
Robert R. Romanofsky
Glenn Research Center, Cleveland, Ohio

Optical Array Versus Monolithic Telescope
Ground Station Cost Assessment

NASA/TM—2019-220216

October 2019



NASA STI Program . . . in ProÞ le

Since its founding, NASA has been dedicated 
to the advancement of aeronautics and space science. 
The NASA ScientiÞ c and Technical Information (STI) 
Program plays a key part in helping NASA maintain 
this important role.

The NASA STI Program operates under the auspices 
of the Agency Chief Information OfÞ cer. It collects, 
organizes, provides for archiving, and disseminates 
NASA’s STI. The NASA STI Program provides access 
to the NASA Technical Report Server—Registered 
(NTRS Reg) and NASA Technical Report Server—
Public (NTRS)  thus providing one of the largest 
collections of aeronautical and space science STI in 
the world. Results are published in both non-NASA 
channels and by NASA in the NASA STI Report 
Series, which includes the following report types:
 
• TECHNICAL PUBLICATION. Reports of 

completed research or a major signiÞ cant phase 
of research that present the results of NASA 
programs and include extensive data or theoretical 
analysis. Includes compilations of signiÞ cant 
scientiÞ c and technical data and information 
deemed to be of continuing reference value. 
NASA counter-part of peer-reviewed formal 
professional papers, but has less stringent 
limitations on manuscript length and extent of 
graphic presentations.

 
• TECHNICAL MEMORANDUM. ScientiÞ c 

and technical Þ ndings that are preliminary or of 
specialized interest, e.g., “quick-release” reports, 
working papers, and bibliographies that contain 
minimal annotation. Does not contain extensive 
analysis.

 

• CONTRACTOR REPORT. ScientiÞ c and 
technical Þ ndings by NASA-sponsored 
contractors and grantees.

• CONFERENCE PUBLICATION. Collected 
papers from scientiÞ c and technical 
conferences, symposia, seminars, or other 
meetings sponsored or co-sponsored by NASA.

 
• SPECIAL PUBLICATION. ScientiÞ c, 

technical, or historical information from 
NASA programs, projects, and missions, often 
concerned with subjects having substantial 
public interest.

 
• TECHNICAL TRANSLATION. English-

language translations of foreign scientiÞ c and 
technical material pertinent to NASA’s mission.

For more information about the NASA STI 
program, see the following:

• Access the NASA STI program home page at 
http://www.sti.nasa.gov

 
• E-mail your question to help@sti.nasa.gov
 
• Fax your question to the NASA STI 

Information Desk at 757-864-6500

• Telephone the NASA STI Information Desk at
 757-864-9658
 
• Write to:

NASA STI Program
 Mail Stop 148
 NASA Langley Research Center
 Hampton, VA 23681-2199

 



Robert R. Romanofsky
Glenn Research Center, Cleveland, Ohio

Optical Array Versus Monolithic Telescope
Ground Station Cost Assessment

NASA/TM—2019-220216

October 2019

National Aeronautics and
Space Administration

Glenn Research Center
Cleveland, Ohio 44135

Prepared for the
Directed Energy Systems Symposium
sponsored by the Directed Energy Professional Society
Norfolk, Virginia, September 12–16, 2016



Acknowledgments

This work was supported by the NASA Space Communications and Navigation OfÞ ce.

Available from

Level of Review: This material has been technically reviewed by technical management. 

NASA STI Program
Mail Stop 148
NASA Langley Research Center
Hampton, VA 23681-2199

National Technical Information Service
5285 Port Royal Road
SpringÞ eld, VA 22161

703-605-6000

This report is available in electronic form at http://www.sti.nasa.gov/ and http://ntrs.nasa.gov/



NASA/TM—2019-220216 1 

Optical Array Versus Monolithic Telescope 
Ground Station Cost Assessment 

 
Robert R. Romanofsky 

National Aeronautics and Space Administration 
Glenn Research Center 
Cleveland, Ohio 44135 

Abstract 
The purpose of this study is to outline the design of an optimal array of optical telescopes to emulate 

performance of a monolithic 12 m telescope in support of deep-space communications. In this case, 
optimal means minimizing the initial capital investment and operational cost while maintaining 
performance requirements of the deep-space link. The design is approached from a practical, engineering 
perspective. Pulse position modulation (PPM) signal formatting and photon counting detectors are 
assumed at each telescope in the array. That is, the telescopes function as so-called light buckets, so direct 
detection (as opposed to coherent reception) of the received signals is assumed, and there is no intention 
to consider active compensation for atmospheric turbulence-induced phase fluctuations. A parametric 
analysis among aperture size, detector size, and primary mirror surface quality, in the context of 
field-of-view expansion, is presented to minimize the cost function. 

Introduction 
The purpose of this study is to outline the design of an optimal array of optical telescopes to emulate 

performance of a monolithic 12 m telescope in support of deep-space communications. In this case, 
optimal means minimizing the initial capital investment and operational cost while maintaining 
performance requirements of the deep-space link. The design is approached from a practical, engineering 
perspective. Pulse position modulation (PPM) signal formatting and photon counting detectors are 
assumed at each telescope in the array. That is, the telescopes function as so-called light buckets, so direct 
detection (as opposed to coherent reception) of the received signals is assumed, and there is no intention 
to consider active compensation for atmospheric turbulence-induced phase fluctuations. Turbulence can 
significantly increase the telescope field-of-view over the classic diffraction limit of the primary aperture 
thereby increasing background photon count without necessarily improving signal power. A parametric 
analysis among aperture size, detector size, and primary mirror surface quality, in the context of field-of-
view expansion, is presented to minimize the cost function. The relationship between PPM slot width and 
noise is not considered here (i.e., no attempt is made to optimize PPM modulation order in the context of 
minimizing noise). Besides potentially very substantial cost savings, other advantages of a telescope array 
include: minimal gravitational effects (i.e., primary mirror/sub-reflector structural sag), reliability through 
redundancy, and scalability. A possible drawback of a large telescope array is the complexity associated 
with synchronization of the individual telescope PPM signals. 

Part I focusses on estimating the aperture size and number of apertures required to emulate the 12 m 
aperture and the ensuing cost based on an established cost model derived from empirical data. The 
analysis does extend that model to include the cryogenic refrigeration initial capital investment and life 
cycle costs. Part II modifies the analysis by addressing more realistic manufacturing issues, especially 
mirror surface quality as a cost tradeoff, and uses a previously developed point spread function approach. 
Specifically, it considers the equivalent telescope aperture, with slight imperfections, that could 
theoretically perform as well as a diffraction limited (flawless) telescope. Finally, Part III merges both 
sections and develops a cost minimization strategy.  
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