
both experimenters and subjects of the 
experiments while maintaining close in- 
teraction with their colleagues on the 
ground. For example, new techniques 
for manufacturing crystals in space were 
used successfully. Protein crystals up to 
1000 times larger by volume than those 
previously obtained on the earth were 
grown within a few days (21). These 
samples should yield basic new knowl- 
edge about the molecular structure of 
these important substances. New infor- 
mation was also acquired on how the 
immune mechanisms in the body re- 
spond to the environment of space (22, 
23), and in an experiment on the fungus 
Neurospora, it was possible to test 
whether circadian patterns persist away 
from the periodicities of the earth's rota- 
tion (24). 

The time between December and 
March has allowed only a preliminary 
analysis of limited data sets. Moreover, 
the availabilitv of data was different for 
different disciplines. Some investigators 
had telemetry data immediately available 
during the flight, while others had to wait 
for films and specimens to be returned 
after the flight. Life scientists had to 
carry out a number of postflight tests on 
the science crew to complete their data 
sets, and most materials scientists ob- 
tained their samples only recently. Nev- 
ertheless, the scientific bounty to date 
from the first Spacelab mission has been 
exceptional, and the prospects for more 
major results are obvious. 

Spacelab proved to be an excellent 
laboratory for all the disciplines repre- 
sented on the mission. Initial results 
from these experiments are presented in 
the following reports. The experience of 
Spacelab 1 was indeed memorable. Com- 
ments from the investigators such as 
"thrilling" and "an enormous success" 
were common. We have certainly en- 
tered a new era in our ability to carry out 
space science research. 
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Payload Crew Members' View of Spacelab Operations 

Abstract. Various operational aspects of the Spacelab 1 mission are reviewed by 
the four payload crew members. Two-shift operations, voice communication with 
ground investigators, joint participation in experiment activity, Spacelab perform- 
ance, and recent advances are discussed. 

This report will provide the comments 
of crew members (1) on a variety of 
operational aspects of the Spacelab 1 
mission, rather than review the scientific 
accomplishments, which are covered by 
the reports of individual investigators in 
this issue. It is hoped that the descrip- 
tions given will provide useful insight 
into operations aboard the new Spacelab 
laboratory and will be of value in plan- 
ning future manned flight activity. 

Two-shift operations. Only 9 days (ex- 
tended to 10 days while in flight) were 
available for the performance of roughly 
70 experiments in at least seven different 
disciplines, and it is clear that many 
more performances of each experiment 
would have been desirable and produc- 
tive. Virtually every discipline, even in- 
dividual experiment, would have benefit- 
ed from added operational time. Some 
experiments such as photographing a 
given ground location, had to be per- 
formed at a particular time (Greenwich 
mean time) to achieve their objectives. 
In order to maximize these opportuni- 
ties, experiment operations were con- 
ducted around the clock, with two shifts 
operating on alternating 12-hour duty 
periods. Each shift consisted of a pay- 
load specialist (PS) and a mission spe- 
cialist (MS), usually at work in the Spa- 
celab module, and either the commander 
or the pilot on duty on the orbiter flight 
deck. 

All six crew members were awake for 
about 4 hours at the beginning and end of 
each 8-hour sleep shift. During these 
periods the breakfast and dinner meals 
were prepared and consumed, exercise 
was performed as desired, and other 
tasks requiring the whole crew could be 
conducted. During the sleep intervals, 
the on-duty crew tried to minimize the 
noise level in the mid-deck area where 
the sleeping bunks are located, but some 

use of galley and waste management 
facility was permitted. As the bunks 
were fully enclosed and well isolated 
acoustically, sleep was accomplished 
with negligible interruption. All crew 
members reported adequate and restful 
sleep throughout the mission. Since op- 
erations were maintained continually 
from the time of Spacelab activation at 
about 6 hours after launch until the nor- 
mal deactivation time of about 230 
hours, Spacelab utilization was substan- 
tially greater than with a single 12- to 16- 
hour shift. 

Voice communication. Voice commu- 
nication was drastically altered from that 
on any previous space mission. Preflight 
planning included one voice loop for the 
Mission Operations Control Room 
(MOCR) for vehicle-related discussions 
and a second voice loop for the Payload 
Operations Control Center (POCC) for 
payload-related discussions. When diffi- 
culty was encountered a few weeks be- 
fore Spacelab launch with voice circuits 
via the Tracking and Data Relay Satellite 
(TDRS), only one circuit was made 
available. The MOCR used an ultrahigh- 
frequency ground station network and 
gave primary use of the TDRS voice loop 
to the POCC (or "Marshall Opera- 
tions"). The TDRS loop, however, was 
still available for MOCR use whenever 
high-priority information needed to be 
exchanged and the ground-station net- 
work was not adequate. Shared in this 
way, there was remarkably little difficul- 
ty or friction generated; no mission ob- 
jectives were compromised and all par- 
ties were adequately served. 

The two payload crewmen on duty 
were usually involved in experimental 
work, sometimes on different experi- 
ments in different disciplines, and the 
POCC (with principal investigators and 
their teams) followed these activities 
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closely. At times other experiments were 
controlled from the POCC directly. As 
each experiment was being run, the cor- 
responding investigator team on the 
ground might use the voice loop to con- 
verse directly with the crew concerning 
their experiment. Even more frequently, 
the discussion on the experiment might 
be between a crewman and a ground 
communicator (the "crew interface co- 
ordinator'') or the alternate payload spe- 
cialist. Most frequent discussion topics 
included procedures used, experiment 
status, problems encountered, interpre- 
tation of observations (either onboard 
observations o r  sometimes the down- 
linked data), and further instructions. Of 
course, any modification to operations 
which required more crew time, space- 
craft resources, o r  interaction with other 
experiments required prior coordination 
on the ground. 

Principal investigator and payload 
crew involvement.  In addition to  the 
greatly expanded voice communication 
between crewmen and investigators, the 
POCC frequently had television images 
and limited real-time data on the conduct 
of the experiments. In the life sciences, 
data from and images of the subject 
crewmen led to  postural correction, fo- 
cus adjustment of eye images, real-time 
evaluation of muscle reflex data quality, 
and many other interactions with the 
crew. In the physical sciences, investiga- 
tors could (and did) assist in interpreta- 
tion of low-light-level television images 
of the horizon airglow and of beam- 
plasma interactions with an electron ac- 
celerator. Complete procedures were re- 
vised in real time in fluid physics experi- 
ments, based on fluid behavior observed 
by or described to the ground investiga- 
tors. The growth of large single-crystal 
silicon rods by melting a sample moving 
slowly through the focus of a mirror 
heating furnace was essentially a joint 
effort between ground investigator and 
crewmen. 

Crew participation could be catego- 
rized in three levels. First, for experi- 
ments in space plasma physics, the life 
sciences, and some materials science 
and fluid physics, the crew was highly 
involved in performance and real-time 
interpretation of the results. Modifica- 
tions of procedures and decisions on 
future performances were made jointly 
with the ground. Second, the crew per- 
formed other technical tasks with little 
ground interaction, such as  installation 
of cameras to  a high-quality window 
(metric camera) o r  scientific air lock table 
(ultraviolet photography) and verifica- 
tion of their proper performance. Third, 

another set of experiments in atmospher- 
ic science, x-ray astronomy, and solar 
physics were largely controlled from the 
POCC, with crew participation when 
needed to verify experiment perform- 
ance, manage computer software at 
times, and assist in malfunction analysis 
and correction. All investigators, howev- 
er,  were deeply involved in the real-time 
performance of their own experiment, 
with crew participation in varying de- 
grees as appropriate. 

Spacelab as a laboratoty. Spacelab 
itself was a very pleasant and adequately 
sized laboratory for most experimenta- 
tion. Cold plates and cooling loops func- 
tioned well and quietly within the mod- 
ule to maintain proper experiment tem- 
peratures. The atmosphere seemed 
fresh, with no odors, and the tempera- 
ture was adjusted and maintained in a 
comfortable range. The availability of a 
high-quality optical window for photog- 
raphy and a 1-meter-diameter scientific 
air lock was quite important for several 
experiments. Three computers (one for 
Spacelab systems, one for experiment 
operations, and the third as  a backup for 
either of the first two) provided very 
important automatic monitoring and con- 
trol functions, but were deficient in 
memory capacity, resulting in heavy us- 
age of the tape recorder "mass memory 
unit" to exchange experiment software 
programs. The intercom system allowed 
monitoring of only one channel at a time, 
and should be improved by increasing 
the number of voice loops available 
simultaneously. Two view ports provide 
minimal but adequate crew viewing ei- 
ther outward from the payload bay or  
into the bay, aft of the module. Overall, 
the Spacelab performed magnificently in 
a variety of research disciplines, and 
should be the site of many new and 
exciting discoveries on future flights. 

Maintenance and repair. Although the 
great value of having men available for 
maintenance and repair tasks has been 
demonstrated on many flights, especially 
the Skylab series 10 years ago (2), it 
seems as  if each new program has to  
repeat the lesson. At the time experi- 
ment design is first conceived, it is im- 
portant to  keep the possibility of mainte- 
nance and repair in mind so that later 
changes to  accommodate repair will not 
become prohibitively expensive or im- 
possible. Several examples from Space- 
lab 1 follow: 

1) The high data rate recorder 
(HDRR) tape transport jammed and was 
cleared by hand. In preparation for 
flight, no maintenance training for this 
failure was provided, but the crew was 

@helped by having become familiar with 
the unit during training for a tape change. 

2) There was a film jam in the metric 
camera. Because the crewmen had never 
seen the inside of the film magazine, 
detailed procedures had to be developed 
on the ground. The jam was cleared but 
it would have proceeded with much 
more equanimity had the crewman been 
familiar with the magazine before, rather 
than "seeing" it for the first time by 
hand alone in the darkness of his sleep- 
ing bunk! 

3) Eye movement in response to  a 
rotating visual field was intended to be 
photographed with a flash camera. When 
the flash unit failed on its first operation, 
the onboard television was substituted 
with an extra close-up lens, added to 
stowage at a crew member's insistence, 
with even better data collection than 
originally envisaged. 

4) Several modifications to the materi- 
als science hardware had to be made and 
the microprocessor memory was altered 
by using two input keys originally in- 
tended to be disconnected. 

5) Fluid physics experiments had to 
be greatly modified when air bubbles 
appeared in the liquid containers, anti- 
spread barriers failed to prevent liquid 
spreading, and electrostatic effects and 
other surprises were encountered. Hard- 
ware modification and substitutions 
were made, along with new procedures, 
as mentioned before. 

6) One experiment used a small tape 
recorder to generate visual images to 
present to  one eye in a vestibular test. 
Although the tape recorder jammed, the 
crew was instructed not to attempt a 
repair. Postflight inspection revealed 
that the problem could have been readily 
fixed. 

A substantial fraction of the experi- 
mental program was "saved" in the first 
five examples above. The earlier results 
of Skylab and now those of Spacelab 1 
are probably not unique. With so many 
experiments represented, the fraction 
needing some repair is not unacceptably 
high or  unexpected. The flexibility repre- 
sented by having crew members avail- 
able should certainly be used, but to do 

" s o  effectively requires a compatible de- 
sign approach and reasonable preflight 
crew training. General familiarity of the 
crew with almost all moving equipment 
is a good first rule. Tape recorder trans- 
ports, motors, pumps, blowers, film 
transports, keyboards, and other moving 
mechanical devices should be designed 
for replacement o r  repair and the appro- 
priate training provided to the crew. 

Advances since Skylab. Spacelab 1 
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has been the most ambitious manned 
space science effort since Skylab, 10 
years ago. The role of the crewmen in 
Skylab was reviewed soon after flight 
(2),  and some forecasts for the shuttle1 
orbiter era were made. As expected, 
crew members have contributed to sci- 
entific return in many of the same ways 
as before (experiment setup, data quali- 
ty, innovation and flexibility, and re- 
pair), but significant advances have been 
made in automatic control and data and 
voice interaction with ground investiga- 
tors. Many routine tasks have been auto- 
mated with microprocessor control, such 
as filter exchange, sequencing a series of 
experiment operations, and time line 
control. Crew members are now em- 
ployed in the more difficult tasks associ- 
ated with data quality and interpretation 
and task selection, assisted by the 
ground team when real-time data are 
available to them. 

Operational viewpoint. We would em- 
phasize that the operational viewpoint 
should be considered from the beginning 
of the design phase-for example, to 
maximize repair possibilities. Operation- 
al factors are at the very heart of deci- 
sions regarding time line alternatives, 
spacecraft attitude control, manual or 
automatic modes of operation and their 
combination, crew time required, joint 
participation with the ground investiga- 
tors, data storage alternatives (film, 
tape, downlink), and even more. Often 
the payload crew members are in the 
best position to advise in these areas, as 
their responsibilities include the full 
range of activities and all experiments. 
This breadth is usually missing from a 
single team of investigators, even though 
expert in their own scientific disciplines. 
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Atmospheric Physics and Earth Observations 

Mapping from Space: The Metric Camera Experiment 

Abstract. The Spacelab metric camera experiment acquired stereoscopic high- 
resolution black-and-white and color infrared photographs of various regions of the 
world. In total, an area of about 11 million square kilometers was covered. Because 
of the delay in launching the shuttle until 28 November, illumination conditions were 
frequently poor over many candidate targets. However, unique high-quality images 
with a ground resolution of about 20 meters were obtained by increasing camera 
exposure time. Initial image analysis has shown that these images may be used for 
earth mapping at the scale 1 :100,000. 

One of the earth observation experi- 
ments on board Spacelab 1 ,  the metric 
camera experiment, was designed to 
take high-resolution large-format photo- 
graphs with a photogrammetric mapping 
camera operating from the shuttle orbital 
platform. This instrument was a slightly 
modified Zeiss aerial survey camera with 
a focal length of 305 mm and an image 
size of 23 by 23 cm. This experiment was 
unique in that it was the first use of a 
calibrated mapping camera to photo- 
graph the earth from space. A calibrated 
camera is characterized by the fact that 
all distortions of the imaging geometry 
from the ideal central perspective are 
controlled and measured in the labora- 
tory within a tolerance of +.1 to 2 km. 
These measurements can be utilized as 
corrections in the photogrammetric resti- 
tution of the images during the mapping 
process. 

The scientific objective of the experi- 
ment was to verify whether topographic 

and thematic maps, at medium-scale 
ranges (1 : 50,000 to 1 : 200,000), could be 
compiled from mapping camera images 
taken from orbital heights. Such topo- 
graphic and thematic maps are required 
for earth resource planning and resource 
management on a worldwide basis. The 
current practice of mapping by conven- 
tional aerial photogrammetric techniques 
is so expensive and slow that mapping 
coverage of the remaining 60 percent of 
the land surface of the earth would re- 
quire many years of observations. The 
lack of earth resource maps is particular- 
ly evident in the developing countries of 
Africa, South America, and Asia. Map- 
ping from space could provide an eco- 
nomical and efficient means by which to 
meet these mapping requirements. A sin- 
gle photograph alone covers detail of 
several aerial map sheets. 

During the Spacelab 1 mission approx- 
imately 1000 photographs were taken, of 
which 550 were on color infrared film 

Fig. 1. Ground tracks where metric camera images were taken. 
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