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ABSTRACT 

 

CubeSat and other small satellites are becoming an affordable way to explore space and carry out scientific 

experiments. As missions for these spacecraft become more ambitious, moving from Low Earth Orbit (LEO) to 

Geostationary Earth Orbit (GEO) and beyond, the communication systems currently implemented will no longer 

provide adequate support. One bottleneck in small spacecraft communication systems arises in antennas, due to the 

close relation between gain and antenna dimensions. Current CubeSat antennas are primarily dipole or patch 

antennas with limited gain. Deployable (not inflatable) antennas for the CubeSat platform are currently being 

investigated, but those solutions are hindered by the challenge of packaging the deployable structure in a small 

spacecraft. 

The work that we propose represents the first attempt to develop an inflatable antenna for CubeSat. Inflatable 

structures and antennas can be packaged efficiently, occupying a small amount of space, and once deployed they can 

provide large dish dimensions and thus a large gain. Inflatable antennas have been previously tested in space 

(Inflatable Antenna Experiment, STS-77). However they have never been developed for small spacecraft such as 

CubeSat, where packaging efficiency, deployment, and inflation present a particular challenge. 

This article is structured as follows: first, the context and benefits of using inflatable antennas are 

described; then a trade study of proposed antenna designs is presented, with emphasis on maximizing performance 

while remaining within constraints imposed by the CubeSat form factor. 
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1. INTRODUCTION 

CubeSat and other small satellites are becoming an affordable way to explore space and to carry out scientific 

experiments. As missions for these spacecraft become more ambitious, moving from Low Earth Orbit (LEO) to 

Geostationary Earth Orbit (GEO) and beyond, the communication systems currently implemented will no longer be 

adequate. Current communication systems for the CubeSat platform (Speretta, et al., 2011) utilize frequencies 

ranging from VHF to S-Band, using primarily dipole and patch antennas (peak gain generally limited at 6dB), and 

transceivers with limited transmitted power (approximately 1W). These systems are suitable for a satellite located in 

LEO and for missions with low data rate requirements. However, for future missions that aim to reach farther points 

in the solar system and to utilize high data rates, new communications solutions must be developed. 

Inflatable antennas provide higher gain while requiring less space in a stowed configuration than 

monolithic dishes. However, they have never been realized in a way compatible with the CubeSat form factor, 

where packaging efficiency, deployment, and inflation represent a particular challenge. 

Research in the area of inflatable structures and specifically inflatable space antennas has been conducted 

since the 1950s. A preliminary experiment was the NASA Echo Balloons Project, developed in the late 1950s.  

Echo-I (Freeland, et al., 1998) was made from a 12µm Mylar with vapor-deposited aluminum and it was 

successfully launched on August 12, 1960. The Echo-I was operational for a certain number of months, maintaining 

its inflated profile. In the 1990s, one inflatable antenna design was tested in space (Freeland, et al., 1993) (Freeland, 

et al., 1996) (Freeland, et al., 1997) during the STS-77 mission (May 1996). The antenna consisted of a 14-meter 

diameter lenticular reflector structure, connected to the main spacecraft by an inflatable torus and a set of 28-meter 

struts. The basic antenna support structure (torus and struts) was deployed successfully, but in an uncontrolled 

manner. A malfunction of the gas inflation system did not allow full inflation of the lenticular reflector structure. 

Unexpected spacecraft dynamics were observed during deployment due to residual air in the inflatable components.  

Other works in the field of inflatable space antennas include the development and testing of inflatable 

Microstrip Reflactarrays for X-Band and Ka-Band by ILC Dover (Cadogan, et al., 1999) (Lin, et al., 2000) (Lin, et 

al., 2003) (Lin, et al., 2006). The X-Band Reflectarray structure includes a 1-meter diameter antenna membrane 

assembly supported by an inflatable torus. This antennais designed primarily for radar applications and it is not 

readily compatible with CubeSat form factor.  
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Another recent study (Xu, et al., 2012) discusses the structural design of a 3.2-meter inflatable structure. 

This antenna has been developed and the radiation pattern has been experimentally measured, but the design is 

difficult to adapt for compatibility with the CubeSat form factor. 

 This research represents the first attempt at developing an inflatable antenna for the CubeSat platform. 

This article quantifies the benefits of using inflatable antennas, and presents a trade study that identifies a possible 

design solution that respects CubeSat form factor constraints. Two options are compared: a Flat Membrane 

Reflectarray, and a Parabolic Dish Reflector.  The selected design solution is the Parabolic Dish Reflector.  Future 

work will include fabrication and testing of this antenna. 

 

2. BENEFITS OF INFLATABLE ANTENNAS FOR CUBESAT 

The most significant benefit of using inflatable antennas as part of CubeSat communications architecture is the 

increase in gain with respect to current CubeSat antennas. Current CubeSat communications architecture primarily 

uses dipole or patch antennas, which achieve no more than 6-8 dB of gain. The use of inflatable antennas can 

increase the gain to at least 20 dB. This increase in gain allows higher data rate links and enables CubeSat to relay 

data to Earth from distances beyond LEO or GEO. The following subsections describe a comparative analysis 

between the state of the art in communication system design and inflatable antenna technology. 

 

2.1.  Inflatable antennas increase gain with respect to current CubeSat antennas, allowing high data rate 

links at LEO and GEO 

Many scientific imaging payloads require downlink data rates as high as possible from LEO and GEO.  This 

subsection presents a comparative analysis of data rates at LEO and GEO using a 1-meter parabolic dish antenna 

and a state-of-the-art microstrip patch. The assumptions are the following: 

 Central frequency: S-Band. 

 Receiver characteristics on the ground: a 2.3-meter parabolic dish is assumed (this is the dish diameter 

of the MIT OSAGS ground station network). This choice is motivated by the idea that CubeSat, 

especially if developed in academia, do not always have the option of using large ground station dishes 

such as the NASA Deep Space Network (DSN). 
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 Quality of received signal: a maximum Bit Error Rate (BER) of 
510 

is assumed. 

 Efficiency of the inflatable antenna: an efficiency factor of 0.5 is assumed. 

 Microstrip patch antenna gain: 6.23 dB calculated according to (Balanis, 2008). 

 Parabolic dish antenna gain: 23.84 dB calculated according to (Larson, et al., 1999). 

Figure 1 presents the results of a link analysis under the assumptions listed above. The solid dark blue line shows 

data rate as a function of distance for a communication system equipped with a 1-meter diameter inflatable antenna. 

The dashed dark blue line shows data rate as a function of distance for a communication system equipped with a 

microstrip patch antenna. The light blue lines show different data rate thresholds as references. On the x-axis, the 

locations of LEO and GEO are shown.  Inflatable antennas will allow CubeSat communication systems to achieve 

data rates on the order of 100 Mbps in LEO and 10 Kbps in GEO, while using small dish size ground station 

networks. 

 

Figure 1: Gain increases data rate. The use of an inflatable antenna significantly increases data rate at LEO and GEO with 

respect to current communication systems for CubeSat. 
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2.2.  Inflatable antennas allow CubeSat to relay data from deep space 

Future interplanetary exploration using the CubeSat platform will require a CubeSat equipped with 

communication systems that are able relay data to the Earth from deep space. An analysis showing the data rate 

achievable by a 1-meter inflatable dish at long distances is presented in Figure 2. Assumptions are the same as those 

of Section 2.1, with the exception of the transmitting power which is increased to 3W, and the ground receiver dish 

diameter which is increased to 13 meters to simulate the Universal Space Network (USN). 

 

Figure 2: Effect of gain on data rate. The use of inflatable antennas enables CubeSats to achieve interplanetary communication. 

Using a traditional microstrip antenna, a data rate of only 150 bps can be achieved at a distance of 10
6
  km. 

However, a 1-meter inflatable antenna allows a data rate of 10 kbps. By using an inflatable antenna, CubeSat will be 

able to relay data back to the Earth from the Earth-Sun L1/L2 points without using DSN ground stations as 

receivers. If DSN or similar receivers will be used, inflatable antenna technology will allow CubeSat to 

communicate from points in the solar system even farther from the Earth. 
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3. TRADE SPACE TO DESIGN INFLATABLE ANTENNAS FOR CUBESAT 

The objective of the Inflatable Antenna for Cubesat Project is to develop an inflatable antenna of 1 m diameter 

that could be potentially used in a three-unit CubeSat, occupying approximately one unit of the spacecraft. This 

section of the paper describes a comparison of two design solutions that have been explored to accomplish the 

primary design objective: a Flat Membrane Reflectarray, and a Parabolic Dish Reflector.  The solutions are 

compared based on a set of defined performance metrics. The results of the comparison show that the Parabolic Dish 

Reflector is the most promising solutions. Details are in the next subsections. 

 

3.1.  Trade Space Model: Options and Performance Metrics 

 The solutions analyzed are the following: 

 Option 1: Flat Membrane Reflectarray 

o This concept represents the current state of the art in the area of inflatable antennas of a 

1m diameter size scale.  ILC Dover of Frederica, Deleware and NASA JPL developed 

and tested a prototype as described in (Cadogan, et al., 1999).  To the knowledge of the 

authors, this concept has not been flight tested. 

 Option 2:  Parabolic Dish Reflector 

o This concept consists of a single inflatable chamber, one hemisphere of which forms a 

parabolic reflector, while the other hemisphere acts as a transparent canopy.  This 

concept has not been previously developed for CubeSat. 

The performance metrics used to compare the different architectural solutions include: 

 Gain: Analysis conducted in the X-band, assumes 1m diameter reflector. 

 Mass: Includes mass of reflector, structure, packaging, and inflation and deployment system. 

 Packaged volume: Includes reflector, structure, packaging, and inflation and deployment system. 

Since this is a preliminary analysis, only these three performance metrics have been compared. Further 

analysis will consider these additional metrics: adjustability on orbit, manufacturability, structural stiffness, 

controlled deployment. The following subsections compare the two solutions in detail. 
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3.2          Comparative analysis 

3.2.1    Option 1: Flat Membrane Reflectarray 

The Flat Membrane Reflectarray design consists of a 1 m diameter circular membrane printed with 

microstrip elements and supported away from the CubeSat bus by a tubular inflatable structure.  A 

microstrip feed is positioned on the end of the CubeSat bus.  The Option 1 design is pictured 

schematically in Figure 3. 

 

Figure 3: Schematic Drawing of Option 1: Flat Membrane Reflectarray. 

 

The components of the Flat Membrane Reflectarray are as follows: 

1. Circular reflective membrane 1 m in diameter, containing approximately 500 microstrip 

elements with dimensions of 1.5 cm by 1.5 cm.  The membrane is composed of 0.5 mm 

polyimide with a 5 m copper coating on one side.  Microstrip elements are created by means 

of etching away areas of copper on the membrane. 

2. Tubular inflatable support structure, consisting of two inflatable tori, one supporting the 

reflective membrane, and one supporting the feed assembly, and three struts that hold the 

reflective membrane away from the CubeSat bus and the feed.  The smaller torus provides a 

mechanical interface with the CubeSat bus in addition to supporting the feed.  The structure is 

composed of urethane coated Kevlar, and is inflated to a nominal pressure of 35 kPa. 

3. Compressed gas cylinder, containing gas for inflation of the support structure. 

4. Feed, consisting of a microstrip patch. 
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5. Container that stows packaged support assembly and reflective membrane prior to 

deployment.  Consists of a 6-faced aluminum box.  One end face will be jettisoned during 

deployment of the membrane and support assembly, and the other end face is moveable by 

means of actuators to position the feed the correct distance from the reflective membrane.  

Side faces are fixed to the CubeSat bus interior. 

 

The estimated mass and volume of the Flat Membrane Reflectarray are summarized in Table 1. 

Table 1. Flat Membrane Reflectarray Mass and Volume. 

Component: Mass [kg]: Packaged Volume [Liters]: 

Reflective Membrane 0.597 0.397 

Support Structure 0.896 0.622 

Packing Inefficiency (200%) N/A 2.038 

Gas Cylinder and Plumbing 0.350 0.300 

Feed 0.0595 0.022 

Container 0.429 0.159 

Actuators 0.224 0.112 

Subtotal 2.556 3.650 

50% Margin: 1.278 1.825 

TOTAL: 3.833 5.475 

 

 As described in (Cadogan, et al., 1999), the gain of a 1m Reflectarray membrane antenna 

prototype constructed by ILC Dover and NASA JPL was measured to be 33.7 dB at a frequency of 8.3 

GHz.  The tested array contained approximately 1000 microstrip elements.  Since the CubeSat form 

factor forces folding of the reflectarray membrane in the stowed configuration, the number of 

microstrip elements in the Option 1 design is limited to approximately 500.  33.7 dB is considered an 

upper bound on the ideal gain for Option 1 that will not be achieved due to the reduced number of 

microstrip elements. 
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       3.2.2    Option 2: Parabolic Dish Reflector 

The Parabolic Dish Reflector design consists of two parabolic membranes joined together to form a 

single inflation chamber.  One of the membranes is coated with a conductive coating and acts as the 

dish reflector, while the other is RF transparent and is attached to the CubeSat bus.   A microstrip feed 

is mounted on the CubeSat bus at the same point of attachment as the inflated chamber.  The Option 2 

design is pictured schematically in Figure 4. 

 

Figure 4: Schematic Drawing of Option 2: Parabolic Dish Reflector. Grey fill color in the ellipsoidal inflation 

chamber indicates the aluminized reflector, while white fill indicates the transparent canopy. 

The components of the Parabolic Dish Reflector are as follows: 

1. Reflective membrane, consisting of 12 m Mylar with a 0.2 m layer of vapor deposited 

aluminum on the concave surface.  The membrane is constructed from several pie-shaped 

gores to produce a parabolic surface. 

2. Transparent canopy, consisting of clear 12 m Mylar.  The canopy is identical in shape to the 

reflective membrane, and is fabricated in the same manner. 

3. Hoop structure, consisting of a circular memory metal wire hoop.  The hoop will be 

positioned at the joining of the reflective membrane and canopy, and will provide structural 

support to maintain the accuracy of the reflector’s parabolic shape. 

4. Feed, consisting of a microstrip patch. 

5. Container that stows the packaged reflective membrane and canopy prior to deployment.  

Consists of a 6-faced aluminum box.  One end face will be jettisoned during deployment of 
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the inflation chamber, and the other end face is moveable by means of actuators to position 

the feed the correct distance from the membrane.  Side faces are fixed to the CubeSat bus 

interior. 

6. (Not Pictured) Sublimating powder.  Benzoic Acid powder is packaged inside the stowed 

inflation chamber, and maintains a nominal pressure of 0.4 Pa after the chamber is deployed. 

The estimated mass and volume of the Parabolic Dish Reflector are summarized in Table 2. 

Table 2. Parabolic Dish Reflector Mass and Volume. 

Component: Mass [kg]: Packaged Volume [Liters]: 

Reflective Membrane 0.0189 0.013 

Transparent Canopy 0.0183 0.013 

Sublimating Powder 0.000268 0.000211 

Packing Inefficiency (200%) N/A 0.052 

Wire Hoop Structure 0.004 0.000617 

Feed 0.0595 0.022 

Container 0.137 0.051 

Actuators 0.224 0.112 

Subtotal 0.462 0.264 

50% Margin: 0.231 0.132 

TOTAL: 0.693 0.396 

 

The gain of a parabolic dish antenna is approximated by the Equation 1: 



G 
2D2

2                                                                                      
  (1) 

 

where D is the dish diameter,  is the wavelength, and  is the antenna efficiency (Larson, et al., 

1999).  For a 1m diameter dish operating at a frequency of 8.3 GHz ( = 36 mm) and an efficiency of 
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0.5, this formula gives a gain of 35.8 dB.  This is considered the ideal gain for Option 2, since the 

efficiency is expected to be less than 0.5. 

  

3.3             Selected design solution 

Option 2 (Parabolic Dish Reflector) was selected as the preferred design solution on the basis of superior 

potential in the areas of gain, mass, and packaged volume. The mass of the Parabolic Dish Reflector is estimated to 

be 0.69 kg and the packaged volume is estimated to be 0.4 L.  This mass and volume will allow the antenna to be 

stowed in less than 1 unit of a 3 unit CubeSat, leaving two units for attitude control and power systems, as well as a 

scientific payload.  Table 3 summarizes the performance of both architectural solutions as evaluated based on gain, 

mass, and volume metrics. 

Table 3. Summary and Comparison of Solution Performance. 

 X-Band Ideal Gain [dB] Mass [kg] Packaged Volume [L] 

Option 1 33.7 3.83 5.48 

Option 2 35.8 0.69 0.40 

 

Foreseen risks associated with the inflatable Parabolic Dish Reflector design include: 

 Possible unexpected spacecraft dynamics during deployment: Mitigation strategies include the 

development of accurate simulation models. 

 Sensitivity of the inflatable structure to micrometeoroid impact: Simulations will assess the likelihood 

of micrometeoroid impact. Different mitigation strategies can be implemented. Some of them include 

the introduction of make-up gas to take into account for leakage (Freeland, et al., 1998). Alternatively, 

to avoid make-up gas, rigidizable and UV-hardening materials for inflation chamber membranes will 

be investigated. 

 Anomalous radiation patterns due to imperfect reflective surface shape: Simulations and radiation 

testing in anechoic chamber will be used to measure the radiation pattern and the gain losses due to 

imperfect relative surface shape. 

 Attitude control and pointing instability, specifically that induced by aerodynamic drag: Calculations 

to assess the momentum and the correspondent requirements for the control system will be performed 
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The next section presents conclusions and a description of future works.  

 

4. CONCLUSIONS 

This article has described an initial effort to advance inflatable antenna technology as applied to the CubeSat 

platform. Analysis of the benefits of inflatable antennas has revealed that this technology will contribute to the 

development of interplanetary CubeSat communication by providing the spacecraft with a high gain antenna that 

will allow higher data rates and communication from farther distances than is currently possible. 

The trade space analysis aimed to identify the solution that will allow the inflatable antenna to achieve a 

maximum gain while respecting constraints imposed by the CubeSat form factor. The Flat Membrane Reflectarray 

and the Parabolic Dish Reflector were compared.  The Parabolic Dish Reflector was selected as the most promising 

solution based on its low mass and packaged volume for a similar and slightly higher gain than the larger and more 

massive Flat Membrane Reflectarray. 

Future works include detailed design, fabrication, and testing of the inflatable Parabolic Dish Reflector. 

Deployment tests will ensure correct deployment and inflation of the antenna, and anechoic chamber tests will 

measure the radiation and the gain of the antenna on the different axes. The radiation pattern of the antenna will also 

be simulated to obtain a preliminary estimate of the expected radiation pattern prior to testing in the anechoic 

chamber. 
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