
61st International Astronautical Congress, Prague, CZ. Copyright ©2010 by the International Astronautical Federation. All rights reserved. 

IAC-10-D4.2.3         Page 1 of 8 

IAC-10-D4.2.3 

 

PROJECT ICARUS: SON OF DAEDALUS – FLYING CLOSER TO ANOTHER STAR – A TECHNICAL 

UPDATE AND PROGRAMME REVIEW 

 

Mr. Robert Swinney 

Project Icarus, Lincoln, United Kingdom, rob_swinney@hotmail.com  

 

Mr. Kelvin Long 

Project Icarus, Reading, United Kingdom, Kelvin.long@tesco.net  

 

Mr. Pat Galea 

Project Icarus, Bath, United Kingdom, pg@dudegalea.co.uk  

 

Project Deadalus was a ground-breaking theoretical engineering study to design an interstellar probe undertaken 

in the 1970s.  The study was carried out by a volunteer group of members of the British Interplanetary Society (BIS) 

and their final design was a two-stage vehicle that used inertial confinement fusion engines to reach its selected 

destination, Barnard‟s star.  Over three decades have now passed and the opportunity has been taken to revisit this 

unique design study.  Project Icarus is a Tau Zero Foundation initiative in collaboration with the BIS and sets out to 

design a successor interstellar spacecraft, using current or near future technology and with other similar terms of 

reference to Project Daedalus.  The aim of the study is to evolve an improved engineering design and move us closer 

to achieving interstellar exploration by producing a credible design and mission profile, along with the key 

technological development steps and other aspects as considered appropriate.  Project Icarus was launched in 

September 2009 at a BIS symposium in London and, as the Project is still on-going, this paper introduces Project 

Icarus to the International Astronautical Congress and presents the latest technical details and an overview of the 

programme.  Other specific technical papers will be delivered separately to Congress.  This paper is a submission of 

Project Icarus Study Group. 

 

 

I. INTRODUCTION 

 

This report presents the latest technical details and 

an overview of Project Icarus and draws heavily from 

the internal Project Programme Document (PPD) [1] 

and the Project Daedalus – Three Decades On 

symposium report [2].  To understand Project Icarus in 

the first place it is essential to consider the lineage and 

history of Project Daedalus – the forerunner to Icarus. 

 

I.I Project Daedalus 

At the height of the first great space race in the 

1960s it seemed that nothing was beyond consideration; 

a man on the Moon by the end of the decade; and 

variations of: Mars by 1980, Saturn by 2000 and beyond 

that who knows?  Despite an initial curtailment of some 

potential „manned‟ goals in the 1970s the members of 

the British Interplanetary Society (BIS) did what they 

have always done and pushed the boundaries by 

undertaking a theoretical study to design a robotic probe 

to travel to Barnard‟s Star.  Following discussions on 

the Fermi Paradox (if ET exists and space travel is 

possible – where are they?) and Winterberg‟s inertial 

confinement fusion study [3], the Daedalus team aimed 

to show that interstellar travel was at least possible with 

current or near future technology.  After all, some 

probes were already being sent to the outer solar system 

and some, albeit very slowly, would become the first 

ambassadors of human ingenuity for interstellar flight. 

The members of the Project Daedalus Study Group 

were all volunteers from engineering and science 

backgrounds and developed the design for a 2-stage 

craft some 200m in length powered by electron beam 

driven Deutrium/Helium-3 fusion reactions, 

accelerating to 12% of light speed.  The journey to 

Barnard‟s star some 5.9 light years distant would take 

just under 50 years.  The craft would mass around a 

mind-boggling 50,000 tonnes to deliver a fly through 

stage carrying a 450 tonne scientific payload of 18 

probes to study the target solar system planets.  The 

final design and reports were published in 1978 [4].  

 

I.II Project Icarus 

Over 30 years have passed and Project Icarus aims 

to re-examine the engineering solution and fundamental 

assumptions of the Daedalus project.  Once again it is 

another volunteer group; a Tau Zero Foundation 

initiative in collaboration with the BIS yet is equally 

ambitious in scope. 

The Project Icarus Study Group consists of some 20 

designers, consultants and reviewers on a 5 year mission 

to complete the project and submit the final design 

solution to the Journal of the BIS (JBIS) around late 

2014.  At this early stage (conceptual design phase) 
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there are no final decisions made on the technology to 

be used other than that laid out in the project Terms of 

Reference (ToR) which was used to provide sensible 

boundaries on the work (more below).  This report will 

discuss the potential technologies and research being 

considered and the intention will be to report to a future 

International Astronautical Congress as appropriate with 

the progress made. 

 

II. OVERVIEW OF PROGRAMME 

 

Project Icarus was officially launched at the BIS 

symposium held at the Headquarters in London, 

September 2009 by the founding members of the Project 

Icarus Study Group supported by key individuals of the 

original Daedalus Team. 

The 10 phases of the programme cover; team 

assembly and ToR definition (completed), construction 

of work programme (completed), conceptual design (in 

progress), preliminary design, preliminary design 

review, down select to detail design options, system 

integration, detailed design review, certification of 

theoretical design solution and publication in JBIS.  The 

research itself has been sub-divided in to 20 modules 

identified in Table 1.  Although the exact number of 

designers on Project Icarus is expected to fluctuate with 

the programme phases, a recent reckoning of 

qualifications among the Project Icarus designers and 

four Consultants [1] showed there are around a total of 

14 Bachelor of Science or Engineering degrees, one 

Bachelor of Medicine degree, 2 Bachelor of Arts 

degrees, 10 Masters of Science or Philosophy degrees 

and 6 Doctor of Philosophy degrees.  Several of the 

team are also still undergoing training, including one 

Master of Science degree and 2 Doctor of Philosophy 

degrees.  This impressive list of qualifications shows 

that the team is at least potentially up to the challenge of 

designing the Icarus vehicle and mission architecture. 

 

II.I The Purpose of Project Icarus 

The purpose of Project Icarus as defined in the PPD 

is as follows: 

1. To design a credible interstellar probe that is a 

concept design for a potential mission in the 

coming centuries. 

2. To allow a direct technology comparison with 

Daedalus and provide an assessment of the 

maturity of fusion based space propulsion for 

future precursor missions. 

3. To generate greater interest in the real term 

prospects for interstellar precursor missions that 

are based on credible science. 

4. To motivate a new generation of scientists to be 

interested in designing space missions that go 

beyond our solar system. 

 

II.II Terms of Reference 

The ToR for Project Icarus are also formally laid 

down in the PPD and are as follows: 

1. To design an unmanned probe that is capable of 

delivering useful scientific data about the target 

star, associated planetary bodies, solar 

environment and the interstellar medium. 

2. The spacecraft must use current or near-future 

technology and be designed to be launched as 

soon as is credibly determined. 

3. The spacecraft must reach its stellar destination 

within as fast a time as possible, not exceeding a 

century and ideally much sooner. 

4. The spacecraft must be designed to allow for a 

variety of target stars. 

5. The spacecraft propulsion must be mainly fusion 

based (e.g. Daedalus). 

6. The spacecraft mission must be designed so as to 

allow some deceleration for increased encounter 

time at the destination. 

 

II.III Watchwords and Project Scope 

To aid the designers there were several key 

watchwords coined to support Project Icarus essentially 

to ensure that all design solutions are appropriate.  It 

was agreed that the final design must be a credible 

proposal and a practical design not based upon 

speculative physics.  It must be derived using accepted 

natural laws and using scientific methods which are 

supported by experiments.  It must be based upon only 

near-future technology as determined by simple linear 

Module  

1.0 Astronomical Target 

2.0 Mission Analysis and Performance 

3.0 Vehicle Configuration 

4.0 Primary Propulsion 

5.0 Secondary Propulsion 

6.0 Fuel and Fuel Acquisition 

7.0 Structure and Materials 

8.0 Power Systems 

9.0 Communications and Telemetry 

10.0 Navigation and Guidance Control 

11.0 Computing and Data Management 

12.0 Environment Control 

13.0 Ground Station and Monitoring 

14.0 Science 

15.0 Instruments and Payload 

16.0 Mechanisms 

17.0 Vehicle Assembly 

18.0 Vehicle Risk and Repair 

19.0 Design Realisation and Technological 

Maturity 

20.0 Design Certification 

Table 1: Project Icarus Research Modules  
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extrapolation of current technologies.  The Study Group 

must produce an engineered design to ensure that 

approximations and margins are appropriate.  There was 

also the reliability watchword added at a later stage, 

which was to ensure that upon arrival all of the 

scientific instruments will function.  So the watchwords 

for Project Icarus are; Credible, Practical, Scientific, 

Near-Future, Engineered and Reliability.  Finally, the 

project scope was defined in the PPD as follows: ‘The 

required milestones should be defined in order to get to 

a potential launch of such a mission.  This should 

include a credible design, mission profile, key 

development steps and other aspects as considered 

appropriate.' 

 

II.IV Design Philosophy 

In the PPD Long and Obousy briefly described the 

philosophy to be adopted in creating the Icarus design.  

They considered that the most important tool at the 

designer‟s disposal was analytical physics which allows 

one to estimate performance effects from simple 

„number crunching‟.  Nevertheless, all Icarus designers 

will make the major assumptions used in their analyses 

clear and instead of calculating huge design sets of 

parameters using errors and error combinations, it was 

suggested that designers should rely upon an alternative 

calculation set, called a „worst case‟ calculation.  Such 

an approach was adopted to underwrite the landing 

gears of the Apollo Lunar Lander, where details of the 

surface properties and landing speed, angle were 

unknown.  If sufficiently careful this will allow for a 

conservative calculation in the design parameter being 

studied.  Consideration will also be given to the effect 

of accumulated uncertainties and so the effect of 

multiple worst case scenarios can be examined.  They 

described this as an „accumulated worst case‟ 

calculation.  It is expected that the level of scientific 

assessment for the design will be to a similar level of 

detail as that of the Daedalus design.  

In accordance with the need to develop a „worst 

case‟ analysis of the vehicle performance, it was 

thought to be constructive to develop a performance 

margin which can be defined as follows: “The 

difference between the worst case engineering 

performance that meets the mission requirements and 

the lower bound uncertainty on the nominal engineering 

performance throughout the mission”.  This will be 

adopted for all Icarus engineering systems.  The 

nominal performance will always be greater than the 

worst case performance and the worst case performance 

should not result in the high probability of mission 

failure.  The first philosophy to be adopted by the 

design team is: 

Design Philosophy 1: The designer is to rely upon 

worst case calculations as a means of capturing 

problem uncertainties and allowing a pessimistic 

assessment of the problem. 

As stated above there are also several key 

watchwords for Project Icarus to ensure that all design 

solutions are appropriate.  The watchwords are captured 

within the next design philosophy: 

Design Philosophy 2: The designer shall solve 

problems and produce work output in the spirit of 

the project watchwords. 
The latest data is to be exploited where possible and 

this is reflected in an explicit design philosophy: 

Design Philosophy 3: The designer shall remain 

well informed with current scientific and 

technological developments which may impact the 

Icarus design and mission. 

Project Icarus will look at far future technology such 

as in the year 2100, but in general the final design 

solution and mission profile will be based upon linear 

and not exponential (e.g. technological singularities) 

extrapolations of current technology, where nearness to 

current technology is preferred.  This is indicated by the 

design philosophy: 

Design Philosophy 4: Extrapolations of current 

technology is to be of a linear type only and limited 

to a few decades hence. 

The final Icarus design could be very similar to 

Daedalus or quite different.  The team will start from 

the Daedalus configuration and then consider 

perturbations of the engineering layout and mission 

profile then from this re-derive a new design.  This was 

thought to be the easiest approach given the nature of 

the Icarus team.  This approach is indicated by the next 

design philosophy: 

Design Philosophy 5: The Icarus vehicle design 

and mission profile is to be derived by considering 

perturbations of the Daedalus baseline design.  The 

design is then to be evolved to a newly optimised 

configuration. 

The next design philosophy acts as a constant 

reminder to attempt to derive solutions from the 

engineering principles alone: 

Design Philosophy 6: The vehicle configuration is 

to be derived solely from engineering and physics 

calculations where possible. 

With the excitement of exo-planet discoveries the 

team may be tempted to choose a mission target early.  

However, with the pace of astronomical discoveries this 

decision may be premature.  A design philosophy acts 

as a reminder to resist the temptation to select a target 

early in the project: 

Design Philosophy 7: The team is to maintain an 

open-door mission policy for as long as is 

appropriate during the study. 

The subject of nano-technology has become 

increasingly important and it was realised that this 

technology has potential applications in many walks of 
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life.  It was considered reasonable to expect that some 

aspects of an interstellar probe design may be 

constructed using nano-technology.  This should be 

considered in some respects within the materials 

research module; however, it is accepted that this is 

such a big subject matter that all Icarus designers should 

be considering the applications to their research areas.  

For this reason nano-technology is incorporated as a 

design philosophy: 

Design Philosophy 8: All designers will keep a 

weather eye on the potential application of nano-

technology for use in their respective systems or sub-

systems. 

 

II.V Current Phase – Phase 3 Conceptual Design 

(Spring 2010 to Spring 2011) 

The current work programme – the conceptual 

design phase – consists of many trade studies and 

reviews exploring the different technologies available 

(examples below) and all designed to meet the 

requirements of the project.  The analysis at this stage is 

being largely performed at a high level and is intended 

to be a loosely focussed phase from which the team 

members publish reports in their own time.  All studies 

have the aim of cycling their design analysis until a 

solution is derived that appears to meet the project 

requirements.  As each piece of work is completed, the 

conclusions of the study will feed the configuration and 

layout for the Icarus design or mission profile.  This 

means that each study should be accompanied at the 

very least by an internally published report or an 

external paper with clear conclusions/recommendations 

from the work and appropriate references.  The JBIS 

will be the submission choice for the majority of the 

externally published papers, although other Journals 

will also be acceptable should the author wish. 

In short, when Phase 3 is completed it should 

provide a number of design options to feed in to Phase 4 

(Work programme preliminary design) which will then 

reduce the number of options for further study prior to 

down selection.  The status of Project Icarus is 

„matching schedule‟, that is, on target for the delivery of 

Phase 3 in April 2011 in accordance with the PPD. 

 

III. EMERGENT POTENTIAL TECHNOLOGIES 

AND AREAS OF RESEARCH 

 

It is too early in the design process to identify 

exactly how Icarus may differ from the Daedalus design 

but there are likely to be important differences simply 

due to the 30 years of progress in technology, some of 

which were anticipated by the Daedalus team and others 

that were not (for example in communications or 

computer technology).  Consequently the assumptions 

made by the Daedalus team are being reviewed and in 

this section are some of the issues that are being 

considered.  The list is not exhaustive and does not 

(outside any ToR) pre-empt the full investigatory 

process that is on-going as part of the concept design 

phase. 

 

III.I The Astronomical Target 

The Daedalus target was Barnard‟s Star some 5.9 

light years distant but this decision was based on data 

regarding a possible planetary system that are now 

considered to be erroneous.  Today more than 400 exo-

planets have now been discovered: most are large gas 

giants and the nearest detected planetary system is 

Epislon Eridani approximately 10.7 light years distant.  

One of the most recent discoveries (at time of going to 

press) has reported a complex planetary system of at 

least 5 exo-planets and possibly a further 2 more 

orbiting HD 10180 in the southern constellation of 

Hydrus some 127 light years away
*
.  Should space 

based missions such as NASA‟s Terrestrial Planet 

Finder and ESA‟s Darwin ever be built they will reveal 

much more.  Indeed, future missions are likely to 

provide a complete census of potential targets within the 

scope of an Icarus type mission.  A complete review of 

the potential targets will be carried out by the Project 

Icarus Study Group.  The intention is to compile 

relevant accurate data on all the nearby systems up to 

the maximum reachable distance by an Icarus-type 

vehicle thought to be about 15-20 light years at an 

anticipated cruise velocity 10-20% the speed of light (so 

unfortunately HD 10180 is well beyond the range of 

Icarus).  The choice of target star for Icarus is a vital 

mission parameter and will clearly influence the design.  

Nevertheless, with so many observations on-going it has 

been decided to delay the final decision as long as 

feasible within the limits of the programme. 

 

III.II Fusion Propulsion 

In initiating the Project it was decided to use a 

„mainly fusion based‟ propulsion system to allow the 

direct comparison of Icarus with Daedalus and it was 

also the choice of arguably one of few near future 

technologies that could realistically be used for 

interstellar flight.  These arguments for making this 

decision as part of the ToR were more fully explored by 

one of the authors (Long) [5].  The decision also allows 

the option to review Inertial Confinement Fusion for 

space propulsion and of high gain enhancements such as 

Antimatter Catalysed Fusion techniques [2].  Indeed the 

rapid development of fusion energy research here on 

Earth provides ample potential to investigate the use of 

                                                           
*
 European Southern Observatory - ESO (2010, 

August 24). Solar system similar to ours? Richest 

planetary system discovered. ScienceDaily.  Retrieved 

September 5, 2010, from http://www.sciencedaily.com 

/releases/2010/08/100824082222.htm. 
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fusion in an interstellar spacecraft such as Icarus.  This 

will no doubt be one of the major areas of research 

during Project Icarus. 

Having the fusion main engine still leaves plenty of 

options for the secondary propulsion systems and 

deceleration.  One of the authors (Galea) presented a 

paper at the International Symposium on Solar Sailing 

in New York City July 22nd 2010 on the potential use 

of solar sails in the Icarus mission [6].  This covered: 

assisted boosting of the Icarus probe out of our solar 

system; deploying sub-probes in the target solar system 

for exploring local planets and other objects of interest; 

deploying a relay station at the Sun„s gravitational focus 

to receive transmissions from the distant Icarus (see 

below).  The paper‟s conclusion was that solar sails are 

not feasible for accelerating or decelerating the main 

vehicle but solar sails may find use for deploying the 

gravitational focus relay station and the target system 

sub-probes. 

 

III.III Choice of Propellant and its Acquisition 

Daedalus proposed that Deuterium/Helium-3 was 

the fuel of choice in the form of pellets, coated with a 

liner of superconducting material and accelerated in to 

the reaction chamber by an electromagnetic gun at a 

frequency of 250 pellets per second.  50-70 beams 

would implode the pellets triggering ignition.  The fuel 

was to be mined from the atmosphere of planet Jupiter.  

Project Icarus will review the fuel choice and consider 

the best way of acquiring it.  For example, although 

much farther away, the gravity wells of Uranus and 

Neptune are much smaller than Jupiter thus making the 

extraction of the fuel much easier.  There are other 

sources which will be considered; solar wind, asteroids, 

comets, the manufacture in a particle accelerator, 

breeding in fusion reactors, the Moon, and Kuiper and 

Oort Cloud objects.  The Project Icarus Study Group 

will consider alternative fusion reactions such as 

Deuterium/Deuterium and Deuterium/Tritium for the 

main propulsion although these are known to have 

significant issues of unwanted high energy neutron 

production.  Further studies will consider the potential 

of a very high density version of Deuterium (~130,000 

g/cm
3
) that has been reported [7] that would have 

profound implications for space exploration if simply 

because of the lower energy required for fusion in 

Icarus-type engines.  Finally, some initial thoughts 

about the choice of fuel have raised the question of 

designing the main engine to cope with different types 

of fuel for a more versatile design. 

 

III.IV Deceleration versus Flyby 

An Icarus ToR specifies that some deceleration 

should be designed for whereas Daedalus was designed 

as a simple flyby mission.  A number of proposed 

schemes are being considered that would provide the 

opportunity to decelerate the Icarus probe or perhaps 

just some of the sub-probes rather than the main vehicle.  

Re-use of any final stage main engine is difficult 

because of the exponential increase in the fuel budget 

required whereas technologies such as the Mag Sail
†
 or 

Solar Sail overcome the fuel issue but have challenges 

of their own.  One of the authors (Long) is reviewing 

the use of a Medusa Sail for braking, indeed, all the 

options will be considered carefully by the Study 

Group.  If Project Icarus can produce a credible solution 

to the deceleration problem it will have made an 

important contribution to the study of interstellar craft 

engineering. 

 

III.V Systems Architectures for Interstellar Craft 

Construction Infrastructure 

In the Daedalus study it was assumed that the 

architecture to assemble and launch the mission would 

be in place.  For Icarus an analysis of systems 

architectures for the support of interstellar craft 

construction is being undertaken.  The technological, 

politico-economic and cultural impacts on development 

will also be examined for different system architectures.  

The feasibility of interstellar craft construction can then 

be evaluated against each aspect.  Architectures based 

on modest extrapolation of current technological trends, 

through to architectures based on the impact of a more 

extreme technological advance will be examined – all in 

the context of potential interstellar craft infrastructure – 

but any final project analysis will comply with the ToR 

of a considered linear extrapolation. 

A simple example to illustrate would be to consider 

the infrastructure required to launch and/or assemble a 

Daedalus type craft (and Icarus if it turned out to be 

similar in mass) which would require reliable and cheap 

access to Low Earth Orbit.  Against such a requirement 

we assess the available technologies.  If the 

development on Single-Stage-To-Orbit (SSTO) vehicles 

continues as expected with the likes of Skylon then that 

will suggest certain options, whereas, if all that was 

                                                           
†
 In a recent private communication one of the Icarus 

designers, Adam Crowl, described the latest thinking on 

mag sails, “Magnetic sails make possible propellant-

less braking of Icarus from high interstellar speeds, 

with the additional prospect of manoeuvring freely 

within the target system.  Achievement of earlier 

estimates for critical current density improvements 

mean that a reasonable extrapolation of materials 

advances will allow high-performance magnetic sails 

using passive cooling within the target system, while 

advances in experimental modelling of mini-

magnetospheric interaction with strong plasma currents 

suggests even better performance than first hoped may 

be possible due to charge separation within the 

plasma”. 
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available was Shuttles (or equivalent) then that is very 

different.  Consider the fact that Daedalus was an order 

of magnitude more massive than the International Space 

Station (ISS) and hence would require an order of 

magnitude more launches than the ISS and that would 

just be for the Daedalus structure mass!  Now, 

depending on the development of Skylon it may require 

more launches but with the projected costs reducing to a 

fraction per flight of the Shuttle. 

 

III.VI Space Power Technologies for Interstellar Flight 

The last 30 years have produced advances in many 

relevant energy and power technologies including some 

that were unavailable to the Daedalus team.  The trade 

study into Space Power Technology will follow on from 

Dr Andreas Tziolas‟ survey of candidate power system 

technologies for the Icarus mission presented for the 

2009 BIS Symposium [2].  The study‟s output will 

provide a summary of each technology (power sources, 

power conversion, energy storage, heat rejection 

equipment at a minimum and power management and 

distribution equipment if possible) and considerations 

on its use.  For power sources, this will include looking 

at the approximate power output versus mission 

duration.  For conversion devices, consideration of the 

overall device efficiency compared to source and sink 

temperature conditions will be made.  For heat rejection 

equipment, the relationship between waste heat power 

output, radiator area, mass, and temperature will be 

highlighted.  The reliability and longevity of the 

technologies will be catalogued or estimated from 

available data if possible.  Finally, radiation shielding 

from any nuclear power sources is explicitly included in 

this study. 

 

III.VII Computing and Data Management for 

Interstellar Flight 

The computing needs appropriate to an interstellar 

mission are being explored and a review will include the 

current state of art in computing technology useful for 

space missions.  In line with the ToR it will be extended 

to include a linear extrapolation of near-future 

technology and artificial intelligence systems.  

Processing methods, processor architectures, 

information nodes, data storage, backup and analysis 

modules will all be reviewed.  An essential aspect of 

this design, given the accelerated rate at which 

processing capabilities are escalating, is the error 

catching and command redundancy which must be 

applied.  In addition, hardware/software issues are to be 

addressed, with a flexible code design which will allow 

for in-transit updates to be performed. 

 

III.VIII Robustness, Repair and Redundancy 

The Daedalus team‟s analysis of failure rates 

painted a pessimistic picture of the likelihood that the 

Daedalus mission would be successful and to counter 

this they elected to include the use of fully automated 

repair „wardens‟, self-propelled repair robots, and a 

significant store of spares.  Thirty years on we have 

better space-borne evidence for failure rates (the 

Daedalus team had mainly based their calculations on 

failure rates of military aircraft systems) yet we are still 

perhaps as far away from fully automated systems for 

repair as before. 

Given this scenario an extensive review is to be 

carried out on the need to survive the extreme mission 

times including the need for redundant and fault-tolerant 

systems along with, if there is an apparently 

unrecoverable failure at some point, the ability to carry 

out repairs.  Some early discussions suggest that a pair 

of Space Shuttle/ISS-like robotic arms anchored 

suitably to the Icarus sub-frame may be more 

appropriate than the free floating repair wardens.  

Nevertheless, that leaves the small issue of the 

intelligence required to identify and carry out any repair 

– this will not be overlooked. 

 

III.IX Communications 

The technology of modern communications is one 

area that may have surprised even the visionaries of the 

Daedalus team.  Yet, even with all the advances, the 

prospect of obtaining data from many light years away 

still sets apparent limits on what is practical.  Daedalus 

was cleverly designed to re-use the second stage main 

engine‟s reaction chamber, made in a parabolic shape, 

as a massive reflector to transmit the radio signals back 

to Earth.  Because of the beam spreading of radio waves 

this still required significant power at the transmitting 

craft and a huge receiving station on Earth (or in space 

nearby).  One of the authors (Galea) is investigating an 

unusual solution to this problem by considering if it is 

possible to use the Sun as a gravitational lens to receive 

signals from the distant Icarus probe.  As described in 

[8] „This gives us an enormous antenna gain compared 

to what we would be able to achieve if we were trying to 

receive the signals directly, without using the Sun‟ and 

obviously helps to reduce the demands on the probe. 

 

III.X The 2-Burn Manoeuvre 

The Oberth 2-burn manoeuvre has potential to assist 

the interstellar precursor and Icarus-type missions 

adding significant delta V.  A study of the efficacy of 

the Oberth 2-burn manoeuvre will be performed, 

including a parametric study on the specific impulse, 

specific power and mission time versus interstellar 

escape velocity. 

 

III.XI Local Interstellar Medium 

On joining the Study Group Dr Ian Crawford agreed 

to review the properties of the local interstellar medium 

for relevance to the Icarus mission and has produced a 
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report in pre-print that is about to be submitted to Acta 

Astronautica [9].  From a recent private communication 

he spelt out his two top level conclusions from the paper 

that are; given current uncertainties, Icarus will have to 

be designed conservatively with respect to local 

interstellar medium properties. In particular:  

(1) In order to maintain flexibility with regard to 

target star(s) it would be unwise to assume that these 

necessarily lie within relatively dense cloudlets 

(n~0.1cm
-3

).  If they do not, the conservative value to 

adopt for the electron density is 0.005 cm
-3

, which may 

make mag sails impractical as a deceleration aid; and  

(2) Owing to the uncertainty in the size distribution 

of local interstellar grains, and the discovery of a high-

mass tail to the local grain size distribution (possibly 

extending to sizes of tens of microns or more), it may be 

necessary to consider some kind of active in-coming 

grain detection/destruction mechanism, rather than 

relying on passive shielding. 

This work will clearly inform future programme 

phases. 

 

III.XII Other Ideas considered 

In [2] Long and Obousy discussed a long list of 

many other ideas that had been generated by the Study 

Group during the pre-concept design phase.  Some of 

which are listed below, in no particular order, and in no 

way meant to suggest that such ideas will necessarily 

appear in the final Icarus design although some have 

migrated to the concept phase (described above).  They 

are mentioned here to demonstrate the variety of ideas 

that were generated during earlier phases: 

 

 Use of Di-Positronium laser for achieving ICF 

ignition. 

 Use of dropped stages to act as antenna relay 

stations along route. 

 Sending fuel supplies ahead of main vehicle for 

en-route re-fuelling.  This could include fuel 

pellets accelerated along the trajectory which are 

then retrieved with a magnetic scoop. 

 Use of anti-protons to catalyze fusion reactions. 

 Use of nano-materials in parts of main vehicle. 

 Application of main vehicle to conduct exotic 

en-route science such as Pioneer anomaly, arm 

of gravitational wave detector, Unruh effect, 

dark matter. 

 Use of planetary Orbiters or soft Landers at 

target destination. 

 Use of electric sail as a possible deceleration 

method. 

 

IV. THE SCIENCE MISSION 

 

It is the Project Icarus Study Group‟s intention that 

Icarus will be a science driven mission using a credibly 

engineered design.  At the time of this paper the specific 

science proposals are still to be determined.  Some of 

the questions that might be asked and the priorities that 

are being considered are: primary science objectives 

which would likely be terrestrial planets, giant planets, 

the target star, minor objects and dust, whereas 

secondary objectives will likely be observations of the 

solar system outer bodies, measurements of the 

heliopause and the interstellar medium, measurements 

addressing astrometric and gravitational issues and 

spacecraft reliability. 

Prior to joining the Study Group Dr Crawford had 

set out views on the scientific case for interstellar flight 

in JBIS [10].  He foresaw significant benefits in the 

fields of interstellar medium studies, stellar 

astrophysics, planetary science and astrobiology.  In the 

latter three areas he concluded the benefits would be 

considerably enhanced if the interstellar vehicle is able 

to decelerate from its interstellar cruise velocity to rest 

relative to the target system.  Although he appreciated 

that this will greatly complicate the mission 

architecture, and extend the overall travel time, the 

scientific benefits are such that this option is seriously 

being considered.  This work informs the Icarus studies 

as it was already thought that without deceleration there 

may be little point doing the mission at all.  Solar 

system based telescopes, during the anticipated Icarus 

flight times (40, 50 or perhaps 100 years), may well 

develop enough to give better pictures and for longer 

periods than might be possible with Icarus if it were 

simply to fly past at very high speed. 

 

V. FUTURE SPIN-OFFS 

 

V.I Virtual Icarus - vIcarus  

In reference [2] the authors envisage an exciting 

potential spin-off dubbed „vIcarus‟ which stands for 

Virtual Icarus.  This was thought feasible because at the 

end of the Project Icarus design it should be possible to 

create a computational program that can execute all the 

mission parameters and could consist of a website that 

had all the models and codes from the design.  

Overlaying the computation would be a visitor website 

which would allow visitors to check up on the 

spacecraft if it is „virtually‟ launched, providing 

educational and scientific benefits and some post-design 

evaluation. 

 

V.II Icarus Message in a Bottle  

Just like the Pioneer and Voyager spacecraft „Icarus 

Message in a bottle‟ is the carrying of a message on 

board for future generations (or „others‟).  This spin-off 

is being undertaken by Faces from Earth
‡
 and it is 

                                                           
‡
 www.faces-from-earth.net  

http://www.faces-from-earth.net/
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thought that designing such a message will prove an 

inspiring project for the general public. 

 

VI. CONCLUSIONS 

 

Over 30 years have passed since the Daedalus 

interstellar probe was designed and Project Icarus is 

now re-examining the engineering solution and 

fundamental assumptions of the Daedalus project.  

Between 2009 and 2014 some 20 Icarus designers, 

consultants and reviewers aim to complete the 10 phases 

of the project and submit the final Icarus design solution 

to the JBIS around late 2014.  Currently, the Icarus 

study is „matching schedule‟ and is at the conceptual 

design stage (due to be completed by April 2011 in 

accordance with the PPD) and there are no final 

decisions made on the technology to be used other than 

that laid out in the project ToR.  This report introduced 

some of the potential technologies and research areas 

being considered.  It is hoped that the full Icarus design 

process will act as a sophisticated thought experiment, 

in effect a theoretical precursor mission to interstellar 

flight that may produce specific ideas for potential 

precursor flights, technologies and architectures.  

Current information and updates will be available online 

at the Project Icarus website
§
. 
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