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PURPOSE
This document serves to record and communicate the context, operational scenarios and solution architecture for QB50, to be used for production of formal requirements, verification and validation of these requirements and discussion of design solutions. This OCD covers the entire QB50 mission concerning the QB50 launch (SHTIL-2.1), but does NOT include the precursor launch (SHTIL-1).
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1 Mission Scope

1.1 Goals

The goals of the QB50 mission, in no specific order, are:

1.1.1 To demonstrate the feasibility of low cost access to space for small space research missions. In this case through the launch of a cluster of satellites as a semi-dedicated payload.

1.1.2 To make a leap forward in CubeSat science missions
1.1.3 To make a leap forward in CubeSat networks
1.1.4 To provide educational opportunities
1.1.5 To test new CubeSat technologies

1.2 Limits to scope
1.2.1 This OCD covers the entire QB50 mission concerning the QB50 launch (SHTIL-2.1), but does NOT include the precursor launch (SHTIL-1).
1.2.2 It is not limited to describing activities that directly impact on the CubeSats. It is not limited to the EU FP7 funded components.
1.2.3 There could be some conflict between the mission goals. For example, to achieve goals (2) and (3), we need to focus on the science and performance. Where as to achieve goal (4), we need to focus on making it simple and accessible. The launch and associated activity funded by the EU FP7 is for "An international network of 50 CubeSats for multi-point, in-situ measurements in the lower thermosphere and re-entry research", placing more emphasis on the "leap forward" than the educational aspects. As such, the science mission is considered more important that the educational mission in the case of conflicts.

1.3 Mission Philosophy
1.3.1 Utilize existing CubeSat community experience including technologies, capabilities and standard practices
1.3.2 Foster a non-profit, scientific spirit
1.3.3 Minimize costs. We have an economic launch and short mission lifetime so we wish to set a reasonable minimum for qualification requirements
1.3.4 CubeSats can use Proto-flight model philosophy
1.3.5 Minimize space debris
1.3.6 Maximize educational impact
System Boundaries

QB50 can be considered as a “system of systems”. From the point of view of the “QB50 system”, the QB50 CubeSat Buses are just one “subsystem”. Figure 1 shows the system boundaries where everything inside the system is shown inside the rectangle. Major linkages between internal subsystems are also shown.
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1.4 Funding boundaries

1.4.1 EU FP7 Partially Funded Items
1.4.1.1 Management and Systems Engineering

1.4.1.2 Deployer development, manufacturing and AI&T

1.4.1.3 Common science payloads development

1.4.1.4 Launch vehicle payload interface customization

1.4.1.5 Launches and launch campaign

1.4.1.6 CubeSat ADCS and GPS Development

1.4.1.7 Mission Control Centre Development and operations

1.4.1.8 Specific IOD missions (InflateSail, Gossamer-1, DELFFI Formation Flight, Qarman [re-entry CubeSat])
Figure 2 Shows the funding boundaries. Project elements inside the dashed box are partially-funded under the EU FP7 program.[image: image6.jpg]



1.4.2 Items Funded by Other Sources (TBC)
1.4.2.1 Common science payload manufacturing, AI&T and calibration

1.4.2.2 Science data processing and analysis

1.4.2.3 Follow on work (long term spin-offs or follow-on science or engineering projects)

1.4.2.4 Related topics (development of spin-offs, other subsystems/experiments/CubeSats on the QB50 launch, etc.)

1.4.3 Items Funded by CubeSat Teams

1.4.3.1 CubeSat bus (including acquisition of CubeSat ADCS and GPS subsystems)

1.4.3.2 CubeSat additional payload(s)

1.4.3.3 CubeSat specific telemetry & data processing

1.4.3.4 Ground station

1.4.3.5 CubeSat operations (CubeSat Operations Centres)

1.5 Scope of integration

Integration interfaces will need to be specified, controlled and verified.

1.5.1 Hardware integration

1.5.1.1 Science instrument – CubeSat bus

1.5.1.2 CubeSat – Deployer

1.5.1.3 Deployer – Launch Vehicle
1.5.2 Electrical / Software integration

1.5.2.1 CubeSat – Ground Station (RF communications) 

1.5.2.2 Science instrument – CubeSat bus

1.5.2.3 CubeSat Operations Centres – Deployer (EGSE) – CubeSat

1.5.2.4 Ground Station – Mission Control Center (MCC)
1.5.2.5 Ground Station – Data Processing and Archiving Centre (DPAC)
1.6 Verification & Validation boundaries

Verification and validation (V&V) should be performed on all externally acquired systems including hardware, software and procedures. V&V is also required when responsibility for internally developed systems must pass between organizations, especially where the generating organization has no prior experience with the systems it has developed.

1.6.1 Hardware developed and otherwise acquired

1.6.2 Software developed and otherwise acquired

1.6.3 Analysis methods

1.6.4 Calibration methods

1.6.5 Computing facilities, both existing and to-be-acquired, upon which this software will run

1.6.6 Associated written guidance, process descriptions and training material

1.7 Context

1.7.1 Operational Context
1.7.1.1 Prospective science operations
1.7.1.1.1 There are two configurations of the science instruments provided by the FP7 QB50 project consortium to participants

1.7.1.1.2 Readings should be taken at locations and times so as to determine the spatial and temporal structure of the thermosphere. It is expected that this can be accomplished by taking random samples in space and time, but we would like the ability to target higher spatial or time frequency measurements if we observe features of interest.

1.7.1.1.3 Additional science instrument may be added by CubeSat teams
1.7.1.2 How science data is used

1.7.1.2.1 The big questions is “at what rate is energy transferred through the Thermosphere, and how”

1.7.1.2.2 Computer models have or will be created, prior to launch, of the behaviour of the  thermosphere. These models are based on the competing theories and the uncertainties of various parameter.
1.7.1.2.3 The  data collected during QB50 mission is fit to the model. The best fit model is more likely to be correct, with statistical confidence limits.

1.7.1.2.4 If no models fit the data, then new models, based on new theories, must be developed to explain the observations.
1.7.1.2.5 Intended raw data sets are:

1.7.1.2.5.1 Ion and electron density

1.7.1.2.5.2 Neutral particle density

1.7.1.2.5.3 Atomic and molecular oxygen densities

1.7.1.2.5.4 Composition of neutral component

1.7.1.2.5.5 Composition of ionized component

1.7.1.2.5.6 CubeSat temperature on ram and side faces

1.7.2 External Interfaces

[image: image7.jpg]



1.7.3 External Project Dependencies

1.7.3.1 Acceptance by the Science community of the validity of the science data

1.7.3.2 Launch Vehicle contract details

1.7.3.3 Launch Vehicle testing requirements

1.7.3.4 Launch Vehicle launch schedule/timeline

1.7.3.5 Solar cycle - effect on the Thermospheric science

1.7.3.6 Solar cycle - effect on drag

1.7.3.7 Timely frequency coordination through the IARU and Notification by National Administrations through the ITU

1.7.3.8 Ground station access provided by the Amateur Radio community

1.7.3.9 Timely access to launch licenses for CubeSat providers and consortium members

1.7.3.10 Timely access to export licenses for both CubeSat providers and consortium members

1.7.3.11 Timely access to CubeSat funding for CubeSat providers

1.7.3.12 Commercially available CubeSat components & services (with due consideration for the delays that ITAR may cause) , and the present state of technology

1.7.3.13 Maturity and capabilities of the analytical tools of the scientists

1.7.4 Development context

1.7.4.1 First ever launch of so many satellites at once

1.7.4.2 An international project driven by Europe. The QB50 consortium is geographically dispersed.

1.7.4.3 EU FP7 funding partially covers the costs, and creates programmatic requirements

1.7.4.4 An opportunity to develop GENSO, but this work is not currently funded

1.7.4.5 There will be a large number of CubeSat providers, all geographically dispersed, some of whom will not have built a CubeSat before

1.7.5 [image: image8.jpg]


Time Frame
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Figure 5 QB50 Timeline Showing Major Milestones
2 Mission Operations
In this section we will describe what is needed to accomplish the goals without pre-supposing a solution architecture. This is somewhat distorted for QB50 in that the system architecture already exists, however it is useful in case the architecture needs to be changed.

Without a separation between the “solution-independent” needs and the requirements that derive from the proposed solution (i.e. “solution-dependent” needs), we will lose track of what can and cannot be changed without impacting the mission goals. We are prepared to invest the time to get this right to avoid confusion in the future, especially given how many stakeholders there are in this mission.

2.1 Mission Overview

There are several phases of the mission that are included as “operations” for the purpose of this OCD:

2.1.1 Integration and subsequent checkout of the CubeSats and deployers

2.1.2 Integration and subsequent checkout at the launch site

2.1.3 Pre- and post-Launch sequence

2.1.4 CubeSat commissioning

2.1.5 Science operations

2.1.6 De-orbit

2.1.7 Science data processing & reporting

2.2 Mission Requirements

2.2.1 To realize low cost access to space, for instance using the Shtil as a launch vehicle for CubeSat cluster launches

2.2.1.1 Successful deployment 40 CubeSats from the Shtil-2.1

2.2.1.1.1 Achieving the successful deployment of 40 CubeSats from one launcher would achieve a sizable “leap forward”. While the baseline plan is 50 CubeSats, the final configuration is not fixed and we choose to under-promise and over-deliver.

2.2.2 To make a leap forward in CubeSat science missions

Execution of a serious science mission on a large number of CubeSats that would be difficult to implement in any other manner.

2.2.2.1 Validation of global models of thermosphere heat transfer

2.2.2.2 Validation of global models of thermosphere elemental composition

2.2.2.3 Validation of global models of thermosphere ionization & plasma

2.2.3 To make a leap forward in CubeSat networks

2.2.3.1 Simultaneous launch of 40 CubeSats

2.2.3.2 Execution of a common mission on more than 20 CubeSats distributed in space and time, according to a single mission plan

2.2.3.2.1 Achieving 20 CubeSats in a common mission would achieve a sizable “leap forward”. While the baseline plan is 40 CubeSats executing the common mission, we must expect a few failures and we choose to under-promise and over-deliver.
2.2.4 To provide educational opportunities

2.2.4.1 More than 30 CubeSats built by university groups

2.2.4.2 Enable a large student body to familiarize themselves with hands-on (nano-)satellite projects, including hardware and software development, launch and operations, data processing and scientific work. 

2.2.5 To test new CubeSat technologies

2.2.5.1 Development and testing of new ADCS and GPS subsystems suitable for CubeSats

2.2.5.2 Flight testing of InflateSail

2.2.5.3 Flight testing of Gossamer-1

2.2.5.4 Flight testing of DELFFI Formation Flight

2.2.5.5 Flight testing of Qarman (re-entry CubeSat)
2.2.5.6 Provide a flight opportunity for a several CubeSats carrying other university experiments

2.3 Policies & constraints

2.3.1 Policies

2.3.1.1 UN Outer Space Treaty and the Convention on Registration of Objects Launched into Outer Space

2.3.1.2 Country-specific regulations for the Registration of Space Objects, and implications for liability and insurance

2.3.1.3 ITU/IARU policies, band plans and processes

2.3.1.4 Export permitting and technology proliferation regulations (including ITAR)

2.3.1.5 Corporate policy and culture of the consortium partners

2.3.1.6 Corporate policy and culture of the CubeSat teams

2.3.1.7 Corporate, technical and security policies and culture of the launch provider

2.3.1.8 Industry standards

Various industry standards exist, however there use may or may not be mandated depending on the trade-off between cost of compliance and the benefit gained from standardization. None-the-less it is useful to be aware of these standards.

2.3.1.8.1 CalPoly CubeSat standard

2.3.1.8.2 Various ECSS testing and QA/QC standards (e.g. ECSS-Q-ST-70-38C)
2.3.1.8.3 Various NASA testing and QA/QC standards (e.g. GSFC-STD-7000 and NASA-STD-6001)
2.3.1.8.4 Various MIL-STD for testing and QA/QC (e.g. MIL-STD-498)

2.3.1.8.5 ISO standard for orbit lifetime: ISO27852

2.3.1.8.6 Joint industry standards for workmanship: J-STD-001-ES

2.3.2 Constraints
2.3.2.1 Geographical distribution of personnel creates constraints on communications

2.3.2.2 Launch timing limits the part of the Solar Cycle that can be sampled

2.3.2.2.1 No follow-on science mission is currently planned

2.3.2.3 Funding constraints limit the scope and schedule of the mission

2.3.2.4 Geopolitical constraints

2.3.2.4.1 Cannot expend EU FP7 funding in non-EU countries

2.3.2.4.2 ITAR

2.3.2.4.3 Other constraints imposed by governments and regulators that create non-technical programmatic risks on a nation-by-nation basis
2.4 Personnel interfaces

	#
	Role Designation
	Examples
	Relationship to Mission

	1
	Science definition and analysis
	Ruedeger Reinhard, AIP, Franz-Josef Lübken, UCL MSSL, Alan Smith, Dhiren Kataria
	Use the data products. Publish papers.

	2
	CubeSat Teams
	
	Develop the CubeSat buses

	3
	Project Management
	VKI, Jean Muylaert, Cem Asma, Ruedeger Reinhard, Daniel Faber
	Management and systems engineering.

	4
	Deployer Integrator
	ISIS Jeroen Rotteveel, Michiel van Bolhuis, Cesar Bernal
	Develop and supply the deployer, integrate the cubesats to the delployers, integrate the deployers to the launch vehicle

	5
	Amateur Radio Operators
	AMSAT, Graham Shirville
	RF spectrum licences for the CubeSats. Tracking the CubeSats and downloading the data.

	6
	Science payload development
	UCL MSSL, Alan Smith, Dhiren Kataria, Anasuya Aruliah
	Make the instrument package

	7
	Subsystem development
	SSC, Vaios Lappas
	Develop the ADCS and GPS subsystems

	8
	CubeSat experts
	Jens Nielsen, Muriel Richard, John Hines, Bob Twiggs, ISIS
	Feedback and support

	9
	Sensor Developers
	Joran Moen (Langmuir), Tino Schmiel (FIPEX)
	

	10
	REA/EC
	Florence Bernoud
	Funding

	11
	Development of two QB50 demonstrator satellites
	VKI, Cem Asma
	For the precursor flight

	12
	Development of InflateSail
	SSC, Vaios Lappas
	IOD CubeSat

	13
	Development of Gossamer-1
	DLR, Peter Spietz
	IOD CubeSat or Nanosat

	14
	Development of DELFFI Formation Flight
	TU Delft, Eberhard Gill, Daniel Choukroun, Jasper Bouwmeester
	Two IOD CubeSats

	15
	Development of Qarman (re-entry CubeSat)
	VKI, Cem Asma
	IOD CubeSat

	16
	Mission Control Software
	EPFL, Muriel Richard, Anton Ivanov, Florian George
	

	17
	Data Processing and Archiving Centre
	IASB-BIRA, Didier Fussen, Martine De Maziere, Johan De Keyser, Didier Moreaus
	

	18
	Aerothermo-dynamics calculations
	ITAM, Mikhail Ivanov, Alexander Kashkovsky, Yevgeniy Bondar
	computations of CubeSat aerothermodynamics and end of life calculations

	19
	Industry engineering and expertise
	EADS-ASTRIUM, Serge Radulovic
	Provide industrial expertise concerning the needs of the in-orbit technology demonstrator CubeSats

	20
	Coordination of the QB50 CubeSat teams
	VKI, Cem Asma, Daniel Faber, STANFORD, Sigrid Close, NPU, Yu Xiaozho
	

	21
	US Industry and Space Agency Feedback
	Periklis Papadopoulos
	

	22
	QA/QC
	VKI, Cem Asma, Daniel Faber, ASTRIUM DE, Sascha Wächter, Dr.Lothar Helms
	


2.5 Operational scenarios

Attributes common to all scenarios will be described, as well as unique attributes of the following scenarios:

	Scenario
	Description
	Mission (from Section  REF __RefNumPara__5413_810541251 \h 
 \* MERGEFORMAT )

	1
	QB50 Sensor Suite 1 or 2
	1,2,3,4

	2
	In Orbit Demonstrations
	4,5

	3
	Additional CubeSat experiments
	4,5


2.6 Common Attributes

The following attributes are common to all operating scenarios:

· Launch

· Integration and subsequent checkout of the CubeSats and deployers

· Integration and subsequent checkout at the launch site

· Pre- and post-Launch sequence

· Operations Phase

· De-orbit Phase

2.6.1 Launch

2.6.1.1 [image: image9.emf]The baseline Launch Vehicle Provider is the Makeyev State Rocket Centre (SRC), as a sub-contractor to VKI

2.6.1.2 The baseline rocket is the SHTIL-1

2.6.1.2.1 Shtil-2.1 launcher is the same as the Shtil-1 launcher to be used for the precursor launch, except the SHTIL-1 does not have a nose fairing

2.6.1.2.2 The Shtil-2.1 ‘U’ variant is planned. Details and differences are TBC
2.6.1.2.3 Use of helium is prohibited however, because it would influence the control system.
2.6.1.2.4 The conical and cylindrical parts of the nose fairing are separated together, in the forward direction, using hot gas thrusters.
2.6.1.3 A replacement launch vehicle will be provided by SRC in case of launch failure.

2.6.1.4 Launch is planned for late 2014 or early 2015, though this may change

2.6.1.5 Launch is into a 79 degree inclined orbit at 320km altitude. The maximum payload mass that can be launched into this orbit is 220 kg (TBC).
2.6.1.5.1 The payload mass (ie. the mass of the CubeSats and other payloads) is expected to be about 135 kg (TBC)

2.6.1.5.2 The final payload mass depends on the mass of the deployer, the protective systems required for the acoustic, shock and thermal loads and depressurization rate.

2.6.1.5.2.1 If the existing, conical protective covers are used, they have small venting holes for slow depressurization of the air inside the capsules to 20 kPa/s.
2.6.1.6 Launch manifest and mass budget (TBC):

	Item
	Owner
	Mass (kg)

	Sequencer and Batteries
	ISIS
	21 (TBC)

	Deployer
	ISIS
	62.5 (TBC)

	Gossamer-1
	DLR
	25 (TBC)

	DELFI 1
	TUD
	3

	DELFI 2
	TUD
	3

	Qarman
	VKI
	3

	Inflate-Sail
	Surrey Space Center
	3

	IOD #04
	TBC
	3

	IOD #05
	TBC
	3

	IOD #06
	TBC
	3

	IOD #07
	TBC
	3

	IOD #08
	TBC
	3

	IOD #09
	TBC
	3

	QB50 CubeSat #00
	TBC
	2

	QB50 CubeSat #01
	TBC
	2

	QB50 CubeSat #02
	TBC
	2

	QB50 CubeSat #03
	TBC
	2

	QB50 CubeSat #04
	TBC
	2

	QB50 CubeSat #05
	TBC
	2

	QB50 CubeSat #06
	TBC
	2

	QB50 CubeSat #07
	TBC
	2

	QB50 CubeSat #08
	TBC
	2

	QB50 CubeSat #09
	TBC
	2

	QB50 CubeSat #0a
	TBC
	2

	QB50 CubeSat #0b
	TBC
	2

	QB50 CubeSat #0c
	TBC
	2

	QB50 CubeSat #0d
	TBC
	2

	QB50 CubeSat #0e
	TBC
	2

	QB50 CubeSat #0f
	TBC
	2

	QB50 CubeSat #10
	TBC
	2

	QB50 CubeSat #11
	TBC
	2

	QB50 CubeSat #12
	TBC
	2

	QB50 CubeSat #13
	TBC
	2

	QB50 CubeSat #14
	TBC
	2

	QB50 CubeSat #15
	TBC
	2

	QB50 CubeSat #16
	TBC
	2

	QB50 CubeSat #17
	TBC
	2

	QB50 CubeSat #18
	TBC
	2

	QB50 CubeSat #19
	TBC
	2

	QB50 CubeSat #1a
	TBC
	2

	QB50 CubeSat #1b
	TBC
	2

	QB50 CubeSat #1c
	TBC
	2

	QB50 CubeSat #1d
	TBC
	2

	QB50 CubeSat #1e
	TBC
	2

	QB50 CubeSat #1f
	TBC
	2

	QB50 CubeSat #20
	TBC
	2

	QB50 CubeSat #21
	TBC
	2

	QB50 CubeSat #22
	TBC
	2

	QB50 CubeSat #23
	TBC
	2

	QB50 CubeSat #24
	TBC
	2

	QB50 CubeSat #25
	TBC
	2

	QB50 CubeSat #26
	TBC
	2

	QB50 CubeSat #27
	TBC
	2

	TOTAL
	
	218.5


2.6.1.7 We have some control over the local time of launch (TBC), which we will use to maximize the available power or the CubeSats at the end of the mission. This should allow additional transmitter power to maximize the downloaded data.
2.6.1.8 More details of the activities surrounding launch are described in the “Pre- and post-Launch sequence” below.

2.6.2 Integration and subsequent checkout of the CubeSats and deployers

2.6.2.1 All CubeSats are delivered to ISIS in suitable packaging

2.6.2.1.1 CubeSat in the USA may (TBC) be delivered to a coordinating organization (Stanford, TBC) in the USA. ISIS will send a set of deployers and science payloads to the coordinating organization who will perform integration and check-out and then return the integrated CubeSats in the deployers back to ISIS where they will be integrated into the full “deployer stack”. For CubeSats originating in the USA, all integration and checkout activities will be carried out by that coordinating organization.
2.6.2.2 CubeSats are unpacked a clean room (ISO-8), following standard handling procedures

2.6.2.2.1 Any agreed-upon special handling instructions are provided to ISIS prior to delivery, and will be followed
2.6.2.3 CubeSats are visually inspected, the CubeSat check-list (a slight modification on the checklist in the CalPoly CubeSat standard) is filled out and a fit-check is performed with a deployer or an equivalent mechanical model

2.6.2.4 CubeSats are integrated into their deployers
2.6.2.5 As there are 50 deployers in a very tight space, the deployers do not have the typical CubeSat "access panels" on the side. There is no access to the CubeSats after integration into the deployer.

2.6.2.6 “Remove Before Flight” items may not allowed as there is no access panel from which to remove them (TBC)

2.6.2.7 Each CubeSat will be plugged into an umbilical. 

2.6.2.7.1 Access over an internet connection will be provided, through an Ethernet to I2C adapter

2.6.2.7.2 CubeSat teams are expected to log in and check their satellites.

2.6.2.7.3 Connection to be umbilical may be done one CubeSat at a time, several in a “batch”, or with all CubeSats at once.
2.6.2.7.4 It may not be possible to provide a schedule of the checkout times in advance and all CubeSat teams should be ready to log into their satellites at short notice.

2.6.2.7.5 Umbilical functions

2.6.2.7.5.1 5V power supply to charge batteries

2.6.2.7.5.2 I2C for communicating with the CubeSat OBDH (3.3V, 7-bit addressing)

2.6.2.7.5.3 CubeSat deployment over-ride

2.6.2.7.5.4 RF isolation

2.6.2.7.5.5 Deployable mechanism isolation

2.6.2.7.6 Umbilical connector

2.6.2.7.6.1 The connector and pins will ne spring-loaded with long stroke and large inter-pin spacing to allow large alignment tolerances in all axes.
2.6.2.7.6.2 The umbilical connector will be developed and tested during the first year following CubeSat selection. A draft specification will be discussed at the 4th QB50 Workshop.

2.6.2.7.6.3 The will likely be something similar to what is shown in the following images:

[image: image10.emf]

2.6.2.7.7 The length of time that a CubeSat is held at the facilities of ISIS may be extended. Connection to the charging umbilical will occur daily for battery charging, but access over the internet will not be provided so regularly. CubeSat teams should only plan on one chance to connect over the internet to check out their satellite. 

2.6.2.7.8 Any exceptions or failures will be dealt with by ISIS on a “best efforts” basis at the ISIS facility, or may return it to the CubeSat team. Procedures will be detailed over the course of the project.

2.6.3 Integration and subsequent checkout at the launch site

2.6.3.1  Documentation needs to be sent to Makeyev about 3-4 months prior to shipping, to get a clearance document..
2.6.3.2 The integrated deployer stack is packaged carefully and shipped to the launch site and unpacked in the integration building. Baseline solution is transport by air to Murmansk in Northern Russia, via Moscow.
2.6.3.2.1 Typical customs clearance process takes 4- 6 weeks in Moscow

2.6.3.2.2 It will be impossible to access the CubeSats while they are awaiting customs clearance in Moscow for changing of check-out purposes (TBC)
2.6.3.3 CubeSat teams will not be able to accompany their CubeSat to Russia.
2.6.3.4 The integrated deployer stack is inspected visually. 
2.6.3.4.1 The integration building has a clean room (ISO 8) where all work will be done
2.6.3.4.2 Each CubeSat will be plugged into an umbilical to provide battery charging power, isolation switches for the deployables and RF, and a connection to the internet

2.6.3.4.3 This may be one at a time, several in a “batch”, or all 50 at once

2.6.3.4.4 CubeSat teams are expected to log in and check their satellites

2.6.3.4.5 Because there are so many CubeSats to check out in the midst of other activities, it may not be possible to provide a schedule of the checkout times in advance and all CubeSat teams should be ready to log into their satellites at short notice.
2.6.3.5 The length of time that a CubeSat is held at the integration building may be extended due to delays with any other aspect of the mission

2.6.3.5.1 Connection to the charging umbilical will occur daily for battery charging, for one hour

2.6.3.5.2 Access over the internet will not be provided so regularly. CubeSat Providers should only plan on one session to connect over the internet to check out their satellite.

2.6.3.6 Any exceptions or failures will be dealt with by ISIS on a "best efforts" basis at the integration facility, or may result in the CubeSat being removed from the launch and returned to the CubeSat Provider. 

2.6.3.7 The integrated deployer stack is mounted to the LV interfaces and the nose fairing is fitted. It is then taken by the LV personnel to be integrated onto the rocket.
2.6.3.7.1 QB50 personnel will not be able to accompany it beyond this point.

2.6.3.8 The LV provider integrates the nose faring (containing the integrated deployer stack) onto the rocket and then mounts the assembly in the submarine.

2.6.3.9 A cover is secured over the Sthil-2.1 nose faring to protect it from the weather.

2.6.3.10 In addition to the nose fairing, CubeSats may be mounted in the volume under the inter-stage faring, surrounding the third stage engine bell

2.6.3.10.1 This will only be used if we cannot fit in the volume constrains of the nose fairing but have not used up the allowable mass, making it possible to maximize the total number of CubeSats that can be flown

2.6.3.10.2 It is the same volume that will be used on the precursor flight, for which there is no nose fairing.
2.6.4 Pre- and post-Launch sequence

2.6.4.1 The time between close-out of the faring and launch could be as much as one month, during which there will be no chance to charge the CubeSat batteries or perform check-out

2.6.4.2 The submarine sails out to the launch range in open water

2.6.4.3 QB50 personnel cannot accompany the submarine

2.6.4.4 Because the Sthil-2.1 has the extended nose faring it cannot submerge (though the cover protects if from bad weather). Therefore launches cannot take place in the winter months.

2.6.4.5 Prior to launch the cover over the nose fairing is removed.

2.6.4.6 The LV provider provides various telemetry on the progress of the launch.

2.6.4.7 If there is not enough volume in the nose fairing, the IOD CubeSats on the QB50 launch may be mounted around 3rd stage engine bell, under the inter-stage faring. By preference the QB50 2U CubeSats will be mounted in the nose fairing not under the inter-stage faring.

2.6.4.7.1 During launch, the inter-stage faring between the 2nd and 3rd stage is jettisoned using trapped gas pressure. This results in a very rapid de-pressurization event from 100kPa to 0 in a few milliseconds.
2.6.4.7.2 Either the ISIPOD or an existing external cover will provide protection from the worst of the acoustic, shock and thermal loads and de-pressurization rate under the inter-stage fairing.
2.6.4.7.3 There are 5 defined ‘spots’ available for payload placement, of which 4 are quite limited in height (conical sections due to engine) and 1 larger at which it may be possible to place a larger integrated module.
2.6.4.7.4 If the existing, conical protective covers are used, they weigh 38kg.

2.6.4.8 The STIHL-1 third stage has a battery and RCS fuel intended to last for only 1200 seconds, and begins to be depleted immediately upon separation of the second stage, before third state ignition. Considering the time to reach the orbit and a bit of margin after the deployment is complete all CubeSats must be deployed within a very short period.
2.6.4.8.1 The exactly deployment timeline is TBC
2.6.4.8.2 The STIHL-1 third stage is stabilized by a reaction control system which requires both power and fuel. The attitude will therefore not be controlled after power and fuel are depleted

2.6.4.8.3 Before the battery in the upper stage is exhausted it will likely vent any remaining fuel, which will perturb the attitude. Venting is done for debris mitigation purposes, to eliminate the possibility of the upper stage exploding at a later time due to trapped fuel. Therefore not only will the attitude be uncontrolled after that time, it may have a high roll rates due to the venting.
2.6.4.9 The upper stage may be made to spin before deployment of the CubeSats in order to maximize dispersion and thus minimize the likelihood of collisions. A definitive answer on whether this is both possible and desirable is TBC.

2.6.4.10 Mass: The mass and mass properties may need to be tightly specified to control the deployment dynamics and minimize the probability of a collision. This has yet to be studied in enough detail to know how constraining this is. This could require an exceptionally strict adherence to the CubeSat specification for mass and Moments of Inertia compared to other launch campaigns (TBC).

2.6.4.11 Deployment sequence, timing, velocity and direction are TBC. Orbit evolution and expected relative spacing between CubeSats is also TBC. These should be resolved based on the first report of the ODWG which is due in July 2012 (TBC).
2.6.4.12 The CubeSats must wait for at least 30 minutes after they are released before any deployables are deployed.

2.6.4.13 Due to the short mission life, there is no time for a lengthy check-out and commissioning phase for any of the Cubesats. The CubeSats are expected to deploy any deployables and commence operations autonomously.

2.6.5 Operations Phase

2.6.5.1 Precursor Launch (contributions to the QB50 operational mission)
2.6.5.1.1 It may be possible that the CubeSats launched on the Precursor Launch are able to provide additional data during the QB50 mission

2.6.5.1.2 Science payload function and performance will be tested on the precursor launch (TBC).

2.6.5.1.3 All Data Processing and Archiving Centre functions will be tested during the precursor mission, including internet communication links from the ground stations

2.6.5.1.4 All MCC functions will be tested during the precursor mission, with the complete communications chain from the satellite to the scientist.

2.6.5.1.5 The recommended radio downlink and uplink schemes will be tested during the precursor mission, with several ground stations (including VKI).

2.6.5.2 QB50 Launch

2.6.5.2.1 Most CubeSat teams should have ground stations that allow downlink from any of the QB50 science CubeSats

2.6.5.2.2 Due to the regulatory environment (complexity of getting transmit licences in every country), each team is individually responsible for the uplink to their satellite using either their own ground station or arranging to use a station belonging to another organisations (this includes getting a licence to transmit on the appropriate frequency).

2.6.5.2.3 Each ground station receiving science data will forward it to the Data Processing and Archiving Centre

2.6.5.2.4 It is hoped that most CubeSats will forward some telemetry to the MCC which can be used for near-real-time display and publicity purposes (requirement or recommendation TBC)
2.6.5.2.5 Each QB50 science CubeSat shall have pre-loaded into non-volatile memory a default science acquisition sequence

2.6.5.2.6 If a new science acquisition sequence is issued for any CubeSat, it shall be uploaded to the satellite, placed in non-volatile memory, verified as correct, and then executed.

2.6.5.2.7 The MCC will include a display of the position and status of all the QB50 science satellites for publicity and media purposes
2.6.6 De-orbit Phase

2.6.6.1 ADCS is mandatory as the drag coefficient must be kept low to maximize the lifetime. Without "long axis parallel to the velocity vector" the satellites will de-orbit in about 1 month instead of 3-4. The requirement driven by the orbit lifetime is has not been calculated in detail, but is set at +/-5 degrees until more information is available. There is no "roll" requirement.

2.6.6.2 Pass times over ground stations will decrease as the altitude decreases from 320 km to 90km. Satellites are expected to stop communicating around 150km.

2.7 Scenario 1 - Sensor Suites

2.7.1 Scenario Description
2.7.1.1 2-Unit CubeSat carrying one of the three Sensor Suites (as shown in the following tables)
	Set 1

	Ion/Neutral Mass Spectrometer (INMS)

Temperature Sensors (TH)

	Volume 770 cm3 (TBC)

	Mass 660g (TBC)

	Qty in QB50 network: 20 (TBC)


Table 1: QB50 Science Sensor Set 1

	Set 2

	Flux-Φ-Probe Experiment (FIPEX)

Temperature Sensors (TH)

	Volume 717 cm3 (TBC)

	Mass 680g (TBC)

	Qty in QB50 network: 20 (TBC)


Table 2: QB50 Science Sensor Set 2

	Set 4

	A set of 4 Langmuir probes (MNLP)

Temperature Sensors (TH)

	Volume 717 cm3 (TBC)

	Mass 680g (TBC)

	Qty in QB50 network: 20 (TBC)


Table 3: QB50 Science Sensor Set 3
2.7.2 Goal

2.7.2.1 QB50 provides high quality, timely data on the thermosphere suitable for validation of scientific models and theories.

2.7.3 Scenario-Specific Attributes

2.7.3.1 CubeSat specification

2.7.3.1.1 The CubeSats for the QB50 mission are more highly specified than the IOD mission

2.7.3.1.2 CubeSats size limit

2.7.3.1.2.1 Need to keep the volume and mass of each CubeSat low in order to fit them onto the SHTIL-2.1

2.7.3.1.2.2 Target mass is 2kg each. Depending on the response we get to the Call for Proposals and the final Launcher mass budget, we may have to re-assess this limit

2.7.3.1.2.3 “2-Unit”  CubeSat volume

2.7.3.2 Thermistors/thermocouples/RTD (TH)

2.7.3.2.1 Temperature sensors will be provided to the CubeSat teams

2.7.3.2.2 To be mounted on the front surface of solar the four side solar panels

2.7.3.2.3 Digital output (TBC)

2.7.3.2.4 Must be connected to the Science payload connector

2.7.3.3 Corner cube laser retroreflectors (CCR) 

2.7.3.3.1 Inclusion of the CCR in the science package is TBC
2.7.3.3.1.1 CCR were recommended by the SSWG on the assumption that they consumed no power and very little volume, and also that the satellites could easily be differentiated from one another. Volume and differentiation have been found to be more difficult that expected, as has surface area access.
2.7.3.3.2 It was decided that it was too difficult to fit them in the volume of the instrument package

2.7.3.3.3 Teams are encouraged to fly these, however they will also them be responsible for organizing / coordinating the ground laser (or network of lasers).

2.7.3.4 Payload-CubeSat integration

2.7.3.4.1 The payload is calibrated by the manufacturer, and must be handled with care in the proper clean environment. 

2.7.3.4.2 Payload could be damaged or put out of calibration, so the preference us that they will not be shipped to the CubeSat teams.

2.7.3.4.2.1 The payload will be designed so that it can be removed and installed with minimal difficulty or interference with the CubeSat.

2.7.3.4.2.2 CubeSat teams may choose to have the payload shipped to them, and then must accept responsibility if it is damaged in anyway. This includes financial liability for buying a replacement.

2.7.3.4.2.3 CubeSat teams not receiving the payload will instead receive:

· A mass dummy of the payload will be sent to the CubeSat teams for fit-check, and must be integrated with the CubeSat during vibration and other qualification testing.

· Software interface test

· EMC Conducted Emissions Test must be performed (test procedure recommendations TBC, but will require a spectrum analyser)
2.7.3.4.3 The CubeSat with the mass dummy (or the instrument) is to be shipped to ISIS. 

2.7.3.4.3.1 If the CubeSat has the mass dummy, then upon receipt ISIS will remove the mass dummy and integrate the science payload with the CubeSat bus.

2.7.3.4.4 The CubeSat teams must log in over the internet to their satellite and perform a functional test of the CubeSat and payload prior to integrating the CubeSat into the deployer.

2.7.3.4.5 General Properties

2.7.3.4.5.1 Approximately the internal volume of a “1 Unit” CubeSat

2.7.3.4.5.2 Power at 3.3V, 5V and battery voltage (unregulated 6V to 9V)

2.7.3.4.5.3 I2C to communicate with the CubeSat bus

2.7.3.4.5.4 Science Payload connector

· small form-factor

· accessible from the side of the spacecraft, behind the solar panels

· Power, Communications (I2C), temperature sensors (x4)

2.7.3.5 Operations

2.7.3.5.1 In addition to the orbit lifetime requirement, ADCS is mandatory because the science payload needs to be oriented in the ram direction. The requirement driven by the science instruments is +/-5 degrees and knowledge of +/-1 degree. There is no "roll" requirement.

2.7.3.5.2 CubeSat commissioning – Describe what happens when the CubeSats reach orbit that is specific to the science

2.7.3.5.2.1 Commissioning of the science payload must happen autonomously and rapidly. It is expected that the CubeSats will commence recording science data within 2 hours of powering on.

2.7.3.5.3 Operations – Describe what happens on orbit . What is the default scenario for takings science readings? Is the instrument in stand-by all the time? Does it have a “boot up” or “warm up” phase?

2.7.3.5.4 Mission Control Center (MCC)

2.7.3.5.4.1 Scientists at the MCC will 
decide if there is a good reason to override the default science acquisition sequence and issue a new science acquisition sequence (command set) for every QB50 science CubeSat

2.7.3.5.4.2 VKI and Stanford (a third possibility is at NPU, China, to be confirmed)

2.7.3.5.5 The Data Processing and Archiving Centre (DPAC) is where the science data is sent, stored, post-processed and distributed.  

2.7.3.5.5.1 Located in the Belgian User Support and Operation Centre (BUSOC) in the Belgian Institute for Space Aeronomy (BIRA) in Brussels

2.7.3.5.5.2 Preference for sending data to the DPAC immediately upon downlink from the satellites. At worst case the data must be sent to the DPAC within 6 months after the end of the mission.

2.7.3.5.5.3 A single point of contact between the QB50 Project and the CubeSat teams regarding science and housekeeping data
2.7.3.5.5.4 Reliable and secure back-up of all the mission data

2.7.3.5.5.5 Verify (checking for completeness) and cataloguing of the QB50 science data

2.7.3.5.5.6 Support CubeSat teams in producing the necessary documentation describing their data set

2.7.3.5.5.7 Transfer data files into a uniform, user-friendly format

2.7.3.5.5.8 Handle requests for data by the user community and providing clarifications to the user community if requested

2.7.3.5.5.9 Archive all data and documentation

2.7.3.6 Science data processing
2.7.3.6.1 Describe what happens to the data
2.7.3.6.2 Will there be a Data Analysis Working Group?
2.7.3.6.3 The QB50 Science Centre will be located at the Leibniz-Institute for Atmospheric Physics (IAP) in Kühlungsborn, Northern Germany. It provides advice on selection of the sensors and will receive all science data for scientific data analysis after the end of the mission. The Science Centre does not have any activities or actions during the mission.

2.7.3.6.3.1 QB50 science data will be correlated with remote-sensing observations from the ground by lidars and radars up to 110 km altitude and with in-situ measurements by experiments on sounding rockets up to 350 km altitude, if such data are available and are provided by the experimenter teams. The QB50 science data will also be correlated with the relevant remote-sensing observations of the MLT region by Earth observation satellites in higher orbits (600-800 km). 

2.7.3.6.3.2 It is the intention of IAP to organise 'lower thermosphere data analysis and correlation workshops'.
2.8 Scenario 2 - In-Orbit Demonstrations (IODs)

2.8.1 Scenario Description
2.8.1.1 CubeSats not carrying the QB50 science package, but instead, they perform in-orbit demonstration of new technology

2.8.1.2 These are more likely to be 3-Unit CubeSats

2.8.1.3 Five are partially funded under the EU FP7: InflateSail, Gossamer-1, DELFFI Formation Flight (2 CubeSats), Qarman (re-entry CubeSat). Others are expected to be proposed

2.8.2 Goal

2.8.2.1 To test new CubeSat technologies

2.8.3 Scenario-Specific Attributes

2.8.3.1 General
2.8.3.1.1 IODs will fly on both the precursor and the QB50 launch, but do not carry either of the common science payloads.

2.8.3.1.2 The IOD spacecraft may have specific LEOP, operations and de-orbit phase requirements defined by the developers of the IOD CubeSats.

2.8.3.1.3 Any special pre-launch integration and testing requirements are the responsibility of the IOD developers. If they need special attention from the deployer integrator, ISIS, it is the responsibility of the IOD developers to reach an agreement with ISIS about how this will be conducted both at ISIS facility and at the launch vehicle integration building.

2.8.3.1.4 The RF communications architecture may be unique to the IOD CubeSat. Downlink capability using the preferred QB50 common downlink to multiple ground stations may be used only if the data is transmitted in accordance with the philosophy of Amateur Radio and rules of the IARU.

2.8.3.2 InflateSail 

2.8.3.2.1 TBC
2.8.3.3 Gossamer-1 

2.8.3.3.1 Provided by Deutsches Zentrum für Luft- und Raumfahrt e.V. (DLR)

2.8.3.3.2 25 m2 sail (5x5m)
2.8.3.3.3 Mass 20kg (more if it needs a battery)

2.8.3.3.3.1 Battery will be required if deployment of the sail happens after the upper stage battery is depleted

2.8.3.3.3.2 Current intention is to deploy the sail immediately after the CubeSats are deploted. However, this may not be desirable as the large cross section increases the risk of collision dramatically.

2.8.3.3.4 8 cameras will film the deployment

2.8.3.3.4.1 4 will be fixed

2.8.3.3.4.2 4 will be deployed as “sub satellites”

2.8.3.3.5 No ADCS

2.8.3.4 DELFFI Formation Flight (2 CubeSats) 

2.8.3.4.1 Provided by the Technical University of Delft

2.8.3.4.2 TBC

2.8.3.5 Qarman
2.8.3.5.1 Provided by the Von Karman Institute for Fluid Dynamics

2.8.3.5.2 TBC

2.8.3.6 Others TBC 

2.8.3.6.1 TBC

2.9 Scenario 3 - Additional CubeSat experiments

2.9.1 Scenario Description
2.9.1.1 Any QB50 CubeSat that carries one of the standard science packages may also carry additional experiments
2.9.2 Goal

2.9.2.1 The “additional experiments” may have any purpose, for example:

2.9.2.1.1 scientific investigations

2.9.2.1.2 technology demonstration

2.9.2.1.3 educational purposes

2.9.2.1.4 public outreach

2.9.2.1.5 the enjoyment and pleasure of the CubeSat team
2.9.3 Scenario-Specific Attributes

2.9.3.1 CubeSat commissioning requirements for the science payloads are described in scenario 1.

2.9.3.2 Commissioning of the additional experiments is up to the CubeSat teams, on whatever schedule they wish so long as it does not interfere with the acquisition of science data.

2.9.3.3 Any interesting results or data should be reported back to the QB50 management team

2.9.3.4 Any results that are complementary to the science goals of QB50 should be reported to the QB50 scientists and sent to the Data Processing and Archiving Centre.

3 Consolidated Needs and Requirements

3.1 Operational Needs 

3.1.1 Priority is either “Essential” or “Desired”

3.1.2 Number in the list does not imply precedence

3.1.3 General

	#
	Operational Need
	Scenario Need
	Priority

	1
	List... TBC
	
	

	2
	
	
	


3.1.4 Output

	#
	Operational Need
	Scenario Need
	Priority

	1
	Output format can be aggregated into a database in an automated fashion
	
	

	2
	Database is backed up in a reliable way
	
	

	3
	Output display? To Who? In what form?
	
	

	4
	Analysis?
	
	

	5
	Data assurance parameters:

· error estimates, including instrument calibration results

· location error estimate

· time error estimate

· Any anomalies
	
	

	6
	Export of data products to scientists
	
	


3.1.5 Assurance

	#
	Operational Need
	Scenario Need
	Priority

	1
	System is protected from contamination or damage
	
	

	2
	Analysis results are protected from unauthorised editing
	
	

	3
	System performance and trends are monitored and diagnosed
	
	

	4
	
	
	


3.1.6 Operating Environment

	#
	Operational Need
	Scenario Need
	Priority

	1
	Suitable for operation in the space environment between 350km and 150 km altitude
	
	

	2
	Survival in the following environments:

· Shipping

· Integration into deployer

· Integration into launch vehicle

· Pre-Launch activities

· Launch

· Deployment
	
	

	3
	Capability to function without constant access to:

· Command Uplink
	
	

	4
	Capability to use existing site services and amenities including:

· 
	
	


3.1.7 Transportation

	#
	Operational Need
	Scenario Need
	Priority

	
	Nil
	
	


3.2 Critical operational issues

	#
	Description

	1
	Will the selected QB50 sensor suite address the science goals?

	2
	Do the QB50 science instruments have adequate sensitivity, accuracy and precision to address the science goals?

	3
	Is the sampling frequency high enough to adequate  address the science goals?

	4
	Is the on-orbit distribution of QB50 sensors adequate to address the science goals?

	
	


Measures of Effectiveness

	#
	Description
	Measure
	Scenario
	System applicability

	1
	The sensitivity, accuracy and precision of the system to detecting plasma density
	e-/cm2, Δ, σ
	1,4
	

	2
	The sensitivity, accuracy and precision of the system to detecting neutral particle composition
	%, Δ, σ
	1,4
	

	3
	The sensitivity, accuracy and precision of the system to detecting ionized particle composition
	%, Δ, σ
	1,4
	

	4
	Discrepancy between measurements and selected models
	%, Δ, σ
	1
	

	5
	Difficulty in using the data to verify models of the  thermosphere
	Effort (man-months)
	1
	

	6
	Number of data points recorded on orbit
	Number
	1
	

	7
	Number of successfully tested IOD's
	Number
	2
	

	8
	Scientific papers published in high impact journals
	Number
	1,2,3
	

	9
	Number of students involved
	Number
	1,2,3,4
	

	10
	Number of Additional Experiments successful flown
	Number
	3
	


3.3 Consolidated functional needs

These should derive from the scenarios and missions above
3.3.1 Instrument calibration & testing

3.3.2 Integration and testing

3.3.3 Launch & deployment

3.3.4 Communicate & aggregate data

3.3.5 Store and process data

3.3.6 Distribute data products

3.4 Solution-independent system needs & constraints

3.4.1 Compliance with LV requirements

3.4.2 Use of standard CubeSat components
4 System Description

4.1 Science Instruments
For a detailed description of the selected science instruments and the current state-of-the-art refer to the Final Report of the QB50 Sensor Selection Working Group [AD-3].

4.2 System functionality & performance

4.2.1 States & Modes (show transitions)
4.2.1.1 Ground

4.2.1.1.1 Integration into deployer

4.2.1.1.2 Testing deployer

4.2.1.1.3 Charging in deployer

4.2.1.2 Launch

4.2.1.3 Deployment

4.2.1.4 On Orbit (recommended CubeSat modes)
4.2.1.4.1 Post-deployment Hold

4.2.1.4.2 Debtumble & Commission

4.2.1.4.3 Science Gathering

4.2.1.4.4 Auxilary Payloads

4.2.1.4.5 Stand-by

4.2.1.4.6 Safe-hold

4.2.2 System performance

	#
	Description
	Measure

	1
	Effective detector signal resolution (list the parameters)
	

	2
	Detection accuracy (parameters measured? Perhaps this should be “noise level” measured in some other way)
	

	3
	Effective spatial resolution
	

	4
	Location reporting accuracy
	

	5
	Effective temporal resolution
	

	6
	Time reporting accuracy
	


5 Verification and Validation Concepts

This is how we prove that the system solution is fit for purpose.

5.1 QB50 Mission level validation

5.1.1 Independent SME reviews at PCR, CDR and FRR

5.1.2 Build it using an Engineering Management System

5.1.2.1 ISIS

5.1.2.2 UCL/MSSL

5.1.2.3 SSC

5.1.3 Precursor flight is used to validate various interfaces through functional testing

5.2 CubeSat Level validation

5.2.1 Independent SME reviews at PCR, CDR and FRR

5.2.1.1 Organized by the CubeSat teams

5.2.1.2 Reported in standard format to the QB50 management

5.2.2 Qualification tests as prescribed in the relevant QB50 specifications

5.2.3 Mechanical and software test units provided for testing interfaces between the CubeSat bus and the science instrument

5.3 Conformance with standards including:

5.3.1 ??????

6 Applicable documents

[AD-0] QB50 CubeSat Call for CubeSat Proposals

[AD-1] QB50 RF Communications Specification

[AD-2] QB50 CubeSat Specification

[AD-3] Final Report of the QB50 Sensor Selection Working Group

7 Acronyms

ADCS
Attitude Determination and Control System

AI&T
Assembly Integration and Testing

CAC
CubeSat Acceptance Checklist
DLR
Deutsches Zentrum für Luft- und Raumfahrt e.V.

EC
European Commission

ECSS
European Cooperation for Space Standardization

EGSE
Electrical Ground Support Equipment

GENSO
Global Educational Network for Satellite Operations 

GPS
Global Positioning Systems

IARU
International Amateur Radio Union

IOD
In-Orbit Demonstration

ISIS
Innovative Solutions In Space BV

ISO
International Organization for Standardization

ISO-8
Clean room “cleanliness level” defined in ISO 14644-1
ITU
International Telecommunications Union

ITAR
International Trade in Arms Regulations (USA)

LV
Launch Vehicle 

MIL-STD
United States Military Standard

MCC
Mission Control Centre

MGSE
Mechanical Ground Support Equipment

NASA
National Aeronautics and Space Administration

OBDH
On Board Data Handling subsystem

OCD
Operational Concept Description

ODWG
Orbital Dynamics Working Group

QA/QC
Quality Assurance / Quality Control

RBF
Remove Before Flight

REA
Research Executive Agency (of the EC)

RF
Radio Frequency 

SSWG
QB50 Sensor Selection Working Group

USA
United States of America

VKI
Von Karman Institute for Fluid Dynamics

V&V
Verification and validation
























































































Figure � SEQ "Figure" \*Arabic �1�: System Boundaries





�Figure � SEQ "Figure" \*Arabic �2�: EU FP7 Funding Boundary





�Figure � SEQ "Figure" \*Arabic �3�: External System Boundaries





�Figure � SEQ "Figure" \*Arabic �4�: Gantt Chart of Major QB50 Mission Milestones





Figure � SEQ Figure \* ARABIC �6� SHTIL-2.1
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