
Meshbed Alpha Receiving Tests 
Authorization Documents 

The Meshbed mission involves testing the capabilities of the FUSE antenna and the 
communications subsystem hardware on the satellite.  

Section 1: Overview 
Part of this testing will be the “alpha ops” test campaign, to evaluate performance of the systen, 
receiving from 3rd party satellite radio systems.  Alpha ops are listen-only passive receive tests 
of pre-licensed, pre-scheduled transmissions to ground terminal by 3rd party satellites. When 
Meshbed flies within the transmission beam of the 3rd party satellite, it will listen and relay the 
data back to Earth. To achieve the greatest radio system diversity and highest chances of a 
beam conjunction event, ASI has made agreements for such listening activity with several 
satellite operators.  An agreement letter has been obtained from each operator, consenting to 
the specifics of the test, and they have each provided documentation about their transmissions 
and their authority to operate. The operators, their satellites, frequencies, agreement letters, and 
operating licenses are summarized in the following table. 

Meshbed Passive Receive Alpha Ops Participants and Agreements 

Operator Mission Int’l Code 
Designator 

Test 
Frequencies 

Agreement 
Letter 

Operating 
License 

University 
of Michigan 

Cyclone 
Global 
Navigation 
Satellite 
System 
(CYGNSS) 

2016-078A, 
2016-078B, 
2016-078C, 
2016-078D, 
2016-078E, 
2016-078F, 
2016- 078G, 
2016-078H 

2272.7 MHz Section 2 Section 2 

University 
of Stuttgart 

Flying Laptop 
(FLP) 

2017-042G 2263.50MHz Section 3 Section 3 

GomSpace 

GOMX-4A 
also known as 
ULLORIAQ 

GOMX-4B 

2018-015F 

2018-015E 

2208.8 MHz, Section 4 Section 4 

Open 
Cosmos 

LacunaSat-2 In Process 2258.6 MHz Section 5 In Process 

Sections 2 through 5 of this document, describe each of the participants and their satellites, and 
present the letters approving  Analytical Space to conduct passive listening to the downlinks.  
They also show the license authority by which the participants operate their satellites. 
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Section 2: University of Michigan - CYGNSS 

The CYGNSS mission is operated by the University of Michigan for NASA.  The permission 
letter follows.  Following that, the Formulation Authorization Document identifies Chris Ruf / U 
of M as having position of responsibility to grant permission for Meshbed listening.   
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2455 Hayward  Ann Arbor, Michigan 48109-2143 USA 
734-764-6561  FAX: 734-936-0503  cruf@umich.edu

CHRISTOPHER S. RUF, PH.D. 
FREDERICK BARTMAN COLLEGIATE PROFESSOR OF CLIMATE AND SPACE SCIENCE 

August 2, 2019 

Via Email 

Mr. Daniel Nevius  
CEO & Co-Founder  
Analytical Space, Inc. 
501 Massachusetts Ave.  
Cambridge, MA 02139  
dan.nevius@analyticalspace.com 

Re: Analytical Space, Inc. (“ASI”) Experimental Satellite Technology Demonstration with the 
Cyclone Global Navigation Satellite System (“CYGNSS”) Mission 

Mr. Nevius, 

This letter is to notify you that we approve of your experimental satellite, “Meshbed” - FCC 
Application File Number: 0306-EX-ST-2019; Call Sign: WO9XBG, conducting a technology 
demonstration by receiving and relaying signals from NASA’s CYGNSS mission. The purpose of 
the technology demonstration is to facilitate the development of ASI’s commercial satellite RF data 
relay services. 

Specifically, the technology demonstration will consist of one or more passive-receive tests during 
regularly scheduled CYGNSS ground terminal passes. The CYGNSS team will provide you with 
notification of when our ground terminal passes will be so that you may schedule your receive-only 
tests. During those passes, Meshbed may receive the CYGNSS downlink signal, center frequency 
2272.7 MHz, to test Meshbed’s ability to relay data from a satellite to the ground. Meshbed will not 
transmit to a CYGNSS satellite. 

This approval is applicable for all eight satellites in the CYGNSS mission - International Code 
Designators: 2016-078A, 2016-078B, 2016-078C, 2016-078D, 2016-078E, 2016-078F, 2016- 078G, 
2016-078H. The CYGNSS team reserves the right to revoke this approval at any time. 

As conditions of this test: 
● ASI will notify the CYGNSS mission team when ASI will be receiving CYGNSS

transmissions
● ASI will provide all CYGNSS data transmitted through the ASI system back to the

CYGNSS mission team so it can be made public in accordance with the standard disclosure
procedures of the CYGNSS mission

● Conduct of the technology demonstration does not give ASI any rights in or to CYGNSS
data.

● ASI will be solely responsible for any costs associated with the technology demonstration.
This approval does not constitute or anticipate the commitment of any resources in support
of the technology demonstration by the CYGNSS Mission Team.
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Ruf to ASI, 2 Aug 2019 

● ASI will be solely responsible for obtaining any approvals or licenses necessary to conduct
the technology demonstration.

No funds shall be exchanged and this approval shall not serve as the CYGNSS team’s endorsement 
of the capabilities of ASI or Meshbed. Additionally, ASI is solely responsible for verifying and 
validating the results of the demonstration. The CYGNSS Mission Team will not assess the 
performance of the test. 

ASI is authorized to use and share the technical results of the technology demonstration.  ASI is not 
authorized to refer to NASA or the CYGNSS Mission Team as a “partner” in the demonstration and 
ASI may not refer to NASA or the CYGNSS Mission Team in a way that creates the impression that 
ASI or the Meshbed technology has the support, sponsorship or endorsement of NASA or the 
CYGNSS Mission Team. 

Respectfully Submitted, 

_________________ 

Chris Ruf 
CYGNSS Program Manager and Principal Investigator 

cruf@umich.edu 

Cc: 

Anthony Serafini  
Experimental Licensing Branch Chief  
Federal Communications Commission  
445 12th Street, SW Washington, DC 20554  
anthony.serafini@fcc.gov 

Brooke Thornton 
Mission Manager 
National Aeronautics and Space Administration 
300 E St SW, Washington, DC 20546 
brooke.thornton@nasa.gov 
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Section 3: University of Stuttgart – Flying Laptop 
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Section 4: GomSpace GOMX-4A (ULLORIAQ) and GOMX-4B 
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© GomSpace North America LLC CONFIDENTIAL 

July 18, 2019 

Mr. Daniel Nevius  
CEO & Co-Founder  
Analytical Space, Inc. 
501 Massachusetts Ave.  
Cambridge, MA 02139  
dan.nevius@analyticalspace.com 

Regarding: Analytical Space, Inc. (“ASI”) Experimental Satellite Technology 
Demonstration with GomSpace 

Dear Mr. Nevius, 

This letter is to notify you that we approve of your experimental satellite, Meshbed - FCC 
Application File Number: 0306-EX-ST-2019; Call Sign: WO9XBG, conducting alpha ops 
technology demonstration with the GomSpace Ulloriaq (GOMX-4A) and GOMX-4B mission. A 
copy of both satellites’ license, (international designator 2018-015F and 2018-015E 
respectively), furnished by the Permanent Mission of Denmark to the United Nations 
Committee on Peaceful Uses of Outer Space (UNCOPUOS) in conformity with the UN 
Convention on Registration of Objects Launched into Outer Space is attached. 

Specifically, the alpha ops technology demonstration will consist of one or more passive-
receive tests of GOMX-4A and GOMX-4B tracking, telemetry, and command signal by 
Meshbed. These tests will take place during regularly scheduled ground terminal passes. The 
GomSpace team will provide you with notification of when our ground terminal passes will be 
so that you may schedule the receive-only tests. During those passes, Meshbed may receive 
the satellites’ telemetry signal at center frequency 2208.8 MHz, to test Meshbed’s ability to 
relay data from a satellite to the ground. Meshbed will not transmit to a GomSpace satellite.  

This approval is applicable for GOMX-4A and GOMX-4B. 

Best Regards, 

Frank Tobin, Chairman 
GOMspace North America 

ftobin@gomspacena.com 
(703) 899-6608
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United Nations ST/SG/SER.E/840

Secretariat Distr.: General 

9 March 2018 

Original: English 

V.18-01420 (E)    140318    150318

*1801420*

Committee on the Peaceful 

Uses of Outer Space 

Information furnished in conformity with the Convention 
on Registration of Objects Launched into Outer Space 

Note Verbale dated 7 March 2018 from the Permanent Mission of 

Denmark to the United Nations (Vienna) addressed to the 

Secretary-General 

The Permanent Mission of Denmark to the United Nations (Vienna), in 

accordance with article IV of the Convention on Registration of Objects Launched 

into Outer Space (General Assembly resolution 3235 (XXIX), annex), has the honour 

to transmit information concerning space objects Ulloriaq and GOMX-4B, launched 

into orbit on 2 February 2018 at 0751 hours, 0 seconds UTC (see annex).  
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ST/SG/SER.E/840 

V.18-014202/3 

Annex 

Registration data on space objects launched by Denmark* 

Ulloriaq 

Information provided in conformity with the Convention on Registration of 

Objects Launched into Outer Space 

Committee on Space Research 

international designator 

2018-015F 

Name of space object Ulloriaq 

National designator/registration number  2018-DK-01 

State of registry Denmark 

Other launching States China 

Date and territory or location of launch  2 February 2018 at 0751 hours 

0 seconds UTC 

Jiuquan Satellite Launch Centre, 

China 

Basic orbital parameters 

Nodal period 94.5 minutes 

Inclination 97.3 degrees 

Apogee 515.8 kilometres 

Perigee 489.0 kilometres 

General functions of space object Ulloriaq is a 6U satellite working in a 

tandem operation with another  

6U satellite, GOMX-4B. Ulloriaq  

is equipped with an Automatic 

Identification System (AIS) payload, 

Automatic Dependent Surveillance-

Broadcast (ADS-B) payload, an  

X-band receiver and a visual camera.

The Ulloriaq demonstration is part of

an analysis seeking to identify best

practices and future efforts to reinforce

the Danish Defence’s surveillance of

the Arctic within Denmark.

Additional voluntary information for use in the Register of Objects Launched 

into Outer Space 

Website www.gomspace.com 

Space object owner or operator  GomSpace A/S, Langagervej 6, 9220 

Aalborg East, Denmark 

Launch vehicle Long March 2D 

Other information Estimated date of deorbit: in 2031 

__________________ 

* The information was submitted using the form prepared pursuant to General Assembly

resolution 62/101 and has been reformatted by the Secretariat.
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ST/SG/SER.E/840 

3/3 V.18-01420

GOMX-4B 

Information provided in conformity with the Convention on Registration of 

Objects Launched into Outer Space 

Committee on Space Research 

international designator 

2018-015E 

Name of space object GOMX-4B 

National designator/registration number  2018-DK-02 

State of registry Denmark 

Other launching States China 

Date and territory or location of launch  2 February 2018 at 0751 hours 

0 seconds UTC 

Jiuquan Satellite Launch Centre, 

China 

Basic orbital parameters 

Nodal period 94.5 minutes 

Inclination 97.3 degrees 

Apogee 515.3 kilometres 

Perigee 488.9 kilometres 

General functions of space object GOMX-4B is a 6U satellite working in 

a tandem operation with another  

6U satellite, Ulloriaq. GOMX-4B is 

equipped with an Automatic 

Dependent Surveillance-Broadcast 

(ADS-B) payload, a star-tracker, a 

propulsion module, a radiation 

hardness assurance (RHA) board and a 

hyperspectral camera. The purpose of 

the tandem operation is to demonstrate 

inter-satellite linking and station-

keeping capabilities (satellite 

separation and orbit control) through 

GOMX-4B’s propulsion system. 

Additional voluntary information for use in the Register of Objects Launched 

into Outer Space 

Website www.gomspace.com 

Space object owner or operator  GomSpace A/S, Langagervej 6, 9220 

Aalborg East, Denmark 

Launch vehicle Long March 2D 

Other information Estimated date of deorbit: in 2031 
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Section 5: Open Cosmos LacunaSat-2 
As of the date of this submittal, Open Cosmos is in the process of obtaining a license for 
LacunaSat-2 from the UK Space Agency.  This exhibit will be revised to include the license, 
when it is received.  The permission letter follows: 
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Open Cosmos Ltd. | Electron Building, Fermi Avenue, 
Harwell, OX11 0QX, United Kingdom  

Mr. Daniel Nevius CEO & Co-
Founder Analytical Space, Inc. 
501 Massachusetts Ave. 
Cambridge, MA 02139 
dan.nevius@analyticalspace.com 

Re: Analytical Space, Inc. (“ASI”) Experimental Satellite Technology Demonstration with 
Open Cosmos  

Mr. Nevius, 

This letter is to notify you that we approve of your experimental satellite, Meshbed - FCC 
Application File Number: 0306-EX-ST-2019; Call Sign: WO9XBG, conducting alpha ops 
technology demonstration with the Open Cosmos LacunaSat-2 mission. A copy of the 
LacunaSat-2 license as issued by the UK Space Agency will be sent once acquired.  

Specifically, the alpha ops technology demonstration will consist of one or more passive-
receive tests of LacunaSat-2’s tracking, telemetry, and command signal by Meshbed. These 
tests will take place during pre-scheduled ground terminal passes. The Open Cosmos team will 
provide you with notification of when our ground terminal passes will be so that you may 
schedule your receive-only tests. During those passes, Meshbed may receive the satellite’s 
telemetry signal at center frequency 2258.6 MHz, to test Meshbed’s ability to relay data from a 
satellite to the ground. Meshbed will not transmit to the Open Cosmos satellite.  

This approval is applicable for LacunaSat-2. 

Best regards, 

Sam Harper 
Chief of Staff 
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