
Bilal M.M. Bomani
Glenn Research Center, Cleveland, Ohio

CubeSat Technology Past and Present: 
Current State-of-the-Art Survey

NASA/TP-20210000201

December 2021



NASA STI Program . . . in Profile

Since its founding, NASA has been dedicated 
to the advancement of aeronautics and space science. 
The NASA Scientific 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 Officer. 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 significant phase 
of research that present the results of NASA 
programs and include extensive data or theoretical 
analysis. Includes compilations of significant 
scientific 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. Scientific 

and technical findings 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. Scientific and 
technical findings by NASA-sponsored 
contractors and grantees.

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

 
• SPECIAL PUBLICATION. Scientific, 

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 scientific 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

 



Bilal M.M. Bomani
Glenn Research Center, Cleveland, Ohio

CubeSat Technology Past and Present: 
Current State-of-the-Art Survey

NASA/TP-20210000201

December 2021

National Aeronautics and
Space Administration

Glenn Research Center 
Cleveland, Ohio 44135



Acknowledgments

The author would like to thank Brian J. Motil (NASA Glenn Research Center) and Phillip B. Abel (NASA Glenn Research Center) 
for assisting with the funding for this research effort, as well as countless discussions on this topic and providing valuable input 
into its format. A special thanks to Charles Doxley (NASA Glenn Research Center) for his review of the manuscript and insight 
into the who, what, why, when, and how of CubeSat technologies past, present, and future. Lastly, the author would like to thank 
Obadiah Kegege (NASA Goddard Space Flight Center) for his review of this manuscript.

Available from

Trade names and trademarks are used in this report for identification 
only. Their usage does not constitute an official endorsement, 
either expressed or implied, by the National Aeronautics and 

Space Administration.

Level of Review: This material has been technically reviewed by a committee of peers. 

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

National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161

703-605-6000

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



NASA/TP-20210000201 iii 

Contents 
Executive Summary ....................................................................................................................................................... 1 
CubeSat Background and History ................................................................................................................................. 1 
CubeSats and Thermal Management ............................................................................................................................. 4 
CubeSats and Deployment Mechanisms ........................................................................................................................ 8 
CubeSats and Power Generation ................................................................................................................................. 19 
CubeSats and Communications ................................................................................................................................... 24 
Summary and Conclusions .......................................................................................................................................... 30 
References ................................................................................................................................................................... 32 
Bibliography ................................................................................................................................................................ 41 





NASA/TP-20210000201 1 

CubeSat Technology Past and Present: 
Current State-of-the-Art Survey 

Bilal M.M. Bomani 
National Aeronautics and Space Administration 

Glenn Research Center 
Cleveland, Ohio 44135 

Executive Summary 
A cube satellite (CubeSat) is an evolving and emerging 

technology that gives a novice or advanced researcher relatively 
affordable access to space research experiments and 
applications. The initial CubeSat standard was created in 1999 
by California Polytechnic State University, San Luis Obispo 
and Stanford University’s Space Systems Development Lab to 
facilitate direct access to space for university students. This 
initial CubeSat standard has now been adopted by hundreds of 
organizations worldwide and includes not only universities, 
educational institutions, but private firms and government 
organizations. Dozens of CubeSats have been launched since 
2003 and have come from more than 29 states in the United 
States. The CubeSat standard facilitates frequent and affordable 
access to space with launch opportunities available on most 
launch vehicles. 

CubeSats are a class of research spacecraft called 
nanosatellites and are built to standard CubeSat Units or U 
dimensions of 10 by 10 by 10 cm and are formally classified as 
1U, 2U, 3U, or 6U in size. Most CubeSats are deployed from a 
Poly-Picosatellite Orbital Deployer called a P-POD. 
Partnerships among NASA, U.S. industry, and educational 
institutions are being formed to build upon existing successful 
CubeSat initiatives with a goal to expand and include launching 
50 small satellites from 50 states within the next several years. 

An extensive and detailed literature review that includes over 
830 citations has been conducted to provide a comprehensive 
resource on both NASA and non-NASA CubeSat experiments 
and applications that can serve as a guide for background 
information on CubeSats as well as a valuable resource of lessons 
learned from CubeSats that have been launched in the past. 

CubeSats are currently being launched from all over the world 
on different launch vehicle platforms. Some organizations 
providing launch opportunities are California Polytechnic State 
University (http://www.cubesat.org/contactus), ISISPACE Group 
(https://www.isispace.nl/), Nanoracks (http://nanoracks.com/), 
Spaceflight Industries, Inc. (http://spaceflight.com/), TriSept 
Corporation (https://trisept.com/), and Tyvak Nano-Satellite 
Systems, Inc. (https://www.tyvak.com/). 

CubeSat Background and History 

A cube satellite (CubeSat) is a nanosatellite and is any 
satellite that has a total mass of between 1 to 10 kg. In general, 
the term “nanosatellite” also covers all CubeSats, PocketQubes, 
TubeSats, SunCubes, ThinSats, and nonstandard picosatellites. 

The original CubeSat Project concept in 1999 was a 
collaborative research effort between Dr. Jordi Puig-Suari at 
California Polytechnic State University (Cal Poly), San Luis 
Obispo, and Professor Bob Twiggs at Stanford University. 
Their goal was to develop a new class of picosatellites, also 
referred to as the “CubeSat standard” (Ref. 1). The CubeSat 
standard is defined in the CubeSat Design Specification (CDS), 
rev. 13 (Ref. 2). The CDS is an initial resource that covers the 
general, mechanical, electrical, operational, as well as testing 
requirements in order to launch a CubeSat. However, one 
cannot launch just a solitary CubeSat but must also consider the 
deployment system. Typically, if a CubeSat is launched in the 
United States, a Poly-Picosatellite Orbital Deployer (P-POD) is 
the CubeSat deployment system. Figure 1 shows what a 
standard P-POD and cross section should look like. 

A typical P-POD is capable of carrying three standard 
CubeSats and serves as the interface between the CubeSat and 
the launch vehicle. The P-POD is essentially a rectangular box 
with a door and a spring mechanism that is utilized to deploy 
the CubeSat. Once the release mechanism of the P-POD is 
actuated by a deployment signal from the launch vehicle, a set 
of torsion springs at the door hinge force the door open and the 
CubeSats are deployed by the main spring gliding on its rails 
and the P-POD rails. The P-POD is made up of anodized 
aluminum. CubeSats must be compatible with the P-POD to 
ensure the safety and success of any mission. The P-POD is also 
backwards compatible since any CubeSat within the CDS 
rev. 9 or later will not have compatibility issues. Any person 
seeking to deploy a CubeSat should design to the most recent 
CDS to take full advantage of the P-PODs features (Ref. 2). The 
P-POD plays a vital role as it serves as the unique interface
between the launch vehicle and the CubeSat.

There are 11 general requirements in order to conform to a 
typical CubeSat specification. In addition, there are 17 CubeSat 

http://www.cubesat.org/contactus
https://www.isispace.nl/
http://nanoracks.com/
http://spaceflight.com/
https://trisept.com/
https://www.tyvak.com/
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Figure 1.—Poly-Picosatellite Orbital Deployer (P-POD). 

(a) P-POD. (b) Cross section (from Ref. 2). 

 
mechanical requirements, nine electrical requirements, seven 
operational requirements, and five testing requirements that 
need to be met in order to gain approval to deploy a CubeSat. 
All requirements are listed in CDS rev. 13 (Ref. 2). 

There are currently six different approved sizes for CubeSats 
in the United States including 1U, 1.5U, 2U, 3U, and 6U, and 
all have unique requirements. A 1U CubeSat is limited to a 100- 
by 100- by 113.50-mm volume and must typically weigh less 
than 1,000 g. A 1.5U CubeSat is limited to a 100- by 100- by  
170.2-mm volume and must typically weigh less than 1,500 g. 
A 2U CubeSat is limited to a 100- by 100- by 227.0-mm volume 
and limited to 2,000 g. A 3U CubeSat is limited to a 100- by 
100- by 340.5-mm volume and limited to 3,000 g. A 6U 
CubeSat is limited to a 100- by 226.3- by 386.0-mm volume 

and limited to 6,000 g. Each CubeSat has a minimum 
requirement for springs and deployment switches that must be 
adhered to (Refs. 2 and 3). 

In the United States, there have been dozens of documented 
CubeSat missions dating back to 2003 with the Eurokot Launch. 
Table I contains a sampling of launch dates and CubeSats 
launched. A complete list of the actual CubeSat launches can be 
searched on the official CubeSat website (Ref. 4). 

According to an international nanosatellites database  
(Ref. 4), there have been 1,186 nanosatellites launched of which 
1,088 have been CubeSats. There have been two interplanetary 
CubeSat launches, 87 nanosatellites have been destroyed on 
launch, there are 64 countries with nanosatellites and there are 
over 3,000 nanosatellites predicted to be launched worldwide 
in the next 6 yr (Ref. 5).  

One of the most valuable resources for CubeSats is the 
CubeSat developer’s conference. A complete list of all CubeSat 
workshops dating back to 2004 can be found in one location 
(Ref. 6). This is one of the most comprehensive presentation 
databases on CubeSats for anyone interested in launching a 
CubeSat.  

In presenting the background and history of CubeSats, one 
may find the most overlooked barrier to the novice person 
interested in launching a CubeSat is price or just how much it 
costs to launch a CubeSat. It is estimated that a CubeSat launch 
can cost as little as $10,000 to as much as $500,000 depending 
on what type of CubeSat you are interested in launching. There 
are companies that will sell you a CubeSat kit that you can 
utilize to build your own CubeSat, but you will still need a way 
to launch it into space. There are several organizations that offer 
an experimenter the ability to propose a CubeSat experiment 
and they will provide all of the funding needed. One such 
organization is NASA and their CubeSat Launch Initiative 
(CSLI) (Ref. 7).  

NASA CSLI provides access to space for small satellites, 
CubeSats, developed by the NASA centers and programs, 
educational institutions, and nonprofit organizations giving 
CubeSat developers access to a low-cost pathway to conduct 
research in the areas of science, exploration, technology 
development, education, or operations. 

Through the Educational Launch of Nanosatellites (ELaNa) 
missions, International Space Station (ISS) deployment 
opportunities, or rideshare launches to space via existing launch 
services of government, payloads are provided, as well as 
dedicated CubeSat launches from the newly selected contracts 
for the CubeSats selected through CSLI. To participate in the 
CSLI program, CubeSat investigations should be in alignment 
with the NASA Strategic Plan. 
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TABLE I.—CUBESAT MISSIONS 
Launch  

date 
CubeSat launched  Launch date CubeSat launched 

6/20/2003 Eurokot  10/28/2011 Delta II NPP 

10/27/2005 Kosmos 3M Student Space Exploration and 
Technology Initiative (SSETI) Express Launch 

 2/13/2012 Vega Maiden 

2/22/2006 M–V–8 ASTRO–F  9/13/2012 Atlas V OUTSat (Operationally Unique 
Technologies Satellite) 

7/26/2006 Dnepr EgyptSat  4/18/2014 Falcon 9 CRS–3 (Commercial Resupply 
Services—3) 

12/16/2006 Minotaur I TacSat–2  6/19/2014 Dnepr UniSat–6 

4/17/2007 Dnepr launch completed  1/31/2015 Delta II SMAP (Soil Moisture Active Passive) 

5/19/2009 Minotaur I TacSat–3  5/20/2015 Atlas V ULTRASat (Ultra Lightweight 
Technology and Research Auxiliary Satellite) 

9/23/2009 PSLV–C14  10/8/2015 Atlas V GRACE (Government Rideshare 
Advanced Concepts Experiment) 

11/20/2010 Minotaur IV STP–S26  11/5/2015 ElaNa–7 (Educational Launch of Nanosatellites—
7) Super Strypi 

12/8/2010 Falcon 9 Dragon  11/13/2017 Delta II JPSS–1 (Joint Polar Satellite System—1)/ 
ELaNa–14 

4/4/2011 Taurus XL Glory  9/18/2018 Delta II ICESat–e (Ice, Cloud and land Elevation 
Satellite)/ELaNa–18 

 
 
The CSLI is an integrated cross agency collaborative effort 

led by NASA Human Exploration and Operations Mission 
Directorate to streamline and prioritize rideshare and 
deployment opportunities of CubeSats. CSLI opportunities are 
available to NASA centers, U.S. not-for-profit organizations, 
and accredited U.S. educational organizations. In the past, 
selected science investigation missions have studied Earth’s 
atmosphere, near-Earth objects, space weather, and biological 
sciences. Technology demonstration missions have included in-
space propulsion, space power, radiation testing, and solar sails. 

By providing a progression of educational opportunities 
including CSLI for students, teachers, and faculty, NASA 
assists the Nation in attracting and retaining students in the 
science, technology, engineering, and mathematics (STEM) 
disciplines. This strengthens the future workforce of NASA and 
the Nation. Further, the CSLI promotes and develops 
innovative technology partnerships among NASA, U.S. 
industry, and other sectors for the benefit of Agency programs 
and projects. NASA thus gains a mechanism to use CubeSats 
for low-cost technology development or pathfinders. 

Since its inception, 85 CubeSat missions have been flown on 
22 ELaNa Missions with 34 manifested for flight. ELaNa 
missions have included: BisonSat (first CubeSat built by a tribal 
college), TJ3Sat (first CubeSat built by a high school), and the 

St. Thomas More Satellite 1 or STMSat–1 (first CubeSat built 
by an elementary school). 

NASA has selected and prioritized 176 CubeSat missions from 
93 unique organizations representing 39 states and the District of 
Columbia. The 39 states include the following: Alabama, Alaska, 
Arizona, Arkansas, California, Colorado, Connecticut, Florida, 
Georgia, Hawaii, Idaho, Illinois, Indiana, Iowa, Kansas, 
Kentucky, Louisiana, Maryland, Massachusetts, Michigan, 
Minnesota, Missouri, Montana, New Jersey, New Mexico, New 
York, North Dakota, Ohio, Oregon, Pennsylvania, Rhode Island, 
Tennessee, Texas, Utah, Vermont, Virginia, Washington, West 
Virginia, and Wisconsin (Ref. 7). References 8 and 9 list past 
NASA CubeSat launches dating back to 2011 as well as 
upcoming CubeSat missions.  

If one does not have access to NASA resources or is 
unsuccessful in obtaining a proposal for a CubeSat launch, then 
private funding can still be an option. There are several 
companies that provide CubeSat services, from initial concept 
to launch with variable pricing based on CubeSat configuration.  

It should be noted that the CubeSat standard has been highly 
successful. Since 2014, more than half of the satellites that were 
launched into orbit were CubeSats (Ref. 10) and today, there 
are more commercial CubeSat launches than academia due  
to the fact that when compared to conventional satellites, 
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CubeSats are inexpensive to develop and launch and can be 
networked together to form constellations.  

CubeSats are primarily utilized by academia for research, 
government entities and the military for science purposes,  
and commercial companies for applications such as 
telecommunications, video, and sensing applications. However, 
many CubeSat missions fail to launch. It is estimated that since 
2000, over 40 percent of CubeSat missions were categorized as 
launch fail, dead on arrival, or early loss (Ref. 10). As many 
CubeSat missions are transitioning away from academic 
towards commercial venture, reliability expectations are 
changing, and mission lifetimes are being extended from 
months to years with reliability being paramount for these 
durations.  

What follows is more specific CubeSat missions, launches, 
experiments, and technologies that have had a significant 
impact in the CubeSat community and can be used as a guide 
or lessons learned for anyone interested in launching a CubeSat 
in the future. We specifically concentrated on four major areas: 
(1) thermal management, a process that needs to be performed 
to ensure proper outgassing of all CubeSat components, (2) 
deployment mechanisms, which must be designed to meet the 
P-POD Cal Poly standard, (3) power generation, which is 
limited to 10 W and the available onboard power, and (4) 
communications, where CubeSat operators need to comply with 
their country’s radio license agreements and restrictions. In 
addition, we have included an extensive bibliography to serve 
as a reference list for hundreds of CubeSat research 
technologies, projects, experiments, and launches that are 
applicable to the field of CubeSat research and development.  

CubeSats and Thermal Management 
As part of the CubeSat testing and validation process, 

CubeSats need to pass a thermal vacuum bakeout process, 
which needs to be performed to ensure proper outgassing of all 
CubeSat components. The test specification for thermal 
vacuum bakeout is typically outlined by the launch provider 
(Ref. 1).  

In a vacuum environment, heat is transferred in by way of 
radiation and conduction. The internal environment of a fully 
enclosed small satellite is usually dominated by conductive heat 
transfer, while the overall energy balance and outside 
environment are driven purely via thermal radiation. The 
thermal radiation environment is manipulated by using 
materials that have certain specific radiative properties, 
commonly referred to as “solar absorptivity” (implying 
wavelengths in the range of approximately 0.3 to 3 µm) and 
infrared (IR) emissivity (approximately 3 to 50 µm). Solar 
absorptivity governs how much of the impinging solar flux a 
spacecraft absorbs, while IR emissivity determines how well a 

spacecraft emits its thermal energy to space, relative to a perfect 
blackbody emitter. These properties are almost entirely surface 
properties of a material and can be modified simply by adding 
specialized coatings, platings, polishings, or even adhesive 
tapes of specific materials (Ref. 11). 

Thermal insulation acts as a thermal radiation barrier from 
incoming solar flux and also to prevent excessive heat 
dissipation. Components used to ensure the temperature 
requirements are met in CubeSats include multilayer 
insulation (MLI) as well as heaters for the battery. MLI 
blankets are typically used as thermal insulation to maintain a 
temperature range for the electronics and batteries during 
orbit, or more recently, for biological payloads. In addition, 
metalized tapes are becoming increasingly common for small 
spacecraft applications. MLI is fairly delicate and drops 
drastically in performance if compressed, so it should be used 
with caution or avoided altogether on the exterior of small 
satellites that fit into a deployer such as a P-POD. Another 
passive method of thermal control is the application of matte 
paint, which can alter the solar absorbance and IR emittance 
of a surface material (Ref. 11). 

It is important to conduct experimental analysis and 
simulation of any spacecraft’s thermal output in order to 
optimize a CubeSat’s thermal management components and 
techniques. CubeSats with special thermal concerns, often 
associated with certain deployment mechanisms and payloads 
may have to be tested in a thermal vacuum chamber before a 
successful launch.  

Satellites in orbit are heated by radiative heat emitted from 
the Sun directly and reflected off Earth. Heat is also generated 
by the CubeSat’s components and must be cooled by radiating 
heat into space if the environment is cooler than the spacecraft. 
All radiative heat sources and sinks are rather constant and very 
predictable as long as the CubeSat’s orbit and eclipse time are 
known (Ref. 11).  

What follows is a review (Refs. 11 to 27) of CubeSat thermal 
management research conducted in the recent past. 

Anderson et al. (Ref. 12) investigated the need for advanced 
cooled electro-optical instrumentation in remote observations 
of the atmosphere as demonstrated by Sounding of the 
Atmosphere Using Broadband Emission Radiometry (SABER) 
on the Thermosphere Ionosphere Mesosphere Energetics 
Dynamics (TIMED) mission. The relatively new use of small 
satellites in remote Earth-observing missions, as well as the 
challenges, are epitomized by the upcoming National Oceanic 
and Atmospheric Administration (NOAA) Earth Observing 
Nanosatellite—Infrared (EON–IR) 12U CubeSat missions. 
These advanced CubeSat missions, which hope to accomplish 
scientific objectives on the same scale as larger more traditional 
satellites, require advanced miniaturized cryocoolers and active 
methods for thermal management and power control. The 
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Active CryoCubeSat (ACCS) project is a demonstration of such 
a technology. Utilizing ultrasonic additive manufacturing 
(UAM) techniques, a mechanically pumped fluid loop (MPFL) 
and miniature pumps and cryocoolers are used to create a 
closed-loop fluid-based heat interchange system. The ACCS 
project creates a two-stage thermal control system (TCS) 
targeting 6U CubeSat platforms. The first stage is composed of 
a miniature Ricor K508N cryocooler, while the second is 
formed by a UAM-fabricated heat exchanger MPFL system 
powered by a TCS Micropumps Limited, M510 micropump. 
The working fluid is exchanged between a built-in chassis heat 
exchanger and a deployable tracking radiator. This work details 
the theory design and testing of a relevant ground-based 
prototype and the analysis and modeling of the results as well 
as the development of a design tool to help in customized active 
thermal control designs for small satellites. Ultimately, the 
ACCS project hopes to enable a new generation of advanced 
CubeSat atmospheric observing missions. 

Athirah et al. (Ref. 13) discuss the stress and thermal analysis 
on the CubeSat structure to study the survivability of the 
CubeSat during the launching process or operating condition at 
the orbit. Various designs of mechanical structures were 
analyzed to determine the best design for different mission 
requirements. Analysis on the temperature of the batteries was 
conducted as it is one of the most critical components that must 
operate in the required temperature to avoid failure of the 
CubeSat. ANSYS 13.0 (Ansys, Inc.) was used to simulate both 
the structural and thermal analysis. Static structural analysis 
was used to study the impact of g-force on the CubeSat during 
the launching process, and Icepak (Ansys, Inc.) was used to 
study the internal temperature. The results were compiled in 
table form and comparisons were made among different designs 
to determine the advantages and disadvantages of each design. 
Results from simulation such as safety factor, weight, internal 
available space, and battery discharge rate were analyzed. They 
surmised that there is no best design in the CubeSat structure 
but only the most suitable design for the mission purposes and 
battery discharge rate will play an important role to determine 
the requirement of a heater in the CubeSat.  

Thanarasi (Ref. 14) investigates the thermal analysis of 
CubeSat in a hot and cold worst-case environment using finite 
element analysis. Since the thermal subsystem is not 
independent of other devices, it is important to know how all 
elements in the spacecraft can have an influence on the thermal 
environment, either by emitting or absorbing energy or both. 
Their finite element analysis methodology was used in order to 
determine the spacecraft’s operating temperature ranges. They 
used MSC Nastran and MSC Patran software (MSC Software 
Corporation) as their finite element analysis modeling tool. The 
design of their thermal system was based on passive methods 
and this approach is vital to avoid power consumption in cases 

where it would not be necessary. The goal is to design a thermal 
subsystem to operate the spacecraft throughout its mission 
phases without any failure.  

Butler-Craig (Ref. 15) investigates the thermal behavior of 
high power density 3U CubeSats that are capable of supporting 
high-impulse missions. This mission is a technology 
demonstration of a 100-W power management and distribution 
system aboard a small-volume CubeSat that can serve as 
evidence of CubeSats being able to provide high power to the 
subsystems necessary to support high-impulse missions. They 
explored the thermal behavior of a CubeSat subjected to 
substantial waste heat due to extra power generation. They also 
conducted a thermal vacuum test and concluded that, despite 
100 W of waste heat being deposited into the system, the 
thermal limits of the electrical components were not exceeded 
and remained at steady-state operable temperatures. The 
thermal vacuum test proved that the Advanced Electrical Bus 
(ALBus) CubeSat was able to provide enough power without 
overheating to the detriment of its electrical components. The 
study is intended to enhance the feasibility assessment of high 
power density CubeSats capable of high-impulse missions. 

Gorev et al. (Ref. 16) discuss the thermal deformation of a 
3U CubeSat in low Earth orbit (LEO) and the impact of uneven 
heating. Their calculations showed that the thermal deformation 
of a CubeSat structure in orbit caused a deviation between 
normals to opposite small satellite sides of about 0.03°. This 
deviation is commensurate with the required satellite pointing 
accuracy, approximately 0.1°, necessary for satellite laser 
communication. Their study shows that to solve similar 
problems in the CubeSat designing that require this or better 
CubeSat pointing accuracy, it is necessary to consider the 
expected satellite structure thermal deformation. 

Ibrahim and Yamaguchi (Ref. 17) conducted a study aimed 
at predicting the types of thermally induced dynamics that can 
occur on CubeSats that fly in LEO. They utilized four short-
edge deployable solar panels based on historic temperature 
profiles using thermal analysis software. The results were used 
in a numerical simulation to determine the structural response 
of the solar panels and the effect of pointing the direction of the 
satellite using inertia relief methods. They concluded that the 
thermal snap motion could occur during eclipse transition due 
to rapid temperature changes in the solar panel’s cross sections. 
Their work examines how temperature affects the solar panels 
pointed toward the Sun throughout the daylight period and 
pointed to the Earth while in the shadow to calculate and predict 
the potential temperature profile differences that can affect 
CubeSats. 

Nader (Ref. 18) researches the use of carbon nanotubes for 
thermal distribution and transfer bus systems for 1U CubeSats. 
He and his team reviewed the need to develop a heat dissipation 
and transfer system for components on the NEE–01 Pegasus 
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satellite in order to avoid freeing while the satellite was in the 
eclipse part of its orbit. Several materials and designs were 
tested in order to achieve the best thermal transfer rates as 
indicated by the specifications. Extensive testing from the 
manufacturing specifications of target components was 
conducted until they achieved the best results using multiwalled 
carbon nanotube sheets to manufacture a thermal transfer bus. 
This thermal transfer system will allow the spacecraft to route 
the internally generated heat, as well as any heat coming from 
outside their MLI to penetrate the external hull, to be efficiently 
sinked to their four battery arrays that are used as thermal 
dissipation masses. In order to ensure the survival of 
commercial-off-the-shelf (COTS) electronics longer than any 
other previous missions, they designed a miniature version of 
an MLI system. The requirements were to fend off up to 
60 percent of incoming heat, to protect the electronics against 
alpha and beta particles, to shield them from plasma discharges, 
and to attenuate most of X and gamma radiations. The result 
was the SEAM/NEMEA Space Environment Attenuation 
Manifold, a multistage MLI capable of blocking alpha, beta, X, 
and gamma radiations and to block up to 67 percent of incoming 
heat, while retaining internal heat over the eclipse phase, 
NEMEA can also attenuate and even neutralize electromagnetic 
pulse and plasma discharge events. 

Garzón and Villanueva (Ref. 19) presented a model for 
predicting the temperature of 3U CubeSat in a LEO, which 
supposes a single temperature common to all satellite 
components. The report includes a detailed analytical 
computation of the external heat fluxes for a particular orbit and 
spacecraft assumptions based on the features foreseen for 
satellite Libertad 2 under development at Universidad Sergio 
Arboleda. He and his team computed the heat fluxes and their 
associated temperature for all possible orbital orientations and 
combined these results with a description of the satellite orbital 
plane rotation (nodal regression) and the solar motion on the 
ecliptic. The goal is to determine the minima and maxima of the 
orbital temperature oscillation for a mission lifetime of a year. 
They found that for feasible model parameters, the temperature 
extremes are mostly within the operating temperature range of 
the most sensitive satellite component, 0 ≤ T ≤ 60 °C, which 
suggest mission viability. The report also discusses possible 
model improvements that would allow testing of satellite design 
upgrades. It surmises that the calculation of the external heat 
fluxes described can be carried over, relatively unchanged, to a 
more accurate model describing heat transfer between satellite 
parts with different temperatures. 

Darbali-Zamora, Cobo-Yepes, and Ortiz-Rivera (Ref. 20) 
present the effects that varying temperature conditions have on 
the efficiency of size constrained electronic power supply (EPS) 
subsystems designed for the power management of small 
satellites. In general, the power distribution of a CubeSat is 

composed of multiple direct current to direct current converters 
that provide maximum power point tracking (MPPT) and voltage 
regulation. The performance of these converters can be affected 
when operating at extreme temperature conditions. Typically, a 
CubeSat EPS can be subjected to temperatures of –40 up to 80 
°C. For this reason, thermal considerations during the design 
process of the EPS are vital. This article illustrates an EPS 
prototype designed, constructed, and tested to withstand low- and 
high-temperature conditions found in space. Efficiency results 
are also obtained under different thermal conditions.  

Thaheer (Ref. 21) measured electron density for the Malaysia 
Youth Satellite (MYSat) CubeSat with the primary objective of 
measuring the electron density in ionosphere E layer for 
validation of the electromagnetic model for natural disaster 
management developed by Universiti Sains Malaysia while at 
the same time developing university capabilities in building 
nanosatellites. This project was designed to inspire and prepare 
future space professionals by providing university students with 
practical experience in all parts of a real space project and to 
improve their motivation to work in the fields of space 
technology and science, this way helping to ensure the 
availability of a suitable and talented workforce in the future.  
In collaboration with the Malaysian Space Agency, university 
students produced an orbit simulation using Analytical  
Graphic, Inc.’s System Tool Kit (STK) software and the results 
of the mission design include orbital lifetime, ground track 
accessibility, and lighting times. Using those results, 
preliminary design of each subsystem, such as thermal, 
structure, power, communication, and attitude control, can be 
constructed.  

Rievers, Milke, and Salden (Ref. 22) designed a CubeSat in 
situ degradation detector for the TCS. In order to evaluate this 
system, material parameters specifying the conductive and 
radiative properties of the different TCS components have to be 
known including their respective variations within the mission 
lifetime. More specifically, the thermo-optical properties of the 
outer surfaces including critical TCS components such as 
radiators and thermal insulation are subject to degradation 
caused by interaction with the space environment. The 
evaluation of these material parameters by means of ground 
testing is a time-consuming and expensive endeavor. Long-
term in situ measurements on board the ISS or large satellites 
not only realize a better implementation of the influence of the 
space environment but also imply high costs. Motivated by this 
fact, a nanosatellite-scale degradation sensor concept that 
realizes low power consumption and data rates compatible with 
nanosatellite boundaries at ultra-high frequency (UHF) radio 
was developed. By means of a predefined measurement and 
messaging cycle, temperature curves were measured and 
evaluated on ground to extract the change of absorptivity and 
emissivity over mission lifetime.  
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Isaacs et al. (Ref. 23) developed FlexCool technology that 
optimizes flat heat pipes for optimal thermal management of 
CubeSats. For this application, they performed initial testing 
and modeling of a flat, conformable, lightweight, and efficient 
two-phase heat strap called FlexCool, currently being 
developed at Roccor1. Using acetone as the working fluid, the 
heat strap has an average effective thermal conductivity of 
2,149 W/m⋅K, which is approximately four times greater than 
the thermal conductivity of pure copper. In addition, the heat 
strap has a total thickness of only 0.86 mm and is able to 
withstand internal vapor pressures as high as 930 kPa, 
demonstrating the suitability of the heat strap for orbital 
environments where pressure differences can be large. A 
reduced-order, closed-form theoretical model was developed in 
order to predict the maximum heat load achieved by the heat 
strap for different design and operating parameters. The model 
is validated using experimental measurements and is used here 
in combination with a generic algorithm to optimize the design 
of the heat strap with respect to maximizing heat transport 
capability. 

Yamaoka et al. (Ref. 24) explain that while it is known that 
cosmic rays are accelerated and propagated to the Earth in 
association with solar flares, the particle acceleration 
mechanism is still unknown. Only neutrons can be a direct 
probe to clarify the ion acceleration mechanism in the Sun 
because they are not affected by the magnetic field, and thus 
directly travel to the Earth with original acceleration 
information. There have only been a few 10-s solar neutron 
events detected since their discovery in 1980 because the 
energy is attenuated by the Earth’s atmosphere and previous 
ground-based neutron detectors have insufficient sensitivity. 
One space-based detector on board the ISS and dedicated for 
solar neutron observation has detected more than 20 solar 
neutrons so far but suffers from secondary neutron background 
from the huge mass of the ISS itself. Small satellites with a tiny 
mass are expected to perform highly sensitive observation with 
much smaller neutron background. They discuss a CubeSat 
designed to detect neutrons whose energies are lower than 
100 MeV. The satellite should consist of a very compact and 
high-sensitive solar neutron spectrometer and supporting bus 
system. The detector utilizes novel photon-detector MPPC 
(Multi-Pixel Photon Counter), which realizes the smaller 
detector size. This device has not been used in the space 
environment and its on-orbit verification is another purpose of 
this mission. For the satellite system design, this mission 
requires a relatively large power budget because continuous 
observation during sunshine should be realized as much as 
possible. In addition, the detector should be kept at low 
temperature to reduce the thermal noise of the MPPC. The 
planned CubeSat design is to equip the custom-made radiator, 
which is made from the novel composite material that has a high 

thermal conductivity, and a novel power management system 
with the model-based battery status estimator. They describe 
the details of this satellite system design status to achieve the 
mission requirements.  

Al Qasim et al. (Ref. 25) developed the Nayif–1 CubeSat, 
which was the first CubeSat mission from the United Arab 
Emirates (UAE). The Nayif–1 mission goal was to make space 
technologies more accessible to universities in the UAE. Nayif–1 
is a 1U Amateur Radio communications satellite that was on 
board a Falcon 9 rocket in 2016. The four main goals of the 
mission were to characterize, validate, and study the accuracy of 
its thermal model with in situ temperature measurements in space; 
determine and study the evolution of the solar cells performance 
in space during the mission design life of 1 year; allow high-
school-level students to determine Nayif–1’s orbital velocity 
using the Doppler shift effect observed through the ground station; 
and allow secondary and tertiary students to emit short text 
messages using the Nayif–1 satellite.  

Janzer et al. (Ref. 26) investigated TCSs for high-power 
applications on CubeSats based on the increase in CubeSat 
missions with energy demanding payloads and the ongoing 
miniaturization of electric components. For upcoming 
commercial and scientific missions, it is important to overcome 
thermal challenges and provide the necessary thermal 
conditions for demanding payloads and subsystems in the dense 
packaging of the CubeSat form factor. CubeSats evolved from 
mostly educational tools to accepted platforms for business and 
science and thus thermal management for small spacecraft 
gained more and more significance over the last few years. In 
past research, the Technical University of Munich focused on 
thermal modeling of CubeSats and passive thermal control 
mechanisms. They have continued this research effort for high-
power applications for CubeSats where passive thermal control 
might not be sufficient. The inherent limits of the CubeSat form 
factor strongly limit the option for active thermal control. In 
order to evaluate the active thermal control mechanisms, they 
have summarized mathematical models of the physical 
principles and give an overview of preliminary calculations. A 
case study with a power-demanding electric propulsion system 
for CubeSats showed the feasibility of the evaluated 
mechanisms. They present the results of using various TCSs in 
a reference mission in ESATAN–TMS (ITP Aero), giving a 
first evaluation of the impact each thermal control method has 
on the designed mission and the electric propulsion system.  

Lastly, a LARES (Laser Relativity Satellite) system, which 
was the first payload of the new Vega European launcher 
successfully launched from Kourou spaceport on February 13, 
2012. The LARES system’s primary goal was to deploy the 
LARES. The LARES’s main goal is the measurement with high 
accuracy of the Lense-Thirring effect. Two secondary 
objectives were assigned to the mission: to provide a separation 
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platform for additional payloads and to support the launcher 
qualification. The LARES system successfully deployed Alma 
Mater Satellite—1 (ALMASat–1), an Italian microsatellite, and 
seven European Space Agency (ESA) picosatellite CubeSats, 
educational payloads. In order to support Vega qualification, 
the system included standalone telemetry avionics devoted to 
monitor the payload bay environmental conditions during the 
different flight phases and providing video recording of lift-off 
and launcher stages separation, and of payload ejections, by two 
cameras. They describe the TCS of the LARES system,  
and the last-minute recovery actions carried on the hardware,  
to cope with the updated environmental conditions, 
communicated a few months before the launch when the 
hardware was already stored and ready for integration on the 
launcher. In addition, the LARES thermal description is 
provided and a set of thermal models were built (Ref. 27). 

CubeSats and Deployment Mechanisms 
As part of the standardized CubeSat deployment system, a 

CubeSat design must meet the P-POD Cal Poly standard. As 
mentioned in the introduction, the P-POD is a rectangular box 
with a door and a spring mechanism. Once the release mechanism 
of the P-POD is actuated by a deployment signal sent from the 
launch vehicle, a set of torsion springs at the door hinge force the 
door open and the CubeSats are deployed by the main spring 
gliding on its rails and the P-POD’s rails. CubeSats slide along a 
series of rails during ejection into orbit. CubeSats must be 
compatible with the P-POD to ensure the safety and success of 
the mission by meeting the requirements (Refs. 1 to 3). 

The CubeSat deployment mechanism challenge becomes 
how to design a reliable and innovative deployment mechanism 
solution that can be implemented now and for future missions 
successfully. Most CubeSat deployment systems utilize some 
sort of mechanical spring to provide the ejection force upon 
deployment. Mechanisms such as tape springs are often used on 
satellites to deploy solar panels, antennas, telescopes, and solar 
sails. Their main advantage comes from the fact that their 
motion results from the elastic deformation of structural 
components. CubeSats have problems in designing antenna 
deployment systems due to the challenge of packaging the 
whole deployable structure in a small spacecraft.  

CubeSats have the potential to provide the means to explore 
space and to perform science in a more affordable way. In order 
to facilitate reliable data collection from sensitive instruments, 
deployable booms provide a means of separation from the 
spacecraft. Inflatable structures and antennas can be packaged 
efficiently occupying a small amount of space, and they  
can provide, once deployed, large dish dimension and 
correspondent gain. The more relaxed control requirements 
typically relevant to CubeSat missions open the door for 

innovative technologies that can replace large and expensive 
legacy attitude control and propulsion systems.   

One significant issue with the number of CubeSat missions 
that have occurred is the issue of orbital debris handling and 
mitigation. Since the beginning of the space era, a huge amount 
of debris has progressively been generated. Most of the objects 
launched into space are still orbiting the Earth and today these 
objects represent a threat both in space and on Earth. The 
presence of space debris incurs risk of collision and damage to 
operational satellites. A credible solution has emerged over 
recent years, namely, actively removing heavy debris objects 
by capturing them and then disposing of them by destructive 
reentry in the Earth’s atmosphere. This includes reducing the 
amount of debris, minimizing the risk of in-space collisions, 
and minimizing the hazards to persons and property on the 
ground from debris reentry. The safety and feasibility of future 
space missions strictly depends on the development of studies 
concentrating on active debris removal solutions. 

As the need for high-gain antennas for CubeSats begin to 
evolve, deployable reflector antennas have regained significant 
interest. A particular class of deployable reflectors known as 
umbrella reflectors have been considered for several CubeSat 
missions. Large deployable antennas (LDAs) are an upcoming 
technique used as spaceborne reflector antennas. Low stow 
volume and mass are the key advantages allowing big reflector 
diameters to be launched on conventional vehicles. A primary 
concern in reflector antenna building is surface accuracy, 
especially at high operating frequencies. Conventional LDAs 
use sophisticated high-cost mechanics to deploy a mesh 
structure with low surface error. Deployable structures are also 
used as a drag sail to deorbit satellites when their lifetime is 
exceeded.  

What follows is an extensive review (Refs. 28 to 109) of 
CubeSat deployment mechanics research ranging from LDAs, 
inflatable antennas, tethered CubeSat deployment, and more 
importantly, CubeSat missions dedicated to debris mitigation 
and the safety of CubeSat launches now and in the future.  

Abdelwahab, Nawari, and Abdalla (Ref. 28) discuss a Sun-
tracking solar cell array system concept to develop a maximum 
power point tracker for the UOKSat–3 CubeSat, a 2U CubeSat 
with deployable solar panels. This report details the 
effectiveness and importance of the tracking process, the 
impacts of the tracking mechanism on the attitude 
determination and control, and their interfacings to rotate the 
CubeSat. It also presents the MPPT’s performance and its 
results to study the change of the input energy. 

Rawashdeh et al. (Ref. 29) describe the design, modeling, and 
analysis of an attitude control system for a ram-facing picoclass 
satellite in LEO. A 3U (30 by 10 by 10 cm3) CubeSat is designed 
to maintain one 10 by 10-cm2 face aligned with the velocity 
vector throughout the orbit. The solution presented implements 
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deployable drag fins and resembles a shuttlecock design, which 
is shown to be capable of providing passive stabilization for 
orbits below 500 km. A simplified Direct Simulation Monte 
Carlo (DSMC) method is used to model the rarefied atmosphere 
and its interaction with the spacecraft body for a range of fin 
geometries. Stability characteristics and pointing errors are 
shown for altitudes ranging from 300 to 450 km with fin lengths 
from 2 to 30 cm at angles from 0° to 90°. 

Atas, Demiral, and Tekinalp (Ref. 30) analyze boom 
deployment vibration for a solar sail 3U CubeSat. The damping 
of the boom vibration using shape memory alloys is examined. 
They found that shape memory alloys do not reduce vibration 
below a certain level. Vibration damping via inherent friction 
in the deployment system is also considered. The analysis 
showed that the vibration may be completely damped due to the 
inherent friction in the deployment system. 

Vilán et al. (Ref. 31) reported the results for the antenna 
deployment mechanism on the CubeSat (Refs. 1 and 4) 
Xatcobeo picosatellite that was launched in 2012. The main 
feature of the device is its extremely lightweight, achieved by 
using polymeric materials and additive manufacturing. 
Analysis was not only made of detailed characteristics but also 
of the advantages of using this combination, its validity after 
almost 2 years of perfect operation in orbit on Xatcobeo, and its 
latest operational success on HumSat–D. The results show that 
it deployed as expected in orbit and that it continues to operate 
correctly on both missions, not only in terms of the deployment 
mechanism but also the materials used. The analysis focuses on 
the mechanism’s operational reliability and long useful 
lifetime.  

Martinotti (Ref. 32) presented a mechanical design of a 
deployable solar panel system for Sun-pointing 1U, 2U, and 3U 
CubeSats. The basic idea is to enlarge the solar panels total 
surface with 12 multiple-deployable panels. The deployable 
system uses four solar panels connected to the Sun-pointing 
face (+Z) of the satellite and four couples of panels connected 
to the opposite one (–Z). Solar panels unfold simultaneously 
using torsion springs designed according to the size of the 
CubeSat. After opening, the four panels of +Z face rotate 45° 
around the vertical axis in order to avoid the shading of the 
lower panels connected to the –Z face. There is a specific 
mechanical subsystem for this rotation that uses a torsion 
spring, which allows installation of a sun sensor for the attitude. 
Final configuration with deployed panels modifies inertia 
properties of the satellite significantly increasing the inertia 
moment along the Z axis allowing a possible spin stabilized 
attitude around this axis. Final results show that it is possible to 
have a maximum available surface area that varies between 895 
and 2,700 cm2 for 1U and 3U CubeSats, respectively, and in 
terms of power, a value between 30 and 100 W (depending on 
the efficiency of the solar cells). 

Babuscia et al. (Ref. 33) investigate the possibility of 
developing deployable, noninflatable antennas compatible with 
CubeSat dimensions and constraints. Their research provides 
potential answers on the possible dimensions for an inflatable 
antenna for small satellites, on the gain and resolution that can 
be achieved, and on the deployment and inflation mechanism 
compatible with CubeSat.  

Greenbaum et al. (Ref. 34) have developed an optical moon 
baffle for stray light attenuation for use on ExoplanetSat, a 3U 
CubeSat being developed jointly by the Massachusetts Institute 
of Technology (MIT) and Draper Laboratory that aims to detect 
transiting exoplanets via precision photometry. They discuss 
the optical and mechanical design of the baffle, as well as the 
optical performance as demonstrated through the test of a 
prototype. The baffle collapses to fit into a small volume around 
ExoplanetSat’s lens and deploys on orbit to a full length of  
12 cm. The baffle is capable of attenuating moonlight by a 
factor of 105 at a lunar exclusion angle of 30°. 

Zhang and Zhou (Ref. 35) utilized an electromagnet to 
develop a fast-response door release mechanism for the 
CubeSat Star of Aoxiang, by resetting a spring at the time of 
power off and unlocked by electromagnetic force at the time of 
power on. The measurement values agreed well with their 
simulation results and showed that the unlocking time was  
41.2 ms and the current was 2.2 A and the energy consumption 
was only 2.5 J at the typical voltage of 28 V. On the condition 
of mechanical and thermal vacuum ground environment and 
down-deflection of ±5 V, the electromagnet door release 
mechanism could lock and unlock reliably. The proposed door 
release mechanism was successfully applied to unlocking and 
launching the Star of Aoxiang on orbit.  

Benedetti et al. (Ref. 36) conducted a study to access  
a CubeSat’s ability to complement an interplanetary scientific 
mission. More specifically, they investigated the AIDA 
(Asteroid Impact and Deflection Assessment) mission, an  
ESA and NASA joint effort to demonstrate the kinetic impact 
technique to change the motion of an asteroid in space.  
Their study shows that CubeSats can be successfully integrated 
as multiplatform systems to provide useful support to 
interplanetary missions. They provide a useful framework for 
the design and development of interplanetary CubeSat 
missions. 

Santoni et al. (Refs. 37 and 38) investigate the limitations of 
available onboard power of CubeSats. These reports describe 
the design and realization of an enhanced deployable solar 
panel system for CubeSats that focused on system modularity. 
The system developed is the basis for a SADA (Solar Array 
Drive Assembly), in which a maneuvering capability is added 
to the deployed solar array in order to follow the apparent 
motion of the Sun. They compared different deployment 
concepts and architectures, leading to the final selection for 
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their modular design. The deployment system is based on a 
plastic fiber wire and thermal cutters, guaranteeing a suitable 
level of reliability. The maximum power delivered by the 
system is about 50.4 W, which increased CubeSat solar array 
performance at the time it was designed. 

Hong et al. (Ref. 39) conducted an early feasibility study 
using two deployer spacecraft, both moving on polar Earth 
orbits. They outline a proof-of-concept single-stage propulsion 
system that provides necessary propulsive input for the velocity 
change needed for the orbital inclination change of CubeSats. 
A series of illustrative simulations are given to demonstrate that 
sufficient and effective coverage of the Earth is achieved using 
the designed CubeSat constellation. 

Sauder and Thomson (Ref. 40) developed a Ka-band high-
gain antenna that could provide a 10,000-time increase in data 
communication rates over an X-band patch antenna and a 100-
time increase over state-of-the-art S-band parabolic antennas. 
Their Ka-band parabolic deployable antenna (KaPDA) design 
aims to solve conflicting mechanical requirements on surface 
accuracy, stowed space, and ability to deploy. They used 
folding ribs to fit in the stowage space, deep rib sections with 
precision hinges to maintain surface accuracy, and a 
combination of an innovative inflating bladder and springs to 
deploy the antenna. RF simulations show that after losses, 
KaPDA would have about a 42-dB gain, at 50-percent 
efficiency. KaPDA could potentially create opportunities for a 
host of new CubeSat missions by allowing high data rate 
communication that would enable using data-intensive 
instruments or venturing further into deep space, including 
interplanetary missions. 

Kuwahara et al. (Ref. 41) investigated small-satellite space 
debris that could affect current and future CubeSat activities. 
They concentrated on debris prevention and reduction methods. 
They also initiated a development activity of sail deployment 
mechanisms in order to deorbit the used microsatellite mainly 
by means of the residual atmospheric drags. The mechanism 
has a cylindrical form and utilizes unique deployable booms 
that can be folded down very compactly. Three different sizes 
were developed, and their functionalities were verified. The 
important characteristic of this mechanism is that the size of the 
sail can be modified very easily depending on the requirements 
of the spacecraft. Preparing different size sails, this kind of 
deorbit mechanism can become the standard prevention and 
reduction measures of space debris.  

Crisp, Smith, and Hollingsworth (Ref. 42) investigated the 
development of distributed systems or constellations of small 
satellites. Two strategies were discussed in this report, which 
have the potential to significantly increase the viability of 
small-satellite constellations in Earth orbit. Deployment using 
natural Earth perturbations to indirectly achieve plane 
separations is analyzed using a developed method and 

compared to deployment utilizing the Earth-Moon Lagrange 
point L1 as a staging area prior to return to LEO. The analysis 
of three example missions indicates that these two strategies can 
facilitate the successful establishment of small-satellite 
constellations in Earth orbit, while also reducing propulsive 
requirements, system complexity, and/or cost. The study also 
found that the method of nodal precession is sensitive to the 
effects of orbital decay due to drag and can result in long 
deployment times, and the use of Lunar L1 is more suitable for 
constellation configurations where several satellites are present 
in each orbital plane. 

Budianu et al. (Ref. 43) investigated intersatellite links for 
ensuring the success of CubeSat swarm missions. Nevertheless, 
it has hardly been considered until now. Depending on the type 
of application, required data rates can go up to tens of megabits 
per second, while power consumption and physical size are 
limited by the platform. The proposed communication scheme 
will combine power-efficient modulation and channel coding 
with multiple access and spread spectrum techniques, enabling 
the deployment of multiple satellites. They designed an antenna 
system such that links can be established and maintained 
independent of the satellites’ orientation. An electrically 
steerable radiation pattern is achieved by placing antennas on 
each face of the cube. Conformal beamforming provides the 
system with 5 dBi gain for any desired direction of 
transmission, eliminating the need for attitude control. In 
addition, using planar antennas reduced the complexity of the 
mechanical part as they require no deployment. 

Lim et al. (Ref. 44) discuss the challenges of the student-built 
VELOX–I nanosatellite as well as an alternative solution. The 
VELOX–I development process was improved through the past 
picosatellite development and operation experience. These 
challenges include the in-house design deployment mechanism, 
optical extension tube, multilayer insulator, and impact of 3U 
CubeSat structure on the communication system. Each design 
is required to meet several requirements such as operating 
temperature, overall thickness, and satellite mass. The success 
of VELOX–I ground contact and primary payload mission has 
proven the flight heritage of their presented design solutions. 

Manohar and Rahmat-Samii (Ref. 45) utilized umbrella 
reflectors as an option for CubeSat missions. The umbrella 
reflector’s surface consists of a discrete number of parabolic 
ribs that are connected through surfaces called gores. The gores 
cause the surface to deviate from that of an ideal paraboloid 
causing phase deviations in the aperture, ultimately leading to 
reduced gain. The choice of the number of ribs is a critical 
design consideration for CubeSat antenna designs as it provides 
the balance between mechanical complexity and RF loss. They 
analyzed umbrella reflectors with the intent of developing a 
relationship between the gain loss, parameters of the umbrella 
reflector (number of gores, aperture, diameter, and rib focal 
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length), and frequency. Combining the root-mean-square error 
from the best-fit approach and Ruze’s equation, it was shown 
that the gain loss scales are (√D/Ng)4 for a given Fr/D and 
frequency. The effects of amplitude taper were also 
incorporated into analysis. The validity of the closed-form 
expressions was shown through comparisons with physical 
optics’ simulations. 

Dolan et al. (Ref. 46) discuss a student-led sounding rocket 
experiment, StrathSat–R, which was supposed to be used to test 
novel inflatable structures in space conditions. The experiment 
aimed to test novel inflatable space technology in milligravity 
and micropressure conditions. It consisted of three distinct 
sections, the ejection housing on the rocket and two ejectable 
modules that are based on a CubeSat architecture measuring 10 
by 11 by 13 cm. Shortly before reaching apogee, the two 
satellites were going to be ejected from the rocket and deploy 
their individual inflating structure during free flight. However, 
on May 9, 2012, the StrathSat–R experiment was launched 
onboard the sounding rocket REXUS 13 (Rocket Experiments 
for University Students 13) but failed to be ejected due to a 
procedure error. 

Pirat et al. (Ref. 47) study two in-orbit demonstration (IOD) 
missions using CubeSat technologies. These IODs aim at 
alleviating the technical risk inherent to new technologies 
required for active debris removal (ADR) of large space 
objects, by using small and low-cost CubeSat systems. This 
report demonstrates how mission design and Guidance, 
Navigation, and Control (GNC) can serve the verification of 
navigation sensors performances as well as the validation of 
uncooperative debris capture using a net. Each mission is 
composed of a chaser and a target. The former being an 8U 
CubeSat and the latter a 4U, launched together in a 12U 
deployer. Both satellites are three-axis attitude controlled. The 
chaser has, in addition, three degrees of freedom (DOFs) 
translation capability using 1-mN cold-gas thrusters. Both 
CubeSats utilized Global Navigation Satellite System receivers 
to assist in the determination of range and relative velocity. This 
system provides a reference validation for the rotational 
vibration sensors. The relative position and velocity to be 
controlled are fully observable. Based on the mission design, 
various close inspection configurations were demonstrated. 
Both missions are analyzed using a six-DOFs simulator. 
Current issues and limitations of the CubeSat GNC are 
discussed, as well as conclusions regarding the feasibility of 
such missions. 

Chahat et al. (Ref. 48) describe a deployable Ka-band antenna 
folding in a 1.5U (10 by 10 by 15 cm) stowage volume suitable 
for 6U- (10 by 20 by 30 cm) class CubeSats. This antenna is 
designed for telecommunication and is compatible with the 
NASA Deep Space Network (DSN) at Ka-band frequencies 
(uplink: 34.2 to 34.7 GHz and downlink: 31.8 to 32.3 GHz). 

Detailed simulations show that 42.0-dBi gain and 57-percent 
aperture efficiency is achievable at 32 GHz.  

Kuwahara et al. (Ref. 49) describe a CubeSat debris 
prevention and reduction activity in order to provide safe space 
development and exploration activities in the near future. They 
launched the SpriteSat (Rising–1) in 2009 as well as the 
RAIKO CubeSat in 2013. Their activities include the 
development activity of sail deployment mechanisms in order 
to deorbit the used microsatellite mainly by means of the 
residual atmospheric drags. The mechanism itself has a cylinder 
form and utilizes unique deployable booms that can be folded 
down very compactly. The stored thin film inside the 
mechanism is pulled out of the case by the deployment force 
produced by the booms. Three different sizes of models have 
been developed, and their functionalities are verified. The 
important characteristic of this mechanism is that the size of the 
sail can be modified very easily depending on the requirements 
of the spacecraft. Preparing different size sails, this kind of 
deorbit mechanism can become the standard prevention and 
reduction measures of space debris. This report describes the 
development and qualification results of these mechanisms. 

Levchenko et al. (Ref. 50) conducted a review on the rapid 
evolution of miniaturized, automatic, robotized, function-
centered devices in space technology as reported in the 
international workshop Micropropulsion and CubeSats 
(MPCS–2017). They outlined the critical challenges that are 
faced by all CubeSat users. This focused review aims to 
highlight the most promising developments reported at MPCS–
2017 by leading world-reputed experts in miniaturized space 
propulsion systems. Recent advances in several major types of 
small thrusters including Hall thrusters, ion engines, helicon, 
and vacuum arc devices are presented, and trends and 
perspectives are outlined. 

Balinov (Ref. 51) discusses a project titled “FlyMate”, which 
is the Lyon femtosatellite orbital deployer research project 
whose aim was to develop a reliable low-cost deployment 
mechanism for three or more CubeSat units. They investigated 
an orbital deployer that will have the possibility of sequential 
ejection of the satellites and ejection speed adjustment 
depending on the mission. 

Park et al. (Ref. 52) investigated a constellation deployment 
method using plasma drag. The orbit decay rate of the satellites 
in a constellation is controlled using plasma drag in order to 
achieve a desired phase angle and phase angle rate. A simplified 
one-dimensional (1D) problem is formulated for an elementary 
analysis of the constellation deployment time. Numerical 
simulations are further performed for analytical analysis 
assessment and sensitivity analysis. Analytical analysis and 
numerical simulation results both agreed that the constellation 
deployment time is proportional to the inverse square root of 
magnetic moment, the square root of desired phase angle, and 
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the square root of satellite mass. CubeSats ranging from 1U to 
3U (1- to 3-kg nanosatellites) were examined in order to 
investigate the feasibility of plasma drag constellation on 
nanosatellite systems. The feasibility analysis results show that 
plasma drag constellation is feasible on CubeSats, which opens 
up the possibility of implementing plasma drag techniques for 
CubeSat constellation missions. 

Fernandez et al. (Ref. 53) investigated research underway at 
NASA that is focused on the development of lightweight 
deployable thin-shell composite booms for small-spacecraft 
applications. Small CubeSat-class solar sails are a particular 
applications interest for this technology. Recently, 7-m 
composite booms were fabricated and integrated into a new  
85-m2-class square-solar-sail system suitable for use on 6U 
CubeSat spacecraft. Efforts to scale the boom fabrication 
processes to 14-m booms for a 12U, 360-m2-class deep space 
solar sail are also underway. This report provides an overview 
of new solar sail structures and materials technologies being 
developed for these classes of small-satellite deep space 
missions. Key research and development efforts for 6U-  
and 12U-class composites-based solar sail systems are 
presented, including deployable composite boom development 
activities, boom deployment mechanisms design, solar sail 
membrane materials and testing, and ground deployment 
testing systems. 

Lund (Ref. 54) discusses a technology readiness level 
experiment to ascertain the feasibility of deploying a conical, 
helical, wideband radar antenna from a CubeSat on board a 
REXUS sounding rocket flight. The experiment aimed to deploy 
the 80-cm antenna from a 1U CubeSat, strain rigidize the structure, 
measure the radiofrequency emissions, then eject the antenna and 
inflation system. The antenna was designed as a composite of 
aluminum and polyimide film with a polyurethane bladder to be 
strain rigidized in order to ensure structural stability of the 
inflatable. The outer layer of the antenna composite was polyimide 
film, while the inner was alternating helical strips of polyimide and 
aluminum. When fully pressurized, the aluminum is plastically 
deformed, while the polyimide remains in its elastic region. Upon 
depressurization, the two materials will return to different 
equilibrium lengths, resulting in a pre-tensed, rigid, structure. The 
experiment flew on the REXUS sounding rocket and reached an 
apogee of approximately 80 km. Analysis has shown that all 
systems performed successfully. Video analysis showed complete 
deployment and ejection, while RF measurements indicate an 
estimated 75-percent antenna efficiency.  

Dewalque, Rochus, and Brüls (Ref. 55) discuss the 
importance of structural damping in the dynamic analysis of 
compliant deployable structures. This report discusses the need 
for high-fidelity mechanical models in order to get a detailed 
understanding of the deployment process, improve the design, 
and predict the actual behavior in the space zero-g environment. 

These simulations could be successfully achieved because of 
the presence of numerical damping in the transient solver. They 
show that the dynamic simulation of a tape spring can be made 
less sensitive to numerical parameters when the structural 
dissipation is taken into account. 

Harkness et al. (Ref. 56) describe a prototype CubeSat 
module to deploy a gossamer aerobrake, using strain stored in 
tape springs at end of life. They proposed a hub geometry to 
reduce bending shock at end of deployment while 
simultaneously permitting radial, as opposed to tangential, 
deployment. The revolutions per minute of the hub is measured 
under various deployment conditions to verify the system, 
while high-speed photography is used to characterize the 
behavior of the tape spring during unspooling and contrast it to 
the behavior of a traditional tangential deployment system. 
They also developed a unique folding pattern of the membrane, 
which takes advantage of the symmetrical deployment offered 
by the petal hub, and the unfolding mechanism is verified by 
numerical and experimental analysis.  

Svitek et al. (Ref. 57) discuss the LightSail–1 (launched in 
2015), which is the beginning of a program proposed by The 
Planetary Society to launch three separate spacecraft over 
several years. The objectives of LightSail–1 include the ability 
to manage orbit energy as well as control the spacecraft under 
the power of the solar sail. LightSail–1 demonstrated key 
technologies including sail deployment, sail material 
management during flight, and gossamer structure dynamics. 
The LightSail–1 is a 3U CubeSat, two-thirds of which will 
contain the sail material, deployment mechanism, and payload, 
with the avionics taking up the rest of the volume. It deploys a 
32-m2 sail made up of four quadrants in a cruciform 
arrangement requiring a set of four 4-m booms. The spacecraft 
is actively controlled with magnetic torquers and a momentum 
wheel. Orbit raising will require two rapid 90° slew maneuvers 
every orbit that are accomplished with the momentum wheel. 
LightSail–1 was designed to provide the building blocks for the 
design of LightSail–2 (launched in 2019) and LightSail–3.  

Bui et al. (Ref. 58) highlight the design approach, challenges, 
and solutions during the development of VELOX–I 
nanosatellite. VELOX–I was developed by Nanyang 
Technological University (NTU) for technology demonstration 
of an in-house-built camera, GPS, and intersatellite 
communication payloads. The mission requires an innovative 
design to miniaturize the subsystems and extend the capability 
of the standard 3U CubeSat. They discuss an attitude control 
subsystem, the deployable optics, and the piggyback 
picosatellite VELOX–PIII and its deployment mechanism. This 
satellite was launched into LEO in June of 2014. The design of 
structure, deployment mechanism, and thermal control of 
VELOX–I has been validated by analyzing the satellite’s 
housekeeping data. 
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Worrakul et al. (Ref. 59) present a conceptual design and 
development of a 1U CubeSat named “KNACKSAT” (KmutNb 
(King Mongkut’s University of Technology North Bangkok) 
Academic Challenge of Knowledge SATellite). The main 
functions of the satellite include transmitting housekeeping data 
through a continuous wave, sending uplink commands and 
downlink data through radiofrequencies, and taking images by 
using a complementary metal-oxide semiconductor camera. 
KNACKSAT consists of seven subsystems: (1) electrical 
power, (2) camera (or payload), (3) structure, (4) command  
and data handling, (5) attitude determination and control,  
(6) communication, and (7) deployment control. Results of a 
functional integration test of the subsystems through TableSat 
are also presented. 

Araromi et al. (Ref. 60) discuss the CleanSpace One (CSO) 
microsatellite to mitigate debris in space, which is an ever-
increasing problem for spacecraft in Earth orbit. Its mission is 
to perform active debris removal of a decommissioned 
nanosatellite (the CubeSat SwissCube). An important aspect of 
this project is the development of the gripper system that will 
entrap the capture target. They present the development of 
rollable dielectric elastomer minimum energy structures 
(DEMES) as the main component of CSO’s deployable gripper. 
DEMES consist of a prestretched dielectric elastomer actuator 
membrane bonded to a flexible frame. The actuator finds 
equilibrium in bending when the prestretch is released and the 
bending angle can be changed by the application of a voltage 
bias. The inherent flexibility and lightweight nature of the 
DEMES enable the gripper to be stored in a rolled-up state prior 
to deployment. Proof-of-concept actuators of three different 
geometries using a robust and repeatable fabrication 
methodology were fabricated. The resulting actuators were 
mechanically resilient to external deformation, and display 
conformability to objects of varying shapes and sizes. Actuator 
mass is less than 0.65 g and all the actuators presented survived 
the rolling-up and subsequent deployment process. They 
demonstrated a maximum change of bending angle of more 
than 60° and a maximum gripping (reaction) force of 2.2 mN 
for a single actuator. 

Wilke, Schraml, and Heberling (Ref. 61) discuss LDA and 
their surface accuracy, especially at high operating frequencies. 
The concept described in this report is to use the drag sail 
deployment technique and use the expanded membrane surface 
as a reflector antenna. The effects of the surface errors, which 
are inevitably introduced by the mechanics, are studied to help 
determine a break-even point between antenna performance 
loss and cost reduction compared to a conventional LDA. 
Possible applications are small satellites like CubeSats, which 
could enhance their communication link budget by deploying a 
medium performance but low-cost LDA. 

Arute et al. (Ref. 62) detail Project POPACS (Polar Orbiting 
Passive Atmospheric Calibration Spheres), which uses a 3U 
Canisterized Satellite Dispenser (3U CSD) and launched three 
10-cm-diameter spheres of different masses (1, 1.5, and 2 kg). 
These spheres were to be tracked to measure changes in the 
density of the upper auroral atmosphere in response to solar 
stimuli. Also, because the 3U CSD is designed for use with 
CubeSats, a suspension and deployment mechanism was 
designed to ensure the spheres do not come in contact with each 
other or the CSD. They presented the designs selected to 
mitigate the concerns and enable the mission to proceed as 
desired: a sphere assembly with threaded halves for mating, and 
the spring-loaded “banana peel” suspension and deployment 
mechanism. 

Arita et al. (Ref. 63) proposed a new available deployable 
structure called Deployable Cube, which is a bistable structure 
applying buckling actively. They developed a prototype of the 
Deployable Cube for a CubeSat. They investigated the 
structural properties by performing Eigen mode analysis after 
deployment of the prototype model was performed, and the 
stiffness was indicated. Dynamic buckling analysis using the 
original method proposed was also carried out for the initial 
stage of the deployment and it is indicated that the estimation 
of buckling mode is valid. 

Lei et al. (Ref. 64) discuss a prototype deployable space 
telescope based on tape springs. Their deployable telescope is 
composed of a primary mirror assembly, a secondary mirror 
assembly, six foldable tape springs to support the secondary 
mirror assembly, a deployable baffle, aft optic components, and 
a set of lock-released devices based on shape memory alloys. 
The deployment errors of the secondary mirror of a space 
telescope are measured with a three-coordinate measuring 
machine to examine the alignment accuracy between the 
primary mirror and the deployed secondary mirror. Modal 
identification is completed for the telescope in the deployment 
state to investigate its dynamic behavior with impact hammer 
testing. The results of their experimental modal identification 
agree with their finite element analysis. 

Christodoulou et al. (Ref. 65) discuss deployable 
multifunctional reconfigurable antennas that offer more DOFs 
to future CubeSat applications than existing antenna 
technology. The ability of these new antennas to modify their 
geometry and behavior in order to adapt to changes in 
environmental conditions or mission requirements offers more 
possibilities for space communications requirements. The idea 
is to dynamically change the functionality of the antenna 
without increasing the real estate required on a satellite 
platform. The same antennas can also be used not only for 
communication and remote sensing purposes but also for RF 
harvesting. 
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Bellini et al. (Ref. 66) discuss cleaning up space debris with 
a debris “cleaner kit” based on polyeretanic foam. They define 
multiple properties of polyeretanic foam in different 
compositions, defining two different systems that can be 
integrated into a small cleaner kit for debris removal. The first 
system consists of a drag sail composed of a specific foam 
formulation that can guarantee a compact storage volume and a 
passive deploying system without complex mechanisms or 
booms that could be origins of failures. The second system 
consists of a device that allows generating the foam and using 
it like glue between the cleaner kit and the debris. Through 
several thermal, vacuum, and adhesion tests, it was possible to 
define a specific chemical formulation that permits the correct 
reaction time and the suitable mechanical properties to create a 
rigid link with the cleaner satellite. Once the link has been 
accomplished, it is possible to act on the debris controlling the 
deorbiting maneuver with a propulsion system or by exploiting 
the drag sail. The kit has been designed in order to leave the 
maximum flexibility depending on the kind of mission. 

Santoni, Piergentili, and Ravaglia (Ref. 67) describe a 
collision probability analysis for a nanosatellite cluster 
deployment, performed by a series of Monte Carlo simulations 
and comparing the results obtained with different release 
mechanisms, procedures, and orbital dynamics modeling 
assumptions. The model used for the analysis is based on the 
Encke equations for relative motion, considering the main 
perturbations acting on the satellites, such as Earth gravitational 
field higher harmonics, Moon and Sun third-body 
perturbations, solar radiation pressure, and atmospheric drag. 
The risk of collisions is assessed performing Monte Carlo 
simulations based on the numerical integration of the equations 
of motion. The final results provide the collision probability 
assessment and the influence that the release device 
configurations have on this risk. 

Wu et al. (Ref. 68) present a study on the implementation of 
a flexible deployable heat shield that passively deploys and 
stiffens due to centrifugal forces generated from a self-
regulated autorotation. They demonstrate that the heat shield is 
similar to a proportional-integral-controlled second-order 
nonlinear system. The heat shield design offers a capability to 
actively adjust the deployment using conventional attitude 
control devices. This operation is explored by simulating the 
reentry of a CubeSat-sized vehicle equipped with an off-the-
shelf reaction wheel controlled by a switching phase shift 
controller and gain-scheduled controllers. The effects of the 
control parameters are investigated and successful oscillation 
suppression as well as an open-loop downrange maneuver of 
over 300 km is predicted for reentry from LEO. 

Li et al. (Ref. 69) investigate potential strategies to stabilize 
a nanosatellite platform with a space camera and integrated 
mechanical parts. The deployed mirror system used a diamond 

turned mirror for the initial prototype as an off-axis paraboloid. 
The mechanisms for mirror systems may use methods like 
miniature geared motors, stiction motors, and shape memory 
alloy hinges. A closed-loop control of the mirror position was 
used to iterate to a fully aligned system. Following an initial 
baseline to establish current state of art based on both in-orbit 
performance and off-the-shelf subsystems available to the 
market within the constraints of a 3U nanosatellite system, a 
number of feed-forward or feedback control loops and sensor 
systems are studied to determine a simple process for 
compensating for the motion. 

Yamagiwa et al. (Ref. 70) attempted to verify two basic 
technologies required for space elevators using microsatellites: 
the tether (cable) deployment technology and the climber 
operation along the tether in space. Tether deployment is 
performed by a CubeSat called STARS–C (Space Tethered 
Autonomous Robotic Satellite—Cube), which was released 
from the Japanese experimental module Kibo on ISS early in 
2017. STARS–C consists of a mother satellite (MS) and 
daughter satellite (DS) connected by a 100-m tether. Its mission 
is focused on the tether deployment for studying the tether 
dynamics during the deployment with the goal of improving the 
smoothness of such deployment in future tether missions 
including space elevator. The MS and DS have common 
subsystems, including power, communication, and command 
and data handling systems. They also have a tether unit with 
spool and reel mechanisms as a mission system. In addition, 
they have been designing the next-step microsatellite called 
STARS–E (Space Tethered Autonomous Robotic Satellite—
Elevator), which is a 500-mm size satellite intended to verify 
the climber operation in space. It consists of a MS and DS 
jointed by a 2-km tether and a climber that moves along the 
tether. STARS–C was launched in December of 2016. 

Omar, Guglielmo, and Bevilacqua (Ref. 71) have developed 
a drag deorbit device (D3) for CubeSats consisting of 
retractable tape-spring booms that provide a drag area of 0.5 m2 
and can deorbit a 12U, 15-kg CubeSat from a 700-km circular 
orbit in 25 yr. By modulating the D3 drag area, orbital 
maneuvering can be performed, and the host satellite can be 
made to deorbit in a desired location. They detail the design of 
a 2U CubeSat and mission that will be launched to validate the 
D3 and the orbital maneuvering, targeted reentry, collision 
avoidance, and attitude stabilization algorithms developed by 
the Advanced Autonomous Multiple Spacecraft (ADAMUS) 
laboratory. The targeted reentry and orbital maneuvering 
algorithms have been tested extensively through Monte Carlo 
simulations and collision avoidance algorithms are currently in 
development. The CubeSat will consist of a standard 1U 
structure containing a power system, battery, GPS, UHF radio, 
and D3 control board with the D3 subsystem mounted to the 
back to achieve a 2U form factor. Radar tracking data along 
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with GPS telemetry will be utilized to characterize the 
performance of the system and algorithms, update reentry 
aerothermodynamic models, and gauge the effectiveness of 
atmospheric density estimation techniques. 

Sinn et al. (Ref. 72) proposed to design and build an initial 
prototype of an all-inflatable satellite with disaggregated 
electronics for deployment onboard a Balloon Experiments for 
University Students (BEXUS) balloon as proof of concept. The 
idea is to use inflatable cell structures as support for all the 
subsystems composing a typical nanosatellite. Each subsystem 
and component were mounted on a different cell. Cells are both 
individually inflated and controlled. The aim was to design and 
build an inflatable satellite, demonstrating the deployment, 
communication among components, and local control enabling 
structure shape adaption via soft robotic actuators and 
micropumps. The experiment deployed two inflatable 
structures made of 5 by 2 cells that are packed in a 10- by 10- 
by 10-cm CubeSat reaching a size of 70 by 18 by 14 cm once 
deployed. Flexible circuitry was used to mount all the electronic 
subsystems on the surface of the folded inflatable. The 
experiment was flown onboard the BEXUS 16 stratospheric 
balloon to an altitude of 29 km for 2 to 5 h from the Swedish 
ESRANGE Space Center in October of 2013. 

Santoni et al. (Ref. 73) discuss a steerable deployed solar array 
system for 1- to 5-kg weight nanospacecraft designed to enhance 
the achievable performance of CubeSats. The system proposed is 
a modular one and suitable in principle for the 1U, 2U, and 3U 
standard CubeSat bus. The size of each solar panel is the size of 
a lateral CubeSat surface. A single DOF maneuvering capability 
is added to the deployed solar array in order to follow the 
apparent motion of the Sun as close as possible. The system 
design tradeoff is discussed, comparing different deployment and 
motion control concepts and architectures, based on single- or 
double-motor implementations. The system validation is based 
on numerical simulations and prototype testing, showing the 
possible enhancements offered by the system in typical mission 
scenarios. 

Asundi, Bhagatji, and Taylor (Ref. 74) present a 
multifunction drag enhancement and measurement system 
(mDEMS) to rapidly deorbit containerized Pico/Nano/Micro-
Satellites (PNMSats) in order to mitigate space debris. Their 
goal is to rapidly deorbit PNMSats at the end of their mission 
life and validate and refine drag-temperature models. A 
computer-aided mechanical design is presented, which 
demonstrates the integration of a telescopic boom for isolating 
the onboard magnetometer from electromagnetic interference, 
a drag gossamer mounted with drag sensors on a flexible 
printed circuit board (PCB), a container for storing batteries, 
and a dipole UHF/VHF (very high frequency) antenna. The 
mDEMS is a two-stage deployment system for PNMSats in 
altitudes of up to 600 km.  

Underwood et al. (Refs. 75 and 76) describe the InflateSail 
(QB50–UK06) CubeSat, designed and built at the Surrey Space 
Centre (SSC). This 3.2-kg 3U CubeSat was equipped with a  
1-m long inflatable mast and a 10-m2 deployable drag sail. 
InflateSail’s primary mission was to demonstrate the 
effectiveness of using a drag sail in LEO to dramatically 
increase the rate at which satellites lose altitude and reenter the 
Earth’s atmosphere and it was 1 of 31 satellites that were 
launched simultaneously on the Polar Satellite Launch Vehicle 
(PSLV) C–38 from Sriharikota, India, in June of 2017 into a 
505-km, 97.44° Sun-synchronous orbit. This report describes 
the results of the InflateSail mission, including the observed 
effects of atmospheric density and solar activity on its trajectory 
and body dynamics. It also describes the application of the 
technology from the RemoveDEBRIS project and its potential 
as a commercial deorbiting add-on package for future space 
missions.  

Paiano et al. (Ref. 77) discuss developing launch services, 
GAUSS Srl, which is a launch platform to deploy in-orbit DSs. 
Two missions have already been successfully performed 
allowing the deployment in orbit of the first four PocketQubes 
ever and eight CubeSats. Recently, the main platform structure 
has been updated in order to include more deploying 
mechanisms and to offer services to different shaped satellites 
such as CubeSats, TubeSats, and PocketQubes to optimize the 
satellite distribution mass. The analysis was not limited to the 
satellite bus alone but included the nanosatellites boarded inside 
the deployment mechanisms as well. They developed a finite 
element model that considered a sandwich panel structure made 
of two different materials: sandwich aluminum-aluminum and 
carbon fiber-aluminum. The model used for analysis and 
simulations was based on a finite element method software and 
the dynamic loads adopted as input for the simulations are those 
established by the launch provider. This report gives an 
overview of platform design and structural modeling, showing 
the results achieved through the finite element method analysis 
and how they have guided the design in terms of dimensions 
and material selection. Particular attention is given to the 
analysis of normal frequencies and modal shapes related both 
to the main platform and to the deployment mechanisms 
boarded inside the carrier.  

Yamagiwa et al. (Ref. 78) discuss verifying two basic 
technologies of a space elevator by using microsatellites to 
obtain data for a future tether deployment technology and 
combine this with climber operation designs. STARS–C is a 
CubeSat for the verification of tether deployment in space and 
was released in December of 2016 and is currently in operation. 
STARS–E is a 500-mm size satellite to verify the climber 
operation in space. STARS–E is planned to deploy a 1,000-m 
tether and is required to cope with the strict requirement for a 
debris safety standard to perform its mission. The plan is to 
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utilize STARS–E and STARS–C CubeSat missions to 
accelerate space elevator research and development in the 
future.  

Forshaw et al. (Ref. 79) provide an overview of the ADR 
activities at the SSC, focusing on four in-orbit missions. The 
European Commission (EC) Seventh Framework Programme 
(FP7) RemoveDEBRIS mission was launched in 2018 and 
aimed to demonstrate key technologies for ADR by performing 
in-orbit demonstrations representative of an ADR mission (net 
and harpoon capture and vision-based navigation), drawing on 
the expertise of Airbus DS (U.K., Denmark, and France) and 
Surrey Satellite Technology Limited (SSTL). The EC FP7 
DeOrbitSail project launched in 2015 involved the in-orbit test 
of a deployable system for satellite afterlife disposal, consisting 
of an SSC aluminized Kapton® (DuPontTM) sail of 4 by 4 m 
deployed by a motor and four German Aerospace Center (DLR) 
carbon-fiber-reinforced plastic (CFRP) booms. They also 
discuss the DEPLOYTECH and QB50 InflateSail CubeSat 
missions whose payloads consisted of a 10-m2 drag-deorbiting 
sail, and a 1-m long inflatable rigidizable mast used as a 
technology demonstrator satellite for the QB50 mission. 

Santoni et al. (Ref. 80) discuss an orientable deployed solar 
array system for a 1- to 5-kg nanospacecraft. The goal is to 
enhance the achievable performance of these typically power-
limited systems. They proposed a modular system that is 
suitable, in principle, for the 1U, 2U, and 3U standard CubeSat 
bus. The size of each solar panel is the size of a lateral CubeSat 
surface. A single DOF maneuvering capability is given to the 
deployed solar array in order to follow the apparent motion of 
the Sun as close as possible, given the mission requirements on 
the spacecraft attitude. The system design tradeoff is discussed, 
leading to the selection of an architecture based on two 
independently steerable solar array wings. 

Pankow and White (Ref. 81) discuss a deployable carbon 
fiber boom that was designed and tested to show feasibility at 
the CubeSat scale. Prototype booms with a lenticular cross 
section were developed in conjunction with a computational 
model. Mechanical testing indicated the ability to reliably 
flatten the booms in a bistable configuration so that they can be 
stored on a reel. 

Costantine et al. (Ref. 82) propose two UHF antenna 
concepts to be deployed on a CubeSat platform. Both antennas 
display logarithmic periodicity in their structure. The first 
antenna proposed is the conical logarithmic spiral antenna, 
while the second is the logarithmic periodic crossed dipole 
antenna array. The design of these antennas, as well as their 
deployment mechanisms, were presented.  

Zaki et al. (Ref. 83) present an approach to design a feasible 
and reliable monopole antenna deployment mechanism for 
BIRDS–2 CubeSat applications. They discuss detailed results 
of the mechanical and electrical interfaces of the two monopole 

antennas deployment mechanism with the satellite body and the 
nichrome wire burning release mechanism analysis. The test 
results of the mechanism were analyzed particularly on the 
deployment time and the nichrome wire temperature 
differences. 

Grzesik et al. (Ref. 84) discuss the Optical Coatings Ultra 
Lightweight Robust Spacecraft Structures (OCULUS) project 
whose goal is to develop a high-quality metallization process 
for surface modification of high-precision CFRP structures. 
This report introduces a detailed overview of the demonstrator 
design with special focus on the mechanism that deploys and 
aligns the primary and secondary mirror. A design tradeoff is 
summarized, and the dependencies of the mechanical 
positioning mechanism is discussed. They detail the design of 
the deployment and alignment mechanism with respect to the 
other satellite subsystems as well as the overall volume, mass, 
and energy budget. The positioning accuracy and resulting 
optical performance of the space telescope for Earth 
observation are estimated. They also describe a conceptual 
design to demonstrate the functionality of the deployment 
mechanism independently of the alignment mechanism in 
microgravity tests. 

Baig (Ref. 85) describes the design and successful 
implementation of an integrated solar panel deployment 
mechanism using torsion springs and microlevers. The design 
is in accordance with CDS and also assures minimal extra mass 
and the best utilization of a three-unit CubeSat’s area. This 
design is equally applicable to a single and double-unit 
CubeSat. 

McGuire et al. (Ref. 86) present a deployment system design 
that creates a plane of solar panels to collect energy. The goal 
is to allow more panels to be in direct normal sunlight at any 
given point in conjunction with the onboard attitude 
determination and control system, facilitating increased power 
generation. The deployable system comprises a PCB holding 
the solar cells, which are attached to an aluminum hinge. The 
efficiency of this approach for power generation is compared to 
other perspective approaches. 

Blandino et al. (Ref. 87) present the development of a general 
automated process using multibody dynamics software 
(RecurDyn; FunctionBay, Inc.) to efficiently take a detailed 
hinge assembly model and simulate its range of motion while 
retrieving stiffness information for all DOFs. A vertical 
software application is presented that characterizes and 
simplifies the hinge model and allows the simplified model to 
be integrated easily into a solar array system model. The 
described techniques and vertical application can potentially be 
applied to a wide range of deployable space structures. 

Jeon and Murphey (Ref. 88) discuss a meter-class deployable 
boom featuring a single burn wire release mechanism and 
motorless deployment actuation by the stored strain energy of 
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bistable tape springs. At the end of deployment, the tape springs 
lock out to remove the deployment DOF from the structure 
while providing structural stiffness, derived from the two 
inwardly facing and offset bistable tape springs, spanning from 
end to end. The presented device has stowed dimensions 
measuring 5.0 by 3.8 by 3.8 cm, well within the packaging 
requirements of a 1U CubeSat. The mechanical design and 
deployment properties are investigated and presented. 

Chahat et al. (Refs. 89, 90, and 91) present a mesh deployable 
Ka-band antenna design that folds in a 1.5U (10 by 10 by  
15 cm) stowage volume suitable for 6U-class (10 by 20 by  
30 cm) CubeSats. Detailed simulations and measurements show 
that 42.6-dBi gain and 52-0 aperture efficiency are achievable 
at 35.75 GHz. The mechanical deployment mechanism and 
associated challenges are described and both solid and mesh 
prototype antennas were developed, and measurement results 
show agreement with simulations. 

Pignatelli (Ref. 92) investigates the use of finite element 
models for rail-type CubeSat deployers. Models for a 3U 
deployer were developed and compared to experimental results 
to determine how accurately dynamic loads can be predicted in 
rail-type deployers with isolation. Analysis methods are refined 
with the intent of applying to a 6U deployer when test data is 
available. The results indicate that this system can be accurately 
modeled to provide predictable environments to CubeSat 
payloads.  

Babuscia et al. (Ref. 93) discusses an inflatable antenna for 
CubeSats and investigates the design and radiation model for 
the antenna. The report provides details of the antenna’s 
fabrication and related issues as well as the mechanism to fold 
and deploy the antenna in space. It also proposes how to 
improve the fabrication process and the design of a 3U CubeSat 
mission.  

Lehmensiek, Van Zyl, and Visser (Ref. 94) present the 
design, the deployment mechanism, and the measurement of a 
high-frequency (HF) antenna on a 1U CubeSat. A HF radio 
beacon on this CubeSat was used as a space-based signal source 
to contribute to the monitoring of the density and movement of 
the polar and high-latitude ionosphere making use of the 
interferometer antenna arrays at the South African Antarctic 
station, SANAE–IV. 

Carandente and Savino (Ref. 95) discuss new concepts of 
deorbit and reentry modules for standard CubeSats. The 
concepts are mainly based on deployable, umbrella-like 
structures, useful to perform deorbit and reentry operations 
taking advantage from a substantial reduction of the ballistic 
coefficient.  

Zander et al. (Ref. 96) discuss the risk for spacecraft in LEO 
utilizing a drag augmentation device that increases the drag-
efficient surface of a satellite. They analyze this type of device 
that was flown on the DeorbitSail CubeSat. The goal was to 

demonstrate the in-orbit deployment of a 4- by 4-m drag sail, 
suitable for small- and medium-size satellites, as an end-of-life 
deorbiting device. They focus on one of the main structures, the 
deployable thin-shell CFRP booms that are susceptible to 
buckling. They provide information on the applicable loading 
on the booms derived by the space application, the used test 
stand, and equipment as well as the testing itself.  

Fulton et al. (Ref. 97) discuss a high-strain composite, 
bistable-tape-spring-actuated, meter-class deployable boom 
developed and flight qualified at the Air Force Research 
Laboratory. This boom demonstrates new free-deployment 
technology enabled by high-strain composite materials and a 
minimal shroud design. A customized six-DOFs gravity offload 
system with bus and payload mass simulators was developed to 
enable full system dynamics testing. The boom passed all flight 
qualification testing, and results of the testing program are 
included. 

Berthoud and Phillips (Ref. 98) present a study whose aim 
was to design a deployment system to deliver 50 or more 
CubeSats together. The study commenced with a review of the 
deployment mechanisms currently available, such as the P-
POD, Tokyo Picosatellite Orbital Deployer (T-POD), 
eXperimental Push Out Deployer (XPOD), Innovative 
Solutions In Space Payload Orbital Dispenser (ISIPOD), CSD 
and Japan Aerospace Exploration Agency (JAXA)-Picosatellite 
Orbital Deployer (J-POD) systems, as well as auxiliary launch 
adapters. The aim was to be compatible with as wide a range of 
launchers as possible. Three design options were prepared to 
meet the design requirements: the “Cube,” the “Tower,” and the 
“H.” Requirements and state of the art for the door opening and 
the delivery mechanism were also subject to a tradeoff. The 
design selected was that of the “H” deployment system. The 
“H” has a versatile structure with detachable auxiliary panels. 
It offers a capacity of 72 CubeSats in its standard configuration 
or 12 lots of 6U units in its alternate configuration. It is 
compatible with Vega, Soyuz, Rockot, and PSLV.  

Pawlina and Yu (Ref. 99) discuss the problem of optimizing 
the energy tradeoff between the benefit of pointing a CubeSat’s 
deployable solar panels at the Sun and the control effort 
required to do so. Their model assumed an unspecified three-
axis attitude control actuator set that acts abstractly on the 
satellite bus rigid body, producing torques about the body’s 
principal axes. Given that the orientation of the satellite face 
with respect to the Sun depends on orbit parameters, an orbit 
was chosen that allowed all dynamic aspects of the problem to 
be observed in simulation. The simulation returned suboptimal 
values of proportional derivative gains and showed that the 
solution is not the trivial edge case in which the solar panels are 
not articulated. 

Sauder et al. (Ref. 100) discuss developing a large 1-m 
antenna operating at 35.75 GHz for radar applications. They 
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chose a reflectarray design since it is compatible with the 
CubeSat form factor. Several iterations of the design were built 
and tested with a recent RF test of a fully deployed assembly 
demonstrating a gain of 48.0 dBi. Deployment repeatability 
tests at ambient conditions indicated initial success. The goal is 
to have the antenna flight ready by 2020. 

Yasin and Santer (Ref. 101) investigate the use of ultrathin 
high-strain composite flexures that are suitable for 
incorporation in a simple z-folded deployable solar panel 
concept. To enable the design to be implemented, composite 
flexures fabricated from TR50S–K51 laminae are characterized 
in a sequence of tests, at both short- and long-duration 
timescales. They discuss how the use of high-strain composite 
tape springs instead of conventional torsion springs enables 
postdeployment reconfiguration of the solar panels via a 
buckling mechanism. 

West et al. (Ref. 102) discuss a deployable carbon fiber boom 
that was designed and tested to show feasibility at CubeSat 
scale. Prototype booms with a lenticular cross section were 
developed in conjunction with a computational model. 
Mechanical testing has shown the ability to reliably flatten the 
booms in a bistable configuration so that they can be stored on 
a reel.  

Babuscia et al. (Ref. 103) present a first attempt to develop 
an inflatable antenna for CubeSat applications. They provide 
input on the possible dimensions for an inflatable antenna for 
small satellites, the gain and resolution that can be achieved, 
and on the deployment and inflation mechanism compatible 
with CubeSat requirements. They also present a design of an 
antenna that can potentially achieve the required CubeSat 
performance metrics and constraints. 

Park et al. (Ref. 104) present a spring-loaded pogo pin 
concept as a holding and release mechanism of solar panels for 
CubeSat applications. This spring-loaded pogo pin will serve as 
an electrical interface, a separation spring, and a status switch. 
The advantages are that such a mechanism includes an 
increased loading capability, negligible induced shock level, 
synchronous release of multiple panels, and handling simplicity 
during integration. A demonstration model of the mechanism 
was fabricated and functionally tested under various test 
conditions such as different input voltages, different numbers 
of tightened nylon wires, and different temperatures (ranging 
from –40 to 70 °C). 

Khalifi and Fitz-Coy (Ref. 105) discuss the SwampSat II, 
which is a 3U CubeSat designed to collect and characterize very 
low frequency waves (VLF) in LEO in the 2- to 32-kHz 
frequency range. They present design analyses and simulations 
for several states from postlaunch tumbling through to 
deployment and operations to identify and select appropriate  
 

components for the attitude determination and control system 
components. Simulations based on a range of initial angular 
velocities representative of typical tipoff rates experienced by 
3U spacecraft were performed to validate the feasibility of the 
mission’s concept of operations. 

Zhu (Ref. 106) proposed a mission design for a CubeSat 
flying with an electrodynamic tether (EDT) to achieve a set of 
engineering and scientific objectives. The basic mission 
involved two CubeSats connected by 100-m-long aluminum 
EDT. The engineering objectives of this mission were to 
perform a pioneering mission to demonstrate deployment and 
stabilization of an EDT with an end mass, current collection 
using bare EDT, field-effect electron emission, and spacecraft 
deorbiting by EDT technology. The details of nanosatellite 
designs for both the chief and deputy nanosatellites are 
explained. 

Bewick, Colombo, and McInnes (Ref. 107) define a mission 
concept and system design for a 3U CubeSat technology 
demonstration. They proposed to transfer CubeSats from the 
release orbit into a LEO. The strategy proposed exploits the 
effects of atmospheric drag and solar radiation pressure to 
passively decrease the apogee altitude and increase the perigee 
altitude, respectively. This is achieved by deploying a 
lightweight balloon that increases the area-to-mass ratio of the 
spacecraft. Once orbit is reached, the spacecraft can be powered 
up again and the balloon is ejected to avoid rapid deorbiting. It 
is shown that the abandoned balloon is removed from orbit 
within weeks. 

Costantine et al. (Ref. 108) present the design process and the 
deployment mechanism of a quadrifilar helix antenna and a 
conical log spiral antenna. They proposed to operate the two 
antennas in the UHF band. The deployment mechanisms for 
both antennas include helical pantograph and origami patterns 
such as Z-folding configurations. Both antennas are fabricated 
and tested for both deployment and radiation performance. A 
comparison is executed between both designs, and their 
potential deployment possibilities from CubeSats are also 
investigated. 

Zhang and Zhou (Ref. 109) discuss the reliable deployment for 
the CubeSat Star of Aoxiang. A structure scheme of the 
kinematics system was proposed. It uses a disengaging spring to 
impulse the CubeSat for opening the cabin door and uses a spring 
pin to lock the door. They also conducted ground deploying tests 
for a prototype of the deploying mechanism. The experimental 
results show that the actual deployment process is similar to the 
numerical simulation. The downlink data indicate that initial 
deploying velocity is 1.08 m/s and three-axis angular velocity is 
less than 2 deg/s, meeting the requirements of initial deploying 
velocity and posture for CubeSats. 
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CubeSats and Power Generation 
One of the main CubeSat bus limitations is the available 

onboard power. The maximum power obtained using body-
mounted solar panels and advanced triple-junction solar cells 
on a triple-unit CubeSat is typically less than 10 W. Satellites 
and space application devices demand high efficiency with size, 
volume, mass, and losses reduced simultaneously due to low 
power generation in space orbit and the relation between mass 
and the overall space mission cost. The need to save energy is 
mandatory in all systems due to low power generation and 
reduced size. 

Affordable and convenient access to electrical power is 
essential for all spacecraft and is a critical design driver for the 
next generation of CubeSats. The development of higher power 
generation system solutions that comply with P-POD stored 
energy restrictions during launch will increase the range of 
CubeSat missions. Since the power and energy demands of 
current CubeSats have increased dramatically, the need for 
larger deployable solar arrays, lower power electronics, 
efficient energy storage systems, and energy transfer and 
harvesting systems is in high demand. In terms of energy 
storage, more advanced battery chemistries with higher energy 
densities and higher power capabilities over a wider operating 
temperature range are also a fundamental need. What follows is 
an extensive review (Refs. 110 to 162) of CubeSat power 
generation research ranging from enhanced solar array 
configurations to optimizing experimental and modeling 
systems to new and innovative miniaturized power solutions. 
The selection of an appropriate energy storage system is driven 
by mission requirements related to power, energy, and lifetime 
(Ref. 112). 

A CubeSat has only a limited surface area on which solar 
panels can be installed to generate power. The incidence angle 
of sunlight on the solar panels also varies according to the 
revolution and rotation of the satellite. These are important 
parameters for determining the amount of power that a CubeSat 
can generate (Ref. 136). For any CubeSat, the power system 
unit is designed to deliver the required energy so the 
nanosatellite can achieve its desired mission. Thus, the input 
energy for the solar panels and the output energy from the solar 
cells must be increased (Ref. 133).  

The market of small satellites for educational, institutional, 
and commercial purposes is in rapid growth. In order to allow 
different mission scenarios, small-satellite platforms down to 
CubeSat units need versatile, low-cost, compact, and reliable 
power systems. This presents a design opportunity to develop 
various objective functions related to energy management and 
methods for optimizing these functions over a satellite design. 
Currently, the main component used to generate electric power 
is the solar panel. However, due to area restriction and low solar 

panel efficiency, other technologies are being studied to 
improve the overall power generation capacity in CubeSats.  

Frohling (Ref. 110) discusses reducing the size of space-
based power controllers through switching at higher speeds to 
address the need for miniaturized cooling solutions applicable 
to CubeSats. 

Johnson et al. (Ref. 111) describe a Lightweight Integrated 
Solar Array (LISA) that was designed, prototyped, and tested at 
NASA Marshall Space Flight Center. The LISA provides an 
affordable, lightweight, scalable, and easily manufactured 
approach for power generation in space. It potentially has wide-
ranging applications from serving small satellites to providing 
abundant power to large spacecraft in geosynchronous Earth 
orbit and beyond.   

Chin et al. (Ref. 112) provide a general review of 
performance capabilities of state-of-the-art lithium-ion battery 
technologies as well as other advanced energy storage systems 
for small-satellite applications.  

Rakow, Hedin, and Anthony (Ref. 113) introduced a new 
solar array technology known as the Composite Lightweight 
Array using Shape-memory Polymer (CLASP). The CLASP 
wing includes elastic memory composite hinge lines spanning 
its full width to enable tight packaging of a stowed CLASP 
wing and a controlled, damped deployment. They present a  
Z-folded, CLASP wing design currently in development and 
sized to generate 200 W+ power for a 6U CubeSat. They also 
present structural and thermal analysis of the wing performed 
with a high-fidelity finite element model. The CLASP wing is 
shown to have (>250 W/kg) specific power and low stowed 
volume (>300 kW/m3) while maintaining high deployed 
stiffness and strength.  

Ali et al. (Ref. 114) discuss power management tiles (PMTs) 
as they relate to CubeSat missions. They developed a single 
module for the CubeSat satellites, called CubePMT. The goal 
of their work was to implement these subsystems in a single 
module focusing on the main issues and adding some additional 
features. They performed a full set of tests and simulations and 
the results were in close agreement. 

Dinelli et al. (Ref. 115) present an electric propulsion system 
called the microcathode arc thruster, which is a quad-channel 
microthruster subsystem used during the Ballistically 
Reinforced Communication Satellite (BRICSat–P) mission 
launched in 2015. They demonstrated that an electric 
propulsion system is capable of supporting CubeSat missions. 
They presented the design tradeoffs, model and simulation 
results of the flight hardware, and its expected performance on 
orbit.  

SPIE (Ref. 116) published a collection of research papers on 
power generation applicable to CubeSats including the 
optimization of material and device parameters of CdTe 
photovoltaic for solar cell applications, a charging system using 
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solar panels and a highly resonant wireless power transfer 
model for small unmanned aerial system applications, low-
temperature processing of dielectric perovskites for energy 
storage, a piezoelectric-based hybrid reserve power source for 
munitions, and a CubeSat deployable solar panel system. 

Uwarowa and Jaworski (Ref. 117) investigated the possible 
use of thermoelectric generators onboard small satellites 
without the use of radioisotopes. They proposed an integrated 
system that allows the harvesting of energy from a small 
thermoelectric generator onboard a 3U CubeSat as an example.  

McTernan et al. (Ref. 118) discuss the feasibility of using an 
EDT to be used by satellites to harvest energy from orbital 
potential by using the Lorentz force interactions with the 
geomagnetic field. They surmise that small EDT systems the 
size of CubeSats have the potential to produce more energy than 
mounted solar panels alone and provide a unique solution to the 
satellites’ energy and propulsion needs throughout the size and 
mass spectrum of current and future technology. 

Scharlemann et al. (Ref. 119) summarize the theoretical and 
experimental efforts to develop a miniaturized micropulsed 
plasma thruster (µPPT) and an advanced field emission electric 
propulsion (FEEP) for attitude and orbit control. They present 
a system consisting of four miniaturized µPPTs, installed on a 
single PCB. The system has a total power requirement of three 
and its shape is such that it fits within a standardized CubeSat.  

Pugia et al. (Ref. 120) discuss a Film Evaporation MEMS 
Tunable Array (FEMTA), which is a thruster that employs 
thermally controlled microcapillaries to generate micronewton 
thrust with liquid ultrapure water as propellant. They present a 
study to demonstrate controllable single-axis rotation of a 1U 
CubeSat prototype with FEMTA propulsion. Preliminary 
testing of FEMTA has yielded thrust-to-power ratios of  
230 µN/W at mass flow rates of 80 µg/s, making FEMTA a 
potential low-power, low-mass micropropulsion solution. 

Manente et al. (Ref. 121) discuss the development of a 
complete and compact propulsion system based on a Mini-
Helicon Plasma Thruster (mHPT) and with satellite standard 
data and power. The mHPT propulsion system fits in a 10- by 
10- by 10-cm volume, depending on the needed propellant tank 
volume. The system will allow it to perform orbital variations, 
station-keeping maneuvers, orbit maintenance, orbit transfers, 
and orbit raising and decommissioning. It can potentially enable 
new mission scenarios as well as new deep space small-
spacecraft missions. 

Tsay et al. (Ref. 122) discuss the development of an iodine-
fueled RF ion propulsion system that will fly on two 6U 
CubeSat missions as part of NASA Space Launch System 
(SLS) Exploration Mission—1 (EM–1) in 2019. The 70-W 
nominal propulsion system utilizes a 2.5-cm-grid-diameter RF 
ion thruster “BIT–3” and a micro-RF cathode “BRFC–1” as the 
neutralizer. Based on their performance validation results, a full 

iodine BIT–3 flight system is expected to produce 0.66- to  
1.24-mN thrust and 1,400- to 2,640-s Isp, at 56 to 80 W 
throttleable power processing unit (PPU) input power. When 
given sufficient power to operate, it can provide up to 2.9 km/s 
velocity change (∆V) for a 6U/14-kg CubeSat. 

Stelwagen et al. (Ref. 123) discuss the development of a high-
voltage stackable integrated circuit to provide a solution for the 
6-kV switch and enable implementation of a PPU architecture. 
During the breadboard model testing, they verified that the 
maximum output power of a PPU with a volume of a 1/4 
CubeSat cube is 20 W. At full load, the electrical efficiency of 
the overall PPU system is estimated to be about 80 percent. 
Their high-voltage switches have been verified to have a >6 kV 
breakdown voltage and properly conduct 1 mA of current 
without significant voltage drop across the drain source voltage. 
This technology may open the door for small CubeSats to fly 
new missions. 

Johnson (Ref. 124) examined multiple uses of the thruster for 
in-space and atmospheric propulsion, as well as the creation of 
a CubeSat and atmospheric airship as testbeds for the thruster. 
The PPT was tested as a solid-propellant feed source for the 
high-power helicon thruster. A PPT with sulfur propellant 
designed for CubeSat operation, as well as the subsystems 
necessary for autonomous operation, was built and tested in the 
laboratory.   

Kronhaus, Laterza, and Maor (Ref. 125) discuss a CubeSat-
class micropropulsion system called the inline-screw-feeding 
vacuum-arc thruster (ISF–VAT). The ISF–VAT is a solid-metal 
propellant electric propulsion device that generates thrust by 
forming an arc discharge between coaxially arranged anode and 
cathode electrodes. They utilize an active computer-controlled 
feeding mechanism. Using a Ti cathode, a thrust to power ratio 
of 2.3 µN/W was achieved and more than 106 pulses were 
demonstrated. The thruster prototype dimensions are 15 by 15 
by 65 mm and is ≈60 g in mass.  

McTernan et al. (Ref. 126) developed a software simulation 
model called TeMPEST that models various storage devices 
such as supercapacitors, lithium-ion batteries, or a generic 
storage device. Their energy storage module is also capable of 
examining other aspects of a spacecraft’s energy budget, such 
as the in-plane or out-of-plane contributions of the 
electrodynamic work done on the system. They placed an 
emphasis on scaling the storage devices to satisfy the 
requirements of the CubeSat platform.  

Lappas et al. (Ref. 127) presented a concept to generate 
electric power for small satellites using thermoelectric 
generators (TEGs). Using heat sourced from the space 
environment, conventional thermoelectric modules connected 
to a dual-loop fluid system, can produce power with specific 
densities exceeding 20 W/kg. Experimental test results of a 
breadboard TEG show the feasibility of the concept and the 
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benefits of using TEGs for long-duration, small-satellite 
missions. 

Spangelo et al. (Refs. 128 and 129) discuss a study to 
establish the optimal performance parameters for future 
microelectric propulsion technology that are applicable to a 
broad range of flight demonstration platforms (e.g., dedicated 
3U to 12U CubeSats to Evolved Expendable Launch Vehicle 
Secondary Payload Adapter- (ESPA-) class spacecraft) for a 
variety of applications, including LEO and Earth escape orbit 
transfers, travel to interplanetary destinations, hover and drag 
makeup missions, and performing reaction wheel-free attitude 
control. They developed an integrated systems-level model for 
propulsion, spacecraft (power, data, telecommunication, and 
thermal management), and orbit and attitude maneuvers to 
support solution space exploration.  

Singh, Shrivastav, and Bhattacharya (Ref. 130) discuss the 
development of a high-efficiency, compact, and flexible EPS 
for a CubeSat. The EPS is responsible for harnessing power 
from solar panels, battery charging, and multidomain voltage 
output regulation within the CubeSat. Their work builds upon 
the results and learnings obtained from an EPS, which uses 
silicon metal-oxide-semiconductor field-effect transistors. The 
hardware and software aspects of the development of such 
photovoltaic-battery-based power management systems were 
examined. A dual-loop control methodology with output 
current control is implemented to regulate the output current 
when charging the battery. Their aim was to increase efficiency 
and have all the functionalities of its silicon counterpart in 
smaller dimensions. 

Sanchez-Sanjuan, Gonzalez-Llorente, and Hurtado-Velasco 
(Ref. 131) describe the kinematic and dynamic equations to 
derive the CubeSat attitude. Mathematical models of solar cells 
and batteries are also derived to calculate the energy harvested 
and stored. They estimated incident average solar energy for the 
three scenarios indicated that the Sun pointing and free-
orientation scenarios harvest more energy than the nadir-
pointing one. This estimation is potentially useful in predicting 
the state of charge of the batteries in standby mode, allowing 
for determination of the time required for charging the batteries 
and, hence, the operating modes of the CubeSat.  

Gorev et al. (Ref. 132) described a computational program 
developed in MATLAB® and Simulink® (The MathWorks, 
Inc.) that performs calculation of electric power generated by 
photoconverters for various missions of nanosatellites in LEO. 
Electric power generated by nanosatellite’s solar panels was 
estimated for polar LEO of 450-km altitude for two versions of 
the satellite’s static orientation. The results show how 
orientation maneuver at the Earth’s surface point affects power 
generated by the satellite’s solar panels. 

Abdelwahab, Nawari, and Nawari (Ref. 133) aimed to study 
the concept of designing Sun-tracking solar panels and a 

maximum power point tracker for the UOKSAT–3 CubeSat, 
which is a 2U CubeSat with deployable solar panels. They 
detailed the effectiveness and importance of the tracking 
process, the impacts of the tracking mechanism on the attitude 
determination and control, and their interfacings to rotate the 
CubeSat. They also presented the MPPT’s performance and its 
results to study the change of the input energy. 

Wrobel et al. (Ref. 134) discuss efforts to develop the 
PowerCube™ (SolarWindow Technologies, Inc.), a system that 
integrates three novel technologies within a 1U form factor to 
provide enhanced power, propulsion, and pointing capabilities 
to enable CubeSats to accomplish high-performance missions. 
The PowerCubeTM system combines a high-power deployable 
solar array, a water-electrolysis-based thruster, and a “carpal 
joint” gimbal to provide high-power generation, large ∆V 
thrust, and precision pointing. The deployable, steerable solar 
array provides CubeSats with 80 W of peak power and 50 W of 
orbit-averaged power. They present a concept design, analysis, 
and initial test results of the PowerCube™ components. 

Salamanca, Ferro, and Paternina (Ref. 135) presented 
research results on multijunction solar cell technologies for 
space. They also present a compilation of the steps that have 
been followed until now in the design of a photovoltaic panel 
prototype according to the physical, electrical, and financial 
requirements in the picosatellite CubeSat Colombia 1, 
developed for the Universidad Distrital Francisco José de 
Caldas. 

Oh and Park (Ref. 136) proposed to develop a concentrating 
photovoltaic system for CubeSats that enhances the efficiency 
of power generation by effectively concentrating the solar 
energy on the solar panels by using a multiarray lens system 
under the worst condition for Sun incidence angle. They 
conducted a feasibility study by power measurement tests using 
a solar simulator and a commercial multiarray lens under 
various light source angles. 

Ali et al. (Ref. 137) describe a reconfigurable magnetorquer 
coil designed and implemented for the CubePMT module of a 
CubeSat. Their goal is to develop a CubeSat with a 
magnetorquer coil that has small dimensions, less weight and 
low heat generation inside PCB. It is integrated inside a PCB 
with four internal layers each with a magnetorquer coil that are 
treated as an individual coil and are attached through switches. 
Changing the arrangements of these switches, a user can use 
either a single coil or two, three, or four coils in series or in 
parallel. This reconfigurable design gives a freedom in 
generating any amount of dipole moment and control power 
dissipation and heat generation inside the CubePMT module.  

Charles et al. (Ref. 138) discuss the development of 
miniaturized power and propellant subsystems totaling a few 
hundred grams in weight for a few watts. The systems have 
been developed for Pocket Rocket for integration within a 1U 
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or 2U (1U = 10 by 10 by 10 cm) CubeSat. They envisioned that 
their miniaturized Pocket Rocket thruster could serve as a proof 
of concept at getting flight heritage and be a steppingstone 
towards the development of higher power systems since the RF 
power subsystem can be scaled up to a few kilowatts and drive 
the electrodeless neutralizer-free helicon plasma thruster. 

Bennet et al. (Ref. 139) present the development of the Mini-
Helicon Plasma Thruster with particular emphasis on the role 
of the geometric and magnetic nozzle. Testing of various 
configurations (plasma cavity size and shape) is carried out in 
the Wombat vacuum chamber equipped with a range of 
diagnostics (thrust balance and optical and electrostatic probes) 
and newly developed technologies. The results are used to 
develop computer simulations aiming at a better understanding 
of the physics and thrust generation in the nozzle.  

Balan et al. (Ref. 140) present the power budget simulations 
performed on the satellites RO01 and RO02 in the context of the 
QB50 CubeSat mission. Satellites RO01 and RO02 forming the 
RoBiSAT space mission are part of QB50, which is the most 
challenging and ambitious international small-satellites 
collaboration. In addition to the QB50 mission objectives, 
RoBiSAT’s goal is to test bidirectional intersatellite 
communication as a prerequisite for developing future formation 
flying missions. They investigate the concept of two identical 
satellites that are going to be built and operated in order to 
achieve these goals. A simulation was performed using the STK 
platform, and for a more realistic estimation, the satellite three-
dimensional (3D) model has been used considering a solar cells’ 
area, efficiency, and position. They concluded that a specific 
attitude requirement for the satellite has a major impact on the 
power generated. Starting from approximately 2-W average orbit 
power for a 2U CubeSat at the local time of the ascending node 
(LTAN) of 12 a.m., the average orbit power increases to  
5.5 W for an LTAN of 6 a.m. for the same satellite. The satellite’s 
operation phases have been computed in accord with the 
simulated results. 

Pisal et al. (Ref. 141) describe the design and salient features 
of an electrical power subsystem for a repeat satellite mission. 
The primary objective was to raise the orbit using solar sail with 
scientific data collection, particularly about radiation and 
charge particle density over its lifetime. This mission used a 
battery pack capable of supporting high-current surges owing 
to subsequent deployments in the initial phase of the satellite 
after ejection from launch vehicle and because it could 
withstand the eclipse phase with high-load demands, attitude 
control system actuators, and a radiation monitoring module. 
Block diagram research, design techniques, and testing results 
were also presented. 

Tsay et al. (Refs. 142 and 143) discuss developing a 
complete, engineering model 1U CubeSat propulsion system 
utilizing the nontoxic, “green” monopropellant AF–M315E. 

This technology demonstrator program, also known as 
Advanced Monopropellant Application for CubeSats (AMAC), 
results in a self-contained, 1.5-kg wet system that is expected to 
provide 0.1- to 0.5-N variable thrust and up to 565 N⋅s total 
impulse. This propulsive capability translates to a maximum of 
146 m/s ∆V for a 3U, 4-kg CubeSat. The system’s only input 
requirements are 20 W of power at the spacecraft bus voltage 
and an RS–422 port for communication. In addition to Busek’s 
0.5-N microthruster, the focal point of the AMAC technology 
resulted in a measured vacuum Isp of 220 s ± 5 percent at  
425-mN thrust, catalyst preheat energy consumption of 1.3 Wh, 
bellows tank pressure proofed to 750 psig, integrated 
postlaunch pressure system tank demonstration, microvalve 
leak rate of 1.5×10–3 sccm gaseous nitrogen and pressure tested 
to 750 psig, and minimum impulse bit of 50 mN⋅s for the 
combined thruster-microvalve unit.  

Conversano and Wirz (Ref. 144) discuss the feasibility of 
CubeSats utilizing the Miniature Xenon Ion (MiXI) thruster for 
lunar missions. Their investigation presents the first-order 
design process for developing a lunar mission CubeSat. The 
results from this process were then applied to a 3U CubeSat 
equipped with a MiXI thruster and specifically designed to 
reach the lunar surface from LEO. The 3-cm-diameter MiXI 
thruster utilized is capable of producing 0.1 to 1.553 mN of 
thrust with a specific impulse of over 3,000 s and is projected 
to be capable of generating over 7,000 m/s of ∆V for a CubeSat 
mission. A low-thrust trajectory model was utilized to calculate 
and plot Earth-Moon trajectories.  

Lee et al. (Ref. 145) present a power generation model and 
simulation system that was developed to evaluate various 
objective functions describing energy management for complex 
satellite designs. Their model uses a spacecraft-body-fixed 
spherical coordinate system to analyze the complex geometry 
of a satellite’s self-induced shadowing with computation 
provided by the Open Graphics Library. They optimized a 
CubeSat configured as a space-dart with four deployable 
panels. Simulation results are presented for a variety of orbit 
scenarios and could potentially be extended to a variety of 
complex satellite geometries and power generation systems.  

Cordova Alarcon et al. (Ref. 146) analyzed the mission 
lifetime extension capability for a CubeSat smaller than 3U in 
a circular lunar orbit at a 100-km altitude, assuming the 
utilization of a state-of-the-art low-thrust electric propulsion 
system such as pulsed plasma thrusters with an impulse bit 
(Ibit) and velocity change (∆V) below 60 µN∙s and 120 m/s, 
respectively. Their results show the feasibility of performing 
various orbit correction maneuvers for the enhancement of the 
mission lifetime of a CubeSat, expanding the performance 
capabilities of CubeSats to any mission in a lunar orbit by 
reducing the limitation of deploying them in unstable orbits. 
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Pajusalu et al. (Refs. 147 and 148) describe the final design 
and implementation of the electrical power system for 
ESTCube–1, a 1U CubeSat tasked with testing the electrostatic 
tether concept and associated technologies for the electric solar 
wind sail in polar LEO. The mission required an efficient and 
reliable power system to be designed that could efficiently 
handle highly variable power requirements and protect the 
satellite from damage caused by malfunctions in its individual 
subsystems, while using only COTS components. The electrical 
power system was finalized in January 2013 and launched into 
orbit in May of 2013.  

Bock and Tajmar (Refs. 149 and 150) discuss a miniaturized 
FEEP system called NanoFEEP. The thruster heads are 
compact and have a volume of less than 3 cm3 and a weight of 
less than 6 g each and one thruster is able to generate continuous 
thrust of up to 8 µN with short-term peaks of up to 22 µN. They 
presented their latest performance characteristics of the 
NanoFEEP thrusters and miniaturized electronics.   

Li et al. (Ref. 151) concentrated on the characteristics of the 
small size and energy shortage for standard CubeSat 
architectures such as the Aoxiang satellite for a centralized and 
modular electric power system for nanosatellites. They utilized 
COTS devices and discussed how to enhance antifault 
capabilities and operational autonomy. The validity of the 
designed system and engineering application value were 
verified through ground experiments and on-orbit data analysis 
of the Aoxiang-Sat.  

Dahbi et al. (Ref. 152) present the design and sizing of all 
components of EPS such as photovoltaic solar cell 
specifications based on a new strategy of calculation by 
scenario, secondary power sources specifications presented by 
the batteries, and power control distribution unit. They also 
discuss simulation results for the management of the power 
system of a nanosatellite. 

Ismail, Thaheer, and Yamin (Ref. 153) discuss a 1U CubeSat 
named MYSat. They compared the effect on power generation 
and the lifetime of MYSat on two conditions; first with attitude 
control where satellite pointing to nadir and the second is with 
uncontrolled attitude of the satellite. They assumed the satellite 
used a hexagonal solar cell with a theoretical efficiency of  
29 percent identical to an Ultra Triple Junction (UTJ) solar cell 
(Spectrolab, Inc.). The worst-case condition, where the Earth is 
positioned at apogee, was chosen for the comparative study and 
the lifetime of the satellite is also simulated and compared. 

Johnson, Carr, and Boyd (Ref. 154) discuss NASA 
developing a space power system using lightweight, flexible 
photovoltaic devices originally developed for use here on Earth 
to provide low-cost power for spacecraft. The Lightweight 
Integrated Solar Array and anTenna (LISA–T) is a launch-
stowed, orbit-deployed array on which thin-film photovoltaic 
and antenna elements are embedded. The LISA–T has the 

potential to mitigate each of these limitations, especially for 
small spacecraft. Inherently, small satellites are limited in 
surface area, volume, and mass allocation; driving competition 
between their need for power and robust communications with 
the requirements of the science or engineering payload they are 
developed to fly. The power that can be generated by the LISA–
T ranges from tens of watts to several hundred watts, at a much 
higher mass and stowage efficiency. In addition, UHF, S-band, 
and X-band antennas are being integrated into the array to move 
their space claim away from the spacecraft and open the door 
for more capable multielement antenna designs such as those 
needed for spherical coverage and electronically steered phase 
arrays.  

Slongo et al. (Ref. 155) discuss a mathematically modeled 
energy harvesting circuit and solar panel I-V curves for 
different temperature and irradiance levels. The scheduling 
algorithm is designed to keep solar panels working close to their 
maximum power point by triggering tasks in the appropriate 
form. The scheduling algorithm was tested in FloripaSat, which 
is a 1U CubeSat. Test results show that the scheduling 
algorithm improves the CubeSat energy harvesting capability 
by 4.48 percent in a three-orbit experiment and up to  
8.46 percent in a single orbit cycle in comparison with the 
CubeSat operating without the scheduling algorithm. 

Uludag et al. (Ref. 156) discuss a new architecture for the 
electrical subsystem of a PocketQube (50 by 50 by 50 mm) in 
order to reduce its volume and increase the usage of empty 
surfaces inside the satellite. The main objective of this work is 
turning the EPS into a more flexible, scalable, and volume-
efficient system by a physical relocation of its components and 
a lean approach. The EPS is scheduled to be functionally and 
environmentally tested in a flight representative satellite model 
with the aim to verify its simplification in integration, assess its 
true performance, as well as its reliability during launch 
vibration, which especially includes spring-loaded connectors.  

Lee, Kim, and Shin (Ref. 157) discuss an offline design and 
online management of satellite power systems. They analyzed 
and modeled unique characteristics of a power supply and 
demand of a satellite, which are dictated by the periodicity of 
power generation from solar panels and the nonlinear behavior 
of rechargeable battery cells. They concentrated on cubic-
shaped nanosatellites to demonstrate the effectiveness of their 
design and management of satellite power systems. 

Alves et al. (Ref. 158) discuss the NanoSatC–Br1 CubeSat 
with a cubic shape with 10 cm of edges and a mass of 
approximately 1 kg. The primary source of electrical power of 
the satellite is a solar generator compound by solar cells 
covering the six satellite faces. In order to obtain accurate 
analysis of generated and consumed power, a model of the 
satellite was developed, and simulations were performed using 
electronic simulation software. They also present the 
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NanoSatC–Br1’s electrical power subsystem and results of the 
electrical power model simulation, considering beginning-of-
life conditions of the satellite for different load conditions and 
operation periods.  

Ostrufka et al. (Ref. 159) present an experimental study of a 
TEG for electric energy generation through temperature 
gradients from solar panels in CubeSats. The generation 
capacity is analyzed for different positioning configurations of 
the TEG relative to each CubeSat surface. Using temperature 
variation profiles obtained by numerical analysis for a real 
CubeSat mission, they were able to determine the amount of 
power generated by a TEG module from the heat waste from 
solar panels. A comparison process between TEG and solar 
panel generation systems was also conducted. The proposed 
system can potentially generate up to 9.62 percent of the energy 
generated by the conventional solution, considering energy 
harvesting storing efficiency of 10 percent.  

Bergsrud and Straub (Ref. 160) discuss a space solar 
microwave power transfer system (SSMPTS) that may 
represent a paradigm shift to how space missions in Earth orbit 
are designed. An SSMPTS may allow a smaller receiving 
surface to be utilized on the receiving craft due to the higher 
density power transfer (compared to direct solar flux) from an 
SSMPTS supplier craft. The receiving system can be efficient 
since it requires less mass and volume. The SSMPTS approach 
can potentially increase mission lifetime as antenna systems do 
not degrade nearly as quickly as solar panels. They presented a 
prospective mission feasibility using an ESPA/SmallSat-class 
spacecraft and a 1U CubeSat as a guide. 

Piovesan et al. (Ref. 161) focused on the EPS, system 
responsible for generating, storing, conditioning, and supplying 
electrical power for the entire satellite. They presented a 
comparison between a conventional power converter design 
and an optimization design methodology for boost power 
converters in order to improve efficiency and to reduce volume 
and mass for 1U CubeSat EPS. Results have shown the method 
effectiveness and efficiency maximization was achieved 
respecting the 1U CubeSat constraints.  

Orr et al. (Ref. 162) discuss the development of a modular 
power system (MPS) to facilitate missions with power 
requirements spanning two orders of magnitude. The MPS 
implements a battery bus with series regulators performing 
charge management and solar array regulation. The system 
consists of four primary types of units: solar array and battery 
regulators that can be used for solar panel isolation or current 
sharing with efficiencies in excess of 95 percent; switched 
power nodes providing programmable switched power; smart 
battery modules integrating batteries and charge and discharge 
protection, monitoring, and thermal regulation; and a power 
system interface backplane that connects modules and 
distributes power and communication. They provide a high-

level overview of the MPS and how the system can be 
configured for missions ranging from CubeSats to kilowatt-
class small spacecraft.  

CubeSats and Communications 
The following is an extensive review (Refs. 163 to 223) of 

the current CubeSat communication research and applications. 
As part of the CubeSat operational requirements, CubeSat 
operators need to comply with their country’s radio license 
agreements and restrictions. In addition, no CubeSat can 
generate or transmit any signal from the time of integration into 
the P-POD through 45 min after on-orbit deployment from the 
P-POD. Communication between a remote-sensing 
nanosatellite and Earth significantly depends upon the 
efficiency of antenna systems. Body-mounted or deployable 
solar panels are the main source of a satellite’s operating power. 
In addition, nanosatellite space missions are vulnerable because 
of antenna and solar panel deployment complexity (Ref. 164).  

The essential mission requirement of a satellite is the ability 
to provide a link to transmit information to and from the ground 
station. For most CubeSat missions, data must be downlinked 
during short LEO ground station passes, which is a task 
currently performed using traditional radio systems (Ref. 203). 
In general, the communication system of the CubeSat is divided 
into two subsystems that are a telemetry and data subsystem and 
a beacon subsystem. The telemetry and data subsystem will 
ensure continuous communication with the ground station. The 
beacon subsystem is the main part of the communication system 
of the satellite that provides information about the satellite and 
its status in the form of continuous wave, which is encoded 
using Morse code. The beacon subsystem is used to locate the 
satellite and identify itself to other stations (Ref. 171). 

Communication links between a satellite and the ground 
station are subject to a lot of impairments and losses such as 
noise and atmospheric attenuations as well as Doppler shift 
effects. It is quite important to design a reliable link that caters 
for these impairments. The main challenge is to design a 
communication subsystem that provides enough transmission 
power to close the link while being power efficient and 
simultaneously delivering the required link characteristics in 
terms of effective bit rate and bit error rate (Ref. 207). 

An important consideration when planning CubeSat missions 
is the power budget required by the radio communication 
subsystem. This enables a CubeSat to exchange information 
with ground stations and/or other CubeSats in orbit. The power 
that a CubeSat can dedicate to the communication subsystem is 
limited by the hard constraints on the total power available due 
to its small size and lightweight, which limit the dimensions of 
the CubeSat power supply elements (Ref. 208). 
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Jackson, Straub, and Kerlin (Ref. 163) present and 
characterize an algorithm that uses chaos theory to encrypt data 
that can be applicable to CubeSat missions. They discuss a 
proof of concept of this algorithm and compare their results 
against Advanced Encryption Standard (AES) and Speck in 
terms of the speed of encryption. 

Alam et al. (Ref. 164) propose a solar panel-integrated 
modified planner inverted F antenna (PIFA) to mitigate 
communication limitations due to lower UHF nanosatellite 
antenna designs. The proposed antenna has achieved a –10-dB 
impedance bandwidth of 6.0 MHz (447.5 to 453.5 MHz) with a 
(80- by 90- by 0.5-mm) radiating element. The antenna also 
achieved a maximum realized gain of 0.6 dB and a total 
efficiency of 67.45 percent with the nanosatellite structure and 
a solar panel. 

Weinert et al. (Ref. 165) discuss a project sponsored by the 
Department of Homeland Security (DHS) Science and 
Technology Directorate to design and fabricate a low-power, 
low-weight, reliable communication solution to provide 
essential information. This airborne remote communication 
(ARC) system trades bandwidth for mobility and reliability. 
The ARC system is partly based on CubeSat technology and 
consists of the CubeSat communication technology, ground-
based hardware and software components, and a platform on 
which the communication technology is deployed. They 
describe the ARC system and a demonstration highlighting the 
capabilities of an essential information system. 

Babuscia et al. (Ref. 166) focused on telecommunication 
issues for interplanetary CubeSats. Interplanetary CubeSats 
tend to face harsher environments and longer path distances and 
have more navigation needs than the LEO CubeSats. They 
discuss the design of the telecommunication and ground 
support systems for two of the interplanetary CubeSat missions 
that will be launched on the NASA SLS EM–1: Lunar IceCube 
and LunaH-Map.  

Babuscia et al., (Ref. 167) present a low-complexity Code 
Division Multiple Access (CDMA) system for CubeSats for 
communications between the Lunar L1 and Earth station. They 
used a low-density parity check (LDPC) coded CDMA with 
binary phase shift keying (BPSK) modulation with rectangular 
and half-sine pulse shaping. Except for the pseudorandom 
number generator seed numbers, the communication structure 
of all CubeSats would be identical and operating at one single 
RF. They present analyzed and simulated data for their 
proposed CDMA system. 

Gunther et al. (Ref. 168) discusses establishing reliable high 
data rate space-to-Earth communication in the asymmetric 
setting of a secondary service in the 460- to 470-MHz frequency 
band. They present a frequency domain approach to detect and 
cancel narrowband interference. This approach was shown to 
be effective on real data collected for the Dynamic Ionosphere 

CubeSat Experiment mission and was developed with a view 
toward demonstrating a high-speed data downlink capability 
that may be adopted as a standard for future CubeSat missions.  

Paternina-Anaya, Salamanca-Céspedes, and Ávila-Angulo 
(Ref. 169) describe the hardware and software necessary to 
implement a picosatellite network and four Earth stations. The 
mission of the CubeSat, Colombia 1, consists of taking 
electrocardiogram signals at an Earth station and sending it via 
picosatellite to another.  

Yang et al. (Ref. 170) discuss a space optical communication 
and navigation system that provides high data rate 
communication, precise measurements of spacecraft ranging, 
range rate, and accurate spacecraft pointing. A complete 
breadboard system was built and includes both space and 
ground terminals. Along with a 622-Mbps data link, two-way 
ranging was conducted. Accuracies of 23-µm ranging and  
23-µm/s range rate were achieved in 1-s integrating time. The 
ranging and range rate accuracies were achieved through the 
relative phase measurement of transmit and receive clocks with 
Dual Mixer Timer Difference measurement apparatus. 

Humad, TagElsir, and Daffalla (Ref. 171) discuss 
ISRASAT1, which is a nanosatellite designed, built, and 
integrated at the Institute of Space Research and Aerospace 
(ISRA). The beacon subsystem is separated from telemetry and 
data transmitter and will operate in the VHF band at 128 MHz. 
For the telemetry and data subsystem, the data radio transceiver 
in UHF band at 868 MHz will be used. They presented the 
hardware and software design and implementation of the 
communication subsystem of the ISRASAT1 CubeSat. 

Vertat et al. (Ref. 172) discuss the development and 
evaluation of a simple method for received signal quality for 
CubeSats. This method was applied on several received signals 
from picosatellites and the results are discussed. They also 
discuss the practical side of picosatellite signal receiving and 
statistics of a picosatellite passing above a ground station. 

Tresvig and Lindem (Ref. 173) discuss the design of a 
communication system for a nanosatellite space weather 
mission and how the increased capabilities of integrated circuits 
have reduced the complexity and size of the satellite 
subsystems.  

Ceylan et al. (Ref. 174) discuss a low-cost S-band 
communication system design for nanosatellite structures. They 
designed a 2.4-GHz (S-band) communication system for LEO 
satellites (700 to 900 km). Their system includes system-on-
chip transmitter device, preamplifier, band pass filter, power 
amplifier, and microstrip antenna array. They realized output 
power of the system at 35 dBm for 2.4 kBd data rate. 

Arruego et al. (Ref. 175) discuss an Optical Wireless Links 
for intra-Spacecraft communications (OWLS) technology. 
OWLS has been recently applied to the On-Board Data 
Handling subsystem of OPTOS satellite, the first fully wireless 
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satellite. They address the communication challenges between 
a sensor and a meteorological station on the Martian surface, 
within the Mars MetNet Precursor Mission. 

D’Humières et al. (Ref. 176) present the advanced Concept 
for laser uplink/downlink CommuniCation with sPace Objects 
(C3PO) system, and the initial results of the development of its 
key technologies. They targeted the design of a communication 
system that uses a ground-based laser to illuminate a satellite 
and a modulating retro-reflector to return a beam of light 
modulated by data to the ground. The C3PO project aims to 
achieve data rates of 1 Gbps between LEO satellites and Earth 
with a communication payload mass of less than 1 kg.  

Aragõn et al. (Ref. 177) present a communication for OPTOS 
that incorporates a customized subsystem that is being 
thoroughly tested and will try to ensure the quality of the radio 
link. Their subsystem operates in the frequency of 402 MHz and 
consists of a transceiver and four monopoles onboard the 
satellite and a directional antenna together with diverse and 
reliable ground equipment. They also detail the telemetry, 
tracking, and command; ground station equipment; and 
antennas. 

Clements et al. (Ref. 178) discuss the nanosatellite optical 
downlink experiment (NODE), which implements a free-space 
optical communications capability on a CubeSat platform that 
can support LEO to ground downlink rates of 10 Mbps. A 
primary goal of NODE is to leverage commercially available 
technologies to provide a scalable and cost-effective alternative 
to RF-based communications. The NODE transmitter uses a 
200-mW, 1,550-nm master-oscillator power-amplifier design 
using power-efficient M-ary pulse position modulation. They 
capture trades and technology development needs and outline 
plans for integrated system ground testing. 

Hunyadi et al. (Ref. 179) present the MEROPE (Montana 
EaRth-Orbiting Pico-Explorer) communications subsystem that 
consists almost entirely of COTS components. MEROPE uses 
the AX.25 packet radio protocol at 1,200 Bd. Uplink is at a 
frequency of 145.835 MHz with 20 kHz of available bandwidth. 
Downlink is at 437.445 MHz with a 30-kHz bandwidth. The 
MEROPE antenna is a center-fed dipole tuned to the 2-m 
uplink, which is nearly harmonic with the 70-cm downlink. 

Carrasco-Casado et al. (Ref. 180) present the main points and 
conclusions from the Keck Institute for Space Studies (KISS) 
workshops. The KISS group consisted of a group of space 
scientists and laser communications (lasercom) engineers 
brought together to address the current challenges that CubeSat 
optical communication technology faces. After two 1-week 
workshops, the working group addressed three study cases: 
LEO, crosslinks, and deep space.  

Lim et al. (Ref. 181) describe an optical communications 
system payload development for a CubeSat-based satellite 
crosslink, operating at a 1-km range. They designed and 

assembled an engineering model that will serve as a prototype 
to conduct performance testing and to extract key payload 
requirements such as volume, weight, power, and pointing 
accuracy for signal acquisition and tracking and follow-on 
design stages beyond an engineering model. This prototype 
consists of two main optical subsystems: a receiver system to 
detect and track incoming signals and a transmitter system to 
broadcast towards a sister satellite. This design is referred to as 
the “bistatic design”, requiring an identical transmitter and 
receiver pair for two-way laser communication. 

Rajguru et al. (Ref. 182) discusses the reduction of generic 
RF communications system mass and size by replacing it with 
lasercom technology, which can fit into a 6U CubeSat 
constraint. Achieving this miniaturization can lower the cost of 
deep space missions, thereby making it more accessible to 
small-budget organizations such as university research labs. 

Babuscia et al. (Ref. 183) propose to develop a 
communications system for CubeSats in formation that operate 
in the vicinity of the Moon using a CDMA system. They 
investigated Doppler effects on CDMA communications 
systems such as the effects of Doppler shift and rate on the 
CDMA system performance as a result of the CubeSat 
constellation orbiting in a halo orbit around Earth-Moon 
Lagrange Point L1. They present a detailed analysis and 
simulation of the system in the presence of Doppler frequency 
and an unknown carrier phase.  

Tubbal, Raad, and Chin (Ref. 184) propose the use of a 
wideband S-band F-shaped patch antenna for CubeSat 
communications to broaden bandwidth. They utilized two arms 
with different lengths to generate a second resonant frequency. 
They studied the effect of the arm length and width on the return 
loss, resonant frequency, and impedance bandwidth on a 3U 
CubeSat. Their simulation results show that the antenna 
achieves a wideband of 1,121 MHz (1.606 to 2.727 GHz) with 
a return loss below –10 dB over the entire frequency band from 
1.606 to 2.727 GHz. The antenna has a high gain of 8.51 dB 
and a small return loss of –32.85 dB at 2.45 GHz. 

Palo (Ref. 185) provides an overview of current CubeSat 
communications systems capabilities in addition to details 
about an effort to develop a high-rate CubeSat communications 
system that is compatible with the NASA Near Earth Network 
(NEN). The system includes a 200 kbps S-band receiver and a 
12.5 Mbps X-band transmitter. 

Neumann et al. (Ref. 186) demonstrate the feasibility of 
establishing a Q.Com uplink with a 3U CubeSat using COTS 
that primarily have a space heritage. They discuss how  
to leverage the latest advancements in nanosatellite body 
pointing to show that a 4-kg CubeSat can generate a quantum-
secure key. The also performed a comprehensive link budget 
and simulation to calculate the secure key rates. They discuss 
design choices and tradeoffs to maximize the key rate  
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while minimizing the cost and development needed for global 
scale Q.Com. 

Babuscia et al. (Ref. 187) discuss the review and possibility 
of combining two solutions for the problem: the use of 
inflatable antenna reflectors and the arrays across multiple 
spacecraft. They presented an overview of cooperative 
communications techniques across small platforms and the 
main challenges of arraying antennas on different spacecraft are 
underlined. They combined the two solutions to provide a first-
order quantification of the advantages in terms of effective 
isotropic radiated power and data rate and range. 

Kim and Moon (Ref. 188) present a radiofrequency 
distribution unit (RFDU) conceptual design for Korea 
Pathfinder Lunar Orbiter (KPLO) communications relay. They 
discuss the KPLO RFDU and the RF path multiplexing 
conceptual design that results in the same band.  

Babuscia, Divsalar, and Cheung (Ref. 189) propose a 
communications system for CubeSats in formation to operate in 
the vicinity of the Lunar Lagrangian L1. They considered an 
improved low-complexity CDMA system for CubeSats for 
communications between the Lunar L1 and Earth station. They 
analyzed and simulated the proposed improved CDMA system 
for a concept constellation of CubeSats.   

Babuscia et al. (Ref. 190) propose cooperative 
communications approaches in which multiple CubeSats 
communicate cooperatively together to improve the link 
performance with respect to the case of a single satellite 
transmitting. Three approaches were proposed: a beam-forming 
approach, a coding approach, and a network approach. The 
approaches are applied to the specific case of the Solar 
Observing Low frequency Array for Radio Astronomy/ 
Separated Antennas Reconfigurable Array (SOLARA/SARA) 
concept: a proposed constellation of CubeSats at the Lunar 
Lagrangian point L1 that aim to perform radio astronomy at 
very low frequencies (30 kHz to 3 MHz). They describe the 
development of the approaches, the simulation, and a graphical 
user interface that can be applicable to multiple constellation 
configurations. 

Su, Lin, and Ha (Ref. 191) investigate the feasibility of 
deploying CubeSat constellations with intersatellite links for 
the delivery of global continuous communication. The 
proposed and verified CubeSat constellation designs are for 
various mission scenarios using a simulation toolkit commonly 
used by space engineers. 

Chaabane, Jaballah, and Rokbani (Ref. 192) present an 
antenna devoted to CubeSat communications systems based on 
a Flower Pollination Algorithm (FPA) for the antenna angular 
inset-feed and its depth as well as the antenna radius. Their FPA 
metaheuristic is used to optimize the performance of each 
circular patch in terms of return loss, gain, and impedance. They 
obtained a return loss near the Industrial, Scientific, and 

Medical (ISM) frequency of 2.45 GHz at –27.9663 dB and the 
simulated gain reached 9.06 dB. 

Schaire et al. (Ref. 193) discuss NASA scientists and 
engineers across many of the NASA Mission Directorates and 
Centers developing exciting CubeSat concepts and welcome 
potential partnerships for CubeSat endeavors. The NASA 
Space Communications and Navigation (SCaN) Program’s 
NEN and Space Network (SN) are customer-driven 
organizations that provide comprehensive communications 
services for space assets including data transport between a 
mission’s orbiting satellite and its mission operations center. 
This report presents how well the SCaN networks, SN and 
NEN, are currently positioned to support the emerging small-
satellite and CubeSat market as well as planned enhancements 
for future support. 

Oi et al. (Ref. 194) discuss quantum communication as a 
prime space technology application for CubeSats that can 
potentially offer near-term possibilities for long-distance 
quantum key distribution (QKD) and experimental tests of 
quantum entanglement. They outlined a recent proposal to 
perform orbit-to-ground transmission of entanglement and 
QKD using a CubeSat platform deployed from the ISS. The 
CubeSat Quantum Communications Mission (CQuCoM) 
would be a pathfinder for advanced nanosatellite payloads and 
operations and could potentially establish the basis for a 
constellation of LEO-trusted nodes for QKD service provision. 

Khac et al. (Ref. 195) proposed a circular polarization array 
antenna for CubeSat satellite applications in X-band ranging 
from 8.0 to 8.4 GHz. They introduced a sequential-phased 
rotation principle combined with an equal power divider for a 
4- by 4-array antenna as well as a dual-feed technique to 
generate circular polarization for a single antenna element that 
has the same magnitude and 90° phase deviation between two 
input ports. They achieved X-band bandwidth coverage ranging 
from 8.0 to 8.4 GHz completely while the axial ratio is less than 
3 dB and the total gain of 15.89 dBi was achieved at 8.2 GHz.  

Santangelo and Skentzos (Ref. 196) discuss flight testing and 
certifying the QuickSAT/Vehicle Management System (VMS), 
the prototype of the FRNCS–P high-speed flight computer and 
the LinkStar global communications radio on the Boeing 
RADSat. The RADSat is a 2U CubeSat that will be deployed 
from the ISS via the Nanoracks Program. They aimed to test 
and demonstrate full duplex communications between the 
satellite and ground via the Globalstar satellite network 
utilizing the LinkStar radio architecture. Globalstar is a 
constellation of 32 satellites in LEO providing global data and 
voice services for a range of uses including oil rigs, shipping 
containers, gas pipelines, and supporting remote 
communications. Their research focused on adapting the 
Globalstar GSP–1720 modem and creating the LinkStar radio 
architecture for use in space. Their models show LinkStar can 
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provide up to 60-percent continuous coverage, both data 
download and upload through a secure internet link. For the 
LinkStar–STX3, over 95-percent downlink coverage can be 
provided. In both radio systems, the data itself is further 
encrypted to ensure the information transmitted to and from a 
satellite is secure. 

Kingsbury et al. (Ref. 197) describe the design of a compact 
free-space optical communications module for use on a 
nanosatellite. They present results from a detailed trade study 
to select an optical fine-steering mechanism compatible with 
our stringent size, weight, and power (SWaP) constraints. Their 
overall goal is to develop a lasercom payload that fits within the 
SWaP constraints of a typical 3U CubeSat. They presented an 
analysis of the device’s transfer function characteristics and 
ways of predicting this behavior that are suitable for use in the 
control processor.  

Konte, Trafford, and Schmalzel (Ref. 198) discuss the 
development of an extensible electronic data sheet to extend the 
power of the transducer electronic data sheet concept that can 
be applicable to CubeSat communications protocols, which are 
based on IEEE 1451.4. Standards. 

Rana et al. (Ref. 199) discuss the mission of Space 
Concordia’s ground station establishing communication with 
its main 3U CubeSat, Aleksandr. Space Concordia has utilized 
Open MCT, a mission control software developed by NASA 
and based on a web framework that ground station operators 
can tailor to process and visualize mission-specific telemetry. 
They have created several libraries under open source licenses 
to facilitate the use of Open MCT by other ground stations.  

Khotso, Lehmensiek, and Van Zyl (Ref. 200) investigated the 
effect of the antenna pattern on the communication time between 
a ground station and a LEO satellite with passive attitude control. 
Two low-profile antennas that fit on a 3U CubeSat were 
considered, more specifically, a high-gain patch and a low-gain 
monopole-like patch antenna. The communications system 
investigated was for high-speed S-band communication.  

Zaman et al. (Ref. 201) describe the design tradeoff between 
the field of view (FOV) and collection efficiency in receiver 
designs using COTS optics and detectors. They also discuss the 
design tradeoffs in transmitter design for optimum 
performance. They surmised that in order to achieve maximum 
signal-to-noise ratio at long distance (≥100 km), the laser beam 
diameter needs to be 80 to 90 percent of the scanning mirror 
diameter. In addition, they show that the intrinsic FOV of high-
speed (≥600 MHz) Avalanche Photodiodes (APD) can be 
increased to ≥3° by incorporating optimized optics considering 
form factor of the CubeSat system. They presented a scalable 
detector array design method using COTS components to 
achieve a wide full FOV (≥12°) with a uniform collection 
efficiency around 30 to 60 percent. They demonstrated a 
multiwavelength full duplex communications system based on 

dichroic filters as the duplexer that shows significantly low 
crosstalk.  

Vourch and Drysdale (Ref. 202) presented a study of a simple 
communications scenario between two CubeSats using a V-band 
“Bull’s eye” antenna specifically designed for this purpose. The 
return loss of the antenna has a –10 dB bandwidth of 0.7 GHz 
and a gain of 15.4 dBi at 60 GHz. The communications scenario 
study shows that using 0.01 W VubiQ modules (Vubiq 
Networks, Inc.) and V-band Bull’s eye antennas, CubeSats can 
efficiently transmit data within a 500-MHz bandwidth and with 
a 10–6 bit error rate while being separated by up to 98 m, under 
ideal conditions, or 50 m under worst-case operating conditions 
(5° pointing misalignment in E- and H-plane of the antenna, and 
5° polarization misalignment). 

Nguyen et al. (Ref. 203) present the NODE design, capable 
of providing a typical 3U (30 by 10 by 10 cm) CubeSat with a 
comparatively high data rate downlink. The NODE optical 
communications module was designed to fit within a 5- by 10- 
by 10-cm volume, weigh less than 1 kg, and consume no more 
than 10 W of power during active communications periods. 
Their design incorporates a fine-steering mechanism and 
beacon-tracking system to achieve a 10-Mbps link rate. They 
describe the system-level requirements and designs for key 
components, including a transmitter, a beacon-tracking camera, 
and a fast-steering mirror. They also present simulation results 
of the uplink beacon tracking and fine steering of the downlink 
beam, including the effects of atmospheric fading and on-orbit 
environmental disturbances to demonstrate the feasibility of 
this approach.  

Chalermwisutkul et al. (Ref. 204) discuss the development of 
a 1U CubeSat (KNACKSAT) communication system utilizing 
Gaussian minimum shift keying- (GMSK-) modulated data 
from the satellite that is transmitted to the ground station via a 
UHF channel. The uplink of the frequency shift keying-  
(FSK-) modulated command from ground to the satellite is 
carried out via a VHF channel. Half wavelength dipoles for the 
transmit and receive antennas aboard the KNACKSAT CubeSat 
were chosen. The developed communication system has been 
successfully tested with data communication between the 
satellite and the ground station. 

Challa and McNair (Ref. 205) investigate how power, 
volume, and geometry constraints of a CubeSat cripple CubeSat 
communications and introduce CubeSat Torrent, a Torrent-like 
distributed communications system, for CubeSat clusters. 
CubeSat Torrent aims to increase the downlink and uplink 
speeds of large files by distributing pieces of the files to 
CubeSats in the cluster and downloading different pieces of the 
files simultaneously from different CubeSats. The proposed 
system proved, through simulation experiments, to 
substantially improve the download and upload times of large 
files by a factor of about the size of the cluster.  
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Akyildiz, Jornet, and Nie (Ref. 206) discuss a CubeSat design 
with reconfigurable multiband radios for communication in 
dynamic frequencies. Their multiband radio design is realized 
by two complementary approaches: an electronics-based and a 
photonics-based approach. Their multiband communication 
covers a wide range from radiofrequencies (2 to 30 GHz), 
millimeter wave (30 to 300 GHz), terahertz band (up to 
10 THz), and optical frequencies (with typical bands of 
850 nm/350 THz, 1,300 nm/230 THz, and 1,550 nm/193 THz). 
Key parameters in the satellite constellation design are 
investigated to explore the feasibility of deployment at different 
altitudes in the exosphere orbit (500 km and above).  

Latachi et al. (Ref. 207) present a link budget analysis for 
communication between a nanosatellite orbiting at LEO and a 
low-cost mission-control ground station. The analysis employs 
relevant deterministic, empirical, and statistical models as 
prediction tools, to make pertinent choices for both the flight 
nanosatellite compliant communications board and the ground 
station hardware and link protocols. 

Popescu (Ref. 208) presents a detailed power budget analysis 
that includes communications with ground stations as well as 
with other CubeSats. For ground station communications, they 
outline how the orbital parameters of the CubeSat trajectory 
determine the distance of the ground station link and present 
power budgets for both uplink and downlink that include 
achievable data rates and link margins. For intersatellite 
communications, they studied how the slant range determines 
power requirements and affects the achievable data rates and 
link margins.  

Neumann et al. (Ref. 209) present a feasibility study for a 
fully functional 3U-CubeSat-based quantum receiver. They 
provide a complete link loss analysis, count rate estimations, 
and preliminary design. They also discuss solutions to key 
problems such as satellite pointing errors and measurement and 
detection issues. Using current technology, they show that the 
CubeSat is feasible and can be used to violate a Bell-like 
inequality over a free-space distance of 500 km.  

Arvizu et al. (Ref. 210) present a prototype of an acquisition, 
tracking, and pointing (ATP) system intended to be used in an 
optical quantum communications link between a CubeSat and 
an optical Earth station. The ATP system is designed in such a 
way that alignment on the satellite with respect to the optical 
Earth station will be carried out based on the concept of an 
artificial star with the help of an astronomical 14-in. Cassegrain 
telescope. They also present characterization results of ATP 
performance under controlled conditions of optical turbulence 
in the laboratory and in shorthand medium-distance terrestrial 
links. 

Rodriguez-Osorio and Ramírez (Ref. 211) present a hands-
on education project the aim of which is the specification, 
design, building, and measurement of an antenna for 

communications between nanosatellites. The project lies within 
the framework of School of Telecommunications Engineering 
(ETSIT) Technical University of Madrid (UPM) innovative 
educational activities in the area of space technology, where 
students play a leading role in real engineering projects.  

Bulanov et al. (Ref. 212) evaluated intersatellite 
communications for a LEO CubeSat network using 
determination and estimation of quality of service (QoS) 
parameters and evaluation of the feasibility of a massive 
multiple input, multiple output (MIMO) system link. They 
investigated the QoS parameters for an intersatellite link and 
factors affecting it and a theoretical design with a constructive 
drawing of massive MIMO. The possibility and time duration 
of intersatellite communication were calculated for three 
different cases using real data and including massive MIMO. 
Based on simulation results, suggestions and possible technical 
and nontechnical solutions were highlighted together with 
future studies and simulations. 

Peng et al. (Ref. 213) presented a BPSK modulation scheme 
using dual gain-switched diode lasers that was developed and 
demonstrated within an end-to-end link testbed to achieve 
signal acquisition under extremely poor signal-to-noise 
conditions (–43.5 dB average signal-to-noise power ratio at a 1-
MHz symbol rate) to simulate direct-to-Earth links, while 
simultaneously targeting a limited SWaP footprint (1.5U 
envelope). They discussed additional system design and 
constraints for the compact laser transmitter. 

do Nascimento et al. (Ref. 214) conducted an experiment 
comparing different transceivers for both satellites and ground 
station in order to guarantee the fastest and cheapest data 
transmission for the mission. They also calculated the data 
volume that will be sent during the entire mission in order to 
determine which communication equipment will maximize this 
mission’s efficiency. 

Clark et al. (Ref. 215) describe the characteristics and control 
of a new CubeSat transceiver. The new transceiver provides an 
estimated 300-percent increase in data throughput for a typical 
45° maximum elevation angle LEO pass over the Aerocube–2 
transceiver. 

Popescu, Harris, and Popescu, (Ref. 216) examine 
operational constraints for CubeSats placed in LEOs and how 
they impact the design of their communications subsystem. 

Perea-Tamayo et al. (Ref. 217) proposed a LEO relay 
constellation formed by a ring of nanosatellites utilizing S-band 
for data relay and UHF, VHF, and S-band for user 
communication. The proposed constellation can be established 
at low cost and can significantly increase the available 
communication time of near-polar-orbit satellites, drastically 
increasing the available communications budget. A nine relay-
satellite-based relay belt can increase link availability for a 
satellite in near-polar orbit by up to 945 percent. 
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Muri and McNair (Ref. 218) present a survey detailing past 
and planned large intersatellite linking systems. They also 
chronicle CubeSat communications subsystems used 
historically and in the near future. In addition, they examine the 
history of internetworking protocols in space and open research 
issues with the goal of moving towards the next-generation 
intersatellite-linking constellation supported by CubeSat 
platform satellites. 

Kara et al. (Ref. 219) discuss a research group that 
concentrated on (1) short- and long-term technical challenges, (2) 
policy requirements, (3) radio communication bandwidth 
limitations, (4) data collection and transmission regulations, and 
(5) the standardization of the CubeSat communications system. 
The group suggests a CubeSat network system architecture 
including interswarm and intraswarm constellations, optical and 
laser communications, and delay-tolerant networks. The 
proposed CubeSat communications network also consists of 
interswarm constellation communications along with intraswarm 
constellations sustained through four different basic data links, a 
mother-daughter satellite framework, and net-neutrality 
throughout the network. The group’s overall goal is to help all 
users and operators in the CubeSat sector, including 
entrepreneurs, licensing bodies, and end users. Saving time for 
everyone while achieving maximum efficiency and utilization of 
the time. 

Polly et al. (Ref. 220) conducted a trade study to decide 
which optical configuration is best for a CubeSat laser 
communication payload, bistatic or monostatic. The bistatic 
configuration used two parallel lasers (one each for uplink and 
downlink). The monostatic configuration used two collinear 
lasers. Proof-of-concept short-range laser communication 
systems were built and tested to measure performance. 
Measures of effectiveness were weighted by a pairwise 
comparison and the monostatic and bistatic systems were 
compared in a house of qualities. The monostatic system design 
was deemed to be the better optical configuration.  

Corpino and Stesina (Ref. 221) detail a communication 
anomaly that occurred on the CubeSat mission E–st@r–II, 
which was launched in April of 2016. This report describes the 
investigation of a major anomaly that seriously affected mission 
operations, that is, low signal-to-noise ratio of downlink 
communication. No signal could be received at the main control 
station. Only ground stations with high-gain antennas and/or 
proper system setup could receive and decode E–st@r–II 
packets. Both space and ground segments were identified to be 
part of the problem. A potential defect was detected on the 
coaxial cable connection to the antenna, which might have 
caused the final mishap under investigation. The analysis also 
showed that an effective ground segment helps mitigate the 
impact of the anomaly and it may be worth investing more on 
this mission element.  

Muri, Challa, and McNair (Ref. 222) investigated CubeSat 
communications for a 2.45-GHz bandwidth rather than the 
typical MHz frequency. This higher frequency provides the 
bandwidth needed for increasing the data rate. A deployable 
hemispherical helical antenna prototype was built and 
transmission between two prototype antenna equipped 
transceivers at varying distances tested the helical performance. 
When comparing the prototype antenna’s maximum 
transmission distance to the other commercial antennas, the 
prototype outperformed all commercial antennas, except the 
patch antenna, which was due to the helical antenna’s narrow 
beam width. This can lead to communications advancements by 
implementing a more accurate alignment with the satellite’s 
directional antenna to downlink with a terrestrial ground station. 

Moll et al. (Ref. 223) describe the concept and hardware of 
three generations of Optical High Speed Infrared Link System 
(OSIRIS) laser communication terminals for LEO satellites. 
The first type applies laser beam pointing solely based on 
classical satellite control, the second uses an optical feedback 
to the satellite bus, and the third comprises a special course 
pointing assembly to control beam direction independent of 
satellite orientation. Two ground stations will be available for 
future testing, an advanced stationary ground station and a 
transportable ground station.  

Summary and Conclusions 
As mentioned in the Executive Summary, a CubeSat is an 

evolving and emerging technology that gives a novice or 
advanced researcher relatively affordable access to space 
research experiments and applications. The initial CubeSat 
standard was created in 1999 by California Polytechnic State 
University, San Luis Obispo and Stanford University’s Space 
Systems Development Laboratory to facilitate direct access to 
space for university students. This initial CubeSat standard has 
now been adopted by hundreds of organizations worldwide and 
includes not only universities and educational institutions, but 
private firms and government organizations. Dozens of 
CubeSats have been launched since 2003 and have come from 
more than 29 states in the United States. The CubeSat standard 
facilitates frequent and affordable access to space with launch 
opportunities available on most launch vehicles. 

CubeSats are a class of research spacecraft called 
nanosatellites and are built to standard CubeSat Units or U 
dimensions of 10 by 10 by 10 cm and are formally classified as 
1U, 2U, 3U, or 6U in size. Most CubeSats are deployed from a 
Poly-Picosatellite Orbital Deployer called a P-POD. 
Partnerships among NASA, U.S. industry, and educational 
institutions are being formed to build upon existing successful 
CubeSat initiatives with a goal to expand and include launching 
50 small satellites from 50 states within the next several years. 



NASA/TP-20210000201 31 

An extensive and detailed literature review that included over 
835 citations was conducted to provide a comprehensive 
resource on both NASA and non-NASA CubeSat experiments 
and applications that can serve as a guide for background 
information on CubeSats as well as a valuable resource of 
“lessons-learned” from CubeSats that have been launched in the 
past. 

While we choose to concentrate on four areas (thermal 
management, deployment mechanisms, power generation, and 
communications) that covered over 220 citations, there are 
many other areas that are essential to increasing the probability 
of success for a CubeSat launch. To that end, we have included 
over 600 additional citations in the bibliography to serve as a 
reference guide to anyone interested in CubeSat technology, 
from the middle-school student up to the engineering 
professional. The overall goal was to provide a CubeSat 

research hub proving past and present research into CubeSat 
planning, development, implementation, and experimentation 
as well as prelaunch, during launch, and postlaunch.  

Lastly, one of the big drivers to future CubeSat missions is 
maximizing the utilization of the limited power available while 
pushing the performance of its capabilities. Finding the capacity 
to increase the efficiency and computing ability of CubeSat 
processing elements while providing improved power 
performance will be a major focus of next-generation CubeSat 
missions. Current technologies are emerging that use deep 
learning and cognition to improve the performance. 
Neomorphic hardware delivers computing at orders of 
magnitude gains all while providing speed, intelligence, and 
better functionality. This can go a long way to having CubeSat 
missions that maximize power usage by utilizing brainlike 
intelligence when handling CubeSat operations.  



NASA/TP-20210000201 32 

References 
1. California Polytechnic State University: Origin of the New 

Space Revolution. Presented at the Virtual CubeSat 
Developers Workshop 2021, CubeSat, 2021. 
http://www.cubesat.org/ Accessed May 10, 2021. 

2. California Polytechnic State University: CubeSat Design 
Specification (CDS) Rev. 13. https://static1.squarespace.com/ 
static/5418c831e4b0fa4ecac1bacd/t/56e9b62337013b6c063a
655a/1458157095454/cds_rev13_final2.pdf Accessed May 
10, 2021. 

3. California Polytechnic State University: 6U CubeSat 
Design Specification Rev. PROVISIONAL, 2019. 
https://static1.squarespace.com/static/5418c831e4b0fa4ec
ac1bacd/t/573fa2fee321400346075f01/1463788288448/6
U_CDS_2016-05-19_Provisional.pdf Accessed May 10, 
2021. 

4. California Polytechnic State University: Missions. 
CubeSat. http://www.cubesat.org/missions Accessed May 
10, 2021. 

5. Kulu, Erik: Nanosats Database. 2021. https:// 
www.nanosats.eu/ Accessed May 10, 2021. 

6. California Polytechnic State University: Index of 
Workshop/Archive. http://mstl.atl.calpoly.edu/~workshop/ 
archive/ Accessed May 10, 2021. 

7. National Aeronautics and Space Administration: About 
CubeSat Launch Initiative. CubeSat Launch Initiative. 2020. 
https://www.nasa.gov/content/about-cubesat-launch-
initiative Accessed May 10, 2021. 

8. National Aeronautics and Space Administration: Past 
ElaNa CubeSat Launches. CubeSat Launch Initiative. 
2021. https://www.nasa.gov/content/past-elana-cubesat-
launches Accessed May 10, 2021. 

9. National Aeronautics and Space Administration: 
Upcoming ELaNa CubeSat Launches. CubeSat Launch 
Initiative. 2021. https://www.nasa.gov/content/upcoming-
elana-cubesat-launches Accessed May 10, 2021. 

10. VORAGO Technologies: Resources. https:// 
www.voragotech.com/resources Accessed May 10, 2021. 

11. National Aeronautics and Space Administration: State of 
the Art of Small Spacecraft Technology. Section 7.0 
Thermal Control, 2020. https://www.nasa.gov/smallsat-
institute/sst-soa-2020/thermal-control Accessed Oct. 5, 
2021. 

12. Anderson, L., et al.: CubeSat Active Thermal Management 
in Support of Cooled Electro-Optical Instrumentation for 
Advanced Atmospheric Observing Missions. SPIE 
Proceedings, vol. 10769, no. 1076907, 2018. 

13. Athirah, Nur, et al.: Stress and Thermal Analysis of 
CubeSat Structure. Appl. Mech. Mater., vol. 554, 2014, pp. 
426–430. 

14. Thanarasi, Karthigesu: Thermal Analysis of CubeSat in 
Worse Case Hot and Cold Environment Using FEA 
Method. Appl. Mech. Mater., vol. 225, 2012, pp. 497–502.  

15. Butler-Craig, Naia I.: An Investigation of the Thermal 
Behavior of High Power Density 3U CubeSats Capable of 
Supporting High Impulse Missions. AIAA 2018–4972, 
2018.  

16. Gorev, Vasily, et al.: Thermal Deformation of 3U CubeSat 
in Low Earth Orbit. MATEC Web Conf., vol. 158, 2018.  

17. Ibrahim, Syahrim Azhan; and Yamaguchi, Eiki: Thermal 
Distortion on Deployable Solar Panels of CubeSat in Low 
Earth Orbit. Adv. Astronaut. Sci., vol. 165, 2018, 
pp. 2107–2117.  

18. Nader, Ronnie: Carbon Nanotubes Based Thermal 
Distribution and Transfer Bus System for 1U CubeSats and 
the Space Environment Attenuation Manifold Shield. 
Presented at the 62nd International Astronautical 
Congress, vol. 5, 2011, pp. 4089–4096.  

19. Garzón, Alejandro; and Villanueva, Yovani A.: Thermal 
Analysis of Satellite Libertad 2: A Guide to CubeSat 
Temperature Prediction. J. Aerosp. Technol. Manag., 
vol. 10, 2018. 

20. Darbali-Zamora, Rachid; Cobo-Yepes, Nicholas; and 
Ortiz-Rivera, Eduardo I.: Design Considerations Based on 
the Effects of Varying Temperature Conditions on the 
Efficiency of Size Constrained Electronic Power Supplies 
for CubeSat Applications. Proceedings of the 17th 
Intersociety Conference on Thermal and 
Thermomechanical Phenomena in Electronic Systems, San 
Diego, CA, 2018.  

21. Thaheer, Ahmad Shaqeer Mohamed: Mission Analysis and 
Design of MYSat: A 1U CubeSat for Electron Density 
Measurement. Presented at the 68th International 
Astronautical Congress, IAC–17.E2.2.5, 2017.  

22. Rievers, Benny; Milke, Alexander; and Salden, Daniel: 
CubeSat In-Situ Degradation Detector (CIDD). Acta 
Astronaut., vol. 112, 2015, pp. 69–76. 

23. Isaacs, Steven A., et al.: Experimental Development and 
Computational Optimization of Flat Heat Pipes for 
CubeSat Applications. Proceedings of the ASME 
International Mechanical Engineering Congress and 
Exposition (IMECE), vol. 10, no. IMECE2016–67229, 
2016.  

24. Yamaoka, Kazutaka, et al.: Solar Neutron and Gamma-Ray 
Spectrometer for a Small Satellite. SPIE Proceedings, vol. 
10762, no. 107620J, 2018.  

25. Al Qasim, Ibrahim, et al.: Nayif-1: UAE’s First CubeSat 
Mission. Proceedings of the 69th International 
Astronautical Congress, Bremen, Germany, 2018. 

http://www.cubesat.org/
https://static1.squarespace.com/static/5418c831e4b0fa4ecac1bacd/t/56e9b62337013b6c063a655a/1458157095454/cds_rev13_final2.pdf
https://static1.squarespace.com/static/5418c831e4b0fa4ecac1bacd/t/56e9b62337013b6c063a655a/1458157095454/cds_rev13_final2.pdf
https://static1.squarespace.com/static/5418c831e4b0fa4ecac1bacd/t/56e9b62337013b6c063a655a/1458157095454/cds_rev13_final2.pdf
https://static1.squarespace.com/static/5418c831e4b0fa4ecac1bacd/t/573fa2fee321400346075f01/1463788288448/6U_CDS_2016-05-19_Provisional.pdf
https://static1.squarespace.com/static/5418c831e4b0fa4ecac1bacd/t/573fa2fee321400346075f01/1463788288448/6U_CDS_2016-05-19_Provisional.pdf
https://static1.squarespace.com/static/5418c831e4b0fa4ecac1bacd/t/573fa2fee321400346075f01/1463788288448/6U_CDS_2016-05-19_Provisional.pdf
http://www.cubesat.org/missions
https://www.nanosats.eu/
https://www.nanosats.eu/
http://mstl.atl.calpoly.edu/%7Eworkshop/archive/
http://mstl.atl.calpoly.edu/%7Eworkshop/archive/
https://www.nasa.gov/content/about-cubesat-launch-initiative
https://www.nasa.gov/content/about-cubesat-launch-initiative
https://www.nasa.gov/content/past-elana-cubesat-launches
https://www.nasa.gov/content/past-elana-cubesat-launches
https://www.nasa.gov/content/upcoming-elana-cubesat-launches
https://www.nasa.gov/content/upcoming-elana-cubesat-launches
https://www.voragotech.com/resources
https://www.voragotech.com/resources
https://www.nasa.gov/smallsat-institute/sst-soa-2020/thermal-control
https://www.nasa.gov/smallsat-institute/sst-soa-2020/thermal-control


NASA/TP-20210000201 33 

26. Janzer, Katja, et al.: Thermal Control for High Power 
Applications on CubeSats. Proceedings of the 69th 
International Astronautical Congress, IAC–18–C2.7.11, 
2018.  

27. Franzoso, Alberto; Bursi, Alessandro; and Vettore, 
Christian: Thermal Management of the First VEGA 
Payload. AIAA 2013–3390, 2013. 

28. Abdelwahab, Hammam; Nawari, Musatafa; and Abdalla, 
Hanadi: Maximizing Solar Energy Input for CubeSat 
Using Sun Tracking System and a Maximum Power Point 
Tracking. Proceedings of the International Conference on 
Communication, Control, Computing and Electronics 
Engineering, Khartoum, Sudan, 2017. 

29. Rawashdeh, S., et al.: Aerodynamic Attitude Stabilization 
for Ram-Facing CubeSat. Guidance and Control 2009—
Advances in the Astronautical Sciences: Proceedings of the 
32nd Annual AAS Rocky Mountain Guidance and Control 
Conference, Breckenridge, CO, 2009, pp. 583–585. 

30. Atas, Omer; Demiral, Ertan; and Tekinalp, Ozan: Solar 
Sail Spacecraft Boom Vibration During Deployment  
and Damping Mechanisms. Vol. 156, 2015. 
https://hdl.handle.net/11511/53506 Accessed Oct. 5, 2021. 

31. Vilán Vilán, Jose Antonio, et al.: Flight Results: Reliability 
and Lifetime of the Polymeric 3D-Printed Antenna 
Deployment Installed on Xatcobeo & Humsat-D. Acta 
Astronaut., vol. 107, 2015, pp. 290–300. 

32. Martinotti, Giuseppe: Design of Solar Panels Deployment 
System for CubeSats. Proceedings of the 63rd International 
Astronautical Congress, IAC–12.D1.1.11, 2012, pp. 8132–
8138. 

33. Babuscia, Alessandra, et al.: Inflatable Antenna for 
CubeSats: Motivation for Development and Antenna 
Design. Acta Astronaut., vol. 91, 2013, pp. 322–332.  

34. Greenbaum, Adam, et al.: Low-Mass High-Performance 
Deployable Optical Baffle for CubeSats. Proceedings of 
the IEEE Aerospace Conference, no. 6496886, Big Sky, 
MT, 2013. 

35. Zhang, J.; and Zhou, J.: Electromagnet Door Release 
Mechanism in Deploying Mechanism for CubeSats. 
Guangxue Jingmi Gongcheng/Optics and Precision 
Engineering, vol. 3, no. 3, 2013, pp. 606–615. 

36. Benedetti, Gianluca, et al.: Interplanetary CubeSats for 
Asteroid Exploration: Mission Analysis and Design. Acta 
Astronaut., vol. 154, 2019, pp. 238–255. 

37. Santoni, Fabio, et al.: Design and Realization of an 
Innovative Deployable Solar Panel System for CubeSats. 
Proceedings of the 63rd International Astronautical 
Congress, 2012, pp. 7119–7127. 

38. Santoni, Fabio, et al.: An Innovative Deployable Solar 
Panel System for CubeSats. Acta Astronaut., vol. 95, 2014, 
pp. 210–217. 

39. Hong, Wong, et al.: A Feasibility Study of a Novel Scheme 
to Deploy a Constellation of CubeSats Using Two 
Deployers. Collection of Technical Papers—AIAA 
Guidance, Navigation, and Control Conference, Hilton 
Head, SC, 2007, pp. 2218–2236.  

40. Sauder, Jonathan F.; and Thomson, Mark W.: The 
Mechanical Design of a Mesh Ka-Band Parabolic 
Deployable Antenna (KaPDA) for CubeSats. AIAA 2015–
1402, 2015. 

41. Kuwahara, Toshinori, et al.: Qualification Results of a Sail 
Deployment Mechanism for Active Prevention and 
Reduction of Space Debris. Proceedings of the 63rd 
International Astronautical Congress, vol. 4, 2012, pp. 
2565–2570. 

42. Crisp, N.H.; Smith, K.; and Hollingsworth, P.: Launch and 
Deployment of Distributed Small Satellite Systems. Acta 
Astronaut., vol. 114, 2015, pp. 65–78. 

43. Budianu, Alexandru, et al.: Inter-Satellite Links for 
Cubesats. Proceedings of the IEEE Aerospace Conference, 
no. 6496947, Big Sky, MT, 2013. 

44. Lim, L.S., et al.: Development and Design Challenges in 
VELOX–I Nanosatellite. Proceedings of the International 
Conference on Space Science and Communication, 
Langkawi, Malaysia, 2015, pp. 158–163. 

45. Manohar, V.; and Rahmat-Samii, Y.: Umbrella Reflector 
Characterization for CubeSats: Analytical Formulation for 
Boresight Gain Loss. US National Committee of URSI 
National Radio Science Meeting, Boulder, CO, 2018,  
pp. 1–2. 

46. Dolan, I., et al.: StrathSat-R Deploying Inflatable Structures 
From Cubesats in Milli Gravity. ESA SP–425, 2013. 

47. Pirat, Camille, et al.: Mission Design and GNC for In-Orbit 
Demonstration of Active Debris Removal Technologies 
With CubeSats. Acta Astronaut., vol. 130, 2017, pp. 114–
127. 

48. Chahat, Nacer, et al.: Ka-Band Deployable Mesh Reflector 
Antenna Compatible With the Deep Space Network. 
Proceedings of the 11th European Conference on Antennas 
and Propagation, 2017, pp. 546–548. 

49. Kuwahara, Toshinori, et al.: A Series of De-Orbit 
Mechanism for Active Prevention and Reduction of Space 
Debris. Proceedings of the 64th International Astronautical 
Congress, 2013, pp. 2230–2234. 

50. Levchenko, I., et al.: Space Micropropulsion Systems for 
CubeSats and Small Satellites: From Proximate Targets to 
Furthermost Frontiers. Appl. Phys. Rev., vol 5, no. 011104, 
2018.  

51. Balinov, Spas: The Lyon FEMTO Orbital Deployer for 
Future Distributed Space Missions. Proceedings of the 59th 
International Astronautical Congress, vol. 7, 2008,  
pp. 4078–4081. 

https://hdl.handle.net/11511/53506


NASA/TP-20210000201 34 

52. Park, Ji Hyun, et al.: Nanosatellite Constellation 
Deployment Using On-Board Magnetic Torque Interaction 
With Space Plasma. Adv. Space Res., vol. 61, no. 8, 2018, 
pp. 2010–2021.  

53. Fernandez, Juan M., et al.: An Advanced Composites-
Based Solar Sail System for Interplanetary Small Satellite 
Missions. AIAA 2018–1437, 2018.  

54. Lund, Thomas: Manufacturing of the Prototype Inflatable 
Conical Antenna—Rexus Deployment (PICARD). 
Proceedings of the 67th International Astronautical 
Congress, Paper ID 35885, 2016. 

55. Dewalque, Florence; Rochus, Pierre; and Brüls, Oliver: 
Importance of Structural Damping in the Dynamic 
Analysis of Compliant Deployable Structures. Proceedings 
of the 65th International Astronautical Congress, vol. 8, 
2014, pp. 5535–5547. 

56. Harkness, Patrick, et al.: Development Status of 
AEOLDOS—A Deorbit Module for Small Satellites. Adv. 
Space Res., vol. 54, no. 1, 2014, pp. 82–91. 

57. Svitek, T., et al.: Voyage Continues—LightSail-1 Mission by 
the Planetary Society. Proceedings of the 61st International 
Astronautical Congress, vol. 1, 2010, pp. 802–810. 

58. Bui, T.D.V., et al.: System Design and Development of 
VELOX–I Nanosatellite. Proceedings of the IEEE 
Aerospace Conference, no. 7119282, Big Sky, MT, 2015. 

59. Worrakul, N., et al.: Design and Development of 
KNACKSAT: First Fully In-House Developed Satellite in 
Thailand. Proceedings of the Third Asian Conference on 
Defence Technology, 2017, pp. 36–41.  

60. Araromi, O.A., et al.: Rollable Multisegment Dielectric 
Elastomer Minimum Energy Structures for a Deployable 
Microsatellite Gripper. IEEE ASME Trans. Mechatron., 
vol. 20, no. 1, 2015, pp. 438–446. 

61. Wilke, R.; Schraml, K.; and Heberling, D.: Far Field 
Analysis of Wrinkles in Space Membrane Antennas. 
Proceedings of the German Microwave Conference, 2016, 
pp. 417–420. 

62. Arute, Frank, et al.: Polar Orbiting Passive Armospheric 
Calibration Spheres [POPACS]—Sphere and Container 
Development. AIAA 2013–0126, 2013.  

63. Arita, S., et al.: A Proposal of New Deployable Space 
Structure Applying Buckling. AIAA 2018–1952, 2018.  

64. Lei, Wang, et al.: Realization and Testing of a Deployable 
Space Telescope Based on Tape Springs. SPIE 
Proceedings, vol. 10339, no. 1033920, 2017. 

65. Christodoulou, Christos, et al.: Multifunctional 
Reconfigurable-Deployable Antennas for Space 
Applications. AIAA 2016–5329, 2016.  

66. Bellini, N., et al.: A Space Debris “Cleaner Kit” Based on 
Polyeretanic Foam. Proceedings of the 64th International 
Astronautical Congress, vol. 4, 2013, pp. 2600–2608. 

67. Santoni, Fabio; Piergentili, Fabrizio; and Ravaglia, R.: 
Nanosatellite Cluster Launch Collision Analysis. J. 
Aerosp. Eng., vol. 26, no. 3, 2013, pp. 618–627.  

68. Wu, Rui, et al.: Downrange Manoeuvre and Oscillation 
Suppression of a Self-Regulating Centrifugally Deployed 
Flexible Heat Shield Using a Controlled Reaction Wheel. 
Acta Astronaut., vol. 161, 2019, pp. 415–424. 

69. Li, Junquan, et al.: Practical Strategies to Stabilize a 
Nanosatellite Platform With a Space Camera and 
Integrated Mechanical Parts. Proceedings of the 65th 
International Astronautical Congress, vol. 5, 2014, 
pp. 3602–3617. 

70. Yamagiwa, Yoshika, et al.: Space Experiments on Basic 
Technologies for a Space Elevator Using Microsatellites. 
Acta Astronaut., vol. 138, 2017, pp. 570–578. 

71. Omar, Sanny; Guglielmo, David; and Bevilacqua, 
Riccardo: Drag De-Orbit Device (D3) Mission for 
Validation of Controlled Spacecraft Re-Entry Using 
Aerodynamic Drag. Adv. Astronaut. Sci., vol. 163, 2018, 
pp. 215–234. 

72. Sinn, T., et al.: iSEDE Demonstrator on High Altitude 
Ballon BEXUS: Inflatable Satellite Encompassing 
Disaggregated Electronics. Proceedings of the 
International Astronautical Congress, vol. 13, 2013, 
pp. 10041–10049. 

73. Santoni, F., et al.: Development of a Steerable Deployed 
Solar Array System for Nanospacecraft. Proceedings of the 
International Astronautical Congress, vol. 9, 2013, 
pp. 6799–6804. 

74. Asundi, Sharanabasaweshwara; Bhagatji, Jimesh D.; and 
Taylor, Piyushkumar B.: Genesis of a Multi-Function Drag 
Enhancement and Measurement System (mDEMS) to 
Facilitate Atmosphere Modeling and Space Debris 
Mitigation. AIAA 2017–5251, 2017. 

75. Underwood, Craig, et al.: InflateSail De-Orbit Flight 
Demonstration Results and Follow-On Drag-Sail 
Applications. Proceedings of the International 
Astronautical Congress, IAC–18–A6.5.2, 2018.  

76. Underwood, Craig, et al.: InflateSail De-Orbit Flight 
Demonstration Results and Follow-On Drag-Sail 
Applications. Acta Astronaut., vol. 162, 2019, pp. 344–358. 

77. Paiano, Salvatore, et al.: Structural Dynamic Analysis of a 
Nanosatellite Launch Platform. Proceedings of the 67th 
International Astronautical Congress, Paper ID 35424, 
2016.  

78. Yamagiwa, Yoshiki, et al.: Verification of Space Elevator 
Technologies; Present Status and Future Plan in Japan. 
Proceedings of the 68th International Astronautical 
Congress, IAC–17.D4.3.4, 2017, pp. 10621–10627. 

79. Forshaw, Jason, et al.: Surrey Space Centre: A Survey of 
Debris Removal Research Activities. Proceedings of the 



NASA/TP-20210000201 35 

International Astronautical Congress, vol. 4, 2015,  
pp. 2630–2639. 

80. Santoni, Fabio, et al.: An Orientable Solar Panel System 
for Nanospacecraft. Acta Astronaut., vol. 101, 2014,  
pp. 120–128. 

81. Pankow, Mark; and White, Charlie: Design and Testing of 
Bi-Stable Booms for Space Applications. Proceedings of 
the 20th International Conference on Composite Materials, 
Copenhagen, Sweden, 2015. 

82. Costantine, J., et al.: Deployable Antennas for CubeSat and 
Space Communications. Proceedings of 6th European 
Conference on Antennas and Propagation, 2012, pp. 837–840. 

83. Zaki, S.B.M., et al.: Design, Analysis and Testing of 
Monopole Antenna Deployment Mechanism for BIRST–2 
CubeSat Applications. J. Phys. Conf. Ser., vol. 1152, no. 
012007, 2019.  

84. Grzesik, B., et al.: Alignment Mechanism and System 
Concept of a Scalable Deployable Ultra-Lightweight Space 
Telescope for a 1U CubeSat Demonstrator. Proceedings of 
the International Astronautical Congress, vol. 1, 2017,  
pp. 481–488. 

85. Baig, Hamza: Integrated Design of Solar Panels 
Deployment Mechanism for a Three Unit CubeSat. 
SpaceOps 2012 Conference, Stockholm, Sweden, 2012.  

86. McGuire, Thomas, et al.: A CubeSat Deployable Solar 
Panel System. SPIE Proceedings, vol. 9865, no. 98650C, 
Baltimore, MD, 2016.  

87. Blandino, Joseph, et al.: Simulating CubeSat Structure 
Deployment Dynamics. Proceedings of the AIAA 
Spacecraft Structures Conference, Kissimmee, FL, 2018. 

88. Jeon, S.; and Murphey, Thomas W.: Design and Analysis 
of a Meter-Class CubeSat Boom With a Motor-Less 
Deployment by Bi-Stable Tape Springs. AIAA 2011–1731, 
2011. 

89. Chahat, Nacer, et al.: CubeSat Deployable Ka-Band Mesh 
Reflector Antenna Development for Earth Science 
Missions. IEEE Trans. Antennas Propag., vol. 64, no. 6, 
2016, p. 2083. 

90. Chahat, N., et al.: Ka-Band High-Gain Mesh Deployable 
Reflector Antenna Enabling the First Radar in a CubeSat: 
RainCube. Proceedings of the 10th European Conference 
on Antennas and Propagation, Davos, Switzerland, 2016. 

91. Chahat, N., et al.: The Deep-Space Network 
Telecommunication CubeSat Antenna: Using the 
Deployable Ka-Band Mesh Reflector Antenna. IEEE 
Antennas Propag. Mag., vol. 59, no. 2. 2017, pp. 31–38. 

92. Pignatelli, David: Predicting Transmissibility of Rail-Type 
CubeSat Deployers With Isolation. Proceedings of the 
International Astronautical Congress, Paper ID 40061, 
2017. 

93. Babuscia, A., et al.: Inflatable Antenna for CubeSat: 
Design, Fabrication, Deployment and Tests. Proceedings 
of the IEEE Aerospace Conference, no. 7024269, Big Sky, 
MT, 2014. 

94. Lehmensiek, R.; Van Zyl, R.R.; and Visser, D.F.: The 
Design of an HF Antenna on a 1U CubeSat. Proceedings 
of the IEEE Africon Conference, Article 6757694, 2013, 
pp. 1–15. 

95. Carandente, Valerio; and Savino, Raffaele: New Concepts 
of Deployable De-Orbit and Re-Entry Systems for Cubesat 
Miniaturized Satellites. Recent Pat. Eng., vol. 8, no. 1, 2014. 

96. Zander, Martin, et al.: Mechanical Characterization of 
Deployable Thin Shell CFRP Booms for the CubeSat “De-
Orbit Sail.” Proceedings of the 66th International 
Astronautical Congress, Jerusalem, Israel, 2015. 

97. Fulton, JoAnna, et al.: Flight Qualification Testing of a 
Meter-Class CubeSat Deployable Boom. AIAA 2017–
0621, 2017. 

98. Berthoud, L.; and Phillips, J.: Deployment System for 50+ 
CubeSats. Proceedings of the 64th International 
Astronautical Congress Meeting, vol. 5, 2013, pp. 4106–
4115. 

99. Pawlina, Bryan; and Yu, Jenny: Energy-Optimal Control 
of a CubeSat With Deployable Solar Panels. Proceedings 
of the International Astronautical Congress, Paper ID 
39934, 2017. 

100. Sauder, Jonathan F., et al.: Deployment Mechanisms for 
High-Packing-Efficiency One-Meter Reflectarray Antenna 
(OMERA). AIAA 2019–0755, 2019. 

101. Yasin, Ryan; and Santer, Matthew J.: Reconfigurable 
Deployable CubeSat Solar Arrays Using Thin Composite 
Flexures. AIAA 2016–0968, 2016. 

102. West, Stephen T., et al.: Design and Testing of Deployable 
Carbon Fiber Booms for Cubesat Non-Gossamer 
Applications. AIAA 2015–0206, 2015. 

103. Babuscia, Alessandra, et al.: Inflatable Antenna for 
CubeSat: Motivation for Development and Antenna 
Design. Proceedings of the International Astronautical 
Congress, vol. 6, 2012, p. 4604–4615. 

104. Park, Tae-Yong, et al.: Experimental Investigation on the 
Feasibility of Using Spring-Loaded Pogo Pin as a Holding 
and Release Mechanism for CubeSat’s Deployable Solar 
Panels. Int. J. Aerosp. Eng., vol. 2018, no. 4854656, 2018. 

105. Khalifi, Hasnaa; and Fitz-Coy, Norman: Altitude Control 
of a 3U CubeSat Equipped With a Large Loop Antenna. 
Proceedings of the International Astronautical Congress, 
Paper ID 40722, 2017. 

106. Zhu, Zheng H.: Mission Design for a CubeSat Deorbit 
Experiment Using an Electrodynamic Tether. AIAA 2016–
5573, 2016. 



NASA/TP-20210000201 36 

107. Bewick, C.; Colombo, Camilla; and McInnes, C.R.: 
Mission and System Design of a 3U Cubesat for Passive 
GTO to LEO Transfer. Proceedings of the International 
Astronautical Congress, vol. 13, 2012, pp. 10254–10267. 

108. Costantine, Joseph, et al.: UHF Deployable Helical 
Antennas for CubeSats. IEEE Trans. Antennas Propag., 
vol. 64, no. 9, 2016. 

109. Zhang, Jiao-Long; and Zhou, Jun: Design and Verification 
of Kinematic System in Deploying Mechanism for 
CubeSats. Guangxue Jingmi Gongcheng/Optics and 
Precision Engineering, vol. 25, no. 4, 2017,  
pp. 919–927. 

110. Frohling, K.: Micro-Sized Power Controllers for Space. 
TechConnect Briefs, vol. 3, 2018, pp. 209–210. 

111. Johnson, L., et al.: Lightweight Integrated Solar Array 
(LISA): Providing Higher Power to Small Spacecraft. 
Proceeding of the 13th International Energy Conversion 
Engineering Conference, Orlando, FL, 2015.  

112. Chin, Keith B., et al.: Energy Storage Technologies for 
Small Satellite Applications. Proc. IEEE, vol. 106, no. 3, 
2018, pp. 419–428. 

113. Rakow, Alexi; Hedin, Kevin; and Anthony, Brian: 
Development of High Specific Power Solar Arrays With 
Shape Memory Polymer Hinge Lines. AIAA 2018–2206, 
2018. 

114. Ali, Anwar, et al.: Innovative Power Management Tile for 
NANO Satellites. Proceedings of the International 
Astronautical Congress, vol. 9, 2012, pp. 7132–7138. 

115. Dinelli, Christopher, et al.: Quad-Channel Micro-Cathode 
Arc Thruster Electric Propulsion Subsystem for the 
Ballistically Reinforced Communications Satellite 
(BRICSat-P). AIAA 2014–3909, 2014. 

116. The International Society for Optical Engineering: SPIE 
Conference Proceedings, 2016. 

117. Uwarowa, Inna; and Jaworski, Maciej: Potential Use of 
Thermoelectric Generators for Small Satellites Missions. 
Proceedings of the 67th International Astronautical 
Congress. IAC–16–C3.5–C4.7.7, 2016. 

118. McTernan, Jesse K., et al.: Energy Harvesting on 
Spacecraft Using Electrodynamic Tethers. Proceedings of 
the 18th International Conference on Composites, Jeju, 
Korea, 2011. 

119. Scharlemann, C., et al.: Investigation of Nanosatellite 
Propulsion Systems. Proceedings of the 62nd International 
Astronautical Congress, vol. 8, 2011, pp. 6581–6591. 

120. Pugia, Steven M., et al.: Liquid Water Micropropulsion 
System for Small Satellites. AIAA 2019–0153, 2019. 

121. Manente, Marco, et al.: A Low-Cost Helicon Propulsion 
System to Boost Small Satellite Missions. Proceedings of 
the International Astronautical Congress, vol. 14, 2017,  
pp. 9040–9048. 

122. Tsay, Michael, et al.: Neutralization Demo and Thrust 
Stand Measurement for BIT-3 RF Ion Thruster. AIAA 
2017–4890, 2017. 

123. Stelwagen, I.F., et al.: Development of a High-
Performance Low-Cost PPU for an Electrospray Colloid 
Electric Propulsion System for Small Satellite 
Applications. Proceedings of the 69th International 
Astronautical Congress, Paper ID 46093, 2018. 

124. Johnson, Ian Kronheim: Expanding the Capabilities of the 
Pulsed Plasma Thruster for In-Space and Atmospheric 
Operation. Ph.D. Dissertation, Univ. of Washington, 2015. 

125. Kronhaus, Igal; Laterza, Matteo; and Maor, Yonatan: Long 
Duration Vacuum Arc Thruster for Nanosatellite 
Propulsion. Presented at the 57th Israel Annual Conference 
on Aerospace Sciences, Tel Aviv and Haifa, Israel, 2017. 

126. McTernan, Jesse K., et al.: Development of a Modeling 
Capability for Energy Harvesting Modules in 
Electrodynamic Tether Systems. AIAA 2011–7323, 2011. 

127. Lappas, V., et al.: A Low Cost Thermoelectric Generator 
for Small Satellites. AIAA 2019–1521, 2019. 

128. Spangelo, S., et al.: Defining the Requirements for the 
Micro Electric Propulsion Systems for Small Spacecraft 
Missions. Proceedings of the IEEE Aerospace Conference, 
no. 7119242, 2015. 

129. Spangelo, Sara, et al.: Defining the Optimal Requirements 
for the Liquid Indium Microelectric Propulsion System. J. 
Spacecraft Rockets, vol. 6, 2015, pp. 1651–1664.  

130. Singh, S.; Shrivastav, A.; and Bhattacharya, S.: GaN FET 
Based CubeSat Electrical Power System. Proceedings of 
the IEEE Applied Power Electronics Conference and 
Exposition, 2015, pp. 1388–1395. 

131. Sanchez-Sanjuan, Sergio; Gonzalez-Llorente, Jesus; and 
Hurtado-Velasco, Ronald: Comparison of the Incident 
Solar Energy and Battery Storage in a 3U Cubesat Satellite 
for Different Orientation Scenarios. J. Aerosp. Technol. 
Manag., vol. 8, no. 1, 2016, pp. 91–102. 

132. Gorev, V.N., et al.: Calculating Electric Power Generated 
by 3U CubeSat’s Photoconverters Depending the Orbit and 
Orientation Parameters. IOP Conf. Ser.: Mater. Sci. Eng., 
vol. 537, no. 2, 2019. 

133. Abdelwahab, Hammam; Nawari, Musatafa; and, Nawari, 
Abdalla: Maximizing Solar Energy Input for CubeSat 
Using Sun Tracking System and a Maximum Power Point 
Tracking. Proceedings of the International Conference on 
Communication, Control, Computing and Electronics 
Engineering, no. 7866695, 2017, pp. 1–7.  

134. Wrobel, Jonathan S., et al.: PowerCubeTM-Enhanced 
Power, Propulsion, and Pointing to Enable Agile, High-
Performance Cubesat Missions. AIAA 2012–5217, 2012. 

135. Salamanca, C.J.E.; Ferro, E.R.; and Paternina, A.J.J.: High 
Efficiency Photovoltaic Cells and Solar Array for a 



NASA/TP-20210000201 37 

Cubesat Type Pico—Satellite. Proceedings of the IEEE 
35th Central American and Panama Convention, no. 
7428462, 2015, pp. 1–6. 

136. Oh, Hhun-Ung; and Park, Taeyong: Experimental 
Feasibility Study of Concentrating Photovoltaic Power 
System for Cubesat Applications. IEEE Trans. Aerosp. 
Electron. Syst., vol. 51, no. 3, 2015, pp. 1942–1949. 

137. Ali, A., et al.: Reconfigurable Magnetorquer for the 
CubePMT Module of CubeSat Satellites. Proceedings of 
the 15th International Multitopic Conference, no. 6511478, 
2012, pp. 178–183. 

138. Charles, Christine, et al.: The Pocket Rocket Electro-
Thermal Plasma Thruster for ‘CubeSat’ Nano-Satellites. 
Proceedings of the 68th International Astronautical 
Congress, vol. 14, 2017, pp. 9035–9039. 

139. Bennet, Alex, et al. The Mini-Helicon Thruster for 
‘CubeSat’ Nano-Satellites: Experiments and Simulations. 
Proceedings of the International Astronautical Congress, 
vol. 13, 2017, pp. 8813–8816. 

140. Balan, Mugurel, et al.: RoBiSAT Mission: Double Unit 
Cubesat Power Estimation in Context of QB50 Mission. 
Proceedings of the International Astronautical Congress, 
vol. 9, 2015, pp. 7163–7169. 

141. Pisal, Shubham, et al.: Design of a Robust Electrical Power 
System of a 3U Cubesat. Proceedings of the 67th 
International Astronautical Congress, IAC–16.C3.4.1, 
2016. 

142. Tsay, Michael, et al.: Complete EM System Development 
for Busek’s 1U CubeSat Green Propulsion Module. AIAA 
2016–4905, 2016. 

143. Tsay, Michael; Feng, Charlie; and Zwahlen, Jurg: System-
Level Demonstration of Busek’s 1U CubeSat Green 
Propulsion Module “AMAC.” AIAA 2017–4946, 2017. 

144. Conversano, Ryan W.; and Wirz, Richard E.: CubeSat 
Lunar Mission Using a Miniature Ion Thruster. AIAA 
2011–6083, 2011. 

145. Lee, Dae Young, et al.: Maximizing Photovoltaic Power 
Generation of a Space-Dart Configured Satellite. Acta 
Astronaut., vol. 111, 2015, pp. 283–299. 

146. Cordova Alarcon, Jose Rodrigo, et al.: Analysis of 
Lifetime Extension for CubeSats Equipped With Low-
Thrust Propulsion System for Moon Missions. Acta 
Astronaut., vol. 160, 2019, pp. 558–571. 

147. Pajusalu, M., et al.: Electrical Power System for Estcube-
1: A Fault-Tolerant Cots Solution. Proceedings of the 
International Astronautical Congress, vol. 9, 2012,  
pp. 7139–7144. 

148. Pajusalu, Mihkel, et al.: Design and Pre-Flight Testing of 
the Electrical Power System for the ESTCube-1 
Nanosatellite. Proceedings of the Estonian Academy of 
Sciences, vol. 63, no. 2S, 2014, pp. 232–241. 

149. Bock, Daniel; and Tajmar, Martin: Highly Miniaturized 
FEEP Propulsion System (NanoFEEP) for Attitude and 
Orbit Control of CubeSats. Acta Astronaut., vol. 144, 2018, 
pp. 422–428. 

150. Bock, Daniel; and Tajmar, Martin: Highly Miniaturized 
FEEP Propulsion System (NanoFEEP) for Attitude and 
Orbit Control of CubeSats. Proceedings of the 67th 
International Astronautical Congress, IAC–16–C4.6.5, 
2016. 

151. Li, P., et al.: Design and On-Orbit Validation of Electric 
Power System for Aoxiang-Sat. Taiyangneng Xuebao/Acta 
Energiae Solaris Sinica, vol. 39, no. 4, 2018, pp. 1002–1007. 

152. Dahbi, S., et al.: Design and Sizing of Electrical Power 
Source for a Nanosatellite Using Photovoltaic Cells. 
Proceedings of the Third International Renewable and 
Sustainable Energy Conference, 2015, pp. 1–6. 

153. Ismail, Norilmi Amilia; Thaheer, Ahmad Shaqeer 
Mohamed; and Yamin, Mohd. Izmir: Comparative Study 
of MYSat Attitude Stability Effect on Power Generation 
and Lifetime. International Conference on Aerospace and 
Mechanical Engineering, vol. 370, no. 012018, 2018. 

154. Johnson, L.; Carr, J.A.; and Boyd, D.: The Lightweight 
Integrated Solar Array and Antenna (LISA-T)—Big Power 
for Small Spacecraft. Proceedings of the International 
Astronautical Congress, vol. 13, 2017, pp. 8457–8460. 

155. Slongo, L.K., et al.: Energy-Driven Scheduling Algorithm 
for Nanosatellite Energy Harvesting Maximization. Acta 
Astronaut., vol. 147, 2018, pp. 141–151. 

156. Uludag, M.S., et al.: A New Electrical Power System 
Architecture for Delfi-PQ. Adv. Astronaut. Sci., vol. 1, 
2018, pp. 511–522.  

157. Lee, J.; Kim, E.; and Shin, K.G.: Design and Management 
of Satellite Power Systems. Proceedings of the IEEE 34th 
Real-Time Systems Symposium, no. 6728865, 2013,  
pp. 97–106. 

158. Alves, Dimas Irion, et al.: NANOSATC-BR1 Electrical 
Power Subsystem—Development of a Power Budget. 
Proceedings of the 63rd International Astronautical 
Congress, Paper ID 13765, 2012. 

159. Ostrufka, A.L.A., et al.: Experimental Evaluation of 
Thermoelectric Generators for Nanosatellites Application. 
Acta Astronaut., vol. 162, 2019, pp. 32–40. 

160. Bergsrud, Corey; and Straub, Jeremy: A Space-to-Space 
Microwave Wireless Power Transmission Experiential 
Mission Using Small Satellites. Acta Astronaut., vol. 103, 
2014, pp. 193–203. 

161. Piovesan, Talis, et al.: CubeSat Electrical Power Supplies 
Optimization-Comparison Between Conventional and 
Optimal Design Methodology. Proceedings of the 12th 
IEEE International Conference on Industry Applications, 
no. 7874605, 2016. 



NASA/TP-20210000201 38 

162. Orr, Nathan G., et al.: The SFL Modular Power System 
(MPS): A Scalable Multi-Purpose Power System for 1W to 
1KW-Class Missions. Proceedings of the International 
Astronautical Congress, vol. 9, 2012, pp. 7176–7181. 

163. Jackson, S.; Straub, J.; and Kerlin, Scott D.: Exploring a 
Novel Cryptographic Solution for Securing Small Satellite 
Communications. Int. J. Netw. Secur., vol. 20, Issue 5, 
2018, pp. 988–997. 

164. Alam, Touhidul, et al.: A Solar Panel-Integrated Modified 
Planner Inverted F Antenna for Low Earth Orbit Remote 
Sensing Nanosatellite Communication System. Sensors, 
vol. 18, no. 8, article 2480, 2018. 

165. Weinert, A.J., et al.: Providing Communication 
Capabilities During Disaster Response: Airborne Remote 
Communication (ARC) Platform. Proceedings of the IEEE 
International Conference on Technologies for Homeland 
Security, no. 6459881, 2012, pp. 395–400. 

166. Babuscia, Alessandra, et al.: Development of 
Telecommunications Systems and Ground Support for 
EM–1 Interplanetary Cubesats Missions: Lunar Icecube 
and Lunah-Map. Proceedings of the 68th International 
Astronautical Congress, vol. 10, 2017, pp. 6346–6358. 

167. Babuscia, Alessandra, et al.: Code Division Multiple 
Access Communications Systems for CubeSats at Lunar 
Lagrangian L1. Proceedings of the IEEE Aerospace 
Conference, 2014, pp. 1–10. 

168. Gunther, Jacob, et al.: 2015, Reliable Space-to-Earth 
Commendation as a Secondary Service in the 460–470 
MHz Band. Int. J. Satell. Commun. Netw., vol. 33, no. 2, 
pp. 93–106. 

169. Paternina-Anaya, J.J.; Salamanca-Céspedes, J.E.; and Ávila-
Angulo, M.A.: Communication System Design and 
Implementation for One Pico-Satellite and Four Earth Stations 
Using AX.25. Proceedings of the IEEE Central America and 
Panama Convention, no. 7000426, 2014, pp. 1–6. 

170. Yang, Guangning, et al.: Innovative Free Space Optical 
Communication and Navigation System With High Data 
Rate Communication, Precision Ranging, Range Rate 
Measurements, and Accurate Spacecraft Pointing. SPIE 
Proceedings, vol. 9739, no. 97390K, 2016. 

171. Humad, Y.A.I.; TagElsir, A.; and Daffalla, M.M.: Design 
and Implementation of Communication Subsystem for 
ISRASAT1 Cube Satellite. Proceedings of the International 
Conference on Communication, Control, Computing and 
Electronics Engineering, no. 7867651, 2017. 

172. Vertat, I., et al.: Signal Quality Evaluation for Picosatellite 
Communication Systems. Proceedings of the International 
Conference on Applied Electronics, no. 6328935, 2012,  
pp. 331–334. 
 

173. Tresvig, J.L.; and Lindem, T.: Design of a Communication 
System for a Nanosatellite Space Weather Mission. IEEE 
Aerosp. Electron. Syst. Mag., vol. 29, no. 11, 2014,  
pp. 22–29. 

174. Ceylan, O., et al.: Low Cost S Band Communication 
System Design for Nano Satellites. Proceedings of the 5th 
International Conference on Recent Advances in Space 
Technologies, 2011, pp. 767–770. 

175. Arruego, I., et al.: Potential Application of the Optical 
Wireless Communication Technology (OWLS) in Extreme 
Environments. IEEE International Conference on Wireless 
for Space and Extreme Environments, no. 7392981, 2015, 
pp. 1–5. 

176. D’Humières, Benoit, et al.: The C3PO Project: A Laser 
Communication System Concept for Small Satellites. SPIE 
Proceedings, vol. 10096, no. 1009611, 2017. 

177. Aragõn, V., et al.: OPTOS Communications: A High-
Performance Solution. Presented at the 2011 Aerospace 
Conference, 2011, pp. 1–9. 

178. Clements, Emily, et al.: Nanosatellite Optical Downlink 
Experiment: Design, Simulation, and Prototyping. Opt. Eng., 
vol. 55, no. 11, article 2016, pp. 111610–1—111610–18. 

179. Hunyadi, G., et al.: A Commercial Off the Shelf (COTS) 
Packet Communications Subsystem for the Montana 
EaRth-Orbiting Pico-Explorer (MEROPE) CubeSat. 
Proceedings of the IEEE Aerospace Conference, vol. 1, no. 
1036867, 2002. 

180. Carrasco-Casado, A., et al.: Optical Communication on 
CubeSats—Enabling the Next Era in Space Science. 
Proceedings of the IEEE International Conference on 
Space Optical Systems and Applications, no. 8357210, 
2018, pp. 46–52. 

181. Lim, Tae W., et al.: Bi-Static Optical Communication 
Payload Design for Cubesats. AIAA 2017–5383, 2017. 

182. Rajguru, Adarsh, et al.: Laser Space Communication 
Concept for Deep-Space Interplanetary Missions Using 
CubeSats. AIAA 2014–2234, 2014. 

183. Babuscia, A., et al.: CDMA Communication System 
Performance for a Constellation of CubeSats Around the 
Moon. Proceedings of the IEEE Aerospace Conference, no. 
7500710, 2016, pp. 1–15. 

184. Tubbal, Faisel E.; Raad, Raad; and Chin, Kwan-Wu: A 
Wideband F-Shaped Patch Antenna for S-Band CubeSats 
Communications. Proceedings of the 10th International 
Conference on Signal Processing and Communication 
Systems, no. 7843349, 2016. 

185. Palo, Scott E.: High Rate Communications Systems for 
CubeSats. Proceedings of the IEEE MTT–S International 
Microwave Symposium, no. 7167152, Phoenix, AZ, 2015. 



NASA/TP-20210000201 39 

186. Neumann, Sebastian Philipp, et al.: Q3Sat: Quantum 
Communications Uplink to a 3U CubeSat—Feasibility & 
Design. EPJ Quantum Technol., vol. 5, no. 4, 2018. 

187. Babuscia, A., et al.: Inflatable Antennas and Arrays for 
Interplanetary Communication Using CubeSats and 
Smallsats. Proceedings of the IEEE Aerospace Conference, 
no. 7119173, Big Sky, MT, 2015. 

188. Kim, Inkyu; and Moon, Sangman: Conceptual Design of 
Korea Pathfinder Lunar Orbiter Communication Relay 
System for Science Cubesats and Commercial 
Communication Payload for Space Exploration Mission. 
Proceedings of the 66th International Astronautical 
Congress, vol. 5, 2015, pp. 3780–3783. 

189. Babuscia, A.; Divsalar, D.; and Cheung, K-M.: CDMA 
Communications Systems With Constant Envelope 
Modulation for CubeSats. Proceedings of the IEEE 
Aerospace Conference, no. 7119041, Big Sky, MT, 2015. 

190. Babuscia, Alessandra, et al.: Development of Cooperative 
Communication Techniques for a Network of Small 
Satellites and CubeSats in Deep Space: The 
SOLARA/SARA Test Case. Acta Astronaut., vol. 115, 
2015, pp. 349–355. 

191. Su, Weilian; Lin, Jianwen; and Ha, Tri: Global 
Communication Coverage Using CubeSats. Proceedings of 
the IEEE 7th Annual Computing and Communication 
Workshop and Conference, no. 7868404, Las Vegas, NV, 
2017. 

192. Chaabane, Haykel; Jaballah, Wael; and Rokbani, Nizar: 
FPA Based Design of 2×l Microstrip Array for CubeSat 
Communications. Proceedings of the 15th International 
Multi-Conference on Systems, Signals & Devices, 2018, 
Yasmine Hammamet, Tunisia, pp. 1055–1060. 

193. Schaire, Scott, et al.: NASA Near Earth Network (NEN) 
and Space Network (SN) CubeSat Communications. AIAA 
2016–2598, 2016. 

194. Oi, Daniel K.L., et al.: CubeSat Quantum Communications 
Mission. EPJ Quantum Technol., vol. 4, no. 1, article 6, 2017. 

195. Khac, Kiem Nguyen, et al.: A Design of Circularly Polarized 
Array Antenna for X-Band CubeSat Satellite 
Communication. Proceedings of the International Conference 
on Advanced Technologies for Communications, 2018,  
pp. 53–56. 

196. Santangelo, Andrew D.; and Skentzos, Paul: Utilizing the 
Globalstar Network for CubeSat and Small Satellite 
Communications. AIAA 2015–4308, 2015. 

197. Kingsbury, R.W., et al.: Fast-Steering Solutions for Cubesat-
Scale Optical Communications. SPIE Proceedings,  
vol. 10563, no. 105630G, 2017. 

198. Konte, Kardigue; Trafford, Russell; and Schmalzel, John: 
Implementing XEDS for a CubeSat Communication 

Subsystem. Proceedings of the IEEE Sensors Applications 
Symposium, no. 8336757, Seoul, Korea, 2018, pp. 1–5. 

199. Rana, Zaid, et al.: Technical Demonstration of a Ground 
Station Using Open MCT for Communications With a 
LEO CubeSat and High-Altitude Balloon. Presented at the 
68th International Astronautical Congress, Paper ID 
38160, 2017.  

200. Khotso, Patsa A.; Lehmensiek, R.; and Van Zyl, R.R.: 
Comparison of the Communication Time of a High Gain 
Versus a Low Gain Monopole-Like Low Profile Antenna 
on a 3-Unit CubeSat. IEEE Africon ‘11, no. 6072146, 
Victoria Falls, Zambia, 2011. 

201. Zaman, I.U., et al.: Omnidirectional Optical Transceiver 
Design Techniques for Multi-Frequency Full Duplex 
CubeSat Data Communication. SPIE Proceedings, vol. 
10769, no. 1076915, 2018. 

202. Vourch, Clement J.; and Drysdale, Timothy D.: Inter-
CubeSat Communication With V-Band “Bull’s Eye” 
Antenna. Proceedings of the 8th European Conference on 
Antennas and Propagation, 2014, pp. 3545–3549.  

203. Nguyen, Tam, et al.: Development of a Pointing, 
Acquisition, and Tracking System for CubeSat Optical 
Communication Module. SPIE Proceedings, vol. 9354, no. 
93540O, 2015.  

204. Chalermwisutkul, Suramate, et al.: Communication 
System Development of the Pioneer Thai CubeSat Project: 
KNACKSAT. Proceedings of the International 
Symposium on Antennas and Propagation, Phuket, 
Thailand, 2017, pp. 1–2. 

205. Challa, Obulapathi N.; and McNair, Janise: CubeSat 
Torrent: Torrent Like Distributed Communications for 
CubeSat Satellite Clusters. Proceedings of the IEEE Military 
Communications Conference, no. 6415828, 2012, pp. 1–6. 

206. Akyildiz, Ian F.; Jornet, Josep M.; and Nie, Shuai: A New 
CubeSat Design With Reconfigurable Multi-Band Radios 
for Dynamic Spectrum Satellite Communication 
Networks. Ad Hoc Netw., vol. 86, 2019, pp. 166–178.  

207. Latachi, Ibtissam, et al.: Link Budget Analysis for a LEO 
CubeSat Communication Subsystem. Proceedings of the 
International Conference on Advanced Technologies for 
Signal and Image Processing, no. 8075571, 2017, pp. 1–6. 

208. Popescu, Otilia: Power Budgets for CubeSat Radios to 
Support Ground Communications and Inter-Satellite 
Links. IEEE Access, vol. 5, 2017, pp. 12618–12625. 

209. Neumann, Sebastian P., et al.: Quantum Communications 
Uplink to a 3U CubeSat. Proceedings of the IEEE 
International Conference on Space Optical Systems and 
Applications, no. 8357431, 2017, pp. 302–306. 

210. Arvizu, A., et al.: ATP Subsystem for Optical 
Communications on a CubeSat. Proceedings of the IEEE 



NASA/TP-20210000201 40 

International Conference on Space Optical Systems and 
Applications, no. 7423081, 2015, pp. 1–5. 

211. Rodriguez-Osorio, Ramon Martinez; and Ramírez, Enrique 
Fueyo: A Hands-On Education Project: Antenna Design for 
Inter-CubeSat Communications [Education Column]. IEEE 
Antennas Propag. Mag., vol. 54, no. 5, pp. 211–224. 

212. Bulanov, D., et al.: Inter-Satellite Communication for LEO 
CubeSat Network: QoS Parameters and Feasibility of 
Massive MIMO. J. Commun. Technol. Electron., vol. 63, 
2018, pp. 1174–1182.  

213. Peng, Michael Y., et al.: Binary Polarization-Shift-Keyed 
Modulation for Interplanetary CubeSat Optical 
Communications. SPIE Proceedings, vol. 10096, no. 
100960B, 2017. 

214. do Nascimento, Antonio C.R., et al.: Analysis of a Dual 
CubeSat Communication System for a Formation-Flying 
Experiment. SPIE Proceedings, vol. 10769, no. 107690V, 
2018. 

215. Clark, Christopher, et al.: 2009, CubeSat Communications 
Transceiver for Increased Data Throughput. Proceedings 
of the IEEE Aerospace Conference, no. 4839404, Big Sky, 
MT, 2009. 

216. Popescu, Otilia; Harris, Jason S.; and Popescu, Dimitrie  
C.: Designing the Communication Sub-System for 
Nanosatellite CubeSat Missions: Operational and 
Implementation Perspectives. Conference Proceedings  
of the SoutheastCon, no. 7506756, Norfolk, VA,  
2016. 

217. Perea-Tamayo, Robert G., et al.: Design and Evaluation of a 
Low-Cost CubeSat Communication Relay Constellation. 
Proceedings of the IEEE MTT–S Latin America Microwave 
Conference, no. 8699047, Arequipa, Peru, 2018, pp. 1–4. 

218. Muri, Paul; and McNair, Janise: A Survey of 
Communication Sub-Systems for Intersatellite Linked 
Systems and Cubesat Missions. J. Commun., vol. 7, no. 4, 
2012, pp. 290–308. 

219. Kara, Ozan, et al.: Communication Architecture and 
International Policy Recommendations Enabling the 
Development of Global CubeSat Space Networks. 
Proceedings of the International Astronautical Congress, 
Paper ID 29413, 2015. 

220. Polly, Colston, et al.: Trade Studies for CubeSat Optical 
Communication Payload Development. AIAA 2016–5562, 
2016. 

221. Corpino, S.; and Stesina, F.: Anlysis of the Communication 
Anomaly During E-ST@R-2 Mission Operations. 
Proceedings of the International Astronautical Congress, 
vol. 9, 2017, pp. 5840–5847. 

222. Muri, Paul; Challa, Obulpathi; and McNair, Janise: 
Enhancing Small Satellite Communication Through 
Effective Antenna System Design. Proceedings of the 
IEEE Military Communications Conference, no. 5680405, 
2010, pp. 347–352. 

223. Moll, Florian, et al.: Aerospace Laser Communications 
Technology as Enabler for Worldwide Quantum Key 
Distribution. SPIE Proceedings, vol. 990, no. 99000K, 2016. 

  



NASA/TP-20210000201 41 

Bibliography 
Abbas, N. N., Xiao, H., Jun, L. Y., Raza, M. (2012). An 

architecture analysis of ADCS for CubeSat: A recipe for 
ADCS design of ICUBE. Applied Mechanics and Materials, 
Volume 110-116, p. 5397-5404. 

Abdelwahab, H., Nawari, M., Abdalla, H. (2017). Maximizing 
solar energy input for CubeSat using sun tracking system 
and a maximum power point tracking. Proceedings - 
International Conference on Communication, Control, 
Computing and Electronics Engineering, ICCCCEE 2017, 
Article no. 7866695. 

Abraham, D., MacNeal, Bruce E., Heckman, David P. (2016). 
Enabling affordable communications for the burgeoning 
deep space CubeSat fleet. SpaceOps 2016 Conference, 
Article no. AIAA 2016-2625. 

Abraham, D. S., MacNeal, B. E., Heckman, D. P. (2016). 
Enabling affordable communications for the burgeoning 
deep space CubeSat fleet. 14th International Conference on 
Space Operations. SpaceOps 2016 Conference. 

Abulgasem, S., Raad, R., Tubbal, F. E. (2018). High Gain Slot 
Antenna with Reflector for 2U CubeSat. 12th International 
Conference on Signal Processing and Communication 
Systems, ICSPCS 2018 – Proceedings, Article no 8631765. 

Adams, D. (2018). Small satellite launch solutions. 
Proceedings of the International Astronautical Congress, 
IAC 2018, Volume 2018-October. 

Adams, E., Oshaughnessy, D., Reinhart, M., John, J., Congdon, 
E., Gallagher, D., Abel, E., Atchison, J., Fletcher, Z., Chen, 
M., Heistand, C., Huang, P., Smith, E., Sibol, D., Bekker, 
D., Carrelli, D. (2019). Double Asteroid Redirections Test: 
The Earth Strikes Back. IEEE Aerospace Conference, 
AERO 2019. 

Aguirre, F., Custodero, B., Shah, B. (2015). Ka-band tone 
generator for the ISARA CubeSat. IEEE Aerospace 
Conference, AERO 2015, Volume 2015-June, Article no. 
7119294. 

Aguirre, F. H. (2015). X-Band electronics for the INSPIRE 
CubeSat deep space radio. IEEE Aerospace Conference 
Proceedings, Volume 2015-June. 

Ahmad, Y. A., Nazim, N. J., Yuhaniz, S. S. (2016). Design of 
a terminal node controller hardware for CubeSat tracking 
applications. IOP Conference Series: Materials Science and 
Engineering, Volume 152, Issue 1, Article no. 012031. 

Akyildiz, I. F., Kak, A. (2019). The Internet of Spave 
Things/CubeSats: A ubiquitous cyber-physical system for 
the connected world. Computer Networks, Volume 150, p. 
134-149. 

Al Qasim, I. H., Lootah, F. H., Almatroushi, H. R., Ali, H., 
Sharif, M., Al Mheiri, K., Al Marzooqi, S., Al Shehhi, A., 
 

Alshaer, A., Almaeeni, F. (2016). Nayif-1: UAE’s first 
CubeSat mission. 14th International Conference on Space 
Operations. 

Alanazi, A. (2018). Methodology and tools for reducing 
CubeSat mission failure. AIAA SPACE and Astronautics 
Forum and Exposition, Volume AIAA 2018-5122. 

Albaladejo, G., Martinez, C., Vega, E. (2008). Highly efficient 
CubeSat platform: Project OPTOS. International 
Astronautical Federation - 59th International Astronautical 
Congress 2008, IAC 2008, Volume 7, p. 4183-4191. 

Albarran, R. M., Barjatya, A. (2016). Plasma density analysis 
of CubeSat wakes in the Earth’s ionosphere. Journal of 
Spacecraft and Rockets, Volume 53, Issue 3, p. 393-400. 

Alhammadi, M., Svetinovic, D. (2017). Autonomy 
requirements engineering for micro-satellite systems: 
CubeSat case study. 26th International Conference on 
Information, Communication and Automation, ICAT 2017, 
Volume 2017-December, p. 1-6. 

Ali, A., Mughal, M. R., Ali, H., Reyneri, L. M., Aman, M. N. 
(2018). Design, implementation, and thermal modeling of 
embedded reconfigurable magnetorquer system for 
nanosatellites. IEEE Transactions on Aerospace and 
Electronic Systems, Volume 51, Issue 4, p. 2666-2679. 

Ali, A, Mukhtar, Z., Ullah, K., Reyneri, L. (2018). Design and 
comparison of embedded air coils for small satellite. 
Turkish Journal of Electrical Engineering and Computer 
Sciences, Volume 26, Issue 2, p. 1027-1040. 

Ali, A., Ullah, K., Rehman, H. U., Bari, I., Reyneri, L. M. 
(2017). Thermal characterization analysis and modelling 
techniques for CubeSat-sized spacecraft. Aeronaut J, 
Volume 121, Issue 1246, p. 1858-1878. 

Almansoori, F., Marpu, P., Aung, Z. (2018). Improved Power 
Control Approach for Better Data Throughput in CubeSat 
Nanosatellites. Proceedings of the 2018 13th International 
Conference on Innovations in Information Technology, IIT 
2018, Article no. 8605944, p. 52-57. 

Alomar, W., Degnan, J., Mancewicz, S., Sidley, M., Cutler, J., 
Gilchrist, B. (2011). An extendable solar array integrated 
Yagi-Uda UHF antenna for CubeSat platforms. IEEE 
Antennas and Propagation Society, AP-S International 
Symposium (Digest), Article no. 5997166, p. 3022-3024. 

American Institute of Aeronautics and Astronautics (2012). 
AIAA SPACE Conference and Exposition. URL: 
https://arc.aiaa.org/doi/book/10.2514/MSPACE12 

American Institute of Aeronautics and Astronautics (2013). 
51st AIAA Aerospace Sciences Meeting including the New 
Horizons Forum and Aerospace Exposition. URL: 
https://arc.aiaa.org/doi/book/10.2514/MASM13 

https://arc.aiaa.org/doi/book/10.2514/MSPACE12
https://arc.aiaa.org/doi/book/10.2514/MASM13


NASA/TP-20210000201 42 

American Institute of Aeronautics and Astronautics (2014). 13th 
International Conference on Space Operations, SpaceOps 
URL: https://arc.aiaa.org/doi/book/10.2514/MSPOPS14 

American Institute of Aeronautics and Astronautics (2014). 
AIAA SPACE Conference and Exposition. URL: 
https://arc.aiaa.org/doi/book/10.2514/MSPACE14 

American Institute of Aeronautics and Astronautics (2016). 3rd 
AIAA Spacecraft Structures Conference. URL: 
https://arc.aiaa.org/doi/book/10.2514/MGSF16 

Amin, A. A., Mohammed, E. M., AlShehhi, A. M., Almheirib, 
K. A., AlZarouni, M. A., Al Hai, M. N., Alblooshi, H. M. 
(2017). Nano-satellite outreach program’s first CubeSat 
mission. Proceedings of the International Astronautical 
Congress, IAC 2017, Volume 17, p. 11101-11105. 

Amnuaikiatloet, T., Tantikul, T., Techalertvijit, P., 
Sukchalerm, P., Vongsantivanich, W., Limpichaisopon, P. 
(2016). SpaceBox STEP-1: THAI CubeSat toward a self-
sustainable future. 14th International Conference on Space 
Operations. 

Anderson, L., Swenson, C., Davidson, R., Mastropietro, A. J., 
Maghsoudi, E., Luong, S. (2018). CubeSat active thermal 
management in support of cooled electro-optical 
instrumentation for advanced atmospheric observing 
missions. Proceedings of SPIE - The International Society for 
Optical Engineering, Volume 10769, Article no. 1076907. 

Anderson, L., Swenson, C., Davidson, R., Mastropietro, A. J., 
Maghsoudi, E., Luong, S., Cappucci, S., McKinley, I. 
(2018). CubeSat active thermal management in support of 
cooled electro-optical instrumentation for advanced 
atmospheric observing missions. Proceedings of SPIE - The 
International Society for Optical Engineering, Volume 
10769, Article no. 1076907. 

Andrew J., Lightsey, E. G., Humphreys, T. E. (2012). 
Development and testing of a miniaturized dual-frequency 
GPS receiver for space applications. Institute of Navigation 
International Technical Meeting 2012, ITM 2012, Volume 
2, p. 1468-1525. 

Ånes, H. W., Evang, T. H., Skafså, O. M., Birkeland, R. (2016). 
CubeSat ground station module: Transmitting, receiving 
and displaying CubeSat data through a web-based graphical 
user interface. Proceedings of the International 
Astronautical Congress, IAC 2016, Report no 34398.  

Ansdell, M., Ehrenfreund, P., McKay, C. (2011). Stepping 
stones toward global space exploration. Acta Astronautica, 
Volume 68, Issue 11-12, p. 2098-2113. 

Arechiga, A. P., Michaels, A. J., Black, J. T. (2018). Onboard 
Image Processing for Small Satellites. Proceedings of the 
IEEE National Aerospace Electronics Conference, 
NAECON, Volume 2018-July, p. 234-240. 

Aslan, A. R., Kalemci, E., Bas, M. E., Akyol, I. E., Uludag, M. 
S., Aksulu, M. D., Umit, E. (2014). Development and in 

orbit testing of an X-ray detector within a 2U CubeSat. 
Proceedings of the International Astronautical Congress, 
IAC 2014, Volume 5, p. 3460-3467. 

Aslan, A. R., Sofyali, A., Umit, E., Tola, C., Oz, I., Gulgonul, S. 
(2011). TURKSAT-3USAT: A 3U communication CubeSat 
with passive magnetic stabilization. Proceedings of 5th 
International Conference on Recent Advances in Space 
Technologies, RAST 2011, Article no. 5966949, p. 783-788. 

Aslan, A. R., Yagci, B., Umit, E., Bas, M. E., Uludag, M. S., 
Ozen, O. E., Süer, M., Sofyali, A. (2013). Lessons learned 
developing a 3U communication CubeSat. Proceedings of 
the International Astronautical Congress, IAC 2013, 
Volume 10, p. 7992-7997. 

Aslan, A. R., Yagci, H. B., Umit, M. E., Sofyali, A., Bas, M. 
E., Uludag, M. S., Ozen, O. E., Aksulu, M. D., Yakut, E., 
Oran, C., Suer, M., Akyol, I. A., Ecevit, A. B., Ersoz, M. S., 
Oz, I., Gulgonul, S., Dinc, B., Dengiz, T. (2013). 
Development of an LWO communication CubeSat. 
Proceedings of 6th International Conference on Recent 
Advances in Space Technologies, RAST 2013, Article no. 
6581288, p. 637-641. 

Asundi, S. A., Fitz-Coy, N. G. (2013). Design of command, 
data telemetry handling system for a distributed computing 
architecture CubeSat. IEEE Aerospace Conference, AERO 
2013, Article no. 6496901. 

Atkins, B. M., Henderson, T. A. (2012). Under-actuated 
moving mass attitude control for a 3U CubeSat mission. 
Advances in the Astronautical Sciences, Volume 143, p. 
2083-2094. 

Auret, J., Steyn, W. H. (2011). Design of an aerodynamic 
attitude control system for a CubeSat. 62nd International 
Astronautical Congress 2011, IAC 2011, Volume 11, p. 
9009-9017. 

Awad Alahbabi, K. A., Ali Obaid Alazeezi, A., Ahmed, W. K. 
(2019). Designing an Innovative CubeSat Payload to 
Investigate Material Properties for UAE Space Missions. 
Advances in Science and Engineering Technology 
International Conferences, ASET 2019, Article no. 8714273. 

Babuscia, A. (2014). Inflatable antenna for CubeSat: Design, 
fabrication, deployment and tests. 73rd Annual Conference of 
the Society of Allied Weight Engineers, Inc., SAWE 2014. 

Babuscia, A., Choi, T., Cheung, K.-M., Thangavelautham, J., 
Ravichandran, M., Chandra, A. (2015). Inflatable antenna 
for CubeSat: Extension of the previously developed S-band 
design to the X-Band. AIAA SPACE 2015 Conference and 
Exposition. 

Babuscia, A., Choi, T., Sauder, J., Chandra, A., 
Thangavelautham, J. (2016). Inflatable antenna for 
CubeSats: Development of the X-band prototype. IEEE 
Aerospace Conference Proceedings, Volume 2016-June, 
Article no. 7500679. 

https://arc.aiaa.org/doi/book/10.2514/MSPOPS14
https://arc.aiaa.org/doi/book/10.2514/MSPACE14
https://arc.aiaa.org/doi/book/10.2514/MGSF16


NASA/TP-20210000201 43 

Babuscia, A., Corbin, B., Jensen-Clem, R., Knapp, M., 
Sergeev, I., Van De Loo, M., Seager, S. (2013). CommCube 
1 and 2: A CubeSat series of missions to enhance 
communication capabilities for CebeSat. IEEE Aerospace 
Conference, AERO 2013, Article no. 6497128. 

Babuscia, A., Corbin, B., Knapp, M., Jensen-Clem, R., Van De 
Loo, M., Seager, S. (2012). Inflatable antenna for CubeSat: 
Motivation for development and antenna design. 
Proceedings of the International Astronautical Congress, 
IAC 2012, Volume 6, p. 4604-4615. 

Babuscia, A., Hung, C., Divsalar, D., Cheung, K.-M. (2014). 
Code division multiple access communications systems for 
CubeSats at Lunar Lagrangian L1. IEEE Aerospace 
Conference Proceedings, Article no. 6836341. 

Babuscia, A., Sauder, J., Chandra, A., Thangavelautham, J., 
Feruglio, L., Bienert, N. (2017). Inflatable antenna for 
CubeSat: A new spherical design for increased X-band gain. 
IEEE Aerospace Conference Proceedings, Article no. 
7943897. 

Baceski, E., Gokcebag, S., Erdem, A., Erbay, S. G., Akyol, M., 
Arslankoz, K., Arslan, I., Agca, M. A. Aydin, Y. B., Aslan, 
A. R. Ceylan, O. (2015). HAVELSAT: A software defined 
radio experimentation CubeSat. Proceedings of 7th 
International Conference on Recent Advances in Space 
Technologies, RAST 2015, Article no. 7208455, p. 831-834. 

Badami, V. J., Aggarwal, K., Sharma, S., Raie, S. M., Goyal, 
T. (2019). In-Loop Simulation of Attitude Control of a 
Nanosatellite. IEEE Aerospace Conference, AERO 2019, 
Article no. 874617. 

Bafadhal, F. H., Nugroho, B. S., Wijanto, H. (2018). Microstrip 
Antenna and Tumbling Simulation for CubeSat on Inter-
Satellite Link (ISL) system. Proceedings - International 
Conference on Control, Electronics, Renewable Energy and 
Communications, ICCEREC 2018, Article no. 8712100, p. 
18-23. 

Bai, X., Islam, Md. T., Ilangovan, K., Nguyen, H. N., 
Chandrasekara, R., Tang, Zh., Tang, Zo., Barraclough, S., 
Griffin, D., Boyce, R., A. (2018). SpooQy-1, a CubeSat to 
demonstrate an entangled photon light source. Advances in 
the Astronautical Sciences, Volume 163, p. 565-575. 

Baig, H. (2012). Integrated design of solar panels deployment 
mechanism for a three unit CubeSat. 12th International 
Conference on Space Operations, SpaceOps 2012. 

Bakkali, M. E., Idrissi, N. E. A. E., Tubbal, F. E., Gaba, G. S. 
(2018). Optimum design of a tri-band MPA with parasitic 
elements for CubeSat communication using Genetic 
Algorithm. Proceedings - 2018 International Conference on 
Wireless Networks and Mobile Communications, 
WINCOM 2018. Article no. 8629625. 

Balan, M., Dragasanu, C. G., Trusculescu, M. F., Pandele, A. 
C., Cherciu, C., Radu, S., Piso, M. I. (2018). CubeSat 

orbiting Didymos asteroid system - Simulations in the 
context of AIDA mission. 

Balan, M., Piso, M.-I., Trusculescu, M. F., Dragasanu, C. G., 
Pandele, C. A. (2011). Past, present and future of the 
Romanian nanosatellites program. 62nd International 
Astronautical Congress, IAC 2011, Volume 5, p. 3599-3603. 

Balan, M., Trusculescu, M. F., Dragasanu, C. G., Radu, S., 
Cherciu, C. (2015). Robisat mission: Double unit CubeSat 
thermal analysis in context of QB50 mission. Proceedings 
of the International Astronautical Congress, IAC 2015, 
Volume 8, p. 6507-6512. 

Balogh, W. R., Kawashima, R., Ibrahim, M. K., Miyazaki, Y. 
(2017). Identifying global capacity building needs: 
Cansat/CubeSat activities for capacity building in basic 
space technology development. Proceedings of the 
International Astronautical Congress, IAC 2017, Volume 9, 
p. 5671-5683. 

Bambach, P., Deller, J., Martel, J., Vilenius, E., Goldberg, H., 
Sorsa, L.-I., Pursiainen, S., Takala, M., Wurster, A., Braun, 
H. M., Lentz, H., Jutzi, M., Wittig, M., Chitu, C. C., Ritter, 
B., Karatekin, Özgür K. (2018). What’s inside a rubble pile 
asteroid? DiSCUS - A tomographic twin radar CubeSat to 
find out. Proceedings of the International Astronautical 
Congress, IAC 2018, Volume 2018-October. 

Barbaric, D., Vukovic, J., Babic, D. (2018). Link budget 
analysis for a proposed CubeSat Earth observation mission. 
41st International Convention on Information and 
Communication Technology, Electronics and 
Microelectronics, MIPRO 2018 – Proceedings, p. 133-138. 

Barnhard, G., Faber, D. (2016). Space-to-space power  
beaming – An evolving commercial mission to unbundle 
space power systems to foster space applications. 
Proceedings of the International Astronautical Congress, 
IAC 2016, Report no. 33022. 

Barnhard, G. P., Potter, S. D. (2018). Challenges of space 
power beaming: Forging production services from the 
technology development trade space. AIAA SPACE and 
Astronautics Forum and Exposition, Article no. AIAA 
2018-5368. 

Barraclough, S., Griffin, D., Benson, C., Lambert, A., 
DImitrijevic, I., Ramana, A., Vennik, J., Brown, M., Tuttle, 
S., Sheard, B., Boyce, R., Wade, P., May, D. (2017). RAAF-
M1: UNSW Canberra – Royal Australian air force space 
situational awareness and ISR pathfinder mission. 
Proceedings of the International Astronautical Congress, 
IAC 2017, Volume 9, p. 5986-5994. 

Bashir, S. M. A., Mughal, G. A., Mahmood, R., Khurshid, K. 
(2017). Design and performance evaluation of low cost, 
medium resolution imaging payload for nanosatellites. 5th 
International Conference on Aerospace Science and 
Engineering, ICASE 2017, p. 1-7. 



NASA/TP-20210000201 44 

Bedington, R., Truong-Cao, E., Tan, Y. C., Cheng, C., Durak, 
K., Grieve, J., Larsen, J., Oi, D., Ling, A. (2015). Deploying 
quantum light sources on nanosatellites II: Lessons and 
perspectives on CubeSat spacecraft. Proceedings of SPIE - 
The International Society for Optical Engineering, Volume 
9648, Article no. 964811. 

Bedingtori, R., Zhongkan, T., Chandrasekara, R., Cheng, C., 
Chuan, T. Y., Durak, K., Zafra, A. V., Truongcao, E., Ling, 
A., Oi, D. (2015). Small photon entangling quantum system 
(SPEQS) enabling space-based quantum key distribution 
(QKD). Proceedings of the International Astronautical 
Congress, IAC 2015, p. 3623-3628. 

Bedon, H., Negron, C., Llantoy, J., Nieto, C. M., Asma, C. O. 
(2010). Preliminary internetworking simulation of the 
QB50 CubeSat constellation. IEEE Latin-American 
Conference on Communications, LATINCOM 2010 - 
Conference Proceedings, Article no. 5640977. 

Bekker, D. L., Werne, T. A., Wilson, T. O., Pingree, P. J., 
Dontchev, K., Heywood, M., Ramos, R., Freyberg, B., Saca, 
F., Gilchrist, B., Gallimore, A., Cutler, J. (2010). A CubeSat 
design to validate the virtex-5 FPGA for spaceborne image 
processing. IEEE Aerospace Conference Proceedings, 
Article no. 5446700. 

Benson, I., Kaplan, A., Flynn, J., Katz, S. (2017). Fault-tolerant 
and deterministic flight-software system for a high 
performance CubeSat. International Journal of Grid and High 
Performance Computing, Volume 9, Issue 1, p. 92-104. 

Bergsrud, C., Straub, J., Clausing, M., McClure, J., Noghanian, 
S. (2013). Constructing a constellation of 6U solar power 
Cube Satellites. Proceedings of the International 
Astronautical Congress, IAC 2013, Volume 9, p. 6749-6758. 

Bernhardt, P. A., Siefring, C. L., Huba, J. D., Abrams, J., 
Miller, S., Voronka, N. (2011). The tandem instrumented 
CubeSats experiment (TICE) in low Earth orbit for 
continuous occultation observations of the ionosphere. 2011 
30th URSI General Assembly and Scientific Symposium, 
URSIGASS 2011, Article no. 6050900. 

Bin Ibrahim, S. A., Sabri, S. F., Salleh, N. (2012). Preliminary 
hardware design and development of on-board data 
handling for picosatellite in national space agency. Applied 
Mechanics and Materials, Volume 225, p. 492-496. 

Bingham, B., Weston, C. (2014). System level hardware-in-
the-loop testing for CubeSats. Advances in the 
Astronautical Sciences, Volume 151, p. 701-716. 

Birkeland, R. (2017). Freely drifting CubeSat constellations for 
improving coverage for Artic sensor networks. IEEE 
International Conference on Communications, ICC 2017, 
Article no. 7997293.  

Bittencourt, R. S., Albuquerque, D. S., Ferreira, A. R., 
Cavalcante, W. G., Marconcini R., Gabriel F., Hughes, G. 
B. (2018). Energy subsystem analysis for a 6U CubeSat 

mission utilizing high-power laser and FT-IR spectrometer. 
Proceedings of SPIE - The International Society for Optical 
Engineering, Volume 10769, Article no. 107690S. 

Blackwell, W. (2014). A new generation of small satellite 
rediometers for Earth atmospheric remote sensing from 
space. International Conference on Infrared, Millimeter, and 
Terahertz Waves, IRMMW-THz, Article no. 6956215. 

Blackwell, W. J. (2017). Radiometer development for small 
satellite microwave atmospheric remote sensing. 
International Geoscience and Remote Sensing Symposium 
(IGARSS), Volume 2017-July, p. 267-270. 

Blandino, J. J., Martinez, N., Demetriou, M. A., Gatsonis, N. 
A., Paschalidis, N. (2016). Feasibility for orbital life 
extension of a CubeSat flying in the lower thermosphere. 
54th AIAA Aerospace Sciences Meeting. 

Bo, L., Fei, L. (2013). Long March, easy and reliable access to 
space for small satellites. Proceedings of the International 
Astronautical Congress, IAC 2013, Volume 5, p. 4094-4099. 

Bombardelli, C., Nuñez-Ayllón, J. M., Peláez, J. (2010). 
Performance analysis of bare electrodynamic tethers as 
microsat deorbiting systems. Advances in the Astronautical 
Sciences, Volume 136, p. 2515-2522. 

Borthakur, M., Khan, T., Dash, S. K. K. (2017). Circularly 
polarized dual-band cylindrical dielectric resonator antenna 
for CubeSat applications. 32nd General Assembly and 
Scientific Symposium of the International Union of Radio 
Science, URSI GASS 2017, Volume 1027-January, p. 1-4. 

Bosanac, N., Cox, A., Howell, K. C., Folta, D. C. (2017). 
Trajectory design for cislunar CubeSat leveraging dynamical 
systems techniques: The lunar icecube mission. Advances in 
the Astronautical Sciences, Volume 160, p. 1483-1502. 

Bousquet, P. W., Vane, G., Baker, J., Castillo-Rogez, J., 
Raymond, C. (2017). Planetary CubeSats: Mission 
Architectures. Proceedings of the International Astronautical 
Congress, IAC 2017, Volume 4, p. 2475-2483. 

Bouwmeester, J., Van der Linden, S. P., Povalac, A., Gill, E. K. 
A. (2018). Towards an innovative electrical interface 
standard for PocketQubes and CubeSats. Advances in Space 
Research, Volume 62, Issue 12, p. 3423-3437. 

Bradley, J., Atkins, E. M. (2015). Coupled Cyber-Physical 
System Modeling and Coregulation of a CubeSat. IEEE 
Transactions on Robotics, Volume 31, Issue 2, Article no. 
7066947, p. 443-456. 

Brandon, C., Chapin, P., Farnsworth, C., Klink, S. (2017). 
CubedOS: A verified CubeSat operating system. Ada User 
Journal, Volume 38, Issue 3, p. 151-156. 

Brandon, C. S. (2012). A Navigation test flight for a Lunar 
CubeSat. SpaceOps 2012 Conference. 

Briqech, Z., Neustaeter, K., Krasteva, M., Papanagiotou, E., 
Dee, J. C., Kandela, R., Dhanji, A-K., Sebak, A. (2016). 
Double-loop dual-band VHF/UHF monopole antenna for 



NASA/TP-20210000201 45 

aleksandr nanosatellites. Proceedings of the International 
Astronautical Congress, IAC 2016, Report no. 34288. 

Brown, K. Z., Clements, T., Evans, J. (2015). CubeSat 
orientation control and matching to communications system 
requirements. Advances in the Astronautical Sciences,  
p. 1111-1124. 

Bruzzi, D., Corbelli, A., Tortora, P. (2010). Design and 
verification of an optimized separation system for 
microsatellites: The ALMASAT-I case study. 61st 
International Astronautical Congress 2010, IAC 2010, 
Volume 7, p. 5768-5779. 

Budianu, A., Castro, T. J. W., Meijerink, A., Bentum, M. J. 
(2013). Inter-satellite links for CubeSats. IEEE Aerospace 
Conference Proceedings, AERO 2013, Article no. 6496947. 

Budianu, A., Meijerink, A., Bentum, M. J., Klein, J. M., 
Engelen, S. (2014). Integrated downlink antennas in the 
deployable solar panels of a CubeSat. IEEE Aerospace 
Conference Proceedings, Article no. 6836190. 

Bumbary, T. M., Maybury, J. (2016). Design of luminosity 
sensor experiment on a CubeSat satellite for middle and 
high school students. Proceedings of the 6th IEEE 
Integrated STEM Education Conference, ISEC 2016, 
Article no. 7457563, p. 94-95. 

Burgett, T., Stochaj, S. (2015). INCA CubeSat: A design analysis 
of the telemetering system. Proceedings of the International 
Telemetering Conference, Volume 82, p. 724-739. 

Burkhardt, Z., Perakis, N., Welch, C. (2018). Project 
Glowworm: Testing laser sail propulsion in LEO. 
Proceedings of the International Astronautical Congress, 
IAC 2018, Volume 2018-October. 

Busch, S., Schilling, K., Bangert, P., Reichel, F. (2013). Robust 
satellite engineering in education al CubeSat missions at the 
example of the UWE-3 project. IFAC Proceedings Volumes 
(IFAC-PapersOnline), Volume 19, p. 236-241. 

Busso, A., Mascarello, M., Corpino, S., Stesina, F., Mozzillo, 
R. (2016). The communication module on-board E-ST@R-
II CubeSat. 7th ESA International Workshop on Tracking, 
Telemetry and Command Systems for Space – TTC 2016. 

Buttazzoni, G., Comisso, M., Cuttin, A., Fragiacomo, M., 
Vescovo, R., Vincenti Gatti, R. (2017). Reconfigurable 
phased antenna array for extending CubeSat operations to 
Ka-band: Design and feasibility. Acta Astronautica, 
Volume 137, p. 114-121. 

Butters, B., Raad, R. (2015). A 2.4 GHz High Data Rate radio 
for pico-satellites. Proceedings of 2014 8th International 
Conference on Telecommunication Systems Services and 
Applications, TSSA 2014, Article no. 7065943. 

Cahoy, K., Marinan, A., Kerr, C., Cheng, K., Jamil, S. (2012). 
CubeSat deformable mirror demonstration. Proceedings of 
SPIE - The International Society for Optical Engineering, 
Volume 8442, Article no 84424D. 

Calamaio, C. L., Griffin, R. E., Irwin, D., Howell, B., Landrum, 
B. (2015). Intelligent payload module design for application-
oriented research. AUVSI Unmanned Systems 2015. 

Camarena, M. E., Martinez, P. (2018). PyrSat – Prevention and 
response to wild fires with an intelligent Earth observation 
CubeSat. Proceedings of the International Astronautical 
Congress, IAC 2018, Volume 2018-October. 

Caplan, D. O., Schulein, R. T., Carney, J. J., Stevens, M. L., 
Spector, S. J. (2016). WBM laser transmitters for mobile 
free-space laser communications. Proceedings of SPIE - 
The International Society for Optical Engineering, Volume 
9739, Article no. 97390W. 

Cappelletti, C., Battistini, S., Graziani, F. (2018). Small launch 
platforms for micro-satellites. Advances in Space Research, 
Volume 62, Issue 12, p. 3298-3304. 

Cappelletti, C., Martinotti, G., Graziani, F. (2011). 
UniCubeSat: A test for a gravity-gradient solar array boom. 
62nd International Astronautical Congress 2011, IAC 2011, 
Volume 5, p. 4097-4102. 

Carpenter, C. B., Schmuland, D., Overly, J., Masse, R. (2013). 
CubeSat modular propulsion systems product line 
development status and mission applications. 49th 
AIAA/ASME/SAE/ASEE Joint Propulsion Conference. 

Carrara, V. (2016). Attitude determination and control of 
ITASAT CubeSat. Advances in the Astronautical Sciences, 
Volume 158, p. 53-70. 

Cayo, E. H., Duarte, R., Da Silva, T. (2016). Low cost yaw 
controller for CubeSat oriented to education and 
entertainment. 20th IEEE International Symposium on 
Consumer Electronics, ISCE 2016. 

Chahat, N., Hodges, R. E., Sauder, J., Thomson, M., Peral, E., 
Rahmat-Samii, Y. (2016). CubeSat Deployable Ka-Band 
Mesh Refletor Antenna Development for Earth Science 
Missions. IEEE Transactions on Antennas and Propagation, 
Volume 64, Issue 6, p. 2083-2093. 

Chang, Y.-K., Park, J.-H., Kim, Y.-H., Moon, B.-Y., Min, M.-
I. (2003). Design and development of HAUSAT-1 
picosatellite system (CubeSat). Proceedings of International 
Conference on Recent Advances in Space Technologies, 
RAST 2003, p. 47-54. 

Chattopadhyay, T., Falcone, A. D., Burrows, D. N., Hull, S., 
Bray, E., Wages, M., McQuaide, M., Buntic, L., Crum, R., 
O’Dell, J., Anderson, T. (2018). X-ray hybrid CMOS 
detectors: Recent development and characterization progress. 
Proceedings of SPIE - The International Society for Optical 
Engineering, Volume 10699, Article no. 106992E. 

Che, J-K., Chen, C-C. (2017). A 6-40 GHz antenna system for 
CubeSat radiometer. AMTA 2016 Proceedings, Article no. 
7806289. 

Chen, H., Liu, J., Long, L., Xu, Z., Meng, Y., Zhang, H. (2019). 
Lunar far side positioning enabled by a CubeSat system 



NASA/TP-20210000201 46 

deployed in an Earth-Moon halo orbit. Advances in Space 
Research, Volume 64, Issue 1, p. 28-41. 

Chia, T.-T., Chio, T.-H., Lim, W.-Y., Manzoni, G., Mouthaan, 
K. (2017). A reflectarry antenna design for installation on a 
3U-CubeSat. International Symposium on Antennas  
and Propagation, ISAP 2017, Volume 2017-January,  
p. 1-2. 

Chien, S., Doubleday, J., Thompson, D. R., Wagstaff, K. L., 
Bellardo, J., Francis, C., Baumgarten, E., Williams, A., Yee, 
E., Stanton, E., Piug-Suari, J., Davies, M. (2017). Onboard 
autonomy on the intelligent payload experiment CubeSat 
mission. Journal of Aerospace Information Systems, 
Volume 14, Issue 6, p. 307-315. 

Chin, A., Clark, C. (2012). Class F GaN power amplifier for 
CubeSat communication links. IEEE Aerospace Conference 
Proceedings, Article no. 6187136. 

Chin, J., Rahman, A., Shee, L. S., Cheng, O. P., Chik, T. F. W. 
K. (2013). Competition for pre-university students in 
Malaysia: Design your own CubeSat. International 
Conference on Space Science and Communication, 
IconSpace, p. 141-144. 

Chisabas, R. S. S., Loureiro, G., Burger, E. E., Coronel, G. G. 
(2016). Method for CubeSat thermal-vacuum testing 
specifications. Proceedings of the International 
Astronautical Congress, IAC 2016, Report no. 35704. 

Cho, D.-H., Lee, D.-H., Kim, H.-D. (2018) Improved detumbling 
control for CubeSat by using MEMS gyro. Advances in the 
Astronautical Sciences, Volume 162, p. 137-146. 

Christian S. P., Kuehnel, C., Johnson, M. (2015). A new way 
of utilizing the international space station with CubeSat size 
external payloads. AIAA SPACE 2015 Conference and 
Exposition. 

Cialone, G., Marzioli, P., Masillo, S., Gianfermo, A., Frezza, 
L., Pellegrino, A., Piergentili, F., Santoni, F. (2018). 
LEDSAT: A LED-Based CubeSat for optical orbit 
determination methodologies improvement. 5th IEEE 
International Workshop on Metrology for AeroSpace, 
MetroAeroSpace 2018 – Proceedings, p. 456-461. 

Clark, P., Collier, M., Schaible, M., Farrell, W. M., Folta, D. 
(2018). Overview of Phobos/Deimos Regolith Ion Sample 
Mission (PRISM) concept. Proceedings of SPIE - The 
International Society for Optical Engineering, Volume 
10769. 

Clark, P., MacDowall, R., Farrell, W., Brambora, C., Lunsford, 
A., Hurford, T., Folta, D., Malphrus, B., Grubb, M., 
Wilzcewski, S., Bujold, E. (2018). Nature of and lessons 
learned from Lunar Ice Cube and the first deep space 
CubeSat ‘cluster.’ Proceedings of SPIE - The International 
Society for Optical Engineering, Volume 10769, Article no. 
107690G. 

Clark, R., Macdonald, M. (2013). Residual air inflated systems 
for CubeSats. Proceedings of the International Astronautical 
Congress, IAC 2013, Volume 13, p. 9949-9959. 

Clark, R., Sinn, T., Lucking, C., Donaldson, N., Brown, R., 
Parry, T., Dolan, I., Lowe, C., Bewick, R. (2012). StrathSat-
R: Deploying inflatable CubeSat structures in micro gravity. 
Proceedings of the International Astronautical Congress, 
IAC 2012, Volume 13, p. 10292-10398. 

Clarke, M., Guo, J., Sanders, B., Gasiewski, A. (2016). 
Affordable and accessible attitude control validation test 
methods for CubeSats. Proceedings of the International 
Astronautical Congress, IAC 2016, Report no. 34578. 

Cockrell, J. J., Hyde, E., Wolfe, J., Twitchell, K. L., Roman, M. 
C., Eberly, E. A., Klumpar, D. M., Hanson, J. E. (2016). The 
cube quest challenge – a government prize challenge to 
citizen inventors for novel CubeSat technologies to enable 
deep space science and exploration. AIAA Space and 
Astronautics Forum and Exposition, SPACE 2016. 

Coen, C., Piepmeier, J. R., Cressler, J. D. (2013). Integrated 
silicon-germanium electronics for CubeSat-based 
radiometers. International Geoscience and Remote Sensing 
Symposium (IGARSS), p. 1286-1289. 

Coen, C. T., Piepmeier, J. R., Cressler, J. D. (2013). Integrated 
silicon-germanium electronics for CubeSat-based 
radiometers. IEEE International Geoscience and Remote 
Sensing Symposium, IGARSS 2013, Article no. 6723016, 
p. 1286-1289. 

Coffee, B. G., Cahoy, K., Bishop, R. L. (2013). Propagation of 
CubeSats in LEO using NORAD two line element sets: 
Accuracy and update frequency. AIAA Guidance, 
Navigation, and Control (GNC) Conference. 

Cohen, A., Gerdom, C., Bellardo, J. (2018). Launch 
environment measurement CubeSat and lessons learned. 
Proceedings of the International Astronautical Congress, 
IAC 2018. 

Conversano, R. W., Wirz, R. E. (2013). Mission capability 
assessment of CubeSats using a miniature ion thruster. 
Journal of Spacecraft and Rockets, Volume 50, Issue 5,  
p. 1035-1046. 

Conversano, R. W., Rabinovitch, J., Strange, N. J., Arora, N., 
Jens, E., Karp, A. C. (2019). SmallSat missions Enabled by 
Paired Low-Thrust Hybrid Rocket and Low-Power Long 
life Hall Thruster. IEEE Aerospace Conference, AERO 
2019, Volume 2019-March, Article no. 8741678. 

Cornogolub, A., Underwood, C., Voigt, P. (2017). Design of 
rigid boom electro-dynamic drag sail (RBEDDS) de-orbiting 
system. Proceedings of the International Astronautical 
Congress, IAC 2017, Volume 7, p. 4133-4142. 

Corrado, B. J., Ebel, W. J., Jayaram, S. (2008). CubeSat 
software defined radio project. 26th AIAA International 



NASA/TP-20210000201 47 

Communications Satellite Systems Conference, ICSSC, 
Article no. 2008-5401. 

Cortiella, A., Vidal, D., Jané, J., Juan, E., Olivé, R., Amézaga, 
A., Munoz, J. F., Carreno-Luengo, P. V. H., Camps, A. 
(2016). 3CAT-2: Attitude determination and control system 
for a GNSS-R Earth observation 6U CubeSat mission. 
European Journal of Remote Sensing, Volume 49,  
p. 757-776. 

Costa, L. L., Prochnow, S. L., Costa, R. L., Favera, E. C. D., 
Antunes, C. E., Schuch, N. J., Durão, O. S. C., De Souza, P. 
N., Da Fonseca, I. M. (2008). NanoSatC-BR-The first 
Brazilian CubeSat. International Astronautical Federation - 
59th International Astronautical Congress 2008, IAC 2008, 
Volume 6, p. 3771-3773. 

Costantine, J., Tawk, Y., Ayoub, F., Christodoulou, C. G., 
Olson, G., Pellegrino, S. (2014). UHF deployable antenna 
structures for CubeSats. United States National Committee 
of URSI National Radio Science Meeting, USNC-URSI 
NRSM 2014, Article no. 6928057. 

Costantine, J., Tawk, Y., Christodoulou, C. G., Banik, J., Lane, 
S. (2012). CubeSat deployable antenna using bistable 
composite tape-springs. IEEE Antennas and Wireless 
Propagation Letters, Volume 11, Article no. 6161604,  
p. 285-288.  

Costantine, J., Tawk, Y., Ernest, A., Christodoulou, C. G. 
(2012). Deployable antennas for CubeSat and space 
communications. Proceedings of 6th European Conference 
on Antennas and Propagation, EuCAP 2012, Article no. 
6206124, p. 837-840. 

Costantine, J., Tawk, Y., Maqueda, I., Sakovsky, M., Olson, G., 
Pellegrino, S., Christodoulou, C. G. (2016). UHF 
Deployable Helical Antennas for CubeSats. IEEE 
Transactions on Antennas and Propagation, Volume 64, 
Issue 9, p. 3752-3759. 

Costantine, J., Tawk, Y., Moth, S., Christodoulou, C. G., 
Barbin, S. E. (2012). A modified helical shaped deployable 
antenna for CubeSats. Proceedings of the 2012 IEEE-APS 
Topical Conference on Antennas and Propagation in 
Wireless Communications, APWC’12, Article no. 
6324991, p. 1114-1116. 

Crabb, J. R., Stevens, G., Michie, C., Johnstone, W., Kehayas, 
E. (2019). Laser transmitter for CubeSat-class applications. 
Proceedings of SPIE - The International Society for Optical 
Engineering, Volume 10910, Article no. 109101I. 

Creech, S. D. (2019). NASA’s Space Launch System: enabling 
a New Generation of Lunar Exploration. IEEE Aerospace 
Conference, AERO 2019, Volume 2019-March, Article no. 
8741972. 

Crew, A. B. (2013). Global distribution of microbursts in the 
Earth’s magnetosphere. ProQuest Dissertations and Theses 
Global, Paper no. 3579686. 

Crusan, J., Galica, C. (2016). NASA’s CubeSat launch 
initiative – Enabling broad access to space. Proceedings of 
the International Astronautical Congress, IAC 2016, Report 
no. 35459. 

Crusan, J., Galica, C. (2019). NASA’s CubeSat Launch 
Initiative: Enabling broad access to space. Acta 
Astronautica, Volume 157, p. 51-60. 

Cucchetti, E., Cloarec, T., Hermaszewski, C., Marcenat, C., 
Marmuse, F. (2016). Design and architecture of a 
nanosatellite for Earth-to-moon transfer and lunar 
operation. 67th International Astronautical Congress, IAC 
2016, Report no. 35364. 

Cucchetti, E., Cloarec, T., Hermaszewski, C., Marcenat, C., 
Marmuse, F. (2016). Feasibility study for an autonomous 
Earth-to-moon transfer and lunar operations of a 27U 
nanosatellite. Proceedings of the International Astronautical 
Congress, IAC 2016, Report no. 35367. 

Cuttin, A., Alimenti, F., Coromina, F., De Fazio, E., Dogo, F., 
Fragiacomo, M., Gervasoni, P., Gotti, G., Gregorio, A., 
Mezzanotte, P., Pagana, E., Palazzi, V., Pelusi, F., Petrini, 
P., Roselli, L., Gatti, R. V. (2018). A Ka-Band Transceiver 
for CubeSat Satellites: Feasibility Study and Prototype 
Development. 48th European Microwave Conference, 
EuMC 2018, Article no. 8541695, p. 930-933. 

Cuttin, A., Alimenti, F., Coromina, F., Dogo, F., Fragiacomo, 
M., Gatti, R. V., Gotti, G., Pagana, E., Pelusi, F., Pergolesi, 
F., Petrini, P., Gregorio, A. (2017). On the development of 
a Ka-band transceiver for CubeSat satellites. 23rd Ka and 
Broadband Communications Conference and the 35th 
AIAA International Communications Satellite Systems 
Conference, ICSSC 2017, Volume 2017-October. 

Darbali-Zamora, R., Merced-Cirino, D., Rivera-Alamo, J., 
Ortiz-Rivera, E., Rincon-Charris, A. (2015). Design and 
thermal testing of a Power Supply prototype for the Space 
Plasma Ionic Charge Analyzer (SPICA) CubeSat. IEEE 
42nd Photovoltaic Specialist Conference, PVSC 2015, 
Article no. 7356294. 

Darbali-Zamora, R., Ortiz-Rivera, E., Rincon-Charris, A. A. 
(2017). Analytical photovoltaic mathematical model with 
varying inclination angle for satellite applications. 
Proceedings of the 2016 IEEE ANDESCON, ANDESCON 
2016, Article no. 7836259. 

David, A. O., Knoll, A.K. (2017). Experimental demonstration 
of an aluminum-fueled propulsion system for CubeSat 
applications. Journal of Propulsion and Power, Volume 33, 
Issue 5, p. 1319-1323. 

Davis, S. (2011). Construction of a CubeSat using additive 
manufacturing. SAE 2011 AeroTech Congress and 
Exhibition, AEROTECH 2011, Report no. 2011-01-2568. 

Denis, A., Pisane, J., Verly, J., Kerschen, G. (2011). 
Educational assessment of four years of CubeSat activities 



NASA/TP-20210000201 48 

at the University of Liège, Belgium. 62nd International 
Astronautical Congress 2011, IAC 2011, Volume 10,  
p. 8468-8473. 

Denis, A., Wertz, J., Pisane, J., Kerschen, G. (2010). Holding a 
technical review in an educational project: Implementation 
and lessons learned for the OUTFT1-1 CubeSat. 61st 
International Astronautical Congress 2010, IAC 2010, 
Volume 3, p. 2344-2352. 

Deo, N. (2019). High Performce Transmitters for Small 
Satellites for Data Transmission and Remote Sensing. IEEE 
Aerospace Conference, AERO 2019, Volume 2019-March, 
Atricle No. 8742229. 

Dervan, J. A., Johnson, L., McNutt, L., Few, A., Heaton, A., 
Carr, J., Boyd, D., Nuth, J., Turse, D., Zucherman, A., 
Malphrus, B., Combs, M. (2018). New Moon Explorer 
(NME) Robotic Precursor Mission Concept. AIAA SPACE 
and Astronautics Forum and Exposition, Article no. AIAA 
2018-5107. 

Divsalar, D., Thill, M., Israel, D. J., Dolinar, S., Shaw, M., 
Peng, M. (2018). Optical CDMA for a constellation 
CubeSats. IEEE Aerospace Conference Proceedings, 
Volume 2018-March, p. 1-11. 

Dono, A., Plice, L., Mueting, J., Conn, T., Ho, M. (2018). 
Propulsion trade studies for spacecraft swarm mission 
design. IEEE Aerospace Conference, AERO 2018. 

Doroshkin, A., Zadorozhny, A., Kus, O., Prokopyev, V., 
Prokopyev, Y. (2018). Laboratory testing of LoRa 
modulation for CubeSat radio communications. MATEC 
Web of Conferences, Volume 158, Article no. 01008. 

Doroshkin, A., Zadorozhny, A. M., Kus, O. N., Prokopyev, V. 
Y., Prokopyev, Y. M. (2019). Experimental Study of LoRa 
Modulation Immunity to Doppler Effect in CubeSat Radio 
Communications. IEEE Access, Colume 7, Article no. 
8723123, p. 75721-75731. 

Doubleday, J., Chien, S., Norton, C., Wagstaff, K., Thompson, 
D. R., Bellardo, J., Francis, C., Baumgarten, E. (2015). 
Autonomy for remote sensing – Experiences from the IPEX 
CubeSat. International Geoscience and Remote Sensing 
Symposium (IGARSS), Article no. 7327033, p. 5308-5311. 

Drewelow, J., Straub, J. (2017). Electrical design for origami 
solar panels and a small spacecraft test mission. Proceedings 
of SPIE - The International Society for Optical Engineering, 
Volume 10196, Article no. 101960J. 

Dubois, C., Glowacki, P., Byagowi, A. (2015). Biological 
investigations using a triple-CubeSat. IEEE Communications 
Magazine, Volume 53, Issue 5, p. 211-213. 

Dyrud, L. P., La Tour, R., Swartz, W. H., Nag, S., Lorentz, S. 
R., Hilker, T., Wiscombe, W. J., Papadakis, S. J. (2014). 
The power of inexpensive satellite constellations. 
Proceedings of SPIE - The International Society for Optical 
Engineering, Article no. 90832A. 

Ellery, A. (2017). Extraterrestrial 3D printing & in-sit resource 
utilization to sidestep launch costs. IEEE Aerospace 
Conference, AERO 2017, Article no. 7943861. Journal of 
the British Interplanetary Society, Volume 70, Issue 9, p. 
337-343. 

Elstak, J., Erasmus, J., Du Toit, J. (2012). Breaking the mold: 
A 15 kg Earth observation mission. Proceedings of the 
International Astronautical Congress, IAC 2012, Volume 6, 
p. 4362-4367. 

Ennis, S., Dukes, J. (2018). CubeSat networks: Balancing 
power with satellite-to-ground data throughput. IEEE 
Aerospace Conference Proceedings, Volume 2018-March, 
p. 1-18. 

Erlank, A. O., Steyn, W. H. (2014). Arcminute attitude 
estimation for CubeSats with a novel nano star tracker. 
IFAC Proceedings Volumes (IFAC-PapersOnline), Volume 
19, p. 9679-9684.  

Espalin, D., Muse, D. W., MacDonald, E., Wicker, R. B. (2014). 
3D Printing multifunctionality: Structures with electronics. 
International Journal of Advanced Manufacturing 
Technology, Volume 72, Issue 5-8, p. 963-978. 

Esposito, M., Marchi, A. Z. (2015). HyperCube the intelligent 
hyperspectral imager. 2nd IEEE International Workshop on 
Metrology for Aerospace, MetroAeroSpace 2015 – 
Proceedings, p. 547-550. 

Evans, D., Donati, A. (2018). The esa ops-sat mission: Don’t 
just say there is a better way, fly it and prove it. 15th 
International Conference on Space Operations, SpaceOps 
2018, Article no. AIAA 2018-2730. 

Evans, D., Merri, M. (2014). OPS-SAT: A ESA nanosatellite 
for accelerating innovation in satellite control. 13th 
International Conference on Space Operations, SpaceOps 
2014, Article no. AIAA 2014-1702. 

Faler, A., Rajguru, A. (2014). Operation cost reduction for a 
jovian mission using CubeSats. 13th International 
Conference on Space Operations, SpaceOps 2014. 

Fanfani, A., Jayousi, S., Morosi, S., Ronga, L. S., Del Re, E., 
Rossettini, L. (2017). Feasibility Study of an Alert 
Messaging System by Means of CubeSat, SDR and Web 
Service Technologies. IEEE Global Communications 
Conference, GLOBECOM 2017 – Proceedings, Volume 
2018-January, p. 1-7. 

Farre-Ponsa, R., Strenge, J. H., Gutierrez, A., Grave, J., 
Rouanne-Labe, A., Lucas, W., Peille, P., Pierl, C., Lizy-
Destrez, S., Mignot, J. (2013). JUMPSAT: Qualifying three 
equipments in one CubeSat mission. Proceedings of the 
International Astronautical Congress, IAC, Volume 13, p. 
10136-10140. 

Fernandez, A., Llopis, O., Nolhier, N., Viallon, C., Rissons, A., 
Destic, F., Lizy-Destrez, S. (2016). A 3U CubeSat to 
investigate erbium doped fiber degradation at low Earth 



NASA/TP-20210000201 49 

orbit. IEEE Avionics and Vehicle Fiber-Optics and 
Photonics Conference, AVFOP 2016, Article no. 7789940, 
p. 1-3. 

Feruglio, L., Franchi, L., Cardenio, C., Corpino, S. (2016). 
Neural networks for plume detection: Interplanetary 
CubeSat case study. Proceedings of the International 
Astronautical Congress, IAC 2016, Report no. 34868. 

Fish, C. S., Swenson, C. M., Crowley, G., Barjatya, A., Neilsen, 
T., Gunther, J., Azeem, I., Pilinski, M., Wilder, R., Allen, 
D., Anderson, M., Bingham, B., Bradford, K., Burr, S., 
Burt, R., Byers, B., Cook, J., Davis, K., Frazier, C., Grover, 
S., Hansen, G., Jensen, S. (2014). Design, development, 
implementation and on-orbit performance of the dynamic 
ionosphere CubeSat experiment mission. Space Science 
Reviews, Volume 181, Issue 1-4, p. 61-120. 

Flath, A. W., Cramer, A. M., Lumpp, J. E. (2019). 
Mathematical Programming Based Approach to Modular 
Electric Power System Design. IEEE Aerospace 
Conference, AERO 2019, Article no. 8742179. 

Fodé, C., Panerati, J., Desroches, P., Valdatta, M., Beltrame, G. 
(2015). Monitoring glaciers form space using a CubeSat. 
IEEE Communications Magazine, Volume 53, Issue 5,  
p. 208-210. 

Franco, B. M., Dornelles, G. L., Riva, L. F. O., Garcia, J. H., 
Guarnieri, D. L., Paiva, K. V., Hughes, G. B. (2018). Thermal 
control analysis on a 6U CubeSat equipped with a high-power 
laser. Proceedings of SPIE - The International Society for 
Optical Engineering, Volume 10769, Article no. 107690T. 

Franquiz, F. J., Udrea, B., Sanchez, L. A., Stebler, S. T. (2015). 
Attitude control of system design for multi-mode proximity 
operations and imaging with a 6U CubeSat. Advances in the 
Astronautical Sciences, Volume 154, p. 3-15. 

Frischauf, N., Wittig, M., Koudelka, O. (2018). A CubeSat 
based GNSS constellation for planetary exploration. 
Proceedings of the International Astronautical Congress, 
IAC 2018, Volume 2018-October. 

Frohling, K. (2018). Micro-sized power controller for space. 
TechConnect Briefs 2018 - Advanced Materials, Volume 3, 
p. 209-210. 

Gamble, K. B., Lightsey, E. G. (2014). CubeSat mission design 
software tool for risk estimating relationships. Acta 
Astronautica, Volume 102, p. 226-240. 

Gamero-Castaño, M., Villac, B. F. (2009). Electric 
micropropulsion for orbital control of CubeSats. Advances 
in the Astronautical Sciences, Volume 133, p. 561-568. 

Gangestad, J. W., Rowen, D. W., Hardy, B. S., Hinkley, D. A. 
(2014). Flying in a cloud of CubeSats: Lessons learned from 
early orbit operations of aerocube-4, -5, and -6. Proceedings 
of the International Astronautical Congress, IAC, Volume 
5, p. 3552-3557. 

Garaizar, O. R. (2013). Design of a plug and play solar sail 
module as the propulsion system for a nanosatellite. 64th 
International Astronautical Congress 2013, IAC 2013, 
Volume 13, p. 10125-10135. 

Garrick-Bethell, I., Lin, R. P., Sanchez, H., Jaroux, B. A., 
Bester, M., Brown, P., Cosgrove, D., Dougherty, M. K., 
Halekas, J. S., Hemingway, D., Lozano, P. C., Martel, F., 
Whitlock, C. W. (2013). Lunar magnetic field 
measurements with a CubeSat. Sensors and Systems for 
Space Applications VI, Volume 8739, Article no. 873903. 

Garzón, A., Villanueva, Y. A. (2018). Thermal analysis of 
satellite libertad 2: A guide to CubeSat temperature 
prediction. Journal of Aerospace Technology and 
Management, Volume 10, Article no. e4918. 

Gaysin, A., Fadeev, V., Hennhöfer, M. (2017). Survey of 
modulation and coding schemes for application in CubeSat 
systems. Systems of Signal Synchronization, Generating 
and Processing in Telecommunications, SINKHROINFO 
2017, Article no. 7997514. 

Genova, A. L., Dunham, D. W. (2017). Trajectory design for 
the lunar polar hydrogen mapper mission. Advances in the 
Astronautical Sciences, Volume 160, p. 3219-3233. 

Ghafoor, N., Hackett, J., Newman, J., Jones, H., Visscher, P., 
Wooley, D., Edmundson, P., Picard, M., Durst, S. (2016). 
Preparing for small missions to the lunar south pole. 
Proceedings of the International Astronautical Congress, 
IAC 2016, Report no. 35666. 

Ghosh, A., De Biasi, A., Wang, J. C-H., Leung, T. S-H, Petelin, 
O., Yang, E. J-B., Pigeon, C., Typa, A., Timmusk, M. 
(2015). The design and organizational approach to student-
built paraffin-nitrous oxide hybrid sounding rocket. 
Proceedings of the International Astronautical Congress, 
IAC 2015, Volume 13, p. 10619-10629. 

Ghosh, A., Jagannatha, B., Noel, S., Earle, G., Swenson, G., 
Bassett, K., Bishop, R., Coverstone, V., Davidson, R., 
Fanelli, L., Fish, C., Haddox, P., Harlow, Z., Ji, Z., Kroeker, 
E., Mangognia, T., Marquis, P., Martin, D., Orr, C., 
Robertson, R., Wang, S., Westerhoff, J. (2014). Increasing 
CubeSat form factor to 6U: The lower atmosphere/ 
ionosphere coupling experiment. Proceedings of the 
International Astronautical Congress, IAC 2014, Volume 5, 
p. 3656-3668. 

Gibalina, Z. S., Fadeev, V. A., Korsukova, K. A., Hennhofer, 
M., Haardt, M. (2018). Estimation of capabilities of 
cooperative CubeSat systems based on Alamouti 
transmission scheme. Systems of Signal Synchronization, 
Generating and Processing in Telecommunications, 
SYNCHROINFO 2018, Article no. 8456940. 

Goecks, V. G., Probe, A., Woollands, R., Hurtado, J. E., 
Junkins, J. L. (2016). Low cost spacecraft attitude for 



NASA/TP-20210000201 50 

CubeSat type missions. Advances in the Astronautical 
Sciences, Volume 157, p. 57-70. 

Gogineni, P., Simpson, C. R., Yan, J.-B., O’Neill, C. R., Sood, 
R., Gurbuz, S. Z., Gurbuz, A. C. (2018). A CubeSat train for 
radar sounding and imaging of Antarctic ice sheet. 
International Geoscience and Remote Sensing Symposium 
(IGARSS), Volume 2018-July, p. 4138-4141. 

Gomez, K., Lee, C. H., Babuscia, A., Cheung, K.-M. (2014). 
On the formation of a CubeSat constellation at the Earth-
Moon L1 libration points. Proceedings of the International 
Astronautical Congress, IAC 2014, p. 4065-4070.  

Gonzalez-Llorente, J., Rodriguez-Duarte, D., Sanchez-
Sanjuan, S., Rambal-Vecino, A. (2015). Improving the 
efficiency of 3U CubeSat EPS by selecting operating 
conditions for power converters. IEEE Aerospace 
Conference, AERO 2015, Volume 2015-June, Article no. 
7119122. 

Gorev, V., Pelemeshko, A., Zadorozhny, A., Sidorchuk, A. 
(2018). Thermal deformation of 3U CubeSat in low Earth 
orbit. MATEC Web of Conferences, Volume 158, Article 
01013. 

Goyal, T., Aggarwal, K. (2019). Simulator for Functional 
Verification and Validation of a Nanosatellite. IEEE 
Aerospace Conference, AERO 2019, Article no. 874886. 

Grau, S., Suchantke, I., Brieß, K. (2017). A comprehensive 
study on magnetic actuator design for CubeSat missions. 
Proceedings of the International Astronautical Congress, 
IAC 2017, Volume 11, p. 6949-6960. 

Grau, S., Tschoban, C., Lang, K.-D., Brieß, K. (2017). Highly 
integrated communications, power management, and 
attitude determination and control side panel for CubeSats. 
Proceedings of the International Astronautical Congress, 
IAC 2017, Volume 9, p. 6191-6198. 

Greenbaum, A., Slagowski, S., Dyrud, L., Landis, D., Hilker, 
T., Joiner, J., Schaire, S., Colvin, M., Crum, G., Noto, J., 
Watchorn, S., Lee, J.-E., Berry, J. (2015). The Earth 
Photosynthesis Imaging Constellation: Measuring 
Photosynthesis with a CubeSat platform. IEEE Aerospace 
Conference Proceedings, Volume 2015-June, Article no. 
7118998. 

Grieve, J. A., Bedington, R., Chandrasekara, R. C. M. R. B., 
Ling, A. (2017). Spooqysats: CubeSats to demonstrate 
quantum key distribution technologies. Proceedings of the 
International Astronautical Congress, IAC 2017, Volume 
16, p. 10945-10949. 

Grieve, J. A., Bedington, R., Tang, Z., Chandrasekara, R. C. M. 
R. B., Ling, A. (2018). Spooqysats: CubeSats to 
demonstrate quantum key distribution technologies. Acta 
Astronautica, Volume 151, p. 103-106. 

Gross, K. H., Hoffman, J. A., Clark, M., Swenson, E. D., Cobb, 
R. G., Whalen, M. W., Wagner, L. (2015). Evaluation of 

formal methods tools applied to a 6U CubeSat attitude 
control system. AIAA SPACE 2015 Conference and 
Exposition. 

Gunaseelan, S., Murugan, M. (2016). High gain antenna for 
CubeSat. Proceedings of the 2016 IEEE International 
Conference on Wireless Communications, Signal 
Processing and Networking, WiSPNET 2016, Article no. 
7566088, p. 52-54.  

Handley, H., Arthurs, R., Nakamura, T. S. (2018). Design and 
building of a CubeSat for radio telescope calibration. 
Proceedings of the International Astronautical Congress, 
IAC 2018, Volume 2018-October. 

Hao, Z., Roberts, P. C. E. (2016). Using aerodynamic torques 
to aid detumbling into an aerostable state. Proceedings of 
the International Astronautical Congress, IAC 2016, Report 
no. 35312.  

Hare, C., McNaul, E., Rodgers, W., Tran, V. (2017). Power 
performance characterization of advanced CubeSat solar 
arrays using a programmable LED solar simulator. IEEE 
44th Photovoltaic Specialist Conference, PVSC 2017, p. 1-
3. 

Hashimoto, T., Yamada, T., Kikuchi, J., Otsuki, M., Ikenaga, 
T. (2017). CubeSat semi-hard moon impactor: Omotenashi. 
Proceedings of the International Astronautical Congress, 
IAC 2017, p. 2525-2530. 

Heath, J. C., Harringtony, W. R. (2016). Development of a low-
cost and open source CubeSat command, control and 
communications system. AIAA Space and Astronautics 
Forum and Exposition, SPACE 2016. 

Hegel, D., Baumgart, M. (2015). XACT – A New generation of 
nano GN&C technology. Advances in the Astronautical 
Sciences, Volume 154, p. 441-452. 

Hicks, F. M., Perna, L., Coffman, C., Lozano, P. C. (2013). 
Characterization of a CubeSat compatible magnetically 
levitated thrust balance for electrospray propulsion systems. 
49th AIAA/ASME/SAE/ASEE Joint Propulsion 
Conference. 

Himani, T., Lightsey, E. G., Frounchi, M., Cressler, J. D., Coen, 
C., Williams, W. (2018). Micronimbus: A CubeSat mission 
for millimeter-wave atmospheric temperature profiling. 
AIAA Aerospace Sciences Meeting, Issue 210059. 

Hodges, R., Hoppe, D. J., Radway, M. J., Chahat, N. E. (2015). 
Novel deployable reflectarry antennas for CubeSat 
communications. IEEE MTT-S International Microwave 
Symposium, IMS 2015, Article no. 7167153. 

Hoevenaars, T., Engelen, S., Bouwmeester, J. (2012). Model-
based discrete PID controller for CubeSat reaction wheels 
based on cots brushless DV motors. Advances in the 
Astronautical Sciences, Volume 145, p. 379-394. 

Hoh, J. R., Whitton, J. D., Groppi, C. E., Goldsmith, P. F., Siles, 
J. V., Tang, A. J. (2018). Low-power CMOS digital 



NASA/TP-20210000201 51 

electronics for radio, mm-wave and sub-mm astrophysics. 
Proceedings of SPIE - The International Society for Optical 
Engineering, Volume 10708, Article no. 107082U. 

Holmes, R. M., Gill, S., Harris, J. Z., Lansford, J. S., Myers, R., 
Weaver, C. T., Zucherman, A. P., Jorgensen, A. M., Palmer, 
D. M. (2019). Status of ELROI satellite plate demonstration 
on the CubeSat NMTSat. Proceedings of SPIE - The 
International Society for Optical Engineering, Volume 
10978, Article no. 1097808. 

Hornig, A., Ehresmann, M., Grabi, F., Herdrich, G., Laufer, R., 
Fritsch, D. (2017). Communication architecture and 
operation strategies for the electrically propelled CubeSat 
and re-entry capsule system CAPE. Proceedings of the 
International Astronautical Congress, IAC 2017, Volume 9, 
p. 5887-5903. 

Hornig, A., Kazantzidis, A., Chaturvedi, N., Fritsch, D., 
Tsoulis, D. (2017). Time-synchronization impact on the 
performance of the distributed ground station network 
service for tracking CubeSats and further signal sources. 
Proceedings of the International Astronautical Congress, 
IAC 2017, Volume 8, p. 4929-4943. 

Huang, J.-H., Lin, T.-Y., Liu, C.-M., Juang, J.-C. (2013). Design 
and evaluation of the attitude control system of the 
PHOENIX CubeSat. CACS International Automatic Control 
Conference, CACS 2013 - Conference Digest, p. 47-51. 

Huq, N., Cheong, J. W., Dempster, A. G. (2017). Barriers to 
solar system exploration in the CubeSat age. Proceedings of 
the International Astronautical Congress, IAC 2017, 
Volume 4, p. 2486-2496. 

Hynne, Jan Magne Eldal; Mathisen, Stian Vik; Vedal, Frank. 
(2008). Mission analysis of the HiNCube pico satellite 
project. International Astronautical Federation - 59th 
International Astronautical Congress 2008, IAC 2008, 
Volume 13, p. 8345-8356. 

Hyvönen, P., Ivchenko, N., Samsakizoglou, M. (2016). Small 
explorer for advanced missions (SEAM), a CCSDS 
compatible CubeSat supported on a global commercial 
ground network. SpaceOps 2016 Conference, Article no. 
AIAA 2016-2626. 

Hyvönen, P., Liljeblad, M., Vidmark, A. (2018). Deep space 
CubeSat communications. 15th International Conference on 
Space Operations, Article no. AIAA 2018-2662. 

Ibrahim, S. A., Yamaguchi, E. (2018). Thermal distortion on 
deployable solar panels of CubeSat in low Earth orbit. 
Advances in the Astronautical Sciences, Volume 165, p. 
2107-2117. 

Imken, T., Castillo-Rogez, J., He, Y., Baker, J., Marinan, A. 
(2017). CubeSat flight system development for enabling 
deep space science. IEEE Aerospace Conference 
Proceedings, Article no. 7943885. 

Imken, T., Didion, A., Loveland, J., Weiler, J., Youmans, T., 
Marinan, A., Marmuse, F., Mason, J. (2017). Integrated 
flight system analysis model for solar sailing smallsats. 
IEEE Aerospace Conference, Article no. 7943862. 

Inamdar, K., Ghassabian G. H., De Quattro, N. (2016). 
CubeSats as platform for remote sensing applications with 
satellite navigation signals. Proceedings of the International 
Astronautical Congress, IAC 2016, Report no. 33808. 

Inamori, T., Fujiwara, M., Yamada, Y., Matsuzawa, S. (2018). 
Fuel-free magnetic rendezvous using magnetic coils for 
CubeSat-sized small satellites. Proceedings of the 
International Astronautical Congress, IAC 2018, Volume 
2018-October. 

International Energy Conversion Engineering Conference. (2018). 
URL: https://arc.aiaa.org/doi/book/10.2514/MIECEC18 

Iuzzolino, M., Accardo, D., Rufino, G., Oliva, E., Tozzi, A., 
Schipani, P. (2017). A CubeSat payload for exoplanet 
detection. Sensors, Volume 17, Issue 3, Article no. 493. 

Jacobs, M., Selva, D. (2015). A CubeSat catalog design tool for 
a multi-agent architecture development framework. IEEE 
Aerospace Conference Proceedings, Volume 2015-June, 
Article no. 7119240. 

Jain, R., Sharma, S., Aggarwal, K., Goyal, T., Sundhar, A., 
Anand, U., Sahu, N., Parikh, J. (2018). Modes of operation 
for a 3U CubeSat with hyperspectral imaging payload. 
Proceedings of the International Astronautical Congress, 
IAC 2018. 

Jain, V., Murugathasan, L., Bindra, U., Newland, F. T., Zhu, Z. 
H. (2018). Practical implementation of test-a-you-fly for the 
descent CubeSat mission. 15th International Conference on 
Space Operations, SpaceOps 2018. 

Jaswar, F., Al-Samman, A. M., Abdul Rahman, T., Ahmad, Y. 
A. (2019). Design and validation of an adaptive CubeSat 
transmitter system. AEU - International Journal of 
Electronics and Communications, Volume 108, p. 118-126. 

Jaswar, F. D., Rahman, T. A., Hindia, M. N., Ahmad, Y. A. 
(2017). Design of an adaptive CubeSat transmitter for 
achieving optimum signal-to-noise ratio. IOP Conference 
Series: Materials Science and Engineering, Volume 270, 
Issue 1, Article no. 012016. 

Jenkins, M. G., Alvarado, J. C., Calvo, A. J., Jiménez, A. C., 
Carvajal-Godínez, J., Salazar, A. V., Molina, J. R., Rosales, 
L. C., Martinez, E., Jiménez-Salazar, V., Monge, L. D., 
Briceño, C. A., Rojas, J. J. (2018). Testing and operations 
of a store and forward CubeSat for environmental 
monitoring of Costa Rica. Proceedings of the International 
Astronautical Congress, IAC 2018, Volume 2018-October. 

Jenkins, M. G., Calvo-Alvarado, J., Calvo, A. J., Jiménez, A. C., 
Godínez, J., C., Salazar, A. V., Molina, J. R., Briceño, C. A., 
Batista, A. C. (2016). Irazù: CubeSat mission architecture and 

https://arc.aiaa.org/doi/book/10.2514/MIECEC18


NASA/TP-20210000201 52 

development. Proceedings of the International Astronautical 
Congress, IAC 2016, Report no. 34488. 

Jenkins, M. G., Calvo-Alvarado, J., Calvo, A. J., Jiménez, A. 
C., Godínez, J. C., Salazar, A. V., Molina, J. R., Rosales, L. 
C., Martinez, E., Batista, A. C., Monge, L. D., Briceño, C. 
A., Rojas, J. J., Hernandez, M. (2017). Project Irazù: 
Advances of a store & forward CubeSat mission for 
environmental monitoring Costa Rica. Proceedings of the 
International Astronautical Congress, IAC 2017, Volume 9, 
p. 5737-5746. 

Jerred, N., Howe, T., Rajguru, A. (2014). Operations of a 
radioisotope-based propulsion system enabling CubeSat 
exploration of the outer planets. 13th International 
Conference on Space Operations, SpaceOps 2014. 

Joannès, J. (2017). Feasibility study of a DNA sequencing 
CubeSat satellite. Journal of the British Interplanetary 
Society, Volume 70, Issue 8, p. 287-299. 

Johnson, L. K., Hollman, J., McClellan, J., Fisher, P. (2013). 
Utilizing CubeSat architecture and innovative low-
complexity devices to repurpose decommissioned apertures 
for RF communications. AIAA SPACE 2013 Conference 
and Exposition. 

Johnson, M., Spangelo, S. (2011). Crowdsourcing space 
exploration with spacecraft-on-demand. 62nd International 
Astronautical Congress 2011, IAC 2011, Volume 5, p. 
3728-3734. 

Jones, T. R., Grey, J. P., Daneshmand, M. (2018). Solar panel 
integrated circular polarized aperture-coupled patch antenna 
for CubeSat applications. IEEE Antennas and Wireless 
Propagation Letters, Volume 17, Issue 10, p. 1895-1899. 

Joshi, D., Machchhar, D., Khare, T., Barve, A., Paranjape, M., 
Neralkar, A., Joshi, A., Juvekar, G. (2017). A fuzzy PID 
controller for solar sailing CubeSat. Proceedings of the 
International Astronautical Congress, IAC 2017, Volume 
18, p. 11733-11738. 

Jove-Casulleras, R., Camps, A., Ramos, J. (2012). CubeSat-
based demonstrator for optical Earth observation. 
International Geoscience and Remote Sensing Symposium 
(IGARSS), Article no. 6351249, p. 1505-1508. 

Jung, I., Kwon, K., Cho, D., Lee, S., Chung, H., Kim, M., Baek, 
H. (2016). Construction of University Ground station using 
S-band for CubeSat. SpaceOps 2016 Conference, Article 
no. AIAA 2016-2574. 

Juvekar, G., Desai, S., Godse, A., Pendurkar, S., Gadkari, A., 
Pable, S., Shaha, D., Malwadkar, S. (2017). Maximizing 
CubeSat telemetry throughput by adaptive channel coding. 
Proceedings of the International Astronautical Congress, 
IAC 2017, Volume 8, p. 5074-5078. 

Karmin, M., Ehrminger, R., Shatov, J., Mzhavia, T., Vaher, O., 
Dihuliya, D., Hiiemaa, M., Tamre, M. (2015). CubeSat 
mission for multispectral Earth observation from low Earth 

Orbit. Proceedings of the International Conference of 
DAAAM Baltic Industrial Engineering, Volume 2015-
January, p. 128.133. 

Kaslow, D., Ayres, B., Cahill, P. T., Hart, L. (2018). A model-
based systems engineering approach for technical 
measurement with application to a CubeSat. IEEE Aerospace 
Conference Proceedings, Volume 2018-Match, p. 1-10. 

Kaslow, D., Hart, L., Ayres, B., Massa, C., Chonoles, M. J., 
Yntema, R., Gasster, S., Shiotani, B. (2016). Developing a 
CubeSat Model-Based System Engineering (MBSE) 
reference model-Interim Ststus #2. IEEE Aerospace 
Conference, AERO 2016, Article no. 7500592. 

Kasunic, K. J., Aikens, D., Szwabowski, D., Ragan, C., Tinker, 
F. (2017). Technical and cost advantages of silicon carbide 
telescopes for small-satellite imagining applications. 
Proceedings of SPIE - The International Society for Optical 
Engineering, Volume 10402. 

Katke, T., Rathod, A., Marne, A., Prabhune, B., Kothawala, A., 
Wachche, S. (2016). Thermal system design and orbital 
analysis of swayam: An overview of the design principles and 
technical considerations. Proceedings of the International 
Astronautical Congress, IAC 2016, Report no. 33851. 

Kaufmann, M., Varadharajan, V. S., Beltrame, G. (2018). A 
self-adaptive data handling system for small satellites and 
its impact on future satellite operations. Proceedings of the 
International Astronautical Congress, IAC 2018, Volume 
2018-October. 

Kedare, S. S., Ulrich, S. (2016). Formulation of torque-optimal 
guidance trajectories for a CubeSat with degraded reaction 
wheels. AIAA Guidance, Navigation, and Control 
Conference.  

Kedare, S. S., Ulrich, S. (2016). Undamped passive attitude 
stabilization and orbit management of a 3U CubeSat with 
drag sails. Advances in the Astronautical Sciences, Volume 
156, p. 1231-1248. 

Kelly, M. A., Wu, D., Goldberg, A., Papusha, I., Wilson, J., 
Carr, J., Boldt, J., Greenberg, J., Morgan, F., Yee, S., 
Heidinger, A., Mehr, L. (2018). Compact Mid-wave 
Imaging System (CMIS) for retrieval of cloud motion 
vectors (CMVs) and cloud geometric heights (CFHs). 
Proceedings of SPIE - The International Society for Optical 
Engineering, Colume, 10776, Article no. 107760D. 

Kennedy, A. K., Cahoy, K. L. (2017). Performance analysis of 
algorithms for coordination of Earth observation by 
CubeSat constellations. Journal of Aerospace Information 
Systems, Volume 14, Issue 8, p. 451-471. 

Kerstel, E., Gardelein, A., Barthelemy, M., Fink, M., Joshi, S. 
K., Ursin, R., The CSUG Team. (2018). Nanobob: A 
CubeSat mission concept for quantum communication 
experiments in an uplink configuration. EPJ Quantum 
Technology, Volume 5, Issue 1, Article no. 6. 



NASA/TP-20210000201 53 

Khac, K. N., Phong, N. D., Manh, L. H., Trong, T. A. L., Huu, 
H. L., Hien, B. T. T., Chien, D. N. (2018). A Design of 
Circularly Polarized Array Antenna for X-Band CubeSat 
Satellite Communication. International Conference on 
Advanced Technologies for Communications, Volume 
2018-October, p. 53-56. 

Khalifa, N. S., Sharaf-Eldin, T. E. (2013). Earth albedo 
perturbations on low Earth orbit CubeSats. International 
Journal of Aeronautical and Space Sciences., Volume 14, 
Issue 2, p. 193-199. 

Khuller, A. R., Alavi, O., Mayer, J., Lanes, T. J., Needham, P., 
Rajagopalan, S. S., Curiel, A., Bonelli, D., Thompson, E., 
Miller, R., Grayson, M., Sandys, N., White, D. B., 
Mikellides, P. G. (2018). Pulsed plasma thruster for multi-
axis CubeSat attitude control applications. Joint Propulsion 
Conference, Article no. AIAA 2018-4969. 

Khurshid, K., Mahmood, R., Ul Islam, Q. (2013). A survey of 
camera modules for CubeSats – Design of imaging payload 
of ICEBE-1. Proceedings of 6th International Conference 
on Recent Advances in Space Technologies, Article no. 
6581337, p. 875-879. 

Kief, C. J., Zufelt, B. K., Christensen, J. H., Mee, J. K. (2012). 
Trailblazer: Proof of concept CubeSat mission for SPA-1. 
AIAA Infotech at Aerospace Conference and Exhibit, 
Report no. 211-1473. 

Kilic, C., Aslan, A. R. (2015). Mission analysis of a 2U 
CubeSat, BeEagleSat. Proceedings of 7th International 
Conference on Recent Advances in Space Technologies, 
RAST 2015, Article no. 7208456, p. 835-838. 

Kim, H. J., Hariharan, S., Julian, M., Macdonnell, D. (2018). 
Technology and opportunities of photon sieve CubeSat with 
deployable optical membrane. Aerospace Science and 
Technology, Volume 80, p. 212-220. 

Kingsbury, R. W., Caplan, D. O., Cahoy, K. L. (2015). 
Compact optical transmitters for CubeSat free-space optical 
communications. Proceedings of SPIE - The International 
Society for Optical Engineering, Volume 9354, Article no. 
93540S. 

Kingsbury, R. W., Caplan, D. O., Cahoy, K. L. (2016). 
Implementation and validation of a CubeSat laser 
transmitter. Proceedings of SPIE - The International Society 
for Optical Engineering, Volume 9739, Article no. 973905. 

Kinoshita, N., Okino, S., Sase, K., Uchiyama, S., Hashiguchi, S., 
Nakatsuji, H., Yanagisawa, M., Onda, Y., Iwai, Y., Daigo, K., 
Miyazaki, Y. (2005). Development of CubeSat “SEEDS.” 
International Astronautical Federation - 56th International 
Astronautical Congress, Volume 4, p. 2283-3390. 

Kirkby, G. C., Tester, B., Angling, M., McCallum, M., Jackson, 
C., Lund, A. G., Creiche, S., Lima, A. G. (2015). Strain-
rigidised wideband conical helix antenna for CubeSat 

deployment. Proceedings of the International Astronautical 
Congress, IAC 2015, Volume 13, p. 10638-10644. 

Kjellberg, H., Lightsey, E. G. (2013). Discretized constrained 
attitude pathfinding and control for satellites. Journal of 
Guidance, Control, and Dynamics, Volume 36, Issue 5, p. 
1301-1309. 

Klein, J., Hawkins, J., Thorsen, D. (2014). Improving CubeSat 
downlink capacity with active phased array antennas. IEEE 
Aerospace Conference Proceedings, Article no. 6836238.  

Kolbeck, J., Keidar, M. (2016). Micro-propulsion based on 
vacuum ARCS: Accessible technologies for CubeSat 
missions. Proceedings of the International Astronautical 
Congress, IAC 2016, Report no. 31960. 

Konstantinidis, K., Förstner, R. (2013). Cuballute: A CubeSat 
mission to deploy an inflatable hypersonic drag body 
(ballute) in the martian atmosphere. Proceedings of the 
International Astronautical Congress, IAC 2013, Volume 
10, p. 7782-7791. 

Konte, K., Trafford, R., Schmalzel, J. (2018). Implementing 
XEDS for a CubeSat communication subsystem. IEEE 
Sensors Applications Symposium, SAS 2018 – 
Proceedings, Volume 2018-January, p. 1-5. 

Koritza, T., Bellardo, J. M. (2010). Increasing CubeSat 
downlink capacity with store-and-forward routing and data 
mules. Proceedings of the IASTED International 
Conference on Wireless Communications, WC 2010. 

Koudelka, O., Dielacher, A., Fragner, H., Teschl, F., Zeif, R. 
(2017). Proceedings of the International Astronautical 
Congress, IAC 2017, Volume 7, p. 4808-4816. 

Kovács, Zoltán G., Marosy, Gábor E., Horváth, Gyula (2012). 
The thermal design of the thermal cutter of an antenna 
opening mechanism employes on a pico-satellite. 18th 
International Workshop on Thermal Investigation of ICs and 
Systems, THERMINIC 2012, Article no. 6400617, p. 83-86. 

Krejci, D., Seifert, B. (2010). Miniaturized pulsed plasma 
thrusters for CubeSats: Modelling and direct thrust 
measurement. 61st International Astronautical Congress 
2010, IAC 2010, Volume 2, p. 1140-1151. 

Kruse, L., Plowcha, P. A., Bradley, J. M. (2018). Experimental 
testing and validation of cyber-physical coregulation of a 
CubeSat. AIAA SPACE and Astronautics Forum and 
Exposition, Article no. AIAA 2018-5212. 

Kuiper, J. M., Bouwmeester, J. (2011). A 1.5U Cube-Sat camera 
cornerstone design for a multiple aperture Earth observation 
system. Proceedings of the International Astronautical 
Congress, IAC 2011, Volume 3, p. 2633-2640. 

Khuller, A. R., Alavi, O., Mayer, J., Lanes, T. J., Needham, P., 
Rajagopalan, S. S., Curiel, A., Bonelli, D., Thompson, E., 
Miller, R., Grayson, M., Sandys, N., White, D. B., 
Mikellides, P. G. (2018). Pulsed plasma thruster for multi-



NASA/TP-20210000201 54 

axis CubeSat attitude control applications. Joint Propulsion 
Conference, Article no. AIAA 2018-4969. 

Laberteaux, J., Moesta, J., Bernard, B. (2007). Cajan advanced 
picosatellite experiment. AIAA/IEEE Digital Avionics 
Systems Conference – Proceedings, Report no. 4391943. 

Laberteaux, J., Moesta, J., Bernard, B. (2009). Advanced 
picosatellite experiment. IEEE Aerospace and Electronic 
Systems Magazine, Volume 24, Issue 9, p. 4-9. 

Lacalli, K. (2018). Phased helical antenna array design for 
CubeSat application. IEEE Aerospace Conference 
Proceedings, Volume 2018-March, p. 1-13. 

Lacour, S., Lapeyrère, V., Gauchet, L., Arroud, S., Gourgues, 
R., Martin, G., Heidmann, S., Haubois, X., Perrin, G. 
(2014). CubeSats as pathfinders for planetary detection: The 
FIRST-S satellite. Proceedings of SPIE - The International 
Society for Optical Engineering, Volume 9143, Article no. 
91432N. 

Lan, S., Chen, Q., Zhang, J., Zhang, X., Li, J., Tan, C. (2013). 
A taxonomy of energy efficiency strategies for CubeSat 
cluster formation networks. Proceedings of the International 
Astronautical Congress, IAC 2013, Volume 14, p. 11486-
11493. 

Langer, M., Schummer, F., Appel, N., Gruebler, T., Janzer, K., 
Kiesbye, J., Krempel, L., Lill, A., Messmann, D., Rueckerl, 
S., Weisgerber, M. (2018). MOVE-II the Munich Orbital 
Verification Experiment II. Advances in the Astronautical 
Sciences, Volume 163, p. 441-459. 

Lantto, S., Gross, J. N. (2018). Precise orbit determination 
using duty cycled GPS observations. AIAA Modeling and 
Simulation Technologies Conference, 2018, Issue 209959.  

Lappas, V., Adeli, N., Visagie, L., Fernandez, J., Theodorou, 
T., Steyn, W., Perren, M. (2011). CubeSail: A low  
cost CubeSat based solar sail demonstration mission. 
Advances in Space Research, Volume 48, Issue 11,  
p. 1890-1901. 

Laprise, S., Beaudry, S., Panerati, J., Zabeau, J., Attendu, L., 
Beltrame, G. (2017). Electrical requirements for control of 
CubeSat with electrospray ion thrusters. Proceedings of the 
International Astronautical Congress, IAC 2017, Volume 2, 
p. 1154-1157. 

LaSarge, J. A., Black, J. (2015). A CubeSat mission and 
configuration analysis for locating and mapping spot beams 
of geostationary comm-satellites. 53rd AIAA Aerospace 
Sciences Meeting. 

Leake, S., Straub, J. (2017). A CubeSat test mission to advance 
in-space 3D-printing. AIAA SPACE and Astronautics 
Forum and Exposition, SPACE 2017. 

Leao, T. F. C., Mooney-Chopin, V., Trueman, C. W., Gleason, 
S. (2013). Design and implementation of a diplexer and a 
dual-band VHF/UHF antenna for nanosatellites. IEEE 

Antennas and Wireless Propagation Letters, Volume 12,  
p. 1098-1101. 

Lee, K. M. B., Thomsen, F., Abood, D., Liu, Z., Chea, M. K., 
Nath, R., Wu, X. (2017). Wedgetail: A sounding rocker to 
lift off rocketry education in Australia. Proceedings of the 
International Astronautical Congress, IAC 2017, Volume 3, 
p. 1665-1670. 

Lee, S., Pyo, S., Kim, J.-H. (2018). Dual-band bidirectional 
circularly polarized microstrip antenna for CubeSat system. 
Microwave and Optical Technology Letters, Volume 60, 
Issue 12, p. 2989-2992. 

Lee, U., Reynolds, T. P., Barzgaran, B., de Badyn, M. H., 
Chrisope, J., Adler, A., Kaycee, K., Mesbahi, M. (2017). 
Development of attitude determination and control subsystem 
for 3U CubeSat with electric propulsion. AIAA SPACE and 
Astronautics Forum and Exposition, SPACE 2017. 

Lee, W., Luhrs, N., Isbell, K., Oliphant-Jerry, C., Morris, P., 
Hong, Y.-K. (2018). Cavity-backed archimedean spiral 
antenna with conical perturbations for 3U CubeSat 
applications. IEEE Antennas and Propagation Magazine, 
Volume 60, Issue 6, p. 102-109. 

Lee, Y., Jin, H., Seon, J., Chae, K.-S., Lee, D.-H., Glaser, D., 
Immel, T. J., Lin, R. P., Sample, J. G., Horbury, T. S., 
Brown, P. (2011). Development of CubeSat for space 
science mission: Cinema. 62nd International Astronautical 
Congress 2011, IAC 2011, Volume 5, p. 3658-3662. 

Lehmensiek, R. (2017). Design of a wideband circularly 
polarized 2 x 2 array with shorted annular patches at X-band 
on a CubeSat. International Symposium on Antennas and 
Propagation, ISAP 2017, Volume 2017-January, p. 1-2. 

Lehmensiek, R., Van Zyl, R. R., Visser, D. F. (2013). The 
design of an HF antenna on a 1U CubeSat. IEEE AFRICON 
Conference, Article no. 6757694. 

Lemke, N. M. K., Weinfurter, H., Marquardt, C., Moll, F., 
Haber, R., Grënefeld, M., Seidel, S. T., Freiwang, P., 
Rosenfeld, W., Bayraktar, Ã., Rädiger, B., Schmidt, C., 
Schilling, K. (2018). Qube – Quantum key distribution with 
CubeSat. Proceedings of the International Astronautical 
Congress, IAC 2018, Volume 20018-October. 

Leonov, V., Klimov, K., Pushkar, I., Shapovalov, A., Rachkin, 
D. (2018). Developmental verification of the launch of 
CubeSat format satellites from small spacecrafts. 
Proceedings of the International Astronautical Congress, 
IAC 2013, Volume 2018-October. 

Levchenko, I., Bazaka, K., Ding, Y., Raitses, Y., Mazouffre, S., 
Henning, T., Klar, P. J., Shinohara, S., Schein, J., Garrigues, 
L., Kim, M., Lev, D., Taccogna, F., Boswell, R. W., 
Charles, C., Koizumi, H., Shen, Y., Scharlemann, C., 
Keidar, M., Xu, S. (2018). Space micropropulsion systems 
for CubeSats and small satellites: From proximate targets to 



NASA/TP-20210000201 55 

furthermost frontiers. Applied Physics Reviews, Volume 5, 
Issue 1, Article no. 011104. 

Lewis, H. G., Schwarz, B. S., George, S. G., Stokes, H. (2014). 
An assessment of CubeSat collision risk. Proceedings of the 
International Astronautical Congress, IAC 2014, Volume 2, 
p. 1376-1386. 

Li, J., Post, M., Lee, R. (2015). FPGA hardware nonlinear 
control design for modular CubeSat attitude control system. 
IEEE Aerospace Conference Proceedings, Volume 2015-
June, Article no. 7119084. 

Li, J., Post, M., Wright, T., Lee, R. (2013). Design of attitude 
control systems for CubeSat-class nanosatellite. Journal of 
Control Science and Engineering, Volume 2013, Article no. 
657182. 

Li, X., Si, Y. (2014). Constraints for the small satellite launch: 
A study of small satellite interface requirements in the 
perspective of Long March launch vehicle. Proceedings of 
the International Astronautical Congress, IAC 2014, 
Volume 5, p. 3711-3716. 

Lightholder, J., Thompson, D. R., Castillo-Rogez, J., Basset, C. 
(2019). Near Earth Asteroid Scout CubeSat Science Data 
Retrieval Optimization Using Onboard Data Analysis. IEEE 
Aerospace Conference Proceedings, Volume 2019-March, 
Article no. 8742190. 

Lim, B., Mauro, D., De Rosee, R., Sorgenfrei, M., Vance, S. 
(2012). CHARM: A CubeSat water vapor radiometer for 
Earth science. IEEE International Geoscience and Remote 
Sensing Symposium – IGARSS 2012, p. 1022-1025. 

Lim, B., Shearn, M., Dawson, D., Parashare, C., Romero-Wolf, 
A., Russell, D., Steinkraus, J. (2013). Development of the 
Radiometer Atmospheric CubeSat Experiment payload. 
International Geoscience and Remote Sensing Symposium 
(IGARSS), Article no. 6721292, p. 849-851. 

Lim, J. (2017). Mechanical feasibility of additive 
manufacturing plastics as CubeSat frame material. 
Proceedings of the International Astronautical Congress, 
IAC 2017, Volume 18, p. 11779-11789. 

Liu, S., Raad, R., Tubbal, F. E. M. (2017). Printed Yagi-Uda 
antenna array on CubeSat. 11th International Conference on 
Signal Processing and Communication Systems, ICSPCS 
2017 – Proceedings, Volume 2018-January, p. 1-5. 

Llanos, P. J., Santos, A. (2016). Commercial CubeSat 
technology to enhance science: Communications, space 
debris identification and moon surface reconnaissance using 
lagrangian cyclers. Advances in the Astronautical Sciences, 
Volume 158, p. 1659-1675. 

Lobato-Morales, H., Villarreal-Reyes, S., Guerrero-Arbona, E., 
Martinez-Aragon, E., Chavez- Perez, R. A., Medina-
Monroy, J. L., Figueroa-Torres, C. A. (2019). A 2.45 GHz 
circular polarization closed-loop travelling-wave antenna 
for CubeSats. International Conference on Electronics, 

Communications and Computers, CONIELECOMP 2019, 
Article no. 8673087, p. 154-157.  

Lokcu, E., Ash, R. L. (2011). A de-orbit system design for 
CubeSat payloads. Proceedings of 5th International 
Conference on Recent Advances in Space Technologies – 
RAST 2011, p. 470-474. 

Lokman, A. H., Soh, P. J., Azemi, S. N., Lago, H., Yatim, M. A. 
I., Aziz, M. E. A., Al-Hadi, A. A. (2016). A flexible 
deployable CubeSat antenna. IEEE Asia-Pacific Conference 
on Applied Electromagnetics, APACE 2016, p. 1-4. 

Long, J., Thorsen, D., Kegege, O. (2019). Retrodirective 
Phased Array Antenna for CubeSats. IEEE Aerospace 
Conference Proceedings, Volume 20019-March, Article no. 
8741562. 

Lopez, J. A., Tamai, V. S., Najera, F. N., Castañeda, M. O., 
Torres, J. M., Zarama, J. C. (2016). A platform for small 
satellites for quantum communications and cryptography: 
Conceptual design and preliminary results of QComSat 
project. Proceedings of the International Astronautical 
Congress, IAC 2016, Report No. 31949. 

López-Arreguín, A. J. R., Grzesik, B., Stoll, E. (2017). 
BEOCUBE: A CubeSat for a laser ranging experiment. 
Proceedings of the International Astronautical Congress, 
IAC 2017, Volume 18, p. 11765-11772. 

Lorenz, C. G., Case, A. W., Pekosh, J. D., Ahern, D. M. (2015). 
An atmosphere and plume explorer of the jovian system. 
AIAA SPACE Conference and Exposition. 

Lu, W.-C., Duan, L., Cai, Y.-X. (2018). De-tumbling control of 
a CubeSat. Proceedings of the IEEE International 
Conference on Advanced Manufacturing, ICAM 2018, p. 
298-301. 

Lücking, C., Colombo, C., McLnnes, C. R. (2012). Mission and 
system design of a 3U CubeSat for passive GTO to LEO 
transfer. Proceedings of the International Astronautical 
Congress, IAC 2012, Volume 13, p. 10254-10267. 

Lyke, J., Freden, J., Ahlberg, M., Bruhn, F., Preble, J. (2016). 
Architectural framework and tool flow concepts for rapidly 
composable wireless spacecraft. IEEE Aerospace 
Conference, AERO 2016, Article no. 7500883. 

Machuca, P., Sánchez, J. P., Greenland, S. (2019). Asteroid 
flyby opportunities using semi-autonomous CubeSats: 
Mission design and science opportunities. Planetary and 
Space Science, Volume 165, p. 179-193. 

Mahmood, R., Khurshid, K., Ul Islam, Q. (2011). Institute of 
Space Technology CubeSat: ICUBE-1 subsystem analysis 
and design. IEEE Aerospace Conference Proceedings, 
AERO 2011, Article no. 5747229.  

Mahmoud, A. A., Elazhary, T. T., Zaki, A. (2010). Remote 
sensing CubeSat. Proceedings of SPIE - The International 
Society for Optical Engineering, Volume 7826, Article 
782621. 



NASA/TP-20210000201 56 

Maiulis, L., Buzas, V. (2017). LituanicaSAT-2 Design of the 
3U in-orbit technology demonstration CubeSat. IEEE 
Aerospace and Electronic Systems, Volume 32, Issue 6,  
p. 34-45. 

Manber, J., Foley, K. D. (2017). The first commercial airlock 
module: Building the commercial space market. 
Proceedings of the International Astronautical Congress, 
IAC 2017, Volume 16, p. 10244-10347. 

Manente, M., Trezzolani, F., Magarotto, M., Fantino, E., 
Selmo, A., Bellomo, N., Toson, E. (2019). REGULUS: A 
propulsion platform to boost small satellite missions. Acta 
Astronautica, Volume 157, p. 241-249. 

Manohar, V., Kovitz, J. M., Rahmat-Samii, Y. (2018). Novel 
Metal Only, Low Profile, High Gain Stepped Reflector 
Antennas for Future 5G mmWave and CubeSat 
Applications. IEEE Antennas and Propagation Society 
International Symposium and USNC/URSI National Radio 
Science Meeting, APSURSI 2018 – Proceedings, Article 
no. 8608902, p. 1725-1726. 

Manyak, G., Bellardo, J. M. (2011). PolySat’s next generation 
avionics design. Proceedings - 4th IEEE International 
Conference on Space Mission Challenges for Information 
Technology, SMC-IT 2011, p. 69-76. 

Mao, Y.-T., Auslander, D., Pankow, D., Sample, J. (2014). 
Estimating angular velocity, attitude orientation with 
controller design for three units CubeSat. Dynamic Systems 
and Control Conference, DSCC 2014, Volume 1. 

Mareboyana, M., Le Moigne, J., Dabney, P. (2018). Improving 
the spatial resolution of imaging instruments using 
software. International Geoscience and Remote Sensing 
Symposium (IGARSS), Volume 2018-July, p. 7990-7993. 

Margenet, M. C., Harris, A., Schaub, H. (2017). Software 
architecture for deep-space navigation filter development. 
Proceedings of the International Astronautical Congress, 
IAC 2017, Volume 2, p. 822-833. 

Martinez, E., Hernandez, M., Adolfo, C. (2018). Ground 
stations network using software defined radio for 
environmental store & forward CubeSats missions in Costa 
Rica. Proceedings of the International Astronautical 
Congress 2018, Volume 2018-October. 

Marzioli, P., Metelli, G., Gugliermetti, L., Nardi, L., Massa, S., 
Bennici, E., Benvenuto, E., Santoni, F., Nardecchia, F. 
(2018). A Low Earth Orbit CubeSat for tomato ideotype 
cultivation. Proceedings of the International Astronautical 
Congress, IAC 2018, Volume 2018-October. 

Marzioli, P., Pellegrino, A., Cialone, G., Masillo, S., 
Gianfermo, A., Frezza, L., Curiano’, F., Grossi, A., Seitzer, 
P., Piergentili, F., Santoni, F. (2018). Opportunities and 
technical challenges offered by a LED-based technology 
on-board a CubeSat: The LEDSAT Mission. Proceedings of 

the International Astronautical Congress, IAC 2018, 
Volume 2018-October. 

Mascarenas, D., Macknelly, D., Mullins, J., Wiest, H., Park, G., 
Farrar, C. (2011). Characterization of satellite components 
assembly for responsive space applications. Proceedings of 
SPIE - The International Society for Optical Engineering, 
Article no. 798421. 

Mason, J. P., Lamprecht, B., Woods, T. N., Downs, C. (2018). 
CubeSat on-orbit temperature comparison to thermal-
balance-tuned-model predictions. Journal of 
Thermophysics and Heat Transfer, Volume 32, Issue 1, p. 
237-255. 

Mason, J. P., Woods, T. N., Caspi, A., Chamberlin, P. C., 
Moore, C., Jones, A., Kohnert, R., Li, X., Palo, S., Solomon, 
S. C. (2016). Miniature X-Ray solar spectrometer: A 
Science-Oriented, university 3U CubeSat. Journal of 
Spacecraft and Rockets, Volume 53, Issue 2, p. 328-339. 

Masutti, D., Denis, A., Wicks, R., Thoemel, J., Kataria, D., 
Smith, A., Muylaert, J. (2017). The QB50 mission for the 
investigation of the mid-lower thermosphere: Preliminary 
results and lessons learned. 68th International Astronautical 
Congress: Unlocking Imagination, Fostering Innovation 
and Strengthening Security, IAC 2017, Volume 9,  
p. 5785-5796. 

Mathason, B., Albert, M. M., Engin, D., Cao, H., Petrillo, K. 
G., Hwang, J., Le, K., Puffenberger, K., Litvinovitch, S., 
Storm, M., Utano, R. (2019). CubeSat lasercom optical 
terminals for near-Earth to deep space communications. 
Proceedings of SPIE - The International Society for Optical 
Engineering, Volume 10910, Article no. 1091005. 

Matouu, M., Vertát, I. (2011). Design of magnetic stabilization 
coils for PilsenCUBE picosatellite. International 
Conference on Applied Electronics, AE 2011, p. 251-254. 

McCabe, M. F., Aragon, B., Houborg, R., Mascaro, J. (2017). 
CubeSats in Hydrology: Ultrahigh-Resolution Insights Into 
Vegetation Dynamics and Terrestrial Evaporation. Water 
Resources Research, Volume 53, Issue 12, p. 10017-10024. 

McGuire, T., Hirsch, M., Parsons, M., Leake, S., Straub, J. 
(2016). A CubeSat deployable solar panel system. 
Proceedings of SPIE - The International Society for Optical 
Engineering, Volume 9865, Article no. 98650C. 

McKay, N., Chou, A., Becker, D., Hoffman, C., Walters, J. 
(2012). Research and development of the extendable solar 
array system. 50th AIAA Aerospace Sciences Meeting 
Including the New Horizons Forum and Aerospace 
Exposition. 

McNicholas, M., Deluna, J., Manno, R., Shu, Y.-H. (2017). 
Low cost Ka-band transmitter for CubeSat systems. 
Proceedings of the 2017 Topical Workshop on Internet of 
Space, TWIOS 2017, Article no. 7869770, p. 21-24. 



NASA/TP-20210000201 57 

Medina, I., Hernández-Gómez, J. J., Miguel, C. T.-S., Couder-
Castañeda, C., Orozco- Del-Castillo, M. G., Grageda-
Arellano, J. I. (2019). Artificial vision assisted ground fine 
pointing system for experimental optical link for CubeSat 
communications. Journal of Physics: Conference Series, 
Volume 1221, Article no. 012063. 

Menezes, K., Gomes, T. (2015). Obtaining infrared spectral 
imagery of the upper atmosphere using a CubeSat. IEEE 
Communications Magazine, Volume 53, Issue 5, Article no. 
7105664, p. 205-207. 

Merl, R., Graham, P. (2016). A low-cost, radiation-hardened 
single-board computer for command and data handling. IEEE 
Aerospace Conference Proceedings, Article no. 7500849. 

Mindermann, P., Gresser, G. T. (2018). Robotic 3D deposition 
of impregnated carbon rovings with gradient properties for 
primary structures. Proceedings of the International 
Astronautical Congress, IAC 2018, Volume 2018-October. 

Mitchell, C., Rexroat, J., Rawashdeh, S. A., Lumpp, J. (2014). 
Development of a modular command and data architecture 
for the KySat-2 CubeSat. IEEE Aerospace Conference 
Proceedings, Article no. 6836355. 

Miyagusuku, R., Arias, K. R., Villota, E. R. (2012). Hybrid 
magnetic attitude control system under CubeSat standards. 
IEEE Aerospace Conference Proceedings, Article no. 
6187239. 

Miyashita, N., Iai, M., Omagari, K., Imai, K., Yabe, H., 
Miyamoto, K., Iljic, T., Usuda, T., Fujiwara, K., Masumoto, 
S., Konda, Y., Sugita, S., Yamanaka, T., Konoue, K., 
Matunaga, S. (2005). Development of nano-satellite cute-
1.7+APD and its current status. International Astronautical 
Federation - 56th International Astronautical Congress, 
Volume 4, p. 2395-2402. 

Mohammad Nusrat Aman, A., Arelhi, R., Khan, N. (2019). 
Studying the Effects of Disturbance Torques on a 2U 
CubeSat in Low Earth Orbits. Journal of Physics: 
Conference Series, Volume 1152, Issue 1, Article 012024.  

Mohammadi, B., Nourinia, J., Ghobadi, C., Alizadeh, F., 
Masuminia, S. V. (2019). Novel Broadband 3U CubeSat 
Reflectarray Antenna. IEEE 5th Conference on Knowledge 
Based Engineering and Innovation, KBEI 2019, p. 124-127. 

Monkell, M., Montalvo, C., Spencer, E. (2018). Using only two 
magnetorquers to de-tumble a 2U CubeSat. Advances in 
Space Research, Volume 62, Issue 11, p. 3086-3094. 

Monowar, M. I., Cho, M. (2017). IAC-17.B4.9-GTS.5.3: 
BIRDS project: Development and operation summary of a 
CubeSat constellation project. Proceedings of the 
International Astronautical Congress, IAC 2017, Volume 
10, p. 6405-6411. 

Monteiro, J. B., Azevedo, A., Pardal, G., Guerman, A., Páscoa, 
J., Dias, F., Rebelo, T., João, A., Figueiredo, P. (2018). 
MECSE: A CubeSat mission aiming to measure and 

manipulate the ionospheric plasma. Advances in the 
Astronautical Sciences, Volume 163, p. 69-81. 

Moorthy, A. K., Blandino, J. J., Demetriou, M. A., Gatsonis, N. 
A. (2019). Extended orbital flight of a CubeSat in the lower 
thermosphere with active attitude. AIAA Scitech 2019 
Forum. 

Mortensen, H. P., Rasmussen, U. W., Pedersen, N. B., Larsen, 
J. A., Nielsen, J. F. D. (2010). NAVIS: Performance 
evaluation of the AAUSAT3 CubeSat using stratospheric 
balloon flight. 61st International Astronautical Congress 
2010, IAC 2010, Volume 5, p. 3742-3749. 

Mukhtar, Z., Ali, A., Mughal, M. R., Reyneri, L. M. (2016). 
Design and comparison of different shapes Embedded 
Magnetorquers for CubeSat Standard Nanosatellites. 
International Conference on Computing, Electronic and 
Electrical Engineering, ICE Cube 2016 Proceedings, p. 175-
180. 

Mwakyanjala, M. B., Reza E. M., van de Beek, J. (2016). 
Software-defined radio transceiver for QB50 CueSat 
telemetry and telecommand. 34th AIAA International 
Communications Satellite Systems Conference. 

Mwanyasi, G. M., Adonis, M. (2012). Design of an energy 
efficient PV stand-alone power supply unit for a residential-
based CubeSat ground station. Proceedings of the 20th 
Conference on the Domestic Use of Energy, DUE 2012, 
Article no. 6198218, p. 105-109. 

Nader, R., Carrion, H., Drouet, S., Uriguen, M., Allu, R., 
Naranjo, G. (2011). NEE-01 Pegasus: The first Ecuadorian 
satellite. 62nd International Astronautical Congress 2011, 
IAC 2011, Volume 5, p. 3591-3597. 

Nag, S., Li, A. S., Merrick, J. H. (2018). Scheduling algorithms 
for rapid imaging using agile CubeSat constellations. 
Advances in Space Research, Volume 61, Issue 3, p. 891-
913. 

Nagarajan, C., D’Souza, R. G., Karumuri, S., Kinger, K. 
(2014). Design of a CubeSat computer architecture using 
COTS hardware for terrestrial thermal imaging. IEEE 
International Conference on Aerospace Electronics and 
Remote Sensing Technology, ICARES 2014, Article no. 
7024379, p. 67-76. 

Nakaya, K., Konoue, K., Sawada, H., Ui, K., Okada, H., 
Miyashita, N., Iai, M., Yamaguchi, N., Kashiwa, M., 
Omagari, K., Morita, I., Matunaga, S. (2003). Tokyo tech 
CubeSat: CUT-I-design & development of flight model and 
future plan. 21st International Communications Satellite 
Systems Conference and Exhibit, Report no. 2003-2388. 

Nallapu, R. T., Ravindran, A., Kalita, H., Reddy, V., Furfaro, 
R., Asphaug, E., Thangavelautham, J. (2018). Smart camera 
system on-board a CubeSat for space-based object reentry 
and tracking. IEEE/ION Position, Location and Navigation 
Symposium, PLANS 2018 – Proceedings, p. 1294-1301. 



NASA/TP-20210000201 58 

Naqvi, N. A., Fiaz, M., Sun, Y., Li, Y. (2013). The project 
management paradigm of ICUBE-1: The debut CUBESAT 
endeavor at institute of space technology. 51st AIAA 
Aerospace Sciences Meeting including the New Horizons 
Forum and Aerospace Exposition, Report no. 2013-0725. 

Narbudowicz, A., Chalermwisutkul, S., Soh, P. J., Faizal J. M., 
Ammann, M. J. (2019). Compact UHF Antenna Utilizing 
CubeSat’s Characteristic Modes. 13th European 
Conference on Antennas and Propagation, EuCAP 2019, 
Article no. 8740236. 

Nascetti, A., Pittella, E., Teofilatto, P., Pisa, S. (2015). High-
gain S-band patch antenna system for Earth-observation 
CubeSat satellites. IEEE Antennas and Wireless 
Propagation Letters, Volume 14, Article no. 6945340,  
p. 434-437. 

Nehrenz, M., Sorgenfrei, M. (2015). On the development of 
spacecraft operating modes for a deep space CubeSat. 
AIAA SPACE 2015 Conference and Exposition.  

Neilsen, T., Weston, C., Fish, C., Bingham, B. (2014). DICE: 
Challenges of spinning CubeSats. Advances in the 
Astronautical Sciences, Volume 151, p. 387-403. 

Neto, L. P. S., Rossi, J. O., Barroso, J. J., Schamiloglu, E. 
(2017). High power soliton generation using hybrid 
nonlinear transmission lines. IEEE International Pulsed 
Power Conference, Volume 2017-June, Article no. 
8291311. 

Neveu, N., Garcia, M., Casana, J., Dettloff, R., Jackson, D. R., 
Chen, J. (2013). Transport microstrip antennas for CubeSat 
applications. IEEE International Conference on Wireless for 
Space and Extreme Environments, WiSEE 2013 - 
Conference Proceedings, Article no. 6737542.  

Nguyen, T., Cetin, E., Osborne, B., Tsafnat, N., Dixon, T. 
(2014). Space based ADS-B via a low Earth Orbit CubeSat 
constellation. Proceedings of the International Astronautical 
Congress, IAC 2014, Volume 5, p. 3641-3647. 

Nieves-Chinchilla, J., Farjas, M., Martínez, R. (2017). 
Measurement of the Horizon Elevation for Satellite 
Tracking Antennas Located in Urban and Metropolitan 
Areas Combining Geographic and Electromagnetic 
Sensors. Measurement: Journal of the International 
Measurement Confederation, Volume 98, p. 159-166. 

Nikbay, M., Acar, P., Rüstem A. A. (2012). Reliability based 
design optimization of a CubeSat de-orbiting mechanism. 
12th AIAA Aviation Technology, Integration and 
Operations (ATIO) Conference and 14th AIAA/ISSMO, 
Multidisciplinary Analysis and Optimization Conference. 

Noack, D., Brieß, K. (2014). Laboratory investigation of a 
fluid-dynamic actuator designed for CubeSats. Acta 
Astronautica, Volume 96, Issue 1, p. 78-82. 

Nohmi, M. (2015). Mission fast results and future plans of 
space tethered autonomous robotic satellite stars. 

Proceedings of the International Astronautical Congress, 
IAC 2015, Volume 6, p. 4384-4391. 

Obiols-Rabasa, G., Corpino, S., Mozzillo, R., Stesina, F. 
(2015). Lessons learned of a systematic approach for the E-
ST@R-II CUBESAT environmental test campaign. 
Proceedings of the International Astronautical Congress, 
IAC 2015, Volume 11, p. 8474-8482. 

Obland, M., Klumpar, D. M., Kirn, S., Hunyadi, G., Jepsen, S., 
Larsen, B. (2002). Power subsystem design for the 
Montanaa EaRth Orbiting Pico-Explorer (MEROPE) 
CubeSat-class satellite. IEEE Aerospace Conference 
Proceedings, Volume 1, p. 465-472. 

Ofodile, I., Kütt, J., Kivastik, J., Kaspar Nigol, M., Parelo, A., 
Ilbis, E., Ehrpais, H., Slavinskis, A. (2019). ESTCube-2 
Attitude Determination and Control: Step Towards 
Interplanetary CubeSats. IEEE Aerospace Conference 
Proceedings, Volume 2019-March, Article no. 8741929. 

Oluwatosin, A. M., Hamam, Y., Djouani, K. (2013). Attitude 
control of a CubSat in a Circular Orbit using Reaction 
Wheels. IEEE AFRICON Conference, Article no. 6757617. 

Omar, S. R., Wersinger, J. M. (2015). Satellite formation 
control using differential drag. 53rd AIAA Aerospace 
Sciences Meeting, Article no. AIAA 2015-0002. 

Oribe, K., Noguchi, Y., Sakamoto, M., Fujimura, M., Yagi, K., 
Imoto, T. (2018). The result of epsilon launch vehicle third 
flight and plan for multi-launch. Proceedings of the 
International Astronautical Congress, IAC 2018. 

Ortega V. D. S. M. (2016). Design of a 3U CubeSat for meteor 
detection and characterization. Proceedings of the 
International Astronautical Congress, IAC 2016, Report no. 
32121. 

Osborne, B., Aboutanios, E. (2014). Grounding the UNSW 
Masters in satellite system engineering – The role of 
CubeSats. Proceedings of the International Astronautical 
Congress, IAC 2014, p. 8373-8377. 

Osman, D. A. M., Mohamed, S. W. A. (2017). Hardware and 
software design of Onboard Computer of ISRASAT1 
CubeSat. International Conference on Communication, 
Control, Computing and Electronics Engineering, 
ICCCCEE 2017, Article no. 7867654. 

Padma, P. S., Radhika, A., Deepika, V. T. (2012). MPPT and 
SEPIC based controller development for energy utilization 
in CubeSats. Annual IEEE India Conference, INDICON 
2012, Article no. 6420604, p. 143-148. 

Pang, W., Yu, X., Zhou, J., Zhang, X., Song, X., Wei, M., Guo, 
J. (2017). Latest status of the four Chinese CubeSats in the 
QB50 project. Proceedings of the International 
Astronautical Congress, IAC 2017, Volume 18, p. 11757-
11764. 

Pang, W. J., Bo, B., Meng, X., Yu, X. Z., Guo, J., Zhou, J. 
(2016). Boom of the CubeSat: A statistic survey of 



NASA/TP-20210000201 59 

CubeSats launch in 2003-2015. Proceedings of the 
International Astronautical Congress, IAC 2016, Report no. 
33367. 

Paoli, G., Feruglio, L., Pellegrini, F., Bruno, A., Piumatti, A., 
Falsetti, D., Bruni, G., Prono, F., Rizzo, A., Ridolfi, G. 
(2011). 3-Star CubeSat for the geoid mission. 62nd 
International Astronautical Congress 2011, IAC 2011, 
Volume 11, p. 9109-9117. 

Park, J. H., Jeung, I.-S. (2012). An investigation on the 
possibility of lunar ground positioning system using 
network of CubeSats. 63rd International Astronautical 
Congress 2012, IAC 2012, Volume 2, p. 1085-1089. 

Pawlina, B., Yu, J. (2017). Energy-optimal control of a CubeSat 
with deployable solar panels. Proceedings of the 
International Astronautical Congress, IAC 2017, Volume 
13, p. 8461-8465. 

Pellegrino, A., Seitzer, P., Piergentili, F., Santoni, F., Cutler, J. 
(2017). LEDSAT: In-orbit demonstration mission for LED-
Based cluster launch early identification and improved LEO 
surveillance. Proceedings of the International Astronautical 
Congress, IAC 2017, Volume 6, p. 4077-4091. 

Pellouin, C., Marmuse, F., Chakrani, J., Hurot, T., Lequette, N., 
Magda, G., Tommasini, A., Toussaint, A., Yang, C., 
Solovyeva, L. (2018). IOnSaT: Challenging the 
atmospheric drag with a 6U nanosatellite. Proceedings of 
the International Astronautical Congress, IAC 2018, 
Volume 2018-October. 

Peng, L., Jun, Z., Xiaozhou, Y. (2018). Design and On-Orbit 
Verification of EPS for the World’s First 12U Polarized 
Light Detection CubeSat. International Journal of 
Aeronautical and Space Sciences, Volume 19, Issue 3, p. 
718-729. 

Peng, L., Jun, Z., Xiaozhou, Y., Luping, C. (2017). Design and 
validation of modular MPPT electric power system for 
multi-U CubeSat. 3rd IEEE International Conference on 
Control Science and Systems Engineering, ICCSSE 2017, 
Article no. 8087960, p. 374-377. 

Perera, V., Movshovitz, N., Asphaug, E., Thangavelautham, J. 
(2014). Material studies of Asteroid regolith and accretion 
using a low-cost CubeSat laboratory. Proceedings of the 
International Astronautical Congress, IAC 2015, Volume 1, 
p. 433-436. 

Perera-Webb, A., Da Silva C. A., Zakirov, V. (2018). The 
changing launcher landscape – A review of the launch 
marker for small satellites. Proceedings of the International 
Astronautical Congress, IAC 2017, Volume 18, p. 11987-
11990. 

Pérez-Lissi, F., Aguado-Agelet, F., Vázquez, A., Yañez, P., 
Izquierdo, P., Lacroix, S., Bailon-Ruiz, R., Tasso, J., 
Guerra, A., Costa, M. (2018). Fire-Rs: Integrating land 
sensors, CubeSat communications, unmanned aerial 

vehicles and a situation assessment software for wildland 
fire characterization and mapping. Proceedings of the 
International Astronautical Congress, IAC 2018, Volume 
2018-October. 

Pett, T., Lee, J. H., Ehrlichman, Y., Gevorgyan, H., Khilo, A., 
Popovi, M. (2018). Photonics-based Microwave 
Radiometer for Hyperspectral Earth Remote Sensing. 2018 
International Topical Meeting on Microwave Photonics, 
MWP 2018, Article no. 8552836. 

Piattoni, J. (2018). Software for space-based optical 
observation system. 66th International Astronautical 
Congress 2015, IAC 2015, Volume 4, p. 2747-2752. 

Piattoni, J., Candini, G., P., Pezzi, G., Santoni, F., Piergentili, 
F. (2011). Plastic CubeSat: An innovative and low-cost way 
to perform applied space research and hands-on education. 
Proceedings of the International Astronautical Congress, 
IAC 2011, Volume 10, p. 8681-8688. 

Piattoni, J., Candini, G. P., Pezzi, G., Santoni, F., Piergentili, F. 
(2012). Plastic CubeSat: An innovative and low-cost way to 
perform applied space research and hands-on education. 
Acta Astronautica, Volume 81, Issue 81, p. 419-429. 

Piazza, A., Descamps, A., Foullon, P., Abt, V., Malaurie, P., De 
Oliveira, Y., Taha, N. E. D. A., Frost, C. R., Dahlgren, R. P. 
(2016). The XCube concept: Extending the CubeSat 
standard from nano-sats to hosted experiments. Proceedings 
of the International Astronautical Congress, IAC 2016, 
Report no. 34249. 

Pignolet, G. (2009). The demoiselle CubeSat: From water 
rockets to orbit: Experiencing basic space education for 
regional businessmen. 60th International Astronautical 
Congress 2009, IAC 2009, Volume 10, p. 8302-8305. 

Pikus, A., Berger, A., Bolliger, M., Parkos, D., Alexeenko, A. 
(2017). DSMC Aerothermal study for 3U CubeSat Probes 
in LEO. 47th AIAA Thermophysics Conference. 

Pina, L., Hudec, R., Inneman, A., Cerna, D., Jakubek, J., Sieger, 
L., Dániel, V., Cash, W., Mikulickova, L., Pavlica, R., 
Belas, E., Polak, J. (2015). X-ray monitoring for 
astrophysical application on CubeSat. Proceedings of  
SPIE - The International Society for Optical Engineering, 
Volume 9510, Article no. 951005. 

Pirat, C., Richard-Noca, M., Paccolat, C., Belloni, F., 
Wiesendangert, R., Courtney, D., Walker, R., Gass, V. 
(2015). IAC-15-AG.G.@ Mission design and GNC for In-
Orbit demonstration of active debris removal technologies 
with CubeSats. Proceedings of the International 
Astronautical Congress, IAC 2015, p. 2296-2310. 

Pirat, C., Richard-Noca, M., Paccolat, C., Belloni, F., 
Wiesendanger, R., Courtney, D., Walker, R., Gass, V. 
(2017). Mission design and GNC for In-Orbit 
Demonstration of Active Debris Removal technologies with 
CubeSats. Acta Astronautica, Volume 130, p. 114-127. 



NASA/TP-20210000201 60 

Pittella, E., Pisa, S., Pontani, M., Nascetti, A., D’Atanasio, P., 
Zambotti, A., Hadi, H. (2016). Reconfigurable S-band patch 
antenna system for CubeSat satellites. IEEE Aerospace and 
Electronic Systems Magazine, Volume 31, Issue 5, p. 6-13. 

Pontani, M., Roberto, R. D., Teofilatto, P., Graziani, F. (2018). 
Lunisat orbit maintenance and low-thrust maneuvers. 
Advances in the Astronautical Sciences, Volume 163, p. 
481-499. 

Przybyla, R., Kryczka, P., Dzieminska, E. (2006). CubeSat – 
Student satellite. Proceedings of SPIE - The International 
Society for Optical Engineering, Volume 6159 I, Article no. 
61590S. 

Puig-Suari, J., Bellardo, M., Nugent, R. (2016). Small Satellite 
Standardization: Lessons learned from the CubeSat 
revolution. Proceedings of the International Astronautical 
Congress, IAC 2016, Report no. 33624. 

Puschell, J. J., Masini, P. (2014). Uncool emissive infrared 
imagers for CubeSats. Proceedings of SPIE - The 
International Society for Optical Engineering, Volume 
9223, Article no. 922307. 

Rabie, M. M., El-Henawy, H., El-Hefnawy, F., Ibrahim, F. 
(2018). Meshed conductor and meshed substrate GPS L1 
band microstrip antenna for CubeSat. National Radio 
Science Conference, NRSC, Proceedings, Volume 2018-
March, p. 55-62. 

Racusin, J., Perkins, J. S., Briggs, M. S., De Nolfo, G., 
Krizmanic, J., Caputo, R., McEnery, J. E., Shawhan, P., 
Morris, D., Connaughton, V., Kocevski, D., Wilson-Hodge, 
C., Hui, M., Mitchell, L., McBreen, S. (2017). BurstCube: 
A CubeSat for gravitational wave counterparts. 35th 
International Cosmic Ray Conference, ICRC 2017. 

Rafano Carná, S. F., Bevilacqua, R. (2019). High fidelity model 
for the atmospheric re-entry of CubeSats equipped with the 
Drag De-Orbit Device. Acta Astronautica, Volume 156,  
p. 134-156. 

Rahmat-Samii, Y., Manohar, V., Kovitz, J. M. (2017). For 
Satellite, Think Small, Dream Big: A review of recent 
antenna developments for CubeSats. IEEE Antennas and 
Propagation Magazine, Volume 59, Issue 2, p. 22-30. 

Rahmatillah, R., Aheieva, K., Cho, M., Holden, L. K. H. 
(2018). Ionosphere irregularity observation using reference 
signals form CubeSat constellation. Proceedings of the 
International Astronautical Congress, IAC 2018, Volume 
2018-October. 

Rahnamai, K., Searles, T., Parker, R. (2018). Design and 
development of a low-cost CubeSat attitude control system 
testing platform. IEEE Aerospace Conference Proceedings, 
Volume 2018-March, p. 1-6. 

Rajguru, A. (2014). Laser space communication concept for 
deep-space interplanetary missions using CubeSats. 45th 
AIAA Plasmadynamics and Lasers Conference. 

Rast, M., Painter, T. H. (2019). Earth Observation Imaging 
Spectroscopy for Terrestrial Systems: An Overview of Its 
History, Techniques, and Applications of Its Mission. 
Surveys in Geophysics, Volume 40, Issue 3, p. 303-331. 

Rather, N. N., Suganthi, S. (2017). Electrically small S-band 
antenna for CubeSat applications. Proceedings of the 2017 
International Conference on Wireless Communications, 
Signal Processing and Networking, WiSPNET 2017, 
Volume 2018-January, p. 1687-1691. 

Rausch, W. D., Hartshorn, L. E., Rendon, A., Kitrell, A. (2000). 
CUBESAT – a dual mission picosatellite. Proceedings of 
SPIE - The International Society for Optical Engineering, 
Volume 4136, p. 121-130. 

Rawashdeh, S., Jones, D., Erb, D., Karam, A., Lumpp Jr., J. E. 
(2009). Aerodynamic attitude stabilization for a ram-facing 
CubeSat. Advances in the Astronautical Sciences, Volume 
133, p. 583-595.  

Rawashdeh, S. A., Danhauer, W. C., Lumpp Jr., J. E. (2012). 
Design of a Stellar Gyroscope for visual attitude 
propagation for small satellites. IEEE Aerospace 
Conference, Article no. 6187241. 

Reisenfeld, S., Spitler, L., Horton, A. (2015). The Australian 
space eye: Ultra-faint astronomy imaging from space. 33rd 
AIAA International Communications Satellite Systems 
Conference and Exhibition, ICSSC 2015. 

Rice, M., Samson, J. R., Haque, J. (2015). Space-based 
networking using CubeSat technologies. 33rd AIAA 
International Communications Satellite Systems 
Conference and Exhibition, ICSSC 2015. 

Ridolfi, G., Corpino, S., Stesina, F., Notarpietro, R., Cucca, M., 
Nichele, F. (2011). Constellation of CubeSats: 3-STAR in the 
HUMSAT/GEOID mission. 62nd International Astronautical 
Congress 2011, IAC 2011, Volume 9, p. 7095-7102. 

Riihimäki, H., Luoto, M., Heiskanen, J. (2017). Estimating 
fractional cover of tundra vegetation at multiple scales using 
unmanned aerial systems and optical satellite data. Remote 
Sensing of Environment, Volume 224, p. 119-132. 

Robertson, G. A., Young, D., Kim, T., Houts, M. (2013). 
Massively Clustered CubeSats NCPS demo mission. 
Nuclear and Emerging Technologies for Space, NETS 
2013, Report no. 7254, p. 43-50. 

Robinson, B. S., Boroson, D. M., Schieler, C. M., Khatri, F. I., 
Guldner, O., Constantine, S., Shih, T., Burnside, J. W., 
Bilyeu, B. C., Hakimi, F., Garg, A., Allen, G., Clements, E., 
Cornwell, D. M. (2018). TeraByte InfraREd Delivery 
(TBIRD): A demonstration of large-volume direct-to-Earth 
data transfer from low-Earth orbit. Proceedings of SPIE - 
The International Society for Optical Engineering, Volume 
10524, Article no. 105240V. 

Roddy, M., Adam, H. (2016). Development of a solid-state 
inflation balloon deorbiter. ASME International Mechanical 



NASA/TP-20210000201 61 

Engineering Congress and Exposition, Proceedings 
(IMECE), Volume 10, Report no. IMECE201667467. 

Roddy, M., Hodges, H., Roe, L., Huang, P.-H. A. (2017). 
Demonstration of a solid-state inflation balloon deorbiter. 
ASME International Mechanical Engineering Congress and 
Exposition, Proceedings (IMECE), Volume 10. 

Rodrigues, L., Winche, Y., Hughes, G. B. (2018). Spectrometer 
subsystem for a CubeSat mission to test Remote Laser-
Evaporative Molecular Absorption (R-LEMA) spectroscopy 
concept in the space environment. Proceedings of SPIE - The 
International Society for Optical Engineering, Volume 
10769, Article no. 107690R. 

Rodriguez, C., Boiardt, H., Bolooki, S. (2016). CubeSat to 
commercial intersatellite communications: Past, present and 
future. IEEE Aerospace Conference Proceedings, Volume 
2016-June, Article no. 7500525. 

Roemer, S., Hellwig, T. (2018). Changing of the requirement 
and business models for CubeSat deployer. Advances in the 
Astronautical Sciences, p. 559-564. 

Roldugin, D. S., Ovchinnikov, M. Y., Ivanov, D. S., Shachkov, 
M. O., Koptev, M. D., Pantsyrnyi, O. A., Fedorov, I. O. 
(2018). Saving mission yet to be launched: Tight schedule 
for an unexpected project. Advances in the Astronautical 
Sciences, Volume 163, p. 377-391. 

Rommelaere, S., Brauer, F., Tossaint, M., Martimort, P., 
Lozano, P. J. (2018). Tool for evaluation of future space 
systems during phase O/A. Proceedings of the International 
Astronautical Congress, IAC 2018, Volume 2018-October. 

Roscoe, C. W. T., Westphal, J. J., Mosleh, E. (2018). Overview 
and GNC design of the CubeSat Proximity Operations 
Demonstration (CPOD) mission. Acta Astronautica, 
Volume 153, p. 410-421. 

Roscoe, C. W. T., Westphal, J. J., Shelton, C. T., Bowen, J. A. 
(2016). CubeSat proximity operations demonstration 
(CPOD) mission: End-to-end integration and mission 
simulation testing. Advances in the Astronautical Sciences, 
Volume 156, p. 1991-2006. 

Rossi, S., Ivanov, A., Burri, G., Gass, V., Hollenstein, C., 
Rothacher, M. (2015). Cubeth sentor characterization: 
Sensor analysis required for a CubeSat mission. Advances 
in the Astronautical Sciences, Volume 153, p. 1493-1512. 

Rouard, S., Balinov, S., Ostoja-Starzewski, S. (2009). FlyMate: 
The next generation of picosatellite orbital deployers. 60th 
International Astronautical Congress 2009, IAC 2009, 
Volume 11, p. 8703-8706. 

Roux, G., Steyn, W. H. (2018). A novel high-performance 
nanosatellite attitude and rate sensor. Proceedings of the 
International Astronautical Congress, IAC 2018, Volume 
2018-October. 

Sabzalian, M., Whatley, J., Parmentier, N., Elawad, A. (2015). 
Testing a self-healing material in microgravity using a 3U 

CubeSat. IEEE Communications Magazine, Volume 53, 
Issue 5, p. 202-204. 

Salamanca, C. J. E., Ferro, E. R., Paternina, A. J. J. (2015). 
High efficiency photovoltaic cells and solar array for a 
CubeSat type pico-Satellite. Proceedings of the IEEE 35th 
Central American and Panama Convention, CONCAPAN 
2015, Article no. 7428462. 

Salces, A., Zaki, S. B. M., Kim, S., Masui, H., Cho, M. (2016). 
Design, development, testing and on-orbit performance 
results of a low-cost store-and-forward payload onboard a 
1U CubeSat constellation for remote data collection 
applications. Proceedings of the International Astronautical 
Congress, IAC 2018, Volume 2018-October. 

Salles, V. M., Barbin, S. E., Kretly, L. C. (2017). A design of 
adiabatic digital circuits for micro, nano and cube satellites: 
Four stage JKFF binary counter using four-phase AC-
clocked power-supply. SBMO/IEEE MTT-S International 
Microwave and Optoelectronics Conference, IMOC 2017. 

Samsuzzaman, M., Islam, M. T., Kibria, S., Cho, M. (2018). 
BIRDS-1 CubeSat Constellation Using Compact UHF 
Patch Antenna. IEEE Access, Volume 6, Article no. 
8468156, p. 54282-54294. 

Sansone, F., Branz, F., Francesconi, A. (2018). A relative 
navigation sensor for CubeSats based on LED fiducial 
markers. Acta Astronautica, Volume 146. p. 206-215. 

Santangelo, A. D. (2015). Flight of FRNCS-P and 
QuickSAT/Xen on the SHARC CubeSat mission. 53rd 
AIAA Aerospace Sciences Meeting. 

Santangelo, A. D. (2017). Networking small satellites in LEO 
via the LinkStar and – STX3 radios: Architecture and test 
results. 35th AIAA International Communications Satellite 
Systems Conference, ICSSC 2017. 

Santangelo, A. D. (2018). LinkStar-X, a high performance, 
secure integrated flight computer and radio system for 
CubeSats in LEO and deep space. AIAA Information 
Systems-AIAA Infotech at Aerospace, Issue 209989. 

Santangelo, A. D., Skentzos, P. (2015). An open source flight 
management system and software based radio architecture 
for CubeSats. 33rd AIAA International Communications 
Satellite Systems Conference and Exhibition, ICSSC 2015. 

Santangelo, Andrew D. (2017). LinkStar-HD & -STX3, third 
generation global star radio systems for satellites in LEO 
architecture and test results. AIAA SPACE and 
Astronautics Forum and Exposition, SPACE 2017. 

Santangelo, Andrew D. (2018). The LinkStar-STX3 radio 
architecture with integrated GPS: A case study and lessons 
learned from CubeSat and high altitude balloon missions. 
AIAA Space and Astronautics Forum and Exposition, 
Article no. AIAA 2018-5284. 

Sauder, J., Chahat, N., Hirsch, B., Hodges, R., Peral, E., 
Rahmat- Samii, Y., Thomson, M. W. (2017). From 



NASA/TP-20210000201 62 

prototype to flight: Qualifying a Ka-band parabolic 
deployable antenna (KaPDA) for CubeSats. 4th AIAA 
Spacecraft Structures Conference. 

Sauder, J. F., Chahat, N., Hodges, R., Peral, E., Thomson, M. 
W., Rahmat-Samii, Y. (2016). Designing, building, and 
testing a mesh Ka-band parabolic deployable antenna 
(KaPDA) for CubeSats. 54th AIAA Aerospace Sciences 
Meeting. 

Sauder, J. F., Thomson, M. W. (2015). The mechanical design 
of a mesh Ka-band parabolic deployable antenna (KaPDA) 
for CubeSats. 2nd AIAA Spacecraft Structures Conference. 

Schilling, K., Tzschichholz, T., Motroniuk, I., Aumann, A., 
Mammadov, I., Ruf, O., Schmidt, C., Appel, N., Kleinschrodt, 
A., Montenegro, S., Nüchter, A. (2018). Tom: A formation for 
photogrammetric Earth observation by three CubeSats. 
Advances in the Astronautical Sciences, p. 543-556. 

Schmidt, C., Fuchs, C. (2018). The OSIRIS program at DLR. 
Proceedings of SPIE - The International Society for Optical 
Engineering, Volume 10524, Article no. 105240R. 

Scholz, A. (2014). Open source CubeSat engineering. 
Proceedings of the International Astronautical Congress, 
IAC 2014, Volume 12, p. 8763-8767. 

Scholz, A., Juang, J.-N. (2015). Toward open source CubeSat 
design. Acta Astronautica, Volume 115, p. 384-392. 

Schoolcraft, J., Klesh, A., Werne, T. (2016). MarCO: 
Interplanetary mission development on a CubeSat scale. 
14th International Conference on Space Operations, 
SpaceOps 2016. 

Schulte, P. Z., Spencer, D. A. (2016). Development of an 
integrated spacecraft Guidance, Navigation, & Control 
subsystem for automated proximity operations. Acta 
Astronautica, Volume 118, p. 168-186. 

Secondo, R., Garcia Alia, R., Peronnard, P., Brugger, M., Masi, 
A., Danzeca, S., Merlenghi, A., Chesta, E., Vaille, J. R., 
Bernard, M., Dusseau, L. (2018). System level Radiation 
Characterization of a 1U CubeSat Based on CERN 
Radiation Monitoring Technology. IEEE Transactions on 
Nuclear Science, Volume 65, Issue 8, p. 1694-1699. 

Segret, B., Vannitsen, J., Agnan, M., Porquet, A., Sleimi, O., 
Deleflie, F., Miau, J.-J., Juang, J.-C., Wang, K. (2014). 
BIRDY: An interplanetary CubeSat to collect radiation data 
on the way to Mars and back to prepare the future manned 
missions. Proceedings of SPIE - The International Society 
for Optical Engineering, Volume 9150, Article no. 91501N. 

Seo, Y., Chae, K.-S., Mochizuki, B., Clarino, D., Yeung, N., 
Yoon, S., Seon, J., Jin, H., Lee, D.-H., Lin, R. P., Sample, 
J., Immel, T., Brown, P., Horbury, T. S. (2013). Instrument 
interface module between the on-board-computer and 
payloads in cinema CUBESAT as developed with FPGA. 
Proceedings of the International Astronautical Congress, 
IAC 2013, Volume 6, p. 4275-4281. 

Sethi, A., Gajanur, N., Sadasivan, K. S., Thakurta, V., Cheela, 
B. S., Hosangadi, R. (2017). Implementation of COTS
components for CubeSat applications. IEEE Aerospace
Conference Proceedings, Article no. 7943808.

Shao, M., Turyshev, S., Zhai, C. (2016). Big science in small 
packages: A constellation of cubesats to search near Earth 
asteroids. Conference on Lasers and Electro-Optics, CLEO 
2016, Article no. 7787963. 

Shiotani, B., Buckley, D. A., Bumbaco, A. E., Fitz-Coy, N. G. 
(2015). Educate utilizing CubeSat experience: Unified K-20 
vision of comprehensive STEAM-powered space systems 
education program. ASEE Annual Conference and 
Exposition, Conference Proceedings, Report no. 13036. 

Shiroma, W. A., Ohta, A. T., Tamamoto, M. A. (2003). The 
University of Hawaii CubeSat: A multidisciplinary 
undergraduate engineering project. Proceedings - Frontiers in 
Education Conference, FIE 2003, Volume 3, p. S3A7-S3A11. 

Siddiqui, M. U., Cretel, C. (2018). Updated performance 
measurements and analysis of the phase four RF Thruster. 
54th AIAA/SAE/ASEE Joint Propulsion Conference. 

Sitepu, E., Cullen, D. C. (2018). Towards a 3U CubeSat-
payload for in-situ resource utilization demonstration at C-
type near Earth asteroids. Proceedings of the International 
Astronautical Congress, IAC 2018, Volume 2018-October. 

Sivapalanirajan, M., Kamala, J., Umamaheswari, B. (2014). 
Power system design and parameter monitoring for 2U 
CubeSat. International Conference on Science Engineering 
and Management Research, ICSEMR 2014, Article no. 
7043614. 

Soh, J., Sun, X., Wu, X., Stefano, J., Ma, M., Clune, A. (2012). 
I-INSPIRE II: University of Sydney’s 2nd generation
nanosatellite for initial integrated nano spectrograph,
propulsion, imager and radiation explorer. Proceedings of
the International Astronautical Congress, IAC 2013, p.
10107-10117.

Song, S., Kim, H., Chang, Y.-K. (2018). Design and 
implementation of 3U CubeSat platform architecture. 
International Journal of Aerospace Engineering, Article no. 
2079219. 

Song, S., Kim, H., Chang, Y.-K. (2018). Development of 
modular 3U CubeSat standard platform and its application 
to KAUSAT-5. Advances in the Astronautical Sciences, 
Volume 163, p. 421-440. 

Song, Y.-J., Jin, H., Garick-Bethell, I. (2015). Lunar CubeSat 
impact trajectory characteristics as a function of its release 
conditions. Mathematical Problems in Engineering, 
Volume 2015, Article no. 681901. 

Song, Y.-J., Lee, D., Jin, H., Kim, B.-Y. (2017). Potential 
trajectory design for a lunar CubeSat impactor deployed from 
a HEPO using only a small separation delta-V. Advances in 
Space Research, Volume 59, Issue 2, p. 619-630. 



NASA/TP-20210000201 63 

Sorgenfrei, M., Knudson, M. (2018). Preparing for the 
challenges of operating a CubeSat in deep space. 15th 
International Conference on Space Operations, Article no. 
AIAA 2018-2689. 

Sorgenfrei, M., Nehrenz, M., Shish, K. (2014). Operational 
considerations for a swarm of CubeSat-class spacecraft. 
13th International Conference on Space Operations, 
SpaceOps 2014. 

Spangelo, S., Landau, D., Johnson, S., Arora, N., Randolph, T. 
(2015). Defining the optimal requirements for the liquid 
indium microelectric propulsion system. Journal of 
Spacecraft and Rockets, Volume 52, Issue 6, p. 1651-1664. 

Speretta, S., Cervone, A., Sundaramoorthy, P., Noomen, R., 
Mestry, S., Cipriano, A., Topputo, F., Biggs, J., Lizia, P. D., 
Massari, M., Mani, K., Tos, D. D., Ceccherini, S., Franzese, 
V., Ivanov, A., Labate, D., Tommasi, L., Jochemsen, A., 
Gailis, J., Furfaro, R., Reddy, V., Vennekens, J., Walker, R. 
(2018). Lumio: Achieving autonomous operations for lunar 
exploration with a CubeSat. 15th International Conference 
on Space Operations, Article no. AIAA 2018-2599. 

Srivatsa, M. S., Keshihaa, R., Bhagatji, J., Asundi, S. (2018). 
Design and simulation of a dual-band imaging spectrometer 
for nano-and micro-class CubeSat applications. AIAA 
SPACE and Astronautics Forum and Exposition, Article no. 
AIAA 2018-5170. 

Stanton, E. J., Puschell, J. J. (2012). Day/Night Band imager 
for a CubeSat. Proceedings of SPIE - The International 
Society for Optical Engineering, Volume 8516, Article no. 
85160C. 

Steyn, W. H. (2011). Attitude control actuators, sensors and 
algorithms for a solar sail CubeSat. 62nd International 
Astronautical Congress 2011, IAC 2011, Volume 5, 
p. 4039-4047.

Stolarski, M., Dobrowolski, M., Graczyk, R., Kurek, K. (2009). 
Space platform for student CubeSat pico-satellite. 
Proceedings of SPIE - The International Society for Optical 
Engineering, Volume 7502, Article no. 75020M. 

Straub, J. (2017). An update on the Open Orbiter I Mission. IEEE 
Aerospace Conference Proceedings, Article no. 7943803. 

Straub, J. (2017). An update on the OpenOrbiter I Mission and 
its paradigm’s benefits for the defense, homeland security 
and intelligence communities. Proceedings of SPIE - The 
International Society for Optical Engineering, Volume 
10196, Article no. 101960H. 

Sun, X., Wu, X. (2014). A CubeSat attitude control system with 
linear piezoelectric actuator. Proceedings of the Symposium 
on Piezoelectricity, Acoustic Waves and Device 
Applications, SPAWDA 2014, Article no. 6998529, p. 72-75. 

Sundaramoorthy, P., Topputo, F., Massari, M., Biggs, J., Di 
Lizia, P., Dei Tos, D. A., Mani, K., Ceccherini, S., Franzese, 
V., Cervone, A., Speretta, S., Mestry, S., Noomen, R., 

Ivanov, A., Labate, D., Jochemsen, A., Furfaro, R., Reddy, 
V., Jacquinot, K., Walker, R., Vennekens, J., Cipriano, A., 
Pepper, S., Van De Poel, M. (2018). System design of 
LUMIO: A CubeSat at Earth-Moon L2 for observing lunar 
meteoroid impacts. Proceedings of the International 
Astronautical Congress, IAC 2018, Volume 20018-October. 

Sung, S. S., Roque, J. D., Murakami, B. T., Shiroma, G. S., 
Miyamoto, R., Shiroma, W. A. (2003). Retrodirective 
antenna technology for CubeSat networks. IEEE Topical 
Conference on Wireless Communication Technology, 
Article no. 1321499, p. 220-221. 

Sutherland, R., Kolmanovsky, I., Girard, A. R. (2019). Attitude 
Control of a 2U CubeSat by Magnetic and Air Drag 
Torques. IEEE Transactions on Control Systems 
Technology, Volume 27, Issue 3, p. 1047-1059. 

Swenson, C. M., Gunther, J., Fish, C. (2014). Supporting 
communication needs of CubeSat constellation missions. 
United States Nat. Comm. URSI Nat. Radio Sci. Meet., 
USNC-URSI NRSM, Article no. 6928054. 

Swenson, P. H., Thomas, G. M., Cobb, R. G., Black, J. T., 
Swenson, E. D. (2010). Development and design of an AFIT 
CubeSat demonstrating deployable technology. Collection 
of Technical Papers - AIAA/ASME/ASCE/AHS/ASC 
Structures, Structural Dynamics and Materials Conference, 
Article no. 2010-2906. 

Szewczyk, T., Barcinski, T., Rybus, T., Wisniewski, L., Bialek, 
A., Grygorczuk, J., Krzewski, M., Kucinski, T., Lisowski, 
J., Morawski, M., Przybyla, R., Rothkaehl, H., Tokarz, M., 
Wawrzaszek, R. (2015). TwinCube-Preliminary study of a 
tether experiment for CubeSat mission. Annual Review of 
Earth and Planetary Sciences, Volume 24, p. 71-83. 

Tanaka, T., Kawamura, Y., Tanaka, T. (2013). Development 
and operations of nano-satellite FITSAT-1 (NIWAKA). 
Acta Astronautica, Volume 107, p. 112-129. 

Tanaka, T., Kawamura, Y., Tanaka, T. (2013). Overview and 
operations of CubeSat FITSAT-1 (NIWAKA). Proceedings 
of 6th International Conference on Recent Advances in Space 
Technologies, RAST 2013, Article no. 6581339, p. 887-892. 

Tariq, S., Baktur, R. (2015). Circularly polarized UHF up- and 
downlink antennas integrated with CubeSat solar panels. 
IEEE Antennas and Propagation Society, AP-S 
International Symposium (Digest), Volume 2015-October, 
Article no. 7305101, p. 1424-1425. 

Tassano, M., Monzon, P., Pechiar, J. (2019). Attitude 
determination and control system of the Uruguayan 
CubeSat, AntelSat. 16th International Conference on 
Advanced Robotics, ICAR 2013, Article no. 6766523. 

Tatomirescu, A., Pedersen, G. (2018). Compact S Band 
Antenna for CubeSat. 12th International Conference on 
Communications, COMM 2018 – Proceedings, Article no. 
8430138, p. 231-234. 



NASA/TP-20210000201 64 

Techavijit, P., Chivapreecha, S., Sukchalerm, P., Plodpai, A. 
(2016). CubeSat image transmission in JPEG compression: 
An experiment on high altitude platform. 8th International 
Conference on Knowledge and Smart Technology, KST 
2016, Article no. 7440493, p. 164-168. 

Teschl, F. (2019). Characterizing Earth Surface Scattering for 
an Upcoming CubeSat GNSS-Reflectometry Mission. 13th 
European Conference on Antennas and Propagation, 
EuCAP 2019, Article no. 8739984. 

Testani, P. (2012). Development of sun-pointing magnetic 
attitude control system for CXBN CubeSat. Proceedings of 
the International Astronautical Congress, IAC 2012, 
Volume 8, p. 5992-5997. 

Thaheer, A. S. M., Ismail, N. A., Yusoff, S. H. M., Izmir Y. M., 
Azak, N. A. (2017). Mission analysis and design of MYSat: 
A 1U CubeSat for electron density measurement. 
Proceedings of the International Astronautical Congress, 
IAC 2017, Volume 17, p. 11571-11581. 

Thangavelautham, J., Thoesen, A., Gadau, F., Hutchins, G., 
Asphaug, E., Alizadeh, I. (2014). Low-cost science 
laboratory in microgravity using a CubeSat centrifuge 
framework. Proceedings of the International Astronautical 
Congress, IAC 2014, Volume 1, p. 613-619. 

Thienel, J., Bruninga, R., Stevens, R., Ridge, C., Healy, C. 
(2009). The magnetic attitude control system for the 
Parkinson Satellite (PSAT) A US Naval Academy designed 
CubeSat. AIAA Guidance, Navigation, and Control 
Conference and Exhibit, Article no. 2009-5947. 

Thoemel, J., Singarayar, F., Scholz, T., Masutti, D., Testani, P., 
Asma, C., Reinhard, R., Muylaert, J. (2014). Proceedings of 
the International Astronautical Congress, IAC 2014, 
Volume 5, p. 3477-3484.  

Tholeti, S. S., Alexeenko, A., Macheret, S. (2016). Modeling 
of microplasmas with nano-engineered electrodes. 54th 
AIAA Aerospace Sciences Meeting. 

Thomas, D., Wolosik, A., Black, J. (2018). CubeSat attitude 
control simulator design. AIAA Modeling and Simulation 
Technologies. 

Tolegenova, A., Zhantlessova, A., Khamzina, B., Soboleva, L. 
(2017). Selection of parameters for CubeSat nano-satellite 
stabilization magnetic system. International Siberian 
Conference on Control and Communications, SIBCON 
2017 – Proceedings, Article no. 7998574. 

Toorian, A., Diaz, K., Lee, S. (2008). The CubeSat approach to 
space access. IEEE Aerospace Conference Proceedings, 
Article no. 4526293. 

Topputo, F., Massari, M., Biggs, J., Di Lizia, P., Dei Tos, D. 
A., Mani, K. V., Ceccherini, S., Franzese, V., Cervone, A., 
Sundaramoorthy, P., Speretta, S., Mestry, S., Noomen, R., 
Ivanov, A., Labate, D., Jochemsen, A., Furfaro, R., Reddy, 
V., Jacquinot, K., Walker, R., Vennekens, J., Cipriano, A., 

Koschny, D. (2018). LUMIO: Characterizing lunar 
meteoroid impacts with a CubeSat. Proceedings of the 
International Astronautical Congress, IAC 2018, Volume 
2018-October. 

Torgerson, D., Straub, J., Mohammad, A., Korvald, C., 
Limesand, D. (2013). An open-source scheduler for small 
satellites. Proceedings of SPIE - The International Society 
for Optical Engineering, Volume 8741, Article no. 874118. 

Tremberger Jr., G., Armendariz, R., Takai, H., Holden, T., 
Austin, S. (2012). Applications of Arduino microcontroller 
in student projects in a community college. 119th ASEE 
Annual Conference and Exposition, Conference 
Proceedings. 

Truglio, M., Rodriguez, A. C., Graziani, F. (2018). Hercules: A 
reliable OBC saving space on your CubeSat. Advances in 
the Astronautical Sciences, Volume 163, p. 617-625. 

Tsay, M., Feng, C., Paritsky, L., Zwahlen, J., Lafko, D., Robin, 
M. (2016). Complete EM system development for Busek’s 
1U CubeSat green propulsion module. 52nd 
AIAA/SAE/ASEE Joint Propulsion Conference. 

Tsay, M., Feng, C., Zwahlen, J. (2017). System-level 
demonstration of Busek’s 1U CubeSat green propulsion 
module “AMAC.” 53rd AIAA/SAE/ASEE Joint Propulsion 
Conference. 

Tubbal, F., Raad, R., Chin, K.-W., Matekovits, L., Butters, B., 
Dassano, G. (2019). A high gain S-band slot antenna with 
MSS for CubeSat. Annales des Telecommunications/ 
Annals of Telecommunications, Volume 74, Issue 3-4,  
p. 223-237. 

Tubbal, F. E., Raad, R., Chin, K.-W. (2017). A low profile high 
gain CPW-fed slot antenna with a cavity backed reflector 
for CubeSats. 11th International Conference on Signal 
Processing and Communication Systems, ICSPCS 2017 – 
Proceedings, Volume 2017-Janurary, p. 1-4. 

Umit, M. E., Bas, M. E., Akyol, I. E., Uludag, M. S., Ecevit, A. 
B., Asian, A. R. (2012). Solar emulator and simulator design 
for CubeSats. Proceedings of the International Astronautical 
Congress, IAC 2012, Volume 9, p. 7164-7169. 

Underwood, C., Lamb, D., Irvine, S., Dyer, A., Duke, R., 
Stewart, B., Taylor, B., Massimiani, C., Fellowes, S., Baker, 
M. (2017). Development and testing of new thin-film solar 
cell (TFSC) technology: Flight results from the AISat-1N 
TFSC payload. Proceedings of the International 
Astronautical Congress, IAC 2017, Volume 9, p. 6171-6181. 

Underwood, C., Taylor, B., Dyer, A., Ashton, C. (2011). 
Murem: A micro radiation environment and effects monitor 
for small satellites. 62nd International Astronautical 
Congress, IAC 2011, Volume 5, p. 3951-3959. 

Vancil, B., Osborne, C., Caplan, M., Radovich, D. (2018). 
Miniature Klyston for CubeSats. IEEE International 
Vacuum Electronics Conference, IVEC 2018, p. 181-182. 



NASA/TP-20210000201 65 

Vanreusel, J., Soucek, A., Sagath, D., Galeone, P. (2017). 
Supporting the responsible access to space of CubeSat 
missions. Proceedings of the International Astronautical 
Congress, IAC 2017, Volume 18, p. 12021-12030. 

Vasile, M., Torre, F., Serra, R., Grey, S. (2018). Autonomous 
orbit determination for formations of CubeSats beyond 
LEO. Acta Astronautica, Volume 153, p. 327-336. 

Vavilov, I. S., Lukyanchik, A. I., Yachmenev, P. S., Litau, R. 
N., Lysakov, A. V. (2018). A small spacecraft microengine 
with SHF impact on working medium: Cooling and 
dilatometric evaporator valve. Journal of Physics: 
Conference Series, Volume 1050, Article no. 012095. 

Vázquez-Álvarez, A., Tubío-Pardavila, R., González-Muiño, 
A., Aguado-Agelet, F., Arias-Acuna, M., Vilán-Vilán, J. A. 
(2012). Design of a polarization diversity system for ground 
stations of CubeSat space systems. IEEE Antennas and 
Wireless Propagation Letters, Volume 11, p. 917-920. 

Vega, K., Auslander, D., Pankowz, D. (2009). Design and 
modeling of an active attitude control system for CubeSat 
class satellites. AIAA Modeling and Simulation 
Technologies Conference, Article no. 2009-5812. 

Veljovic, M. J., Skrivervik, A. K. (2018). Wideband cavity-
backed CubeSat antenna in S band. IET Conference 
Publications, Volume 2018, Issue CP741. 

Veljovic, M. J., Skrivervik, A. K. (2019). Aperture-Coupled 
Low-Profile Wideband Patch Antennas for CubeSat. IEEE 
Transactions on Antennas and Propagation, Volume 67, 
Issue 5, p. 3439-3444. 

Vellucci, S., Monti, A., Barbuto, M., Toscano, A., Bilotti, F. 
(2017). Enhancing the performance of satellite 
telecommunication systems exploiting electromagnetic 
cloaking. 11th International Congress on Engineered 
Material Platforms for Novel Wave Phenomena, 
Metamaterials 2017, Article no. 8107815, p. 367-369. 

Venturini, C. C., Abramowitz, L. R., Johansen, J. D., Gee, J. 
G., Floyd, W. G. (2009). CubeSat developmental programs–
Working with the community. AIAA Space 2009 
Conference and Exposition, Article 2009-6501. 

Verrecchia, A., Soulier, G., Pignolet, G. (2017). Developing the 
space sector on insular territory: Reunion island case study. 
Proceedings of the International Astronautical Congress, 
IAC 2017, Volume 18, p. 12407-12409. 

Viscio, M. A., Viola, N., Corpino, S., Stesina, F., Circi, C., 
Fineschi, S., Fumenti, F. (2013). Interplanetary CubeSats 
mission to Earth-sun liberation point for space weather 
evaluations. 64th International Astronautical Congress 
2013, IAC 2013, Volume 2, p. 1324-1332. 

Viscio, M. A., Viola, N., Corpino, S., Stesina, F., Fineschi, S., 
Fumenti, F., Circi, C. (2014). Interplanetary CubeSats 
system for space weather evaluations and technology 

demonstration. Acta Astronautica, Volume 104, Issue 2,  
p. 516-525. 

Visser, D. F., Sagouo M. F., Van Zyl, R. R., Lehmensiek, R., 
Magnus, L., Opperman, B., Cilliers, P. J. (2011). CubeSat 
mission design for characterizing the Dual Auroral Radar 
Network (SuperDARN) field of view. 62nd International 
Astronautical Congress 2011, IAC 2011, Volume 5,  
p. 3649-3657. 

Volkan, A. K. A. N. (2015). Electrically small printed antenna 
for applications on CubeSat and nano-satellite platforms. 
Microwave and Optical Technology Letters, Volume 57, 
Issue 4, p. 891-896. 

Vourch, C. J., Drysdale, T. D. (2014). V-band ‘bull’s eye’ 
antenna for CubeSat applications. IEEE Antennas and 
Wireless Propagation Letters, Volume 13, Article no. 
6824803, p. 1092-1095. 

Walewyns, T., Scheen, G., Tooten, E., Dupuis, P., Francis, L. 
A. (2011). Development of a miniaturized gas ionization 
sensor for harsh environments by using polyimide spacer. 
Sensors, Actuators, and Microsystems (General) - 219th 
ECS Meeting, Volume 35, Issue 30, p. 119-128. 

Walton, P., Long, D. (2019). Space of solutions to ocean 
surface wind measurement using scatterometer 
constellations. Journal of Applied Remote Sensing, Volume 
3, Issue 3, Article no. 032506. 

Wan, S., Groswald, L., Woellert, K. (2010). CubeSat program 
justification model. 61st International Astronautical 
Congress 2010, IAC 2010, p. 1687-1697. 

Warner, C. (2014). CubeSats: Keep space research motoring. 
ECN Electronic Component News, Volume 58, Issue 6,  
p. 18-20.  

Welle, R. P. (2018). Optical networks in LEO based on the 
CubeSat standard. Proceedings of the International 
Astronautical Congress, IAC 2018, Volume 2018-October.  

Wesam, E. M., Zhang, X., Lu, Z., Liao, W. (2017). Kalman 
filter implementation for small satellites using constraint 
GPS data. International Conference on Aerospace, 
Mechanical and Mechatronic Engineering, Volume 221, 
Issue 1, Article no. 012015. 

Wesolek, D., Darrin, M. A. G., Osiander, R. (2008). Wafer 
scale integration enabling space science. 2008 IEEE 
Aerospace Conference, AC, Article no. 4526476. 

Whitney, T., Straub, J., Marsh, R. (2015). Design and 
implementation of satellite software to facilitate future 
CubeSat development. AIAA SPACE 2015 Conference and 
Exposition. 

Wojtkowiak, H., Balagurin, O., Djebko, K., Fellinger, G., 
Greiner, T. (2017). Autonomous mission operation onboard 
nano-satellite sonate. Proceedings of the International 
Astronautical Congress, IAC 2017, Volume 10, p. 6623-6632. 



NASA/TP-20210000201 66 

Wolanski, P., Urbanowicz, M. (2012). PW-SAT- The first 
polish satellite – Test of the new concept of deorbiting 
system. Proceedings of the International Astronautical 
Congress, IAC 2012, Volume 4, p. 2571-2576. 

Wolosik, A., Blacky, J, (2017). Development of a low-flying 
CubeSat mission for F-region characterization. 55th AIAA 
Aerospace Sciences Meeting. 

Wu, R., Roberts, P. C. E., Soutis, C., Diver, C. (2008). Flexible 
heat shields deployed by centrifugal force. Acta 
Astronautica, Volume 152, p. 78-87. 

Wu, S., Chen, W., Chao, C., Zhang, C., Mu, Z., He, T., Jia, Z., 
Wu, Z., Dai, Y., Ginati, A. (2015). IAC-15-B4.4.3 Earth 
Observation and Marine/Air Traffic Monitoring with a 
Multiple CubeSat Constellation. Proceedings of the 
International Astronautical Congress, IAC 2015, Volume 6, 
p. 4437-4446.  

Xiao, X., Lu, Y. (2018). Compact Circularly Polarized Smart 
Antenna System for CubeSat IDRS Application. IEEE 
International Conference on Computational Electromagnetics, 
ICCEM 201, Article no. 8496731. 

Xie, H., Divsalar, D., Farr, W. H., Dolinar, S., Cheung, K.-M. 
(2017). Very low rate coded laser communications for 
noise-limited space optical channels. IEEE Aerospace 
Conference, AERO 2017, Article no. 7943861. 

Yamazaki, M. (2016). Hand-on practices for space systems 
engineering education using pico-satellite training kit Helta-
Sat. Proceedings of the International Astronautical 
Congress, IAC 2016, Report No. 32858. 

Yang, W., Chang, Q., Kealy, A., Xu, Y., Lan, T. (2018). A 
Novel Location-Awareness Method Using CubeSats for 
Locating the Spot Beam Emitters of Geostationary 
Communications Satellites. Mathematical Problems in 
Engineering, Volume 2018, Article no. 8035093. 

Yang, Y., Yue, X., Tang, G., Cui, H., Song, B. (2015). Orbit 
determination using combined GPS + Beidou observations 
for low Earth CubeSats: Software validation in ground 
testbed. Lecture Notes in Electrical Engineering, Volume 
342, p. 321-334. 

Yenchesky, L. K., Grenfell, P., Larocca, M., Cahoy, K. (2019). 
Optomechanical design for CubeSat laser infrared 
crosslinks. AIAA Scitech 2019 Forum. 

Yoon, S., Kim, V., Yun, J., Seon, J., Jin, H., Chae, K.-S., Lee, 
D.-H., Lin, R. P., Sample, J., Immel, T., Kim, J., Horbury, 
T. S., Brown, P. (2012). Operations for two spacecraft of 
triple-CubeSat mission trio-cinema with a single RF chain. 
Proceedings of the International Astronautical Congress, 
IAC 2012, Volume 6, p. 4240-4245. 

Yu, X., Zhou, J. (2014). CubeSat: A candidate for the asteroid 
exploration in the future. International Conference on 

Manipulation, Manufacturing and Measurement on the 
Nanoscale, 3M- NANO 2014 - Conference Proceedings, 
Article no. 7057349, p. 261-265. 

Yuhaniz, S. S., Hamzah, N. (2015). Development of mission 
control station software for a CubeSat mission. International 
Conference on Space Science and Communication, 
IconSpace, Volume 2015-September, Article no. 7283819, 
p. 33-37. 

Zacny, K., Metzger, P., Luczek, K., Mantovani, J., Mueller, R. 
(2016). The world is not enough (WINE): Harvesting local 
resources for eternal exploration of space. AIAA Space and 
Astronautics Forum and Exposition, SPACE 2016. 

Zaidi, Y., Fitz-Coy, N. G., Van Zyl, R. (2016). Rapid, 
automated test, verification and validation for CubeSats. 
Proceedings of the International Astronautical Congress, 
IAC 2016, Report no. 34054. 

Zaki, S. B. M., Azami, M. H., Yamauchi, T., Kim, S., Masui, 
H., Cho, M. (2019). Design, Analysis and Testing of 
Monopole Antenna Deployment Mechanism for BIRDS-2 
CubeSat Applications. Journal of Physics: Conference 
Series, Volume 1152, Article no. 012007. 

Zarifian, P., Imken, T., Matousek, S. E., Moeller, R. C., 
Bennett, M. W., Norton, C. D., Rosenberg, L., Alibay, F., 
Spangelo, S., Banazadeh, P., Casillas, R. P., Kawata, J. 
(2015). Team Xc: JPL’s collaborative design team for 
exploring CubeSat, NanoSat, and SmallSat-based mission 
concepts. IEEE Aerospace Conference Proceedings, 
Volume 2015-June, Article no. 7119221. 

Zech, H., Biller, P., Heine, F., Motzigemba, M. (2018). Optical 
communication to move large amounts of data in space. 
69th International Astronautical Congress, IAC 2018, 
Volume 2018-October. 

Zhang, J., Zhou, J., Deng, Y. (2018). CubeSat Separation 
Parameter Optimization. 12th International Conference on 
Signal Processing and Communication Systems, ICSPCS 
2018 Proceedings, Article no. 8631745. 

Zhang, M., Ye, M., Liu, P., Qi, Z., Hong, Z., Wang, M., Chen, 
G., Deng, F., Zhang, L. (2019). The demonstrations of flux 
pinning for space docking of CubeSat sized spacecraft in 
simulated microgravity conditions. IEEE Transactions on 
Applied Superconductivity, Volume 29, Issue 6, Article no. 
8599002. 

Zhang, X., Wu, S., Chen, W., Feng, H., Zhou, W. (2016). 
Design and implementation of multiple payloads on 
CubeSat. Proceedings of the International Astronautical 
Congress, IAC 2016, Report no 34017.  

Zhu, L., Guo, J., Gill, E. (2018). Scaling effects in 
miniaturization of reaction spheres. 69th International 
Astronautical Congress, IAC 2018, Volume 2018-October. 

 






	TP-20210000201
	Executive Summary
	CubeSat Background and History
	CubeSats and Thermal Management
	CubeSats and Deployment Mechanisms
	CubeSats and Power Generation
	CubeSats and Communications
	Summary and Conclusions
	References
	Bibliography




