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Abslract-The co ntinued asse mbly and operatio n of the 
Internati onal Space Statio n (ISS) i the cornersto ne within 

ASA' s overa ll Strategic Pl an. As indicated in NASA's 
Integrated Space T ransportati o n Plan (ISTP), the 
Internati o nal Space Stati o n req uires S huttl e to fl y through at 
least the middle of the nex t decade to complete assembl y of 
the Statio n, provide crew tran port, and to pro vide heavy lift 

up and down mass capability. The 1STP refl ects a ti ght 
coupling among the Stati o n, Shuttl e, and OSP programs to 
support our Natio n's space goal . 

While the Shu ttl e is a c ri tical compo nent of thi 1STP , there 
is a new e mphasis for the need to achieve greater effic iency 
and safety in transporting crews to and fro m the Space 
Statio n. This need is being addressed through the Orbital 
Space Pl ane (OSP) Program. However, the OSP is be ing 
designed to "complement" the Shuttle as the primary means 
fo r crew transfer, and will not replace all the Shuttle 's 
capabi lities. 

The unique heavy li ft capabiliti e of the Space Shutt le is 
essenti al fo r both ISS , as we ll a other pote ntial mj sio ns 
extending beyond low Earth orbit. One concept under 
di sc Llss ion to better ful fi ll th is ro le of a heavy lift carrier, is 
the tran formati on of the Shuttle to an "un-p iloted" 
auto no mous system. T his concept woul d eliminate the 10 s 
of crew ri sk, whil e providing a substanti al increa e in 
payload to o rb it capabili ty. 

Using the guidelines refl ected in the ASA ISTP, the 
autono mous Shuttle a s impli fied co ncept of operati ons can 
be de cribed as ; "a re-supp ly of cargo to the ISS through 
the use of an un-piloted Shu tt le vehic le from launch through 
landing". A ltho ugh this is the primary miss ion profi le, the 
other major considerati o n in develop ing an auto no mou 
Shuttl e i ma intaining a crew transporta ti on capab ility to ISS 
as an assured human access to space capabil ity. 
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Although the CUITent Shuttle has the capability in numerous 
areas to operate without crew interacti on, there are still 
many tasks that can o nly be accompli shed through a di rect 
actio n by a crewmember. In additi on to the standard or 
no minal crew acti o ns required during a Shuttle rru ssion, the 
ava il ability of the crew to detect or react to off-no minal or 
contingency s ituatio ns is an essential function that would be 

very difficult to replace . 

T he primary set of changes requ ired to move to an 
autono mous Shuttle are those assoc iated with the 
replaceme nt of the standard o r " no minal" crew operati ons. 
T hi s replacement can be acco mpli shed either through 
o nboard auto matio n or creating the ability for ground or ISS 
commandable operatio ns. In additi on, the chall enges and 
issues assoc iated wi th re taining situatio nal awareness and 
dea ling with fa ilures or contingenc ies are much more 
complex and diffic ult to reso lve. 

W hen address ing the tran fo rmati on to an un-piloted Shuttl e 
system, numerous hard ware , software and procedural 
changes will be required to both fli ght and ground ystems. 
An important considerati o n in the incorporatio n of these 
change is the need to perfo rm these modifica ti ons as a 
"block" update to the Shuttle system, to minimize the 
impacts and complex ities assoc iated with the operati ons of a 
mixed flee t. 

Converti ng the Shuttle fl eet to an autono mous system will be 
challenging and ex pensive. Although an autonomous 
Shutt le eliminates the ri sk fo r 10 s of crew, the risk to 
mission success could potenti a ll y be increased . Previous 
Shuttle ex peri ence in pace has demonstrated that the human 
presence provide an inva luabl e capability to successfull y 
react to any s ituatio n that may ari se. This capability cannot 
be eas il y "auto mated" or replaced . 
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1. INTRODUCTION 

T he continued assembl y and operation of the Internati onal 
Space Station is the cornerstone within NASA's overall 
Strategic Plan. As indicated in the Integrated Space 
Transportatio n Plan (ISTP), represented by Figure 1, the 
Internat io na l Space Station requires Shuttle to fl y through at 
least the middle of the next decade to complete assembl y of 
the Station, provide crew transport, and to provide heavy li ft 
up and down mass capab ility. The ISTP reflects a tight 
coup ling among the Station, Shuttle, and OSP programs to 
support our Nation's space goa ls. 
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Figure 1: NASA's Integrated Space Transpo rtatio n Plan 

Whi le the Shuttl e is a cri tica l component of thi s ISTP, there 
is a new emphas is fo r the need to achieve greater efficiency 
and safety in transporting crews to and fro m the Space 
Station. This need is be ing addressed through the Orbital 
Space Plane (OSP) Program. However, the OSP is being 
designed to 'complement" the Shuttle as the primary means 
for crew transfer, and will not repl ace the Shuttle. 

The unique heavy lift capabilities of the Space Shutt le is 
essenti al for both ISS, as well as other potenti al missions 

extend ing beyond low Earth orbit. One concept under 
di scuss ion to better fu lfill this role of a heavy li ft carrier, is 
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the transformation of the Shuttle to an " unmanned" 
autonomous system. This concept would eliminate the loss 
of crew ri sk, while providing a substantial increase in 
payload to orbit capability. 

Almos t s ince the awarding of the original Shuttle contracts, 
the Aerospace community has been proposi ng ways to 
improve the Space Shuttle. Among the various 
improvements proposed was the unmanned Shutt le concept. 
T he first signifi cant unmanned study was undertaken in 
1973. Since that time there have been numerous studies 
pertaining to the Unmanned Orbiter concept. These 
previo us studies were typicall y slanted towards a particu lar 
objecti ve and had limited applicability to current 
autono mous Shutt le thinking. They focused o n feas ibility 
assess ments and emphasized auto matio n of no minal 

procedures with less detail regarding off nominal and hi gher 
levels of redundancy . A summary of these studies can be 
fo und in the reference [2], and in the fo llowing figure. 
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Figure 2: Significant U nmanned Orbiter Studies Produced 
fro m 1973 through 2003 

This paper addresses the challenges, issues, potenti al 
modificatio ns and impacts assoc iated with a transition to an 
auto nomous Shuttle. 

2. CHALLENGES AND ISSUES 

Although an autono mo us S huttle elimi nates the ri sk for loss 
of crew, it may actually increase the ri sk for loss of the vehjcle 
during time critical operations, due to the loss of crew situational 
awareness and intervention for unaccounted problems and 
malfunctions. Increasing levels of autonomous operations, fault 
isolation and reconfiguration capabilities would help to reduce thi s 
risk. 

When add ress ing the transformati o n to an un-manned 
Shuttle system, numerous hardware, software and procedural 
changes will be required . The primary set of required 
changes are those assoc iated with the replacement of the 
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standard or "nominal" crew operati ons. This replacement 
can be accompli shed either through onboard automati on or 
crea ting the ab ility fo r ground or ISS commandab le 
operations. 

In addition, the challenges and issues associated with 
maintaining situati onal awareness and dealing with failures 
o r contingencies are much more complex and difficult to 
implement in an auto nomous system. 

Some of the key chall enges and issues that wou ld need to be 
add res ed in an auto nomous Shuttle include: 

Ascent 

• Automation of intact and contingency aborts 
• Feas ibility of taking an autonomous vehicle to 

T ALIECAL locations 
• Pre-launch Preparation and checkout 

• Range safety 
• Post insertion configurati on 

Orbit, Rendezvous and Docking 

• Enhanced Communication System and Coverage 
• Situational awareness during nomi nal and off­

nominal cenarios 

• Contingency operatio ns that previously required 
EV A, (Ku-jettison, payload bay door closure, etc) 

• Automated Rendezvous and Proximity Operations 
(i.e. redundany, sensors, reflectors, etc) 

• Docking and Hatch operations 
• Navigation for re lati ve attitudes during the fi nal 

docking phase (range within 30 fee t) 

• Avionics auto mation of the current ODS system 
• Potential to utilize other docking mechanisms and 

concepts such as berthing 
• Undocki ng and separation from ISS 
• Breakout capability initiated from ISS, grou nd and 

onboard sequences requi red 

Deorbit, Entry and Landing 

• Deorbit confi gurat ion and burn execution 

• APU start 
• Overflight of population centers 

• Air Data probe deploy 

• Auto land 
• Landing gear arm/deploy 
• Drag chute arm/deploy 
• Auto braki ng & steering 
• Redundant nosewheel steering 
• E nhanced gro und landing aids 

General 

• Flight software 
o 01 re lease impacts 

~------------ ----------
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o Miss ion manager to initiate auto 
sequences based on events 

• Hardware automation 
o Modification kit design 
o Switch emulation 
o redundant communications (command and 

telemetry) , 
• KSC ground processing, vehicle modification 

schedule, turnaround planning 
• Mission support modifi cations (ground equipment, 

simulators, software test facility modifications, 
F li ght Controller training, etc ,) 

• Mixed Fleet implications, impacts and mitigation 
• Pay load definition and deployment operations 

concepts 
• Implementation cost and schedule estimates 

3. DEFINITION AND ASSUMPTIONS 

Although the current Shuttle has the capab ility to operate 
"autonomously" in numerous areas, there are still many 
tasks that can onl y be acco mpli shed through a direct action 
by a crewmember. Implementation of an autonomous Shuttle 
would requi.re development of new functional capabilities as 
well as automation of existing control techniques. 

The concept of an autonomous Space Shuttle ca n be simply 
defi ned as the automated rep lacement of those functions or 
ac ti ons that are typically performed by the crew in today's 
Shuttle operations. This automation would be accompli shed 
through software and hardware modifications to emulate 
crew actions , (such as switch throws or mechanism 
deployments), and modi ficat ions to the fli ght and ground 
systems to allow fo r Shuttle commanding via ground or 
Space Station personnel. Various degrees of autonomy 
wou ld al 0 be required depending on the time criti cality of 
the function being replaced. They are defined as; 

• Fully Autonomous - Time critical functions that 
must be perfo rmed automaticall y at a specific time, 
independent of ground contro l, to achieve mi ss ion 
success and avo id damage or loss of the vehicle. 
(Aborts) 

• Semi-Autonomous - Time critical functions with 
multip le windows of opportunity completed 
auto maticall y with external ground command 
initiation to achieve mission success and preserve 
vehic le integrity. 

• Manual - manual operations that are accompli shed 
by ex ternal ground contro l commands performed at 
a convenien t time with no performance penalty due 
to delay. 



An important consideration is the need to perform these 
modificati ons without impact to planned Shuttle fli ghts, to 
minimize the impacts to the on-go ing Space Station 
mi ss ions, and the complexities associated with the 
operati ons of a mi xed fleet. 

The other major consideration in developing an autonomous 
Sh uttl e i maintaining a crew transportati on capability to ISS 
as a backup to the OSP to provide an assured human access 
to space capability. This would involve making the Shuttle 
"switchable", meaning that any modifi cations would not be 
of the magnitude to precl ude being replaced during a normal 
process ing fl ow. This would maintain the capabili ty to 
revert bac k to a crewed Shuttl e, if req uired . 

Other guide lines and assumptions associated with the 
development of an autonomou Shuttle, are summari zed 
be low: 

Maintaining the Configuration And Capabilities Of The 
Current Shuttle System -

Thi s assumption is intended to minimize structural or Outer 
Mold Line (OML) modi ficati ons to the Orbiter to maintain 
the current vehicle certif ications. It also implies the current 
Shuttl e Element "architecture" wi ll be maintained, which 
consists of; an Orbiter vehicle, 2 Solid Rocket Boosters 
(SRB s), an External Tank (ET) , and 3 Space Shuttle Main 
E ngines (SSMEs). (i.e. no LFBB or SSME' on ET, wou ld 
be considered). The autonomous Orbiter vehicle 
configuration and supporting element shall utili ze 
developed / proven Shuttle hardware, software, ground 
fac ilitie and operational procedures to the fulle t extent 
practi cable. Orbiter weight and CG wi ll remain within 
current certified envelope and structural modifications to the 
vehi c le will be minimized. 

ISS Logistic Flights Only 

Auto nomous Shuttle would primaril y be utilized to re- upply 
and return payloads from ISS, and wi ll not need to address 
any other complex miss ion scenario, (no automated 
payload retrieva l /deploy, ISS assembl y operations, etc). 
Maintaining a pressuri zed crew compartment to all ow for 
ISS stowage and RMS acce , wi ll be requ ired to support 
thi s ass umption. In addition, the ISS crew wi ll be required 
to open and close all interface hatches . 

Limiled Exposure to Populated Areas 

Un-manned vehicle over-flights of highly populated areas, 
might ra ise safety concerns with the range and FAA. For thi 
reason, landings will probab ly be planned to occur at 
Edwards (EDW), or some other remote site to minimize how 
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much of the continental US the unmanned vehicle will fl y 
over. 

Reduction of Crew Support Equipment 

With the removal of the crew from the Shuttle system, a 
Significant amount of hard ware and eq uipment could be 
e liminated, to prov ide in-crea ed volume and payload 
weight avai labi lity to ISS. Some of these items include: 

Removal of crew seat and consumables (food, 
clothing, FDF, etc) 
No EY A suits, equipment or too ls 
No exercise equipment 
No crew escape or urvival equipment 
No LiOH 
No Galley or Waste Contro l System (WCS) 

However, it is also assumed that any modification would 
not be of the magnitude to preclude being replaced during a 
normal processing flow. This wo uld maintain the capability 
to revert back to a crewed Shuttle, if required. 

Crew Preparation and Associated Ground Support 
Activities 

With an Autonomous Shuttl e, no mission spec ific crew 
trai ning o r planning wou ld be required , (No CAPCOM, 
FAO, F li ght Surgeon, SMS, ST A, T -38s, NBL, etc). The 
elimination of crew training and planning activities would 
also allow fo r other pre-miss ion effic iencies to be realized. 

In addition, with an autonomous Shuttle there would be no 
need for wi ndows, thus e liminating the extensive ground 
process ing refurbi shment and replacement activities. No 
interior lighting or other crew related equipment would be 
needed during un-docked periods, which would reduce the 
overall vehic le power requirements . Also, no BFS or SM 
GPC would be required for ascent or entry. MCC will 
command all item entries and OPS transitions via a DEU 
equiva lent. Good communications are required for GPC 
reconfiguratio n. 

4. CONCEPT OF OPERATIONS 

T he autonomous Shuttle wo uld primarily be utilized to re-
upply and return pay loads from ISS, and would not be 

utilized for any other complex miss ion scenarios, such as; 
automated payload retrieval/deploy, Hubble Space 
Tele cope refurbi shment, or ISS assembly operations. 
Maintaining a pre surized crew compartment wou ld be 
de irab le to allow fo r ISS stowage and RMS access. 



Crew functio ns wou ld need to be replaced and desired levels 
of redundancy maintained with e ither uplin ked commands 
from the ground or ISS and/o r onboard software sequences. 
The grou nd versus onboard command philosophy wou ld be 
based on concepts used by other NASA complex spacecrafts 
(such as HST, GRO, etc.). 

Autonomous Ascent Overview 

All pre-launch activit ies previously performed by the crew, 
will now be performed by ground personnel. During ascent, 
the current Shuttl e system does not requ ire very much direct 
interaction from the crew for any routine or s tandard action, 
(there is o nl y one nominal witch throw during ascent). Yet 
the crew is essenti al during thi s phase by monitoring all 
systems and making preparation fo r an abort, if necessary. 
T he autonomous Shuttle ascent profile will primarily be the 
same as with the current Shuttl e system, with an enhanced 
focus on maintaining good communications to support any 
gro und commanding that may be required. Abort 
capabilities for an autonomous Shuttle will be limited. 

Autonomous On-Orbit Operations Overview 

Once establ ished on-orbit, (payload bay doors open, vehicle 
systems operationa l and communications estab li shed), the 
autonomous Shuttle has to perform the normal crew 
activities associated with rendezvo u and docki ng to the 
ISS. Although the major rendezvous maneu vers can be 
commanded from the gro und , much of the f inal approach 
and docking will have to be monitored and contro lled by the 
ISS crew. The ISS crew wi ll be contro lling the Shuttle in 
+Rbar attitude with Shuttle nose aft. 

Once docking is completed, the ISS crew will open the 
Sh uttl e hatch to gai n access . Fo llowing mated operations, 
the ISS crew will again monitor and control the undocking 
and separation maneuvers from ISS . 

Autonomous Deorbit and Entry Overview 

The current Shuttle entry and landing mj ss ion profile 
requires direct crew action in several key areas. All of 
which will need to be replaced in an autonomous entry. 
Although a nominal ISS res uppl y mission wou ld allow the 
ISS crew access to configure the Shuttle for deorbit and 
entry, con iderations mu t be made for a miss ion profile that 
does not ach ieve an ISS docking for whatever reaso n. In 
thi s ca e, the autonomous Shutt le must have the capabi lity to 
be configured for entry through automated or ground 
commanding. Some of these typ ica l activities include: 

Thermal conditioni ng 

F li ght Contro l System checkout 
APU's tarted prior to entry 
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Payload bay door closure 
Deorbi t targeting, preparation, configuration and 
execution 

Following the deorbi t burn , the nominal entry profile for the 
autonomous Shuttle is the same as the current Shuttle. The 
guidance and flight contro l systems are in contro l. E ntry 
reconfiguratio n commanding capability will be required to 
react to any encountered e ntry dynamjcs (winds, shears, etc). 
A the vehicle approaches the landing site, the automated 

system performs the activities previously executed by the 
crew, such as; deploying the air data probes and lowering of 
the landing gear. 

The auto land phase of the current Shuttle entry has been 
worked in the past to a high level of confidence. Autoland 
guidance was designed to fly consistent with how an actual 
crew would fly the vehicle. Incorporation of this capability 
into an autonomous Shuttle would be essential. To 
successfully acco mpli sh an automated entry and landing a 
highl y accurate navigation system will also be required, (i.e 
TACAN, MSBLS, GPS, etc). 

Although not required, the autonomous Shuttle system mjght 
consider incorporation of certain landing optimizati on 
capabi lities to ensure success. Some of these include; 

Nominal/Close-in Aimpoint selection for touch­
down energy contro l 
Shortfield Speedbrake selecti on 
Nose Wheel Steering (NWS) ac ti va ti on 
Drag chute dep loy and jettison 
Braking 

Followi ng landing, the autonomous Shuttle will then be 
required to perform all vehic le and payload safi ng 
operations. 

5. CHANGES AND MODIFICATIONS 

The transformation to an autonomous Shuttle fleet will 
require both hardware and software changes, to both fli ght 
and ground systems. Incorporati on of these modifications 
will need to be performed as a "block" update, to minimize 
the impacts and complex ities assoc iated with the operations 
of a mixed fleet. Modifications for autonomous capability 
must also be implemented without impacting the Shuttle 
manifest support to ISS. Some of the major modifications 
include; 

Automation. of crew switches-

Primary emphasis would be placed of the nominal mission 
profile switch throws. Additional switch automation for 
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contingency or abort scenarios would be highl y des irable. 
This modificati on also includes a significant impact to the 
Shuttl e Fli ght Software system to also support the additional 
ground or ISS commanding capability. Some of these key 
switch throws and other crew acti ons that need to be 
automated include: 

1 a cent switch throw (ADI to L VLH) 
On-orbit configuration (PLBD, ECLSS , etc) 

Star tracker / IMU a lignment 
OMS and RCS witch configurati on 
Deorbit Preparation and execution 
2 Switches assoc iated with Air Data Probe deploy 
6 Switches assoc iated with APU "ST ARTIRUN" 
2 Switche associated with Landing Gear "ARM" 
and deploy (DN) 

Post landing vehicle and payload safi ng 

Addilional lnslrumentatiol1 and IVHM -

Add itional instrumentation to replace the crew situationa l 
awareness will be necessary for ground insight of the Shuttle 
ystems. An IVHM system wo uld be required for an 

autonomous Shuttle to be able to observe, detect and react to 
onboa rd or external situation . This modification would 
take the form of vehicle sen ors, cameras, and data 
management systems. 

Enhanced Shuttle Communications System -

Today, the crew is utili zed to configure the communications 
hardware fo r the communications ystem in order to gain the 
second s-band link fo r fa ilure scenari os taki ng command on 
the primary link. Without the crew, one failure can take out 
communications to the autonomous vehic le. This makes the 
autonomous vehicle zero fau lt to lerant in command and 
te lemetry without adding add itional redundancy. Previous 
studies recommended different so lutions to so lve this 
problem such as redundant S-Band FM or UHF. For these 
des igns, redundancy is obtained through ground stations . 
Redundancy through TDRS S-Band would be preferred and 
requires further analys is and de ign. 

In order to meet the needs of an autonomous Shuttle ys tem 
as previously defi ned, the onboard vehicle communica ti on 
system will most like ly need to be upgraded , (i.e. Ka- band 
Phased Array Antenna (PAA) sy tem). This would allow 
communications with the gro und or ISS, without req uiring 
opening of the payload bay doors and deployment of the 
current Ku-Band antenna. 

Ground Communications System -
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In addition to the modifi ca tions to the ground systems 
required by the "Enhanced Shuttle Communications System" 
modifi cation described above, additional ground 
communication modifications would be required. These 
modifications would take the fo rm of additional ground 
communication stations, upgraded systems, etc. 

Docking Adapter and Hatch Modifications-

The ISS crew will required to open and close the Shuttle 
hatch during the mated operat ions. To accompli sh this, the 
current Shuttle hatch will need to be redesigned to allow 
operati on from external to the vehicle. 

Rendezvous and Proximity Operations Aids-

To aid in the automated rendezvous and docking, 
modi fications will be required in the areas of; enha nced 
camera system, additional ISS refl ectors, enhanced radar 
system and ISS monito ring and commanding system. 

Entry and Landing Optimization (Optional) 

Without a crew to optimize the landing performance, 
additional modifi cations can be incorporated to provide 
additional margins for success. These include: 

Nose Wheel Steering (NWS) activation 
Drag chute deploy and jettison 
Braki ng 

Additiollal Landing Aid Equipment 

Incorporatio n of GPS or redundant MSBLS , ca librated to 
achieve the auto land accuracy requirements. (Autoland 
requires accuracy of 0 .1 deg ali gnment error vs the current 
accuracy requirement of 0.15 deg alignment error). 

Autonomous Shuttle Operations -

Al l Shutt le operational processes and procedures will need 
to be reviewed and updated as required to support 
auto nomous vehicle operatio ns. This includes; 

F light planning 
F li ght Rules and Launch Commit Criteri a (LCC) 
updates. 
Ground process ing 
Ground controller training 
Mixed fleet operati onal impacts 

Flight Software -

Moving to an autonomous Shuttle system will require 
signifi cant fli ght software changes. Some of the areas that 
could be affected include; 
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• Flight Control 

• Guidance 

• Sequencing 

• Autoland 

• Sw itches 

• CAU Displays 

• Auto Pryo land ing gear deploy 

• Uplinks 

• Di fferential Braking 

• Drag Chute 

The oftware impacts in some of these areas may be 
significant, and could be comparable in size to a normal 
block update (01). Earl y releases of minimum capability 
may be achieved, poss ibly with I-load changes and/or 
patches. Ground applicati ons, ground testing and GSE will 
be signi ficantly impac ted a well. 

6. CONCLUSIONS 

Implementation of an autonomous Shuttle system could be 
pursued as a pha ed approach of increas ing autonomous 
capabili ty, with the potenti al fo r certi ficati on during manned 
mi ss ions, as shown in Figure 3. The path towards an ISTP 
autonomous Shuttle cargo vehicle could begin with near­
term benefits to the current Shuttle system in the area of 
safe haven return of the vehicle, and reduced crew workload 
or crew size. 

Phase 1- Undocking , 
Deorbit & Entry 

Phase II - Fully 
Autonomous 

ConverUble Phase III & IV 
2009 and Beyond ~l$~~~c,'rur~~~r~ : ~i~~U~e:ae~bWIlV ~b~~~ig!~~bWI~~ : Manned 

Autonomous I I 
~~lo~I.~nd~I __ ~'~~'~~~' __ ~~~~~_~~V~'h~ICI·~~ __ ISTP 

4·5yrs 
faulT IoierafICB 19V9 
single or greater 

506 yr. 
IIJlcapabiJily 

Figure 3: Phased Implementati on Approach 

The unique heavy li ft capabilities of the Space Shuttle is 
es enti al fo r both ISS , as well as other potential mi ions 
extending beyond low Earth orbit. The transformation of 
the Shuttle to an "un-piloted" autonomous system would 
eliminate the los of crew ri k, while providing a ubstantial 
increase in pay load to orbi t capability. 

In addition to ISS cargo support, an autonomous Shuttle can 
also prov ide operati onal fl ex ibili ty to the current Shuttle 
operati ons, in the areas of: 

• Returning a damaged Shu tt le fro m the Space 
Station (Safe Haven) 

• Landing the Shuttle should the crew become 
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i ncapaci tated 
• Reduci ng crew workload during normal or complex 

acti vities, such as rendezvouslDocking, etc. 
• Complementing crew escape implementati on by 

allowing smaller Shuttle crew size (2-4) 
• Providing a growth path for a Shuttle deri ved heavy 

li ft capability (Shuttle-C) 
• Prov iding Assured Access to Stati on through 

retrofit to a crewed capability when needed 

With the removal of the crew from the Shuttle system, a 
significant amount of hardware and equipment could also be 
eliminated, to provide increased vo lume and pay load 
availability to ISS , (i.e. Removal of crew seats, EVA suits 
and tools, exercise equipment, crew ga lley, Wa te Control 
System (WCS) and various fluids and consumables). In 
addition, the elimination of crew training and planning 
acti vities would al so allow provide for some pre-mission 
preparation efficiencies. However, an increase in ground 
controller training and fli ght software reconfi guration would 
probabl y keep any potential cost sav ings to a minimum. 

Converting the Shuttle fl eet to an autonomous system will be 
challenging and expensive. Projected implementation cost 
estimates fo r an autonomous Shuttle system would be in the 
low $ billions, depending on the degree of modification and 
system redundancy required. Although an autonomous 
Shuttle eliminates the ri sk fo r loss of crew, the risk to a loss 
of vehicle or miss ion success could potentially be increased. 
Previous Shuttle experience in space has demonstrated that 
the human pre ence provides an invaluable capability to 
successfull y react to any situati on that may ari se. This 
important capability cannot be eas ily "automated" or 
replaced. 
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