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Mission Statement:
“To create a guidebook aimed at
decision-makers in academia,
government, and industry interested in
developing space capabilities using
small satellite programs.”
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Introduction
This Guidebook on Small Satellite Programs (Go SSP) provides decision-
makers in all types of organizations – government, academic, business,
DQGQRQSURÀW²ZLWKDGYLFHEHVWSUDFWLFHVDQGOHVVRQOHDUQHGDERXW
starting small satellite programs.
The Guidebook provides the principal considerations needed to
develop a small satellite program. The program concept is de-
rived from an understanding of the stakeholders, their rationales
DQG UROHV WKH PDUNHW WUHQGV DQG DSSOLFDWLRQV DV ZHOO DV WKH OHJDO
IUDPHZRUN  :HOO GHÀQHG PLVVLRQ VWDWHPHQWV DQG SROLFLHV FDQ KHOS
structure the program concept funding sources, partnerships, mis-
sion objectives, and requirements. Once a program concept and
a strategy have been established, mission planning can begin.
:KHUHGRHVRQHVWDUW"7KHUHDUHPDQ\GHFLVLRQVDQGWUDGHRIIVWRFRQ-
sider. It is important to ensure that attention is given to all phases of
the mission: concept exploration, detailed development, production
and deployment, operations and support, and the end-of-mission life.

CubeSat (10 cm)3

Pico-Satellite (<1 kg)

This Guidebook focuses on high-level programmatic considerations and
QRWRQDVSHFLÀFGHVLJQLVVXH
Nano-Satellite (<10 kg)

A small satellite design philosophy is different from that used in a
large-scale design. Small satellite designs revolve around tight-
er constraints in both volume and mass than larger satellites. Lim-
ited volume adds design constraints and limits the possibility of add-
ing complex spacecraft systems as required for larger platforms.
Subsystems are designed or procured taking into account volume, ease
RIVSDFHLQWHJUDWLRQORZPDVVDQGSRZHUFRQVXPSWLRQ(YLGHQFHVXJ-
JHVWVWKDWORZFRVWVDWHOOLWHVH[SHULHQFHUHOLDELOLW\DSSURDFKLQJWKDWRI
more expensive satellites.
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7UDGHRIIV LQ GHVLJQ SUDFWLFHV GR QRW DOZD\V OHDG WR D PRUH UH-
OLDEOH VSDFHFUDIW EXW WKH ORZHU FRVW DSSURDFK JHQHUDOO\ DO-
ORZV D KLJKHU WROHUDQFH IRU ULVN DQG UHOLDELOLW\ 6LPSOHU V\VWHPV
RIWHQ DOORZ IRU PXFK VKRUWHU GHYHORSPHQW WLPHV 7KH GHVLJQ FKDU-
acteristics of small satellites make them particularly attractive as
DQ LQLWLDO RSWLRQ IRU EXLOGLQJ VSDFH FDSDFLW\ ZLWKLQ DQ RUJDQL]DWLRQ

Micro-Satellite (<150 kg)

Mini-Satellite (<500 kg)
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Why

small satellite

programs?
7KHUHLVDQLQFUHDVLQJQXPEHURIDFDGHPLFLQGXVWULDOJRYHUQPHQWDQG1RQ3URÀW2UJDQL
]DWLRQVLQWHUHVWHGLQGHYHORSLQJVPDOOVDWHOOLWHSURJUDPV7RXQGHUVWDQGZK\LWLVQHFHVVDU\
WRVWXG\WKHVRFLDOSROLWLFDOHFRQRPLFDQGWHFKQRORJLFDOFRQWH[WIURPZKLFKWKHVHPRWL
YDWLRQVGHULYH.H\UDWLRQDOHVDUHVXPPDUL]HGLQWKHIROORZLQJWDEOH

Academia

Governement Industry

NPO

Increase National Security
Increase National Prestige
Increase Scientific Knowledge
Enhance Technological Knowledge
Enhance Military Capability
Start Space Commercialization
Provide Benefits to Society
Assist in Social Development

$VVDWHOOLWHWHFKQRORJ\GHYHORSVWKHLQGXVWU\FRQWLQXHVWRSXUVXHVROXWLRQVWKDWORZHUFRVW
raise performance, maximize return, and reduce development time. Small satellite technol-
ogy originated from the synthesis of these requirements.
0DQ\FRXQWULHVDFDGHPLFLQVWLWXWLRQVDQGSULYDWHFRPSDQLHVVKRZJUHDWLQWHUHVWLQVSDFH
WHFKQRORJ\GHYHORSPHQW%HQHÀWVRIVPDOOVDWHOOLWHSURJUDPVDUHQXPHURXVDQGUDQJHIURP
the demonstration of a group’s technical capabilities to application developments that
serve society.
7KHUHDUHPDQ\H[DPSOHVRIKRZVPDOOVDWHOOLWHSURJUDPVSURYLGHEHQHÀWVWKDWÀWWKHQHHGV
of various organizations. For example, some countries have collaborated to produce con-
stellations of small satellites that increase support capability during emergency situations,
improve access, and decrease revisit times.
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What

Who

can be

accomplished?
Resource
Management

Small satellite programs involve several groups
of stakeholders, namely the internal organiza-
tion, and external entities that include col-
laborators, end users, competitors, and regu-
lators. It is important to understand the role of
external players and their impact on devel-
oping or expanding a small satellite program.

Disaster
Monitoring

Remote
Sensing

Navigation
and Tracking

Automatic
,GHQWLÀFDWLRQ
Systems

Meteorology

Collaborators: include partners, suppliers,
and investors. In the space community, as
ZLWK DOO VHFWRUV WKHVH UHODWLRQVKLSV DUH RI
ten imperative in developing programs and
balancing schedule, performance and cost
constraints. Organizations should research
potential partners and perform a thorough
ULVNEHQHÀW DQDO\VLV WR GHWHUPLQH ZKLFK RU
JDQL]DWLRQVZRXOGPDNHWKHEHVWWKHSDUWQHUV

is involved?

End Users

Collaborators

Organizations
Regulators

Government
Industry
Academia
NPO
Competitors

- Partners: UHODWLRQVKLSV ZLWK SDUWQHUV SURYLGH
WKHEHQHÀWVRIVKDULQJULVNFRVWDQGUHVRXUF
HV:KLOHSDUWQHUVKLSVPD\SURYLGHPDQ\DG
vantages, they may have disadvantages such as creating dependencies and increasing complexity.
- Investors: IXQGLQJ LV YLWDO IRU PRVW VSDFH SURJUDPV VR WKH UHODWLRQVKLS EHWZHHQ DQ RUJDQL]DLRQ DQG
funders is quite important. The three main sources of funding for space projects are public, private and
Public-Private Partnerships (PPP).
Biological Science

Communications

Science and
Technology

- Suppliers: are essential in all space programs. Small satellites are often able to accomodate much
broader groups of suppliers, primarily because they do not require high-reliability parts, components, and
VRIWZDUHOLNHODUJHUPRUHH[SHQVLYHVDWHOOLWHV
End users: in acedemia, government, industry, and NPOs ultimately drive requirements, features, and ap-
plications of small satellite programs.
Competitors:RIWHQIRVWHULQQRYDWLRQDQGORZHUFRVWDQGWKH\SOD\DNH\UROHLQWKHJOREDOVPDOOVDWHOOLWH
environment.

Data Transfer
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Relay
Systems

Technology
Development

6FLHQWLÀF
Research

Regulators: national and international regulators provide guidance, constraints, and requirements on all
space programs. Key regulators include the International Telecommunication Union (ITU), space agen-
cies, national administrations and national import/export control organizations.
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)UHTXHQF\ DOORFDWLRQ DQG FRRUGLQDWLRQ DV ZHOO DV UHJLVWUDWLRQ RI WKH
satellite are time-consuming processes that should be considered at the early stages
of the program, in the pre-launch phase.

What

legal and

Regarding the launch phase, states are absolutely liable for any damage caused to
DLUFUDIWLQÁLJKWRURQWKHVXUIDFHRIWKH(DUWK,WLVSRVVLEOHKRZHYHUIRUVWDWHVWRVKLHOG
themselves by allocating liability to the entities involved, through the adoption of do-
mestic space legislation.

regulatory issues exist?
7KHDSSOLFDEOHOHJDOIUDPHZRUNLQFOXGHVWKHÀYH8QLWHG1DWLRQVWUHDWLHVDQGSULQFL
SOHVDVZHOODVLQWHUQDWLRQDOUHJXODWLRQVDQGQDWLRQDOODZV

Once the satellite has been put in-orbit, the state of registry retains
MXULVGLFWLRQRYHULWDQGWKHRZQHUVKLSULJKWVRYHULWGRQRWFKDQJH6WDWHVDUHOLDEOH
based on their fault for any damage caused to another space object or in outer
space.

On an international level, states bear absolute liability for national space activities,
even if these are conducted by non-governmental entities. Organizations interested
LQVPDOOVDWHOOLWHSURJUDPVVKRXOGEHDZDUHWKDWDXWKRUL]DWLRQDQGFRQWLQXRXVVXSHU
vision by the state is required for such activities.

Plans should be made regarding the end of small satellite missions in order to avoid the
creation of space debris that could pose hazards to the safe conduct of outer space
activities.

,WLVFULWLFDOWRNQRZZKLFKREOLJDWLRQVZLOOEHDSSOLHGDVWKLVZLOOGLFWDWHWKHFRQVWUDLQWV
WKDW ZLOO DSSO\ $Q DQDO\VLV RI WKH LQWHUQDWLRQDO DQG QDWLRQDO IUDPHZRUN LV UHFRP
PHQGHGDQGIXUWKHUGHVFULEHGLQWKHIROORZLQJWDEOHV

Legal Issues

Step

International Obligations relevant to Small Satellites
Outer Space Treaty

Check if the state is party or not

Registration Convention
General Assembly Resolution
1721 B (XVI)

Pre-Launch

Also, applicable in case state is
not party to the Outer Space Treaty
and/or the Registration
Convention



Liability Convention

Check if the state is party or not



ITU Convention, Constitution
& Regulation

Coordinate with relevant
national authorities

General Assembly
Resolution 62/101
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General Assembly Resolution
59/115





Step

National Framework relevant to Small Satellites
National Space Law

Check for updates and relevance
through other sources internally

National Space Policy

Check with relevant national
authorities

2

Step

3

8

Adopt necessary/applicable Procedures
Licensing

Refer to national rules and
obligations

Frequency Allocation

Refer to international
regulation and national law

Registration

Refer to international and
national law

Insurance

Refer to national law

Outer Space
Treaty
Registration
Convention
ITU Constitution
Regulations
&Regulations

Domestic Space
Legislation

Frequency Allocation

Registration of Space
Objects

Launch




Outer Space
Treaty
Liability
Convention

In-Orbit







Domestic Space
Legislation

Liability Issues



Outer Space
Treaty
Liability
Convention
International
Guidelines

Domestic Space
Legislation

International
Framework

National
Framework

Liability Issues

Space Debris
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How

is a program

concept envisioned?
Rationale
Benefits
Environment
Trends
Stakeholders
Legal Framework
Applications

Once
a
small
satellite
program
manager
understands
the
political
environment,
motiva-
WLRQV RI NH\ VWDNHKROGHUV OHJDO IUDPHZRUN UHJXOD
tory requirements and potential applications for
the small satellite program, it should be possible to
articulate the rationale for the small satellite
SURJUDP  7KLV UDWLRQDOH FRPELQHG ZLWK WKH EHQHÀWV GH
rived from the program should create a compelling
argument for funding.
The challenge for decision makers trying to
HVWDEOLVK D VPDOO VDWHOOLWH SURJUDP LV WR ÀQG WKH
right combination of environment, trends, and
stakeholder interests to form a rationale that is convincing
and supports the necessary resources. Analytical models
and techniques can be used to assess and choose from
the options available.

Program Concept

Once a program concept and strategy is determined, the small sat-
ellite program can be structured.
Most programs begin by execut-
ing a small satellite project. From the mission statement, an en-
tire mission concept is developed.
The mission concept is intended to
organize an architecture and concept of operations for the project.
7KHVDWHOOLWHKRZHYHULVRQO\SDUWRIWKDWFRQFHSW
This provides the vision and scope for the overall
project.

Mission
Statement

Mission
Requirements

$ WRSGRZQ IDVKLRQ LQ ZKLFK EURDG WRSOHY
HO UHTXLUHPHQWV DUH GHÀQHG ÀUVW IROORZHG E\
ORZHUOHYHO UHTXLUHPHQWV 5HTXLUHPHQWV GHÀQL
tion uses formal language to state the function
of a system and should not impose a solution.

Mission Elements
Options

2SWLRQVDUHLGHQWLÀHGIRUHDFKHOHPHQWRIWKHPLV
sion and key performance and cost trade-off are
performed.

Evaluation and
Selection

7KH HYDOXDWLRQ LV EDVHG RQ WKH GHÀQHG PLVVLRQ
UHTXLUHPHQWV DQG FRPSDULVRQV ZLWK WKH PLV
sion statement. If the most suited mission concept
GRHV QRW PHHW WKHVH GHÀQHG QHHGV IXUWKHU LWHUD
tions are performed until the requirements are met.

Mission Concept

Command,
Control and
Communications
Subject

National and international policies shape
WKH HQYLURQPHQW LQ ZKLFK VSDFH SURJUDPV
exist. They drive the rationale, motivations and
Policies &
Mission
WUHQGV WKDW DIIHFW KRZ VSDFH SURJUDPV DUH
Statement
conceived
and
developed.
Besides
the
government, public, national institutions, interna-
tional organizations, universities, research institutes
DVZHOODVLQGXVWU\WDNHDSDUWLQVHWWLQJXSDSROLF\
7KH ÀUVW VWHS LQ SODQQLQJ D VPDOO VDWHOOLWH PLVVLRQ LV WR GHÀQH WKH
expected outcome of the mission. This is done through the mission statement
ZKLFKVKRXOGGHVFULEHWKHFRUHSXUSRVHRIWKHPLVVLRQ

Mission

Mission Concept

Orbit and
Constellation

Space Element
Ground Element

Payload
Launch Element
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Spacecraft Bus
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How

is the mission

concept implemented?
To implement the mission concept, the elements spanning the entire life
cycle of a small satellite project need to be considered on a programmatic
level in order to understand the requirements.
From the beginning of the program, project management must ensure that
HQYLVDJHGJRDOVZLOOEHUHDOL]HG,WLVHVVHQWLDOIRUDOORFDWLQJUHVRXUFHVFRRU-
GLQDWLQJWHDPPHPEHUVDVZHOODVIRUPRQLWRULQJDQGFRQWUROOLQJWKHVFRSH
schedule, and cost.
For small satellites, the trend is to have a small team that uses simple man-
agement techniques.

Organizational
Structure

Human
Resources

12

(QWLWLHVQHZWRVSDFHFDSDELOLW\GHYHORSPHQWVKRXOGKDYH
a simple organizational structure that incorporates appro-
priate specialization of human resources.
The number of personnel and level of expertise required
depends largely on the mission and complexity involved.
$FRPELQDWLRQRILQWHUQDODQGH[WHUQDOH[SHUWVDVZHOODV
partnerships, student participation and other forms of col-
laboration can be exercised. Personnel training and de-
YHORSPHQWLVDYLWDOSURFHVVZLWKLQDQRUJDQL]DWLRQLQRUGHU
to sustain and enhance personnel skills.

Documentation

Documentation ensures that the lessons learned are cap-
tured and informs all team members about the project’s
status. Standardization of project documents has both ad-
vantages and disadvantages;; though the information can
be harmonized throughout the organization, typically this
increases costs due to the increased preparation time and
training required.

Cost
Control

Determining the project life cycle cost is required to keep
WKH SURMHFW FRVWV ZLWKLQ ÀQDQFLDO FRQVWUDLQWV 7KH EXGJHW
should be as detailed and transparent as possible, but also
ÁH[LEOH WR VRPH LQWHUQDO FKDQJHV )XUWKHUPRUH SURMHFW
GHOLYHUDEOHV VKRXOG EH VFKHGXOHG WR FRLQFLGH ZLWK IXQG-
ing cycles, for example milestone payments on a regular
basis.
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$PLVVLRQFRQFHSWLVGHÀQHGVXFKWKDWLWLQFRUSRUDWHVDVSHFWVRIWKHHOHPHQWVVKRZQEHORZ
WRDUULYHDWDVSDFHPLVVLRQDUFKLWHFWXUH7UDGHVWXGLHVDQGDQDO\VLVDUHGRQHWRÀQGDQDF-
ceptable solution given performance and cost.

- Spacecraft design
- Driven by payload,
orbit, and space
environment
- Satellite
operations
- Single vs.
multiple ground
stations
- Building vs.
sharing
or renting ground
stations

Rapid development by
using innovative
methods and technolgies

Space Segment

Ground Segment

Allows for small
budget high return mission

User Segment

Mission phases such as launch, commissioning, and operations require substantial invest-
ments of resources. To build and qualify a small satellite, specialized infrastructure and
testing facilities are required. The design philosophy of a small satellite project deter-
mines mandatory and optional procedures for manufacturing, assembly, and testing
HJVSDFHTXDOLÀHGYVQRQVSDFHTXDOLÀHGFRPSRQHQWVFOHDQURRPVYVWHPSHUDWXUH
FRQWUROOHG ODERUDWRULHV  7KH UHTXLUHG TXDOLÀFDWLRQ OHYHOV IRU HQYLURQPHQWDO WHVWLQJ GH-
pends on the launch provider to ensure that the spacecraft does not harm the launch
HQYLURQPHQW )RU VWDUWLQJ D SURJUDP FRRSHUDWLRQV ZLWK SURMHFW SDUWQHUV IRU VKDULQJ RU
UHQWLQJIDFLOLWLHVIRUVSHFLÀFWHVWVFDQEHFRQVLGHUHG
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This Guidebook provides advice and examples of best practices and lessons learned
IRURUJDQL]DWLRQVZLVKLQJWRHQKDQFHWKHLUDELOLW\WRGHYHORSVSDFHWHFKQRORJ\YLDVPDOO
satellite programs.
7KHUHDGHUVKRXOGQRZEHIDPLOLDUZLWKWKHLPSRUWDQWLVVXHVLQGHYHORSLQJDVPDOOVDWHO-
OLWHSURJUDP7KHPDWHULDOLVPHDQWWRSURYLGHDEURDGRYHUYLHZRIWKHUHOHYDQWFRQVLG-
erations in creating an initial plan for implementing a small satellite program.
5DWLRQDOHVDQGVWUDWHJLHVIRUHVWDEOLVKLQJVPDOOVDWHOOLWHSURJUDPVZLWKLQLQGXVWU\DFD-
GHPLDDQGJRYHUQPHQWDUHGHVFULEHG(OHPHQWVRIWKHVPDOOVDWHOOLWHHQYLURQPHQWDUH
discussed including key stakeholders that impact the overall success or failure of a pro-
gram. These stakeholders take on the roles of suppliers, customers, partners, investors,
regulators, and competitors. The political, legal, regulatory, and economic climates
create an environment that drives the characteristics of program implementation.

Widespread use of radio
amateur systems

- Reliable data
transmission
- Technical support

Conclusion

+RZHYHUIRUORQJWHUPSODQQLQJWKHHVWDEOLVKPHQWRILQIUDVWUXFWXUHLVPRUH
VXVWDLQDEOHDQGDOORZVEHWWHUFXVWRPL]DWLRQRIVWUDWHJ\7KHHQGRIOLIHRID
mission requires special attention. Considerations about orbital debris have
WHFKQLFDOHWKLFDODQGÀQDQFLDOLPSOLFDWLRQV

6PDOOVDWHOOLWHVDUHFXUUHQWO\IXOÀOOLQJUROHVVLPLODUWRWKHLUODUJHUFRXQWHUSDUWVLQUHPRWH
VHQVLQJGLVDVWHUPRQLWRULQJYHVVHOWUDFNLQJDQGVSDFHVFLHQFHWRQDPHDIHZ:KLOH
their small size is both an advantage and disadvantage, small satellites provide an op-
SRUWXQLW\WRGHYHORSVSDFHEDVHGFDSDELOLWLHVLQLQQRYDWLYHDQGFRVWHIIHFWLYHZD\V
7KHSURFHVVRIFUHDWLQJDYLDEOHVSDFHPLVVLRQFRQFHSWLVGHVFULEHGDORQJZLWKNH\
HOHPHQWVWKDWGHÀQHWKHDUFKLWHFWXUHDQGGHVLJQRIDPLVVLRQWRPHHWWKHQHHGVJRDOV
and objectives of the program’s stakeholders. Critical technical issues and approach-
HVZHUHLGHQWLÀHG
Four examples of small satellite missions are consistently used throughout the guide-
book to represent a cross-section of the types of missions, spacecraft, and launch con-
VLGHUDWLRQVSDUWQHUVKLSVUDWLRQDOHVDQGOHJDOLVVXHVWKDWZRXOGEHHQFRXQWHUHGZLWKLQ
the space community.
:KLOHVPDOOVDWHOOLWHSURJUDPVUHSUHVHQWDVLJQLÀFDQWFRPPLWPHQWLQWLPHDQGUHVRXUF-
HVWKHEHQHÀWVRILQWURGXFLQJVXFKSURJUDPVFDQEHVLJQLÀFDQWIRUWKHKRVWRUJDQL]D-
WLRQLWVZRUNIRUFHSDUWQHUVDQGWKHFRPPXQLW\
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