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H
ubble Space Telescope E

xperience

 

E
ven though the H

ubble Space Telescope is one of the archetypical “big science” 
projects, w

e have been able to increase quality of service w
hile decreasing opera-

tions costs by applying new
 technologies and follow

ing general principles.
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O
verview

 T
he science m

ission of N
A

SA
’s H

ubble Space Telescope (H
ST

) is conducted by 
the Space Telescope Science Institute (ST

ScI). N
A

SA
 G

oddard Spaceflight C
en-

ter conducts m
ission operations and overall project m

anagem
ent.

H
ST

 is the prem
ier astronom

ical observatory. M
ultiple scientific instrum

ents 
covering infrared, visible and ultraviolet. 15+ year m

ission. T
housands of obser-

vations per year for about 400 principal investigators.

ST
ScI has encouraged a culture of continuous im

provem
ent and innovation to 

im
prove user service and reduce costs.

In 1995 N
A

SA
 G

oddard’s H
ST

 P
roject and ST

ScI initiated “V
ision 2000” pro-

gram
 to im

prove quality of service w
hile dram

atically reducing operations costs.

T
hese slides highlight som

e of the technologies w
e’ve used.
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 Scripting L
anguages to “G

lue” L
egacy 

System
s

 

U
sed T

cl/T
k and client/server technology to build a user interface around sev-

eral existing applications. T
his allow

ed us to provide H
ST

 users w
ith a m

uch 
m

ore accurate view
 of how

 observations w
ould be scheduled and executed. 

R
esult w

as increased user satisfaction and m
ore efficient use of telescope tim

e.

H
ave begun prototype project w

ith C
O

R
B

A
 technology for internal system

 inte-
gration projects.
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F
irew

all Technology

 

P
roblem

: O
perations com

puters have to have a high level of security to protect 
spacecraft, but this severely isolated scheduling staff from

 others, e.g. they did 
not even have em

ail com
m

unications w
ith staff w

ho developed observing pro-
gram

s.

Installation of firew
all and router allow

ed us to m
erge 2 separate com

puter net-
w

orks into one so that essentially all planning and scheduling staff are on sam
e 

netw
ork. 

U
se authentication card technology for access across firew

all.

A
lso use database replication technology to m

ake copies of operational inform
a-

tion available to users outside firew
all.
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O
n B

oard D
ata Storage

 

Second H
ST

 Servicing M
ission (F

eb 1997) installed a 10 G
b solid state recorder 

in place of a 1G
b tape recorder. (2 additional tape recorders rem

ain). 

Increased capacity needed for high data output of new
 generation instrum

ents 
(larger form

at detectors); also facilitates “parallel” instrum
ent operations (run-

ning 2 or m
ore instrum

ents at the sam
e tim

e).

In addition, essentially elim
inated rew

ork necessary by operations staff to over-
com

e earlier data storage lim
itations.
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W
orld W

ide W
eb

 

A
llow

s our users to have up-to-the-second schedule inform
ation. R

educes w
ork-

load on staff answ
ering status questions.

Straightforw
ard to develop tools for use by observers, e.g. exposure tim

e calcu-
lators.

A
ll user docum

entation available via W
W

W
.
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P
rocess Im

provem
ent Technology

 

H
ardw

are/softw
are technologies have led to im

portant im
provem

ents.

H
ow

ever, w
e found that equally im

pressive im
provem

ents can be gained by 
focussing on processes and people.

W
e’ve applied this to m

any projects, from
 sm

all to large. G
eneral principles are:

 

•

 

A
utom

ate routine steps

 

•

 

E
lim

inate rew
ork (e.g. dow

nstream
 step checks validity of upstream

 step)

 

•

 

R
em

ove non-value-added w
ork

Som
e process/re-engineering m

ethodologies can be useful. W
e used C

P
I (C

on-
tinuous P

rocess Im
provem

ent) for several projects
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O
rganization R

eengineering

 

T
raditionally, groups are organized by function, e.g. softw

are developm
ent, 

testers, operations staff, scientists are all in separate branches and divisions.

W
e found this to be a significant source of inefficiency. D

ifferent branches and 
divisions have, by definition, different goals so even sm

all w
orking level deci-

sions have to be solved by 2 branch chiefs or 2 division heads or higher. 

W
e reorganized by process - our processes is observing w

ith the H
ST

. O
ne divi-

sion now
 contains (m

ost of) the staff w
ho are responsible for this process.
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Softw
are D

evelopm
ent

 

L
ong lead tim

e (3-6 m
onths or m

ore) for softw
are changes led to dissatisfaction 

by users, m
anually intensive “w

orkarounds”, errors and lack of feedback from
 

operations to developm
ent.

D
evelopm

ent is m
uch shorter now

, w
ith key system

s able to respond to critical 
and non-critical changes m

uch faster, som
e as fast as 24 hours (yet w

ith full test-
ing).

D
evelopers and testers have developed a team

-oriented rather than adversarial 
approach. Testers begin testing m

uch earlier in process w
hich has shortened 

process tim
e and finds bugs w

hen their im
pact is less. 

K
ey enabling technologies for this w

ere:

1.A
utom

ated testing tools

2.C
ode m

anagem
ent libraries w

hich support m
ultiple developm

ent versions 
(e.g. U

nix C
V

S)
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M
easurem

ent and E
valuation

 

A
dopt a scientific approach

 

•

 

M
easure im

portant perform
ance param

eters

 

–

 

F
or H

ST
 science operations, observing efficiency (up by 70%

)

 

–

 

D
elay tim

e for scheduling (from
 56 to 21 days)

 

–

 

O
bservation failure rate (constant at about 3%

)

 

•

 

P
erform

 experim
ents 

 

–

 

due to tim
e and cost constraints, experim

ents cannot usually be as controlled 
as a classical laboratory experim

ent

 

•

 

A
fter change is effected, verify that desired benefit has occurred
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M
ajor C

ost/Q
uality D

rivers

 

Im
provem

ents in H
ST

 operations w
ere m

ade w
ithin overall constraints of m

is-
sion. F

or new
 m

issions, im
portant considerations are:

 

•

 

O
rbit - A

 low
 earth orbit has inherently low

er efficiency due to E
arth occulta-

tion and South A
tlantic A

nom
aly passages.

 

•

 

C
om

m
unications - K

eep operations as independent of com
m

unications con-
tacts as possible via large on-board data stores and dedicated com

m
unications

 

•

 

Spacecraft design

 

- Safem
odes should be safe - only im

pact efficiency

- Sim
plify flight softw

are com
plexity by using m

ore flexible on-board scheduling

- R
educe cost of flight softw

are developm
ent, upgrade and installation via use of m

ore 
standard architecture and increased onboard resources

 

•

 

K
eep telescope and scientific instrum

ents sim
ple w

hile m
eeting m

ission goals


