an area-wide sector plan due to discussions of redevelopment and demolition of the 
building. Between 2004 and 2006, the Historic Preservation Commission (HPC) and Planning Board held 
public hearings and worksessions to evaluate whether COMSAT Laboratories satisfied designation 
criteria as outlined in §24A-3: Historic Resources Preservation, Montgomery County Code. The HPC 
found that COMSAT Laboratories satisfied multiple designation criteria and recommended the resource 
be listed in the Master Plan for Historic Preservation with a proposed environmental setting of 33.47 
acres. While the Planning Board forwarded the designation to the County Council with a negative 
recommendation, the County Council never scheduled a public hearing or worksession on this matter 
leaving the question of its preservation unclear. COMSAT Laboratories has been largely vacant since 
2007. 

The Clarksburg Gateway Sector Plan intends to address the preservation of the building as part of a 
comprehensive analysis of the plan area. The Planning Board approved the evaluation of COMSAT 
Laboratories for listing in the Master Plan for Historic Preservation as part of the Scope of Work in June 
2023. After recommendations by the HPC and Planning Board, the designation process ultimately will 
conclude with a vote by the County Council on whether or not the property should be listed to the Master 
Plan for Historic Preservation. This decision will provide a definitive answer to the property owner, 
preservation advocates, and county residents on the question of historic designation. 

Historic Preservation Commission and Planning Board’s Roles in Amendments to the Master Plan 
for Historic Preservation 

The Historic Preservation Commission (HPC) has an important and defined role in the designation 
process. The HPC’s responsibilities include the research and evaluation of historic resources, and 
recommendations to the Planning Board for the listing of certain sites and districts to the Master Plan for 
Historic Preservation. These recommendations are, by law, advisory in nature. The HPC’s 
recommendation must be based on the designation criteria outlined in §24A-3(b), Historic Resources 
Preservation, Montgomery County Code.  

After receiving the recommendation from the HPC, the Planning Board holds a public hearing and 
worksession to make its own determination, using the same designation criteria, and balancing the 
importance of the historic property with other public interests. The Planning Board forwards their 
recommendation to the County Executive and County Council for their consideration. The County 
Council ultimately decides if a property is listed to the Master Plan for Historic Preservation.  
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Administrative History of the Designation Process for COMSAT Laboratories (2004-2006) 

On November 1, 2004, the Historic Preservation Commission (HPC) received a nomination to list 
COMSAT Laboratories by Professors Isabelle Gournay and Mary Corbin Sies of the University of 
Maryland. Between February and April 2005, the commission held public hearings and worksessions on 
the proposed amendment to the Master Plan for Historic Preservation. On April 13, 2005, the HPC found 
that COMSAT Laboratories met six designation criteria as outlined in §24A-3(b), Historic Resources 
Preservation, Montgomery County Code. This included the following criteria for historical and cultural 
significance and architectural and design significance:  

• 1.A: The historic resource has character, interest or value as part of the development, heritage, or 
cultural characteristics of the county, state or nation; 

• 1.D: The historic resource exemplifies the cultural, economic, social, political, or historic heritage 
of the county and its communities; 

• 2.A: The historic resource embodies the distinctive characteristics of a type, period or method of 
construction; 

• 2.B: The historic resource represents the work of a master; 
• 2.C: The historic resource possess high artistic value; and  
• 2.E: The historic resource represents an established and familiar visual feature of the 

neighborhood, community or county due to its singular physical characteristic or landscape.  

The HPC recommended an environmental setting (historic site boundary) of 33.47 acres. The proposed 
setting intended to preserve important viewsheds of the COMSAT Laboratories from I-270 and retain 
views of the surrounding open greenspace from the building. The commission recommended that the 
entire building be designated, but that non-historic additions be identified as non-contributing elements to 
facilitate demolition and/or alterations. In addition, the HPC noted that the relationship of the building to 
I-270 as the primary historic feature and classified the non-public portions of the building that faced away 
from the interstate as secondary with the potential for a higher-degree of alteration and redevelopment.  
All other smaller and detached buildings and structures on the property were not included in the 
environmental setting.  

The Planning Board held a public hearing and worksession on the proposed designation of COMSAT 
Laboratories in May and July 2005, respectively. On July 7, 2005, the Board voted against the proposed 
designation and found that listing the property in the Master Plan for Historic Preservation had the 
potential to impair the implementation of the Clarksburg Master Plan (1994). Specifically, the Board 
stated preservation would inhibit the intensification of development for the site. The Board shared two 
other secondary concerns: 1) the consideration of the proposed designation outside the context of a 
comprehensive master plan created unpredictable scenarios for property owners; and 2) the designation of 
resources less than 50 years old was unusual albeit not prohibited by code. As noted in the Planning 
Board (Final) Draft Amendment to the Master Plan for Historic Preservation: COMSAT Laboratories, 
22300 Comsat Drive, Clarksburg, MD: 

…, the Planning Board finds that, while the COMSAT Laboratories Building does have 
architectural significance, this is not a sufficient or compelling reason to support historic 
designation. The Board finds that this is especially true when balanced with the importance 
of the property in achieving goals of the Clarksburg Master Plan to provide signature sites 
along I-270 for major employment centers. 
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After the Planning Board voted to deny designation of the property, the Board did not send an amendment 
recommending against listing the property in the Master Plan for Historic Preservation to the County 
Council. The Board held an additional public worksession on February 16, 2006, to address this issue and 
voted to forward the amendment to the County Council. On March 7, 2006, the Board transmitted the 
Planning Board (Final) Draft Amendment to the Master Plan for Historic Preservation: COMSAT 
Laboratories, 22300 Comsat Drive, Clarksburg, MD to the County Executive and County Council. The 
County Council never held or scheduled public hearings or worksessions to address the proposed 
amendment.  

Current Evaluation of COMSAT Laboratories and New Information 

On June 22, 2023, the Planning Board approved the scope for a new master plan for the Clarksburg Area. 
This new Clarksburg Gateway Sector Plan is an amendment to the Clarksburg Master Plan (1994). This 
Sector Plan focuses on a portion of the adopted Master Plan’s Transit Corridor District and surrounding 
areas. The boundary of the Sector Plan is part of the I-270 corridor—a significant employment resource 
for the county and the region.  The Sector Plan will examine undeveloped areas—specifically, the eastern 
side of I-270—that have remained largely unchanged in the last 30 years. Alongside extensive 
engagement with residents, business owners, and other interested parties, Montgomery Planning staff will 
research existing conditions and trends, evaluate land use, zoning, housing needs, transportation, 
environmental conditions, and historic resources, and propose recommendations to achieve a new vision 
for this section of Clarksburg. The Planning Board approved the evaluation of COMSAT Laboratories for 
listing in the Master Plan for Historic Preservation as part of the Scope of Work for this Sector Plan in 
June 2023. 

Montgomery Planning staff reaffirms the findings of the Historic Preservation Commission and Planning 
Board in 2005 that COMSAT Laboratories has historical and architectural significance as outlined in 
§24A-3(b), Historic Resources Preservation, Montgomery County Code. Historic Preservation staff 
conducted limited new outreach and documentation to augment the wide breath of existing 
documentation.  

As part of this effort, Staff requested that the Maryland Historical Trust (MHT, State Historic 
Preservation Office) provide a determination of eligibility for COMSAT Laboratories for listing in the 
National Register of Historic Places. The National Register is the official Federal list of districts, sites, 
buildings, structures, and objects significant in American history, architecture, archeology, engineering, 
and culture. National Register properties have significance to the history of their community (local level), 
state, or the nation. Professors Isabelle Gournay and Mary Corbin Sies of the University of Maryland 
submitted a National Register nomination form to MHT in 2005, but the documentation had been 
prepared for inventory purposes only and was never formally reviewed for eligibility by MHT. While the 
National Register designation criteria are different than the criteria for listing in the Master Plan for 
Historic Preservation, the MHT’s expertise, evaluation, and assessment of the property stands as an 
important measure for the architectural and historical significance of the resource. Their assessment 
confirms the significance of the property at the local, state, and national levels.  

MHT determined that COMSAT Laboratories is eligible for listing in the National Register of Historic 
Places under Criteria A and C. Under Criterion A: Event, properties are eligible for the National 
Register if they are associated with events that have made a significant contribution to the broad patterns 
of our history. MHT found COMSAT Laboratories eligible for listing in the areas of Science, 
Engineering, and Communication at the national level of significance due to its role in the founding of 
modern communications technology. Under Criterion C: Design/Construction, properties are eligible 
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for the National Register if they embody the distinctive characteristics of a type, period, or method of 
construction, or that represent the work of a master, or that possess high artistic value, or that represent a 
significant and distinguishable entity whose components may lack individual distinction. MHT found 
COMSAT Laboratories eligible as the work of a master at the state level of significance due to its 
association with Cesar Pelli and the use of architectural features that would later characterize “high-
technology” design. 

Please refer to Attachment C: MHT Letter for the letter from Elizabeth Hughes, Director, Maryland 
Historical Trust, to Rebeccah Ballo, Historic Preservation Supervisor, Montgomery Planning, dated 
September 12, 2024.  

As part of the public outreach for the designation, Montgomery Preservation Inc. facilitated discussions 
between Historic Preservation staff and the COMSAT Alumni & Retirees Association (COMARA). 
Maury Mechanick, COMARA President, shared with the team a robust oral history project that collates 
the recollections of former employees. Please see the COMARA website (https://www.comara.org/i-
remember-comsat/) for the most up-to-date information as the organization continues to publish new 
information and oral histories. In addition, the organization shared the COMSAT Laboratories:1985 
Annual Report (Attachment D) that provides detailed information about the scientific and technical 
achievements. This information paired with the oral histories confirms and expands upon the vast 
historical significance associated with COMSAT Laboratories in the fields of science, engineering, and 
communications.  

Designation Criteria 

Staff finds that the subject property continues to satisfy six designation criteria as listed in §24A-3(b), 
Historic Resources Preservation, Montgomery County Code. This recommendation aligns with the 
finding of the Planning Staff and the Historic Preservation Commission (HPC) as part of their review of 
the property in 2005. The commission found that the resource satisfied the following criteria for historical 
and cultural significance and architectural and design significance: 

1.A  Historical and cultural significance. The historic resource has character, interest or value as part 
of the development, heritage, or cultural characteristics of the county, state, or nation.  

 
1.D  Historical and cultural significance. The historic resource exemplifies the cultural, economic, 

social, political, or historic heritage of the county and its communities. 
 
2.A  Architectural and design significance. The historic resource embodies the distinctive 

characteristics of a type, period or method of construction.  
 
2.B Architectural and design significance. The historic resource represents the work of a master.  
 
2.C  Architectural and design significance. The historic resource possesses high artistic value.  
 
2.E  Architectural and design significance. The historic resource represents an established and familiar 

visual feature of the neighborhood, community or county due to its singular physical 
characteristics or landscape.  

As noted in the Planning Board (Final) Draft Amendment to the Master Plan for Historic Preservation: 
COMSAT Laboratories, 22300 Comsat Drive, Clarksburg, MD from 2005, the HPC provided the 
following justification for their decision: 

https://www.comara.org/i-remember-comsat/
https://www.comara.org/i-remember-comsat/
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• COMSAT Laboratories represents the trend toward high-technology innovation in industry in 
Montgomery County, the nation, and international spheres. 
 

• COMSAT Laboratories represents the advance of the commercial artificial satellite industry 
throughout the world.  This advance was spearheaded, from a research and design perspective, in 
Montgomery County by the work undertaken at COMSAT Laboratories. 
 

• COMSAT Laboratories has political origins tied to the actions of both Presidents Kennedy and 
Johnson.  In addition, it helped define the economic heritage of the County for four decades. 
 

• COMSAT Laboratories represents the International Style in its design esthetic and is an early 
example of the “high-tech” architecture that came to define the corporate “campus”. 
 

• COMSAT Laboratories is an early design by world-acclaimed architect, Cesar Pelli.  He created 
the design as Director of Design for Daniel, Mann, Johnson, and Mendenhall (DMJM). 
 

• COMSAT Laboratories epitomized the “machine in the garden” ideal of a futuristic building set 
within a naturalized setting. 
 

• COMSAT Laboratories is one of the most easily identifiable buildings along the I-270 corridor in 
Montgomery County.  It is a building that represents Montgomery County as an undisputed 
leader in high technology industry nationwide. 

Please see Attachment B: MIHP Form for a detailed analysis of the resource’s historic and architectural 
significance.  

COMSAT Laboratories continues to be recognized as the setting for significant contributions to 
advancements in the fields of science, engineering, and technology at the national level, as well as its role 
in the development of the Interstate 270 corridor in Montgomery County. The building remains a self-
identified and significant early work of now deceased master architect Cesar Pelli who died in 2019. Pelli 
stated in 2004 that “[COMSAT Laboratories] is a unique project and one of my most important designs 
while I was Director of Design at Daniel, Mann, Johnson, and Mendenhall (DMJM).” While the death of 
Pelli has no bearing on the evaluation of significance per the designation criteria, the understanding of his 
architectural works continues to be augmented after his death. 

Planning Staff Findings — Clarksburg Gateway Sector Plan 

Montgomery Planning studied the preservation and adaptive reuse as part of the Clarksburg Gateway 
Sector Plan. The Department will not recommend listing the building to the Master Plan for Historic 
Preservation after a thorough analysis of design scenarios, site development, and a financial feasibility 
analysis. HR&A Advisors—a real estate and economic development consultant—prepared the following 
report: https://montgomeryplanningboard.org/wp-content/uploads/2024/11/Clarksburg-Adaptive-Reuse-
Feasibility-Report-FINAL-10.16.24.pdf.  

On November 21, 2024, Planning Staff and HR&A presented their findings to the Planning Board. Video 
of the presentation is available online: https://www.youtube.com/live/LnCXTGQC5ho?t=875s.  

  

https://montgomeryplanningboard.org/wp-content/uploads/2024/11/Clarksburg-Adaptive-Reuse-Feasibility-Report-FINAL-10.16.24.pdf
https://montgomeryplanningboard.org/wp-content/uploads/2024/11/Clarksburg-Adaptive-Reuse-Feasibility-Report-FINAL-10.16.24.pdf
https://www.youtube.com/live/LnCXTGQC5ho?t=875s
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Conclusion 

Staff recommends that the Historic Preservation Commission (HPC): 

1. Finds that COMSAT Laboratories satisfies six designation criteria as listed in 24A-3(b), Historic 
Resources Preservation, Montgomery County Code; 

2. Proposes an environmental setting of 33.47 acres; and, 
3. Transmits their recommendation to the Planning Board. 

  



 
 

COMSAT Laboratories, 22300 Comsat Drive, Clarksburg 8 
 

Attachment A: Environmental Setting 
 

 
Figure 1: Proposed environmental setting for COMSAT Laboratories, Clarksburg, Montgomery County, 
Maryland. This environmental setting of 33.47 acres matches the boundary proposed by the Historic 
Preservation Commission in 2005. 
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Attachment B: MIHP Form (2004) 
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Attachment C: Letter from the Maryland Historical Trust 
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Attachment D: COMSAT Laboratories: 1985 Annual Report 
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Figure 3 . Adaptive equalizer performance

In the operational TDMA system, differences in up-

link equalization such as variation in modem filter
characteristics may cause the coefficients required

for each burst to vary. The down-link characteristics

for each burst may also vary when transponder hop-

ping is employed. A microprocessor controller has

been designed and tested which stores the coeffi-

cients for up to 64 bursts in a 2-ms frame and loads

the transversal equalizer with the proper coefficients

for the upcoming burst. The coefficient memory is

updated at the rate of one burst per frame, based on

information obtained during that burst from the adap-

tive equalizer. Measurements comparing the contin-

uous and burst mode show nearly identical BER
performance.

16-kbit / s Low - Rate Encoded Voice

This ongoing research effort intends to develop

codecs that achieve toll-quality speech at a transmis-

sion rate of 16 kbit/s. At present, for toll-quality trans-

mission, speech is encoded using 64-kbit/s pulse
code modulation (PCM) or 32-kbit/s adaptive differen-

tial PCM (ADPCM). The approach being pursued is

based on waveform coding of speech, particularly

Communications Techniques Division

using ADPCM codecs similar to those at 32 kbit/s.

The lower bit rate is achieved by removing a greater

amount of redundancy from the speech signals with

sophisticated predictors which adapt to the speech

characteristics more rapidly than predictors used
previously. In addition to removing the short-term

redundancy as in conventional ADPCM, long-term

redundancy caused by pitch periodicity can also be

removed, resulting in more efficient coding.

An experimental 16-kbit/s codec was developed

based on a more rapidly adapting predictor known as

the lattice structure. This codec was simulated in

1985 and its performance was studied by objective

segmental signal-to-noise ratio (S/N) measurements

as well as informal listening tests. The performance
observed was superior to that of the conventional

16-kbit/s ADPCM codec and compared well with an

experimental codec based on sub-band coding.

Even though the codec improved 16-kbit/s per-

formance, toll quality speech was not achievable

using the short-term predictor alone. Hence, the

codec is being further enhanced by adding a second

long-term predictor, which is in its early stages of

simulation. Preliminary tests indicate that long-term
prediction is indeed effective in achieving further

improvement in voice quality.

Modified NTSC Video Transmission

The vast majority of satellite video communications
employ analog frequency modulation (FM) techniques

based on well-established technologies. Modifica-

tions to NTSC video transmission methods for FM

satellite communications links are directed toward

providing a simple, low-cost, baseband processing

technique which improves both objective and subjec-

tive video performance over that of standard NTSC

transmission and provides additional audio and data

transmission capability. The performance improve-

ments which result may also be translated into power

and bandwidth savings.

As described in the 1984 Annual Report, the feasi-

bility of modifying the signal transmitted over the
satellite was investigated using hardwired synchroni-

zation. During 1985, a prototype modified NTSC

transmit/ receive processor was constructed. This

low-cost unit provides improved video and synchron-
ization performance as well as a 1.8-Mbit/s one-way

digital channel in the horizontal blanking interval. This

data channel can be divided, as desired. in any frac-

tion between program audio and other data services.
Figure 4 shows the receiver hardware.
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Figure 4. NTSC receiver hardware

Test results indicated a 2- to 3-dB improvement in

objective video S/N relative to that of a standard

NTSC video link operating in accordance with Inter-

national Radio Consultative Committee (CCIR) stand-

ards. The system also demonstrated impressive

improvement in subjective video performance at a

low carrier-to-noise ratio (C/N).

In the prototype unit, a delta modulation codec at

220 kbit/s provides high-quality program audio. Up to

eight channels can be accommodated. An optional
rate 1 /4 FEC and an interleaver are also included in

the prototype for enhanced operation at low C/N.

With coding enabled, the data channel provides two

channels of high-quality program audio at a C/N

down to 6 dB. Synchronization is extremely robust.

The receiver remains synchronized at-3-dB C/N and

will acquire synchronization at -2-dB C/N. This pro-

totype unit successfully demonstrated that synchroni-

zation overhead can be reduced in the NTSC format

while simultaneously achieving improved video qual-

ity and synchronization performance with a digital

channel capacity close to 2 Mbit/s.

On-Board Digital Transmission Processing

On-board processing can provide additional sys-
tem margins to lower the cost of earth stations and to

enhance satellite capacity. With multibeam satellites,

on-board baseband switching also allows efficient

interconnectivity.

An on-board digital demultiplexer/demodulator

that processes frequency-multiplexed carriers of

mixed sizes and modulation types was studied. Two

viable alternatives emerged in addition to the straight-

forward filtering and demodulation technique. The
first method involves block demultiplexing all chan-

nels, while the second consists of a channel-by-

channel demultiplexing approach. Different algorithms

and architectures were investigated to determine
their suitability for the on-board processing require-

ments. The effect of quantization and finite precision

arithmetic on the overall performance was analyzed,

but a more accurate assessment requires detailed

simulation study, which is planned for 1986. Definition

and evaluation of a base-line on-board demulti-

plexer/demodulator with breadboard circuit designs

of critical components will be initiated in 1986.

Video Transmission Processing

Currently the most efficient television (TV) trans-

mission standard in the INTELSAT system consists of

two TV carrier signals per 36-MHz transponder in a
frequency-division multiple-access (FDMA)/FM

mode, which is referred to as half-transponder TV.

With this type of transmission, the transponder is typi-

cally operated with 2-dB output backoff to reduce

intermodulation and other nonlinear distortions,

including crosstalk effects. To improve transmission

efficiency, the development of a time-multiplexed

analog television (TMATV) transmission scheme was

initiated in 1984.
The TMATV system is designed to allow transmis-

sion of three frequency-modulated broadcast-quality

TV signals through a single 36-MHz transponder in a

multipoint-to-multipoint TDMA mode. Besides im-

proved efficiency in spectrum utilization, the received

signals are free from intelligible crosstalk and other

undesirable distortions inherentto FDMA/FM opera-

tion. The TMATV system also incorporates a digital
channel capable of carrying more than two high-

quality audio programs per video channel.
The TMATV processes the video image within a

video frame to reduce the signal bandwidth for trans-

mission. At the transmit end, the signal first passes
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through a spatial and temporal filter and is then time-

compressed on a frame-by-frame basis before trans-

mission. At the receiving end, the signal is interpo-

lated and time-expanded. A field store is used for

each TV channel at both the transmit and receive

ends.

Computer simulations using standard test pictures

(Figure 5) demonstrated the feasibility of the spatial

and temporal filtering and interpolation processes.

Proof-of-concept transmit and receive processors

are currently under development. This technique for

broadcast quality TV transmission could evolve as a

near-term, low-cost alternative to digital TV for the

INTELSAT system.

Future Satellite System Study

In 1985 a system study was initiated to define future

satellite systems which could compete economically

with fiber-optic systems for the provision of interna-

tional services. A number of system architectures

were examined and compared on a cost basis with

the TAT-8 and other even more advanced fiber-optic

systems. To remain competitive with transoceanic

cables, systems which fully exploit the unique charac-

teristics of satellites need to be developed. For

example, satellites offer point-to-multipoint commun-

ications and direct interconnection of end users with-

out long terrestrial links, capabilities unavailable with
transoceanic cables.

Implementation of this type of satellite system will

likely draw upon technologies such as on-board pro-

cessing, multibeam antennas, digital transmission
and encoding techniques, and possibly even inter-

satellite links.

Multibeam satellites can reduce earth station costs.

For example, Figure 6 shows that a multibeam satel-

lite with 1 ° spot beams can provide satellite antenna

beams with extremely high gain on the links to earth

stations, enabling the use of smaller antennas and

smaller high-power amplifiers (HPAs) at the earth

station and thereby decreasing costs.

Beam interconnectivity on multibeam satellites may

be achieved using on-board processing with base-

band switching. Each carrier, regardless of size (bit

rate), is demodulated on-board the satellite with all

interconnection and switching done at baseband, i.e.,
at the channel or higher multiplexed level. Such on-

board demodulation and remodulation isolates up-

links and down-links, resulting in link improvements

which can be used to reduce earth station antenna

size and hence cost.

Communications Techniques Division

(a) Original

(b) Processed

Figure 5. Spatial-temporal filtering and interpola-

tion provides more efficient broadcast-quality TV

transmission

On-board processing also permits earth stations to

operate in an FDMA mode, with a single transmit

carrier per earth station. This allows the earth station's

HPA to be sized proportionally to the amount of traffic

carried by the station rather than by the maximum bit

rate of the transmission system, leading to additional

earth station savings, especially for medium- and

thin-route communications links.

On-board processing can include demultiplexing

and remultiplexing (baseband formatting) of the satel-

lite baseband channels for retransmission back to the

receiving earth stations. All traffic destined for

transmission via a given down-link beam can be mul-

tiplexed onto a single down-link carrier, thereby pro-

viding the traffic to each earth station destination in a

time-division multiplex (TDM) format. This results in

reduced on-board power and additional savings in

earth station antenna size because intermodulation
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Figure 6. Multibeam satellite with baseband processing
reduces earth station costs

noise is eliminated by the single-carrier-per-power-

amplifier operation. Additionally, earth station com-

munications hardware is simplified by eliminating the

need for multiple down-chains and demodulators.

The study conducted during the past year has

examined the cost benefits of employing this type of
satellite system in the INTELSAT network. Significant

savings can be envisaged in the earth station costs.

Jurisdictional - INMARSAT Related

FM Voice Channel Monitor System

Figure 7 shows the FM voice channel monitor sys-

tem implemented at COMSAT Laboratories and

t.., i it
on

Figure 7. FM voice channel monitor system

improves accuracy of future
traffic predictions

installed at the Southbury INMARSAT coast earth

station. This system monitors the traffic channels

designated for voice to determine their in-band data

loading. The data base created by this system will be

used to improve the accuracy of predicting future

traffic requirements.
The monitor system consists of a set of fixed thresh-

old signal detectors whose output is sampled and

stored in a computer file for analysis to determine

whether the traffic is voice or data and to collect call

duration statistics for the data signals. A variety of

table and graphic outputs can be generated to help

interpret the measurements.

A test scenario, loaded via a computer terminal,

assigns each input channel to one of three pools and

then specifies the test duration, sampling resolution,

and data boundaries used in computing the call-

duration histograms. Data storage is provided on a

floppy disk and data within each pool may be ana-

lyzed separately or combined.

COMSAT SUPPORT

Space Communications Division

Shipboard TV Experiment for Maritime Services

COMSAT has undertaken the task of integrating

and demonstrating a system to transmit television

programs such as news and sports highlights to ships

14
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at sea. Initial examination indicated that it was not

feasible using the INMARSAT satellites to transmit

unprocessed, full-motion video to ships via conven-

tional means. However, further examination indicated

that limited-motion video programs could be transmit-

ted to ships at sea via the INMARSAT satellite by using

compressed video (i.e., highly source-encoded video)

and FEC coding on the digital carrier.

COMSAT proposed, and in 1986 will conduct, an
experiment using this latter technique. COMSAT

Laboratories undertook a preliminary experimental

investigation of the system hardware and system per-

formance. Figure 8 is a block diagram of the system

which was simulated in the laboratory. The video sig-

nal, compressed with a video codec (furnished by
Compression Labs, Inc.), produced a 768-kbit/s digi-

tal stream of multiplexed audio and video. This digital

stream was modulated with quadrature phase-shift
keying (QPSK) after being encoded by a rate 1/2

convolutional FEC coder. The output of this modulator

was then combined with thermal noise to simulate

actual channel conditions and then connected to the

input of the QPSK demodulator, which used soft-

decision detection and sequential decoding. The

resulting digital stream was connected to the input of
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the video decoder, which produced a composite

NTSC video signal and companion audio signal for

evaluation.

Laboratory results show that the achieved video
performance is sufficient for shipboard use under all

but the most severe operational conditions. Based

upon these results, the system hardware will be
installed and tested on board a transoceanic pas-

senger ship in early 1986.

Communications Services Division
120-Mbit / s TDMA / DSI Subjective Tests for
COMSAT International Communications, Inc.

COMSAT Laboratories and Martlesham Laborato-

ries, U.K., conducted a two-way active talker subjec-

tive experiment during the preoperational testing of
the 120-Mbit/s TDMA/DSI system. Full-period,

unconditioned, leased circuits were used between the
earth stations (Etam, West Virginia, and Madley,

United Kingdom) and the Laboratories. The purpose

of the experiment was to evaluate the performance of

the DSI system under stressed, controlled loading

conditions. Identical loading was provided in both
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Figure 8. COMSAT/INMARSAT shipboard TVRO experiment

has been simulated at COMSAT Laboratories
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Figure 9. Subjective evaluation indicates that TDMA/DSI quality is affected
by terrestrial extension conditions more than by DSI gain

transmission directions by a speech activity simulator

located in the U.S. This simulator output, with

40- percent activity, was sent to the U.K. on a separate,

noninterpolated TDMA/DSI sub-burst, where it was

looped and used to load the DSI system on the

U.K.-to-U.S. link.

A 12 x 12 Greco-Latin square experimental design

was used where DSI gains of 2.0 (60/30),2.3 (120/52),

and 2.5 (120/48) were tested with terrestrial extensions
having low, medium, and high loss. The reference

circuits used were 64-kbit/s PCM digital noninterpo-

lated channels (DNI) with the same low, medium, and

high terrestrial extension loss conditions. Echo can-

cellers were used at the U.S. end and echo suppres-
sors at the U.K. end.

The experimental results illustrated in Figure 9

show minor differences between DNI channels and

the interpolated channels. The observed differences

appeared to be associated with the terrestrial exten-

sion conditions rather than DSI gain. The tests show

that the TDMA/DSI system performed well and that

subjective quality is influenced primarily by factors
such as terrestrial extension loss rather than DSI gain.

HI-NET System Simulation

In 1984 COMSAT entered into an agreement with
the Holiday Corporation to establish the HI-NET net-

work, a satellite transmission system to distribute

video and audio program material to 1,500 Holiday

t

Inns in the United States . HI-NET will provide enter-

tainment programming , video teleconferencing, and

teleseminar services among the Holiday Inns.

As the design of the system evolved, extensive

laboratory tests were conducted on behalf of COM-

SAT General to provide proof-of-concept and link

design information, and to evaluate equipment for

potential use in the system . Of particular significance

was a series of tests which measured video and audio
crosstalk , differential phase and gain, and noise

transmission at the HPA and transponder outputs for

two carriers in the HPAand transponder . These mea-

surements were performed for amplitude and group

delay equalization optimized at the HPA and trans-

ponder traveling wave tube amplifier (TWTA) inputs.

Table 1 gives test results . The data for cases A and

B were observed at the HPA and transponder outputs,

respectively, for the optimized gain and delay. Table 1

indicates no major degradations in any of the test

parameters evaluated.

COMSAT Technology Products

LR-TDMA Modem and FEC Codec

COMSAT Laboratories is developing a modem and

codec for use in a LR-TDMA system for COMSAT

Technology Products, Inc. Intended to operate in the

2-to 20-Mbit/s range, the system has been designed

[f]
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Table 1 . System Performance Test Results

Case

A B

Configuration
System HPA HPA/Transponder

Equalizationa HPA/Transponder HPA/Transponder

IF Bandwidth 18 MHz 18 MHz

HPApOUt (W) 1,000 500 1,000 500

Transponder Input N/A N/A -1.5 -1.5

Backoff (dB)b

C/N (dB) 32.0 31.8 29.8 29.9

Video Measurements`

Subjective Crosstalk NM NM Faint Fainter

Measured Crosstalk

Amplitude NM NM 1.6 NM

(IRE pk-pk)

Chromo Phased NM NM 2.0 1.0

(deg pk-pk)

Diff Phase (deg) 1.1 1.4 1.2 0.8

Diff Gain (%) 0.5 0.5 1.0 0.75

S/Nw(dB)e
Theory 62.3 62.1 60.1 60.2

Measured 61.8 61.7 57.8 57.7

' Equalizat i on added as needed so that amplitude and group delay as flat as possible at transponder TWTA input

(HPA/transponder)

b Total input backoff referenced to single carrier saturation.

` NM indicates quantity unobservable or so small it is not measurable.

d Includes 0.5° present in measurement setup. exclusive of HPA and transponder.

° Peak -to-peak luminance to weighted rms noise.

with sufficient flexibility to handle most of the require-

ments that arise in the business service marketplace.

Besides variable data rate, the system has frequency-
synthesized channel selection and is capable of hop-

ping between channels on a burst-to-burst basis.

By the close of 1985, the entire modem had been

designed, the printed circuit board layout for the
modulator completed. and the modulator debugged

from baseband to its first intermediate frequency (IF)

at 42.8 MHz.

Digital signal processing (DSP) techniques were
used as extensively as possible in the design of the

17

modulator and demodulator to obtain a cost-effective,

manufacturable design. The DSP approach allows

great flexibility as it is a digital implementation scaled

with the data rate. In addition, many of the operational

parameters are programmable.

Figure 10 is a block diagram of the LR-TDMA mod-

ulator. The critical spectral shaping of the transmit

signal is performed digitally at baseband and channel

selection synthesis is facilitated by a double fre-

quency conversion IF. The demodulator is shown in

Figure 11. Like the modulator, it also has a double
conversion IF and processes the in-phase and
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Figure 10. LR-TDMA modulator

BANDPASS

FILTER

70-
MHz

IF

2
quadrature I and 0 channels digitally at baseband for

automatic gain control and coherent carrier and clock

recovery.
An FEC coder/decoder (FEC codec) for the (128,

112) Bose-Chaudhuri-Hocquenghem (BCH) code is

being developed for the COMSAT Technology Prod-

ucts, Inc., LR-TDMA system. The low-bit-rate BCH

codec employs a modified version of a unique 8-bit

parallel architecture. The codec corrects all 1- and

2-bit error combinations within a code block and

detects all 3-bit errors. The resulting 2.6 dB of coding
gain at a BER of 10'6 is accomplished with only 12.5-

percent redundancy in the transmitted data.

In addition to the novel parallel feedback shift regis-

ter implementations of the encoder and syndrome
generator, several other innovations are used in the

decoder. A special pipelined structure processes
both ordinary code blocks and the short blocks which

occur at the ends of TDMA bursts, while minimizing

the hardware. A ping-pong random-access memory

requires only about one-fourth the circuitry of pre-

vious shift-register input buffers, and only four erasa-

ble programmable read-only memory chips are

needed to store the 214 error location numbers, cor-

responding to the syndrome patterns for all single and

double bit errors.

INTELSAT

SUPPORT

Companded Single - Sideband Co- Channel
Interference Investigation

CSSB amplitude modulation (AM) is being intro-
duced into satellite communications as a means for

transmitting a large number of voice channels in a

given transponder bandwidth. Four types of co-chan-

nel interfering carriers (OPSK, FDM/FM, FM with

energy dispersal frequency waveform only, and

CSSB) were used to interfere with a CSSB test carrier

transmitting speech or voiceband data. Measure-

ments of S/N were made at the test channel output.

BER measurements were made using a 4,800-bit/s

modem. C
18



Communications Techniques Division

0

70-
MHz-4..

IF

BANDPASS
FILTER

42.8-MHz IF
BANDPASS

FILTER

FREQUENCY
SYNTHESIZER

AGC

BASEBAND
ICHANNEL

42.8-MHz
VCXO

ANALOG DIGITAL
INTERFACE

i

►{A/D

CARRIER
LOOP

FILTER

BASEBAND
0 CHANNEL

D A! .I \r

AGC
LOOP
FILTER

RATE-
SYNTHESIZED

VCO

CLOCK
LOOP
FILTER

CLOCKS

D/A
K

DIGITAL
HARDWARE
PROCESSOR

FOR
AMPLITUDE.

CARRIER
PHASE

AND
SYMBOL

TIMING
ESTIMATION

RECOVERED
CLOCK

STAND-ALONE
CONTROLLER

INTERFACE

Figure 11 . LR-TDMA demodulator

t

The S/N results indicate good agreement between

measured and predicted performance, showing that

wideband interferers affect the CSSB carrier in the

same manner as thermal noise. Since narrowband

interferers (i.e., CSSB voice and signaling) were more

"intelligible," they were objectionable at interference

levels lower than equivalent amounts of thermal

noise.

The BER results on CSSB voiceband data trans-
mission similarly indicated that the interferers resem-

bling random noise (QPSK, FDM/FM, and CSSB

voiceband data) had the same effect as an equivalent

amount of thermal noise, while tonal type interferers

(energy dispersal frequency and CSSB signaling

tones) caused varying, and at times severe, BER

degradations, depending upon the exact interferer

spectrum and level.
A limited subjective evaluation indicated that the

relative severity of the degradation was consistent

with the S/N for the same interferer type. Interferers
which resembled incoherent noise tended to blend

with the background thermal noise, while those which

resembled tones or speech tended to be much more
noticeable. Frequency offsets and spectral inversions

reduced or eliminated the intelligibility of interfering

CSSB speech, although they also affected the relative

noticeability of the CSSB interferer by altering the

audio frequency at which the interferer appeared

within the test channel.
These tests indicate that CSSB can be used for

voice and data services over satellite systems in
which the level of narrow-band interference is low. In

satellite systems with a high degree of frequency

reuse, special care may be required to achieve accept-

able performance.
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PJ
OTHER

NASA

MSAT-X Land Mobile System Ground
Terminal Design

Various commercial land mobile satellite systems

have been proposed in the U.S. and abroad to sup-

plement the terrestrial cellular radio systems for pro-

viding services to rural and remote areas. Potential
mobile satellite services include telephony, voice and

alphanumeric message dispatch, paging, data broad-

casting, position polling of vehicles, electronic mail,

and distress and emergency messages. To acceler-
ate the introduction of commercial mobile satellite

services in the U.S. and ensure future growth, NASA

has formulated the Mobile Satellite Experiment

(MSAT-X) program in cooperation with the industry to

develop high-risk technologies. Emphasis is on the

development of space segment and ground segment

technologies to efficiently utilize the limited spectrum

and orbit resources allocated for land mobile satellite
use.

COMSAT Laboratories, under Contract 957113 from

NASA/Jet Propulsion Laboratory, is conducting a
detailed system design and performance specifica-

tion study effort for the UHF mobile transceiver, the

SHF base station, and the SHF gateway station which

interfaces with the public switched telephone network.

Major technical issues addressed by COMSAT
include the following:

• frequency stability control

• modulation techniques

• error control methods

• 2,400-bit/s linear predictive coding (LPC) vocoder
algorithms

• transceiver architecture and interface design.

Figure 12 shows a flexible, modular transceiver

architecture designed and specified for the MSAT-X

system. The transceiver consists of a microprocessor

control unit, antenna, RF/IF units, modem, vocoder,

FEC codec, and input/output peripheral modules. The

choice of a binary FM modulation technique allows for

low-cost, 2,400-bit/s information rate transmission

over the land mobile satellite channel in the presence

of multipath fading. Convolutional coding with Viterbi
algorithm decoding minimizes the antenna size and

channel degradations. The LPC vocoder is specifically

ANALOG
VOICE

MODEM

DIGITAL
MODEM

DIGITAL

VOCODER

CHANNEL
CODEC

CORE MODULE

TRANSCEIVER
FRONT END

FREQUENCY
SYNTHESIZER

MICROPROCESSOR
CONTROL UNIT

I/O DEVICES

POWER SUPPLY

Figure 12. Mobile transceiver features flexible,

modular design

designed to minimize performance degradation due to

acoustically coupled background noise, channel dis-

tortion, and multipath fades.

INMARSAT

Standard-B Communications

Subsystem Test Bed

INMARSAT is currently planning an all-digital trans-

mission system to augment its current one in the

1990s. Designated as Standard-B, the system sup-
ports 16-kbit/s adaptive predictive coding (APC)

voice, as well as 300- and 600-bit/s and 1.2-, 2.4-,

4.8-, 9.6-, and 16-kbit/s circuit and packet-switched
data services. With efficient filtered QPSK or offset

QPSK (0-QPSK) modulation, and powerful convolu-
tional coding and soft-decision Viterbi decoding, the

single-channel-per-carrier voice and data channels

are modulated on 24-kbit/s carriers which will be

spaced only 20 kHz apart as compared to the 50-kHz

spacing in the current system. Each of these 24-

kbit/s channels requires substantially lower power
than the current system. With a single type of modu-

lation at the same data rate, a single modem can

transmit and receive access control and signaling
messages as well as voice and data traffic, thus

lowering the below-the-deck equipment cost of the

ship earth stations (SESs).
To help determine the transmission schemes and

to optimize the system parameters for the Standard- B
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Figure 13 . Standard-B test bed unit being developed at
COMSAT Laboratories

system, COMSAT Laboratories has been studying the

transmission techniques for voice, data, and signaling

of the Standard-B system and is developing a test bed

for INMARSAT under contract INM 84-101 to finalize

the system design and parameters with measure-

ments and tests. The Standard-B test bed (shown in

Figure 13) consists of a coast earth station test bed

unit and an SES test bed unit, each including a

DSP-based modem, a Viterbi algorithm FEC codec,

transmit and receive synchronizers, and an up- and
down-converter channel selector. The DSP-based

modem can be operated in binary phase-shift keying

(BPSK) mode at 12 kbit/s, QPSK mode at 24 kbit/s,

and O-QPSK mode at 24 kbit/s. The Viterbi decoder

is capable of decoding rate 1/2, constraint-length 7

or 9, convolutional codes, or rate 3/4 punctured con-
volutional codes derived from the rate 1 /2 codes. The

up- and down-converter channel selector converts

between the very low IF suitable for DSP processing
and the standard IF of 21.4 MHz. The test bed units are

designed to interface to a multipath simulator and
APC voice codec which INMARSAT is procuring from

different sources.
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INTRODUCTION

The Microwave Technology Division (MTD) of

COMSAT Laboratories performs research, devel-

opment, and support functions in a wide range of

technical areas encompassing all aspects of com-

munications systems. These areas include the

development of monolithic microwave integrated cir-

cuits (MMICs) for both satellite and earth station

applications, MIC and waveguide filters, on-board

repeater processing techniques, satellite monitoring

and in-orbit testing, new earth station and satellite

antennas, propagation evaluation, and fiber and free

space optical communications.

In the R&D area significant progress has been

made in MMICs and miniaturized microwave active

circuits (MMACs), antennas, feeds and components,

microwave multicoupled cavity filters, propagation

modeling, optical intersatellite link analysis, and

hardware development. In the support function, the

MTD has participated in antenna measurements at

Southbury, an aeronautical data link experiment, and

studies for INMARSAT. Finally, design efforts and

consultancy have been successfully performed for

companies such as RCA, GTE, and Selenia Spazio.

COMSAT R&D

Jurisdictional - INTELSAT Related

Optical Transceiver Subsystems for

Intersatellite Links

As in previous years, advanced communications
research has continued in both hardware develop-

ment and experimental demonstration of communica-

tions performance relevant to optical intersatellite
links (ISLs). A bipolar temperature controller and digi-

tal thermometer circuits were developed and tested

for active control of the core temperature of a diode

laser. Test facilities established in-house were used

to characterize a high-power single transverse mode

diode laser [Hitachi HLP-1400, 30-mW continuous

wave (CW) output] and a 10-diode laser array (Spec-

tra Diode Laboratories SDL-2410, 100-mW CW out-

put) for output power, modal (spatial), wavelength, and
thermal stability. A second compact laser transmitter

module was developed to test the feasibility of the

laser power combining schemes. Using two orthogo-
nally polarized lasers and beam-shaping optics, an

overall power combining efficiency of -84 percent

was measured at the output of the combiner. This

efficiency could be further improved by using anti-

reflection coated optics.

A high-speed, high-current digital laser driver

module capable of driving two 50-il complementary
loads with currents up to 100 mA and data rates of

420 Mbit/s was developed and tested (Figure 1). A

clock recovery circuit to relock the received data with

the clock recovered from the data at 420 Mbit/s was
also developed and transmission tests performed.

Because of slow, homogeneous degradation in diode

lasers , the output power at a fixed drive current as well

as the slope of the output power vs drive current curve

are reduced with aging. Thus, for long-life operation

of the link, both the average and the peak output

power must be maintained at their preset values.

Laser drivers with active opto-electronic feedback

control circuits to compensate for such aging effects

were designed, constructed, and tested.

A low-noise broadband preamplifier was devel-

oped for the 4-GHz microwave high-speed analog

transmission optical link, and the link was character-
ized with respect to amplitude and phase noise per-

formance. The noise level of this link was measured to

be 3 dB greater than that of the link containing the

Figure 1 . High-speed, high-current digital laser

driver operates at 420 Mbit/s
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DRIVE, f1 + f2 (dBm)

Figure 2 . Two-tone intermodulation characteristics

of diode lasers at---4 GHz

Hitachi HLP-1400 diode laser. Measurements of the

frequency response and two-tone intermodulation

characteristics are shown in Figure 2. This link was

also used at 4 GHz to test the suitability of wideband

FM subcarriers vis-a-vis direct baseband analog

transmission.

Up-Link Power Control Analysis

Communications system performance can be sub-

stantially improved by adaptively distributing system

resources to restore performance on impaired prop-

agation paths. Examples of mitigation techniques

include transmit (up-link) power control to overcome

fading, adaptive depolarization compensation to

maintain polarization isolation in dual-polarization

systems, and adaptive forward error correction to

control bit error rates (BERs) in digital systems. One

technique now under active investigation at COMSAT

Laboratories is up-link power control, which has the

potential to improve performance in both high- and

low-margin communications systems. Convention-
ally, up-link power control is implemented by monitor-

ing the down-link attenuation, and then scaling

attenuation to the corresponding up-link frequency.

Measured data on the correlation of path fading at

different frequencies were compiled and analyzed to
estimate the attainable performance of up-link power

control networks. Because down-link beacons are
not permitted in the up-link (14-GHz) region of the

Ku-band, concurrent 14- and 11-GHz attenuation

data were collected in the loopback mode; these data
are particularly sensitive to measurement errors. The

most useful data were concurrent 30- and 20-GHz

fade statistics, obtained, for example, from dual down-
link beacons on the COMSTAR satellites. The analy-

sis was performed by investigating the instantaneous

attenuation ratio vs down-link attenuation, as illus-

trated with specified measurement error bounds in

Figure 3.
For the 30- and 20-GHz bands, the study indicated

that atmospheric rainfall variations will impose uncer-

tainties of about 2 dB in 30-GHz attenuation scaled

from 20-GHz measured fades. To achieve these

accuracies, it will probably be necessary to employ an

algorithm that approximately subtracts out gaseous

(non-rain) path losses (i.e., by baseline removal), and

to filter out most short-term (<1-s) fluctuations in

down-link fade level.

MMIC Design Technology

The long-range goal of this task is the development

of monolithic satellite receivers consisting of low-
noise amplifiers (LNAs), fixed and variable gain blocks,

mixers, and oscillators. It is conducted in close coop-

eration with the Microelectronics Division, which fab-

ricates all MMAC and MMIC circuitry. These modules
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Figure 3. Effect of variation (Ed) in down-link

measurement accuracy on corresponding

attenuation ratio at 30/20 GHz
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Figure 4. Measured performance of 6-GHz, three-stage quasimonolithic

amplifier exhibits close correlation with computed response

were realized in MMAC form during 1984 and 1985;

future emphasis will be on a fully monolithic realization.

In the first half of 1985, a 3-stage 6-GHz MMAC

LNA having a gain greater than 35 dB and a noise

figure of 1.6 dB was designed and fabricated on a

gallium arsenide (GaAs) substrate. The close correla-

tion between computer-modeled and measured
responses is shown in Figure 4. This background

work has led to the development of 6-GHz MMIC

amplifiers such as a two-stage, 2- x 3.5-mm, 6-GHz

MMIC LNA with predicted gain of 20 dB and a noise

figure of 1.8 dB.
In addition, a two-stage 4-GHz MMAC amplifier

was realized during 1985. Measured results from this

amplifier have led to the design of a two-stage mono-
lithic amplifier using feedback techniques. The pre-

dicted gain and noise figure are 12 dB and 3.5 dB,

respectively.
Development of a highly reliable, compact, light-

weight microwave switch matrix using MMIC tech-
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Figure 5 . Fully monolithic dual-gate FET switch

operates over 3.5 to 6.5 GHz

nology continued during 1985 . Figure 5 shows a

layout of a fully monolithic dual-gate field effect tran-

sistor (FET) switch circuit for operation over 3 . 5 to 6.5

GHz. The chip, which is compatible with transistor-

transistor logic (TTL) control, is self-biased with a

single positive power supply . The control logic has

been integrated in the RF circuit and the chip size is

1.5 x 2.5 mm.

A novel monolithic matched switch circuit consist-

ing of single - gate active and passive FETs has also

been implemented . This circuit, shown in Figure 6, is

matched over 3.5- to 6.5-GHz bandwidth in both ON

and OFF states of the RF switch.

The above module designs are based on the

lumped element models for the FETs (single-gate

active , single - gate passive , and dual-gate FETs)

developed in-house . These models have been derived

from device physics and geometry and have been

validated by measurements on FETs fabricated

in-house.

Antenna and Feed Components

The potential for increasing the frequency band-
width of the 4/6-GHz circular diplexer was investi-

gated. This diplexer was originally developed for the

INTELSAT V frequency bands, and design modifica-

tions are necessary to accommodate the broader

INTELSAT VI bands. The conclusion of the study was

that there would be no performance problems in the

expanded 6-GHz transmit band, but that performance

in the expanded receive band would degrade rapidly

below 3.62 GHz. Additional investigation indicates

that modification of the circularly polarized diplexer

for use in the "Second Generation" INMARSAT bands

(3.60 to 3.62 GHz and 6.425 to 6.441 GHz) also
appears promising. Other diplexer developments

consisted of a high-quality transmit reject filter that

can be fabricated by a lower cost casting technique

and an investigation of the use of thicker irises in the

corrugated coupling region to reduce fabrication

costs.
Ku-band diplexers were studied as an essential

component of 11/14-GHz dual-polarized feeds. A
"Y" junction diplexer separating 11- and 14-GHz sig-

nals from a common WR75 waveguide into separate

WR75 waveguides was completed. This project

included evaluation of various filter geometries that

not only provide good electrical performance but also
are amenable to low-cost fabrication techniques.

Microwave Filter Technology

Mode frequency degeneracy in cylindrical cavities

was investigated by writing a computer program

which would permit dual, triple, and quadruple mode

degeneracies to be identified as a function of fre-
quency spacings between the upper and lower
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l

Figure 6. Novel monolithic matched switch circuit
consists of single-gate active and passive FETs

I

I

spurious modes. Weight and volume estimates along
with cavity Q's of the degenerate modes were com-

puted. The application of this program resulted in the
following fundamental conclusions:

a. The dual TE71 n mode is practical only for n =1 to 4.

For n > 4, the frequency width of the windows is
too small to justify the small Q improvement (see
Figure 7).

b. A number of triple mode degeneracies that allow

practical filters to be realized have been identified.

Triple mode degeneracies occur for the dual

mode TE11, and TM, m„ modes, and the fundamen-

tal triple mode degeneracy occurs for the dual

TE111 and TM010 modes.

c. Dual modes can also be realized in the TM1r,,,,

modes. Filters of this type have been realized
although they do not seem to offer any significant

advantages over the dual TE1mn modes.

d. Quadruple mode degeneracy occurs when the

dual TEt1n and dual TM1mn modes resonate at the

same frequency. A number of useful operating

modes have been identified, for example, the
TE112 and the TM110 modes. A four-pole elliptic

filter function has been realized at 4 GHz using

these modes and a Q of 15,000 was achieved. The
filter is shown in Figure 8 along with its transmis-

sion and return loss.

Solid-State Power Amplifier Development

As part of an ongoing effortaimed at the realization

of low-cost, highly reliable, miniaturized solid-state

power amplifiers (SSPAs) for application in future

satellites, the MTD is developing a family of MMIC

amplifiers at 4, 11, and 20 GHz. Each amplifier design

is intended to emphasize a unique potential or

address a problem area unique to MMIC amplifiers in

that frequency range.
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Figure 7. Spurious mode window vs 0 for various

dual TE,71 modes
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Figure 8. Quadripole elliptic function filter realized
at 4 GHz achieves a 0 of 15,000

At 4 GHz, where FET gain is relatively high, the

emphasis is on increasing efficiency and linearity. To

this end, amplifiers operating in class B or AB are

being developed. Class B operation is theoretically

capable of increasing amplifier efficiency by about 50

percent over that which is achievable with class A. To

fully exploit this operating mode, both single-ended

and push-pull circuits are being developed. The

advantage of the push-pull version is that it is signifi-

cantly more linear, especially at low input levels, than

the single-ended circuit. The main disadvantage is

that it requires the use of a ba/unto convertthe usually

encountered "unbalanced" transmission mode into a

"balanced" mode. This disadvantage can be con-

verted into a partial advantage if the amplifier is

connected directly to a radiating element, which is

usually "balanced." A lumped element balun has

been developed which will allow a significant reduc-

tion in the size of push-pull amplifiers. Circuits have

also been designed for a 0.5-W single-ended ampli-

fier and for a 1.0-W push-pull amplifier, both for the

3.7- to 4.2-GHz frequency band.

At 11 GHz, the emphasis is on developing accurate

FET and passive component models. Work in this

area has focused on the measurement of COMSAT-

developed FETs under well-defined and controllable

circuit conditions.

At 20 GHz, the goal is to develop low-loss impe-
dance matching techniques which will not degrade

significantly the maximum available gain of the FET

devices being used. Both single- and two-stage

designs have been completed and masks designed

(see Figure 9). The single-stage version should

deliver 0.5 W with about 4-dB gain, while the two-

Figure 9 . Single- and dual-stage 20-GHz MM/C amplifiers deliver

0.5 W at 4- and 8-dB gain, respectively
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TO SPACECRAFT BUS
ROUTING

CONTROL UNIT

Figure 10 . Active phased array contains 64 radiating elements

4 I',

stage version will deliver the same power with about

8-dB gain.

Multibeam Phased -Array Antennas

Multiple rapidly scanned or hopping beams can be

used to enhance the capacity of future satellite sys-

tems. This concept is being investigated by fabricat-

ing a high-power active phased-array antenna that

can operate in a direct radiating mode or as a feed for

a dual reflector system. Figure 10 is a conceptual

drawing of the active phased array. This multi-

disciplinary effort involves building two arrays. The

first is a 64-element dual-polarized low-power array

fed by variable phase shifters and variable attenua-

tors. The second is an array of 32 radiating elements,

16 of which will be fed by high-power amplifiers as

well as variable phase shifters and variable attenua-

tors fabricated with MMIC technology. The active

circuits are controlled using a high-speed digital

controller. Thermal and mechanical considerations

constitute an essential part of the overall design. Fabri-

CONTROLLER
TEST TERMINAL

cation of various elements in the array began in 1985,

with assembly and testing to be completed in 1987.

Dual Reflector Optics Study

This study consisted of three phases: a configura-

tion study, an aperture synthesis study, and a study of

shaped confocal reflector systems. The configuration

study was to determine the advantages and disadvan-

tages of a confocal Cassegrain system and a confocal
Gregorian system for 9° scanning. A two-dimensional

ray-tracing program was written to compare the per-

formance of these two systems in terms of feed and

subreflector blockage, spillover energy loss, and

physical dimensions. Since the Gregorian system

was found to have less blockage and less spillover

while scanning up to 9° with comparable reflector
sizes, it was chosen as the antenna configuration for

the aperture synthesis study.

To synthesize the aperture field on the feed plane,
the General Antenna Program (GAP) has been modi-

fied so that the near field of a reflector antenna can be
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calculated on a specified planar surface. By using a

receiving mode analysis in which a plane wave is
incident on the main reflector with a given angle from

boresight, the resulting near field on the feed aperture
synthesizes the feed coefficients of the feed array.

This array would produce a scanned beam in the

opposite direction of the incident plane wave with

minimum degradation, since the phase aberrations

created by the reflectors have been compensated by

the synthesized coefficients. However, because of the

difference in the incoming and outgoing wave fronts

on the feed plane, the synthesized coefficients com-

pensate only part of the aberration errors. Still, an

improvement of more than 0.5 dB has been observed

in some scanned beams.

Finally, a surface-shaping technique based on the

concept of bicollimated reflector designs has been

investigated. With this technique, both the main reflec-
tor and the subreflector of a confocal antenna system

are shaped so that the scan losses of the specified
scanned beams are improved at the expense of the

boresight gain. Preliminary results show that this

technique indeed improves scan performance. Addi-

tional software to simulate the shaped surfaces in
GAP is being developed for more accurate analyses.

Advanced Antenna Software

Development

Two new computational techniques have been

implemented to enhance the capability of the existing

antenna analysis software package, GAP. Both of

these methods allow pattern computations in a frac-

tion of the time required by conventional direct inte-

gration techniques.

The first method improves the efficiency of antenna

far-field computations by employing a sampling and

reconstruction technique based on Shannon's sam-

pling theorem. The far field is first computed along a

small number of directions dictated by the theorem

and then reconstructed at a number of user-specified

points. The accuracy of the technique is excellent

(0.03 dB). The central processing unit (CPU) usage of
this technique is a factor of 15 times smaller than that

of analogous computations performed by direct cur-

rent integrations.
The second method involves performing a discrete

Fourier transform (DFT) of the aperture distribution of

a reflector antenna to obtain the far field. Software has

been developed to perform this DFT efficiently through

the use of fast Fourier transform algorithms. The

computational advantage of this technique over other

direct methods is a factor of 10 to 15.

In addition, software utilities have been added for

device-independent graphics, optimization of coeffi-

cients for beam shaping, aperture field plots, and feed

definition by specifying measured data.

On-Board Demodulation / Remodulation

Development of a 120-Mbit/ s, coherent quadrature

phase-shift keying (CQPSK), 3.95-GHz regenerative
repeater for on- board satellite applications continued

during 1985. The repeater receives the digitally mod-

ulated microwave signal, and without intermediate

frequency conversions, demodulates the baseband

information. The circuit contains carrier and symbol

timing recovery loops and pulse shaping filters.

A breadboard model was successfully tested for

probability of bit error, cycle slipping, and probability
of burst acquisition. The BER and receiver filter

transfer characteristic are shown in Figures 11 and

12. Integration of the various parts of the breadboard
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Figure 11 . BER vs Eb/No performance of the

transmission channel is measured by the

reverse modulation-loop demodulator
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Figure 12 . Response of dual-mode dielectric

resonator receive filter

model into a single lightweight engineering unit is

continuing.

Earth Station Antenna Technology

The Automated Antenna Measurement System

(AMES) was further enhanced during 1985. The Ku-

band measurement system was upgraded with an

yttrium iron garnet (YIG) filter to produce a simpler

receiver system, thus eliminating a cumbersome
mixer system. L-band measurement software was

written and used to test the Southbury INMARSAT

station. An extensive set of flow charts and data sub-

routine descriptions were compiled in an operator's
manual. To measure the performance of small aper-

ture antennas, procedures were developed and are

being implemented for the AMES to measure gain and

G/T using the moon. Moon ephemeris programs

have been written and are presently being installed in

the AMES software. A verification program using the
moon as a flux source to measure gain of C- and

Ku-band antennas has also been completed.

Computer-Assisted Filter Tuning

This project consists of a system of computer-

controlled test (microwave) equipment interacting with

specialized computational subroutines to provide both

characterization of a microwave circuit in its present

state, and directions for tuning the circuit to another

arbitrary state.
A prototype system has been developed to guide the

tuning process, as well as to provide an estimate of the

best response that could be achieved, given the con-
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(b) Response after error function has

been minimized

Figure 13 . Computer-assisted equipment tunes

filters faster and more economically

straints and/or limitations of the circuit being tuned.

This will assist both in tuning filters (circuits) faster and

more economically and in achieving realizations of

complex structures and functions that were previously

impractical.

The prototype system is presently capable of assist-

ing in tuning a microwave filter from an untuned to a
fully tuned state, given the data describing the fully

tuned state. The operator adjusts the tuning screws of
the filter to minimize an error function which is dis-

played vs frequency or as a single numeric value on

the screen. Figure 13 shows the response before and
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after the error function has been minimized . The sys-
tem is relatively easy to use with repeatable results. A

patent application for this method has been filed.

Non-Jurisdictional

Circuit Development for Amplica

A novel 3-dB hybrid coupler with 50 to 20-11 imped-

ance transformation was developed for balanced

amplifier applications over the 3- to 5-GHz band. The

coupler, shown in Figure 14, was built on 10-mil-thick

alumina substrate with dimensions of 0.39 x 0.16 in.

and results in a significant reduction in the size of

balanced amplifiers.

Low-loss and compact interdigitated hybrids for 4

to 8 GHz and 8 to 12 GHz were developed in a coplanar
waveguide (CPW) configuration for application to

CPW balanced amplifiers. The insertion loss and
amplitude flatness of the 4- to 8-GHz CPW coupler

are 0.1 dB and ±0.25 dB, respectively: those for the

8-to 12-GHz couplers are 0.35 and ±0.3 dB.
A feedback broadband amplifier using quasimono-

lithic technology has been developed. This amplifier

and its measured and predicted performance are

shown in Figure 15. The gain across the 2- to 6-GHz
bandwidth is 15 dB f 0.4 dB and its input and output

return losses are better than 12 dB. The 2- x 3.5-mm

module uses two self-biased stages and operates on a

single + 3-VDC bias.

Figure 14. Novel 3-dB hybrid coupler results in a
significant reduction in the size of

balanced amplifiers

Figure 15. Feedback broadband amplifier uses
quasimonolithic technology

K-Band Diplexer for COMSAT General

A dual polarized receive/single polarization trans-

mit Ku-band feed system was designed and bread-

boarded. This diplexer was developed for use in the

Hi-NET 4.5-m terminals, located at Holiday Inn motels.

Primary design objectives for the feed system were

compatibility with the existing Scientific Atlanta receive-

only terminals and good performance with amenability

to low-cost fabrication techniques.

The feed system design has been completed. When
the schedule, quantities, and mounting requirements

are defined, a tooling and fabrication study will com-

mence. The fabrication and tuning cost of the feed is

projected to be lower than the design goal.

COMSAT SUPPORT

Space Communications Division

Southbury Antenna Measurements

An extensive series of measurements was con-

ducted on behalf of Maritime Systems at the South-

bury, Connecticut, earth station complex to determine

the modifications required to operate with the "Second

Generation" space segment. Both the MARISAT and

full performance antennas, low-noise amplifiers, and

interfacility links were tested at L-band and in the

6-and 4-GHz bands. The principal intent of the mea-

surement series was to evaluate the present operating

conditions of the antennas to determine which com-

ponents could be retained and which would have to
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4 I

be replaced or retuned. This approach, which signifi-

cantly reduces costs and minimizes station downtime,
is an alternative to a complete retrofit of the stations.

Many of the measurements were straightforward.

However, measurement of the on-site swept fre-

quency feed system axial ratio required the design

and fabrication of a special axial ratio test fixture that

mounted between the subreflector and the corru-

gated feed horn.

Accurate radio star gain-to-noise temperature ratio

(G/T) measurements were made at both L-band and

C-band, by using the COMSAT Laboratories AMES,

described previously.

Aeronautical Data Link Experiment

Mobile satellite systems such as INMARSAT may

be the most attractive and effective means of imple-

menting commercial transoceanic aeronautical voice

and data communications. To test the feasibility of

such a system and to examine the properties of the

aeronautical satellite channel, COMSAT (Maritime

Systems supported by COMSAT Laboratories) partici-

pated in a joint experiment with the MITRE Corpora-

tion, Rockwell International Corporation, Ball Aero-

space Systems Division, and Avantek, Inc. The general

configuration of the demonstration experiment, per-

formed during August 1985 and intended to evaluate

operational performance for severe conditions at low-

path elevation angles, and the actual flight test route

are shown in Figure 16.

One of the most useful results was the discovery

that multipath effects did not severely impair perfor-

mance for most of the flight path. However, along the

path segment north of Iceland, there was noticeable

degradation in link performance, although communi-

cations were not lost. The BER distribution statistics

indicate that the errors were uncorrelated, suggesting

mostly diffuse multipath components. Other observed

higher error concentrations, some of which exhibited

a cyclical pattern, were attributed to inherent system

impurities and differential PSK (DPSK) demodulator
performance near threshold. It was also found that the

system carrier-to-noise ratio was more sensitive to

aircraft antenna gain pattern variations due to aircraft

motions than to other experiment parameters.

The experimental results show that inexpensive

low-gain modems can be practical and can serve the

aeronautical community by substantially improving

navigation accuracy, enhancing safety standards,

and by facilitating other communications capabilities

such as weather updates and public correspondence.

INMARSAT
MARECS A
SATELLITE

// \ \ ATMOSPHERIC
EFFECTS

7v
9 1rr

,/ N

5 dBiC

-1 dBiC

COMSAT ^' -MULTIPATH

SOUTHBURY
EARTH STATION SEA SURFACE

Figure 16. Aeronautical data link experiment
evaluates performance of mobile satellite

systems for severe conditions at low path

elevation angles. using path shown

Global /Spot Beam System

The MTD investigated the techniques, feasibility,

advantages and cost of modifying the INMARSAT II

satellite to provide a spot-beam coverage. This inves-
tigation led to an efficient approach for modifying the

present INMARSAT II antenna/ transponder design.

This approach, presented to INMARSAT through

COMSAT's Maritime Services unit, adds spot-beam

capability to the present all-global system with min-
imum additions to mass and power. The L-band
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Figure 17. INMARSAT transponder configuration increases

satellite capacity by more than 50 percent

50 percent. Figure 17 is the transponder schematic,

while Figure 18 shows typical global and spot-beam

contours generated simultaneously by the same

array.

The MTD also provided support for the monitoring

of INMARSAT II communications payload fabrication

by Hughes Aircraft Company.

COMSAT Technology Products

Antenna and Feed

In cooperation with the Network Products Division
of Communications Technology Products (CTP), the

MTD has developed a 1.8-m Ku-band offset reflector

antenna system demonstrating superior sidelobe per-

formance (see Figure 19). A Ku-band transmit and
receive feed system consisting of a corrugated feed

horn, halfwave polarizer, vertex orthomode trans-

go ducer. and transmit bandpass and transmit reject fil-

2

Figure 18 . Global and spot beam contours are
generated simultaneously by the same array

ters was designed (see Figure 20). The feed compo-

nents were specifically designed to be amenable to

high-quantity/low-cost fabrication techniques such

as die casting.

The superior sidelobe performance is a result of the
offset reflector geometry which eliminates blockage,

transmit antenna array presently used for global cov- as well as the careful design of the corrugated feed

erage , along with the same number of traveling wave horn illumination function and control of the rms sur-

tube amplifiers (TWTAs) in the transponder, is used to face tolerance of the reflector surface. Agreement

produce global and spot beams at the same time and between calculated and measured performance has

thus increase the satellite capacity by more than been excellent.

34 1

SECTION
II

SATELLITE POSITION • 26° W. LONGITUDE
- - GLOBAL ARRAY - SPOT BEAM

PATTERN PATTERN

Mr
o / \ CHANNEL

5 3

O






































































































	Memorandum
	Attachment A: Environmental Setting
	Attachment B: MIHP Form (2004)
	Attachment C: Letter from the Maryland Historical Trust
	Attachment D: COMSAT Laboratories: 1985 Annual Report
	ComsatLabsAnnReport1985.pdf
	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24
	page 25
	page 26
	page 27
	page 28
	page 29
	page 30
	page 31
	page 32
	page 33
	page 34
	page 35
	page 36
	page 37
	page 38
	page 39
	page 40
	page 41
	page 42
	page 43
	page 44
	page 45
	page 46
	page 47
	page 48
	page 49
	page 50
	page 51
	page 52
	page 53
	page 54
	page 55
	page 56
	page 57
	page 58
	page 59
	page 60
	page 61
	page 62
	page 63
	page 64
	page 65
	page 66
	page 67
	page 68
	page 69
	page 70
	page 71
	page 72
	page 73
	page 74
	page 75
	page 76
	page 77
	page 78
	page 79
	page 80
	page 81
	page 82
	page 83
	page 84
	page 85
	page 86




