{NASA- “CR=120398) = ROLE OF . MAN IN FLIGHT  N74<3157g
EXPERIMENT PAYLOADS,. %HASE 1 (Essex o

Corpo) 68 p HC ° . CSCL 05F

* PRICES SUBJECT b GlAGGE

Unclas
46912

Raproduud by

NATIONAL TECHNICAL cdee -
ORATONAG | e
Sprlngﬁeld A, 22151 \._ ~u_‘ gath 8T EAG T .;;
\\f K R ERANTE A
v 2~
i Y 5,”\ : i‘{\i ..

ESSEX CORPORATION- 303 Cameron Street, Alexandria, Virginia 22314 «



ROLE OF MAN IN FLIGHT EXPERIMENT
PAYLOADS ~ PHASE 1

Prepared by:

Thomas B. Malone, Ph.D
Mark Kirkpatrick, Ph.D

ESSEX CORPORATION
303 Cameron Street
Alexandria, Virginia 22314

ESSEX CORPORATION
Huntsville Division
11309-E South Memorial Parkway
Huntsville, Alabama 35812

Prepared for:

NATIONAL AERONAUTICS & SPACE ADMINISTRATION
Marshall Space Flight Center
Huntsville, Alabama 35812

Under Contract NAS8-29917

July 5, 1974



SUMMARY

.

The effort described in fhe present report was directed toward develbp-
ment of a technique for quantitatively determining role of man requirements
for Spacelab missions. The role of man was operationally defined as the
allocation of necessary experiment functions to crew memberé. The set of
functions to be performed by a particular scientific crew member thep defines
his role.

To meet the objectives of the effort, a generalized Spacelab experiment
opgrafional sequence was developed and the parameters necéssiry to describe
each single function in the. sequence were identified. Siﬁce a review of
currently available payload planning data showed that the necessary detailed
data were not available, a set of functional déscriptor_worksheets were
‘daveloped. The methodoldgiéal approach to defining the role of man was de-
fined as a series.of trade studies using a digital simulation technique. The
trade-off variables identified include scientific crew size,'skill mix, and
-location. An existing digital simulation progfam suitable for the required
analyses was identified and obtained. - |

The phase of the effort reporfed here thus served to idéntify the
required data for studies of Spacelab expériment functional alloéétion,‘develop
.an appreoach to collecting these data from the payloéd community, and to specify
 the analytical methods necessary to quantitatively determine the role of man
in specific Spacelab experiments.

Conclusions and results of the present study include the fﬁllowing:

Conclusions:

* The operational definition for determination of the role of man in

Spacelab experiments is a trade-off approach based on the effective-
ness of alternative allocations of functions to crew members.



- The data necessary to perform trade studies in the area of role
of man are the detailed functional requirements for specific
experiments. : -

The detailed functional requirements data are not provided in
the presently available payload data summaries. :

Results:

The detailed funectional data for exercise of the methodology were
defined in the current study and appropriate worksheets have
been developed. :

The next step in the effort to define the role of man should be
the collection of detailed functional requirements data from
payload planners, Spacelab simulation efforts, and manned space-
flight experience. To accomplish this, the crew skills method
of Ref. 2 were incorporated into the SSPD effort during the
course of the study.

Where possible, the conduct of Spacelab simulation efforts should
be structured to provide the data identified as necessary for
the role of man determination.

Based on suitable input data, the methddoldgy developed during

the current study can provide the performance data for trade
studies in the role of man approach defined above. :
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1.0 INTRODUCTION

The Space Shuttle is curently planned as a logical continuation of‘the
increasing capabiiity of NASA to support scientific experimentation in space.
Throughout the Démini, Apollo, and Skylab programs, the trend has been towérd
greater allocation of resources té science and applications experiments. The
Shuttle system represents a further step in this trend in that it will meet
the flexibility and low-cost criteria necessary to orbit experimental payloads

and scientific personnel from a wide range of disciplines.

1.1l General Background

The Shuttle Orbiter will reach near earth orbit, remain on orbit for
the mission duration (7 to 30 days) and will land as does a conventional
_aircraft. The orbifer payldad for Spacelab missions will cénsist of the
Pressurized Module and/or the Pailet system'qontained in thé Orbiter payload .
Bay. The Pressurized Module provides an orbiting laborato;y in which the
ISCientific crew works in a shirt-sleeve environment. Tﬁe Pallet permits the
exposure of experiment components (such as teleécopes) to the space environment.

The combination of Pressurized Modulerand Pallet provides for'flekibility
of experiment accommodations. Depending on objectives and requifements of
various disciplines, the Spacelab is envisioned as oberating in any of several
modes including:

® Module only - The Spacelab consists of several modules providing

a4 large working area. The experimental apparatus is installed
in the Module allowing several investigators to work much as they
would in an earth-based laboratory.

Pallet only -~ Where experiment requirements dictate exposed
apparatus, the system may consist of only the Pallet. Control
of the experimental apparatus may then be exercised from the
Orbiter or from the ground :



* Pressurized Module plus Pallet - Where large exposed apparatus‘
and a pressurized laboratory area are required, the Pallet together
‘with a minimal Pressurized Module may be provided. 8Since the
Spacelab is modular, the laboratory volume may be traded for
Pallet capability if required by a particular experimént.

These modes will provide the flexibility for a wide range of experiment
payloads since crew size, hardware mass, and other parameters may be traded as
considered necessary for various experiments.

The approach to meeting the criterion of low cost iﬁcludes provision
for rapid modular installation and changeout of experimental apparatus. in
the Module or on the Pallet and miniﬁuﬁ trﬁining and preparation time for the
scientific c¢rew. These features are necessary to meet.thé objectives of the
scientific community. Flexibility of operational mode, ability of the
scientist to fly his experiment with minimum flight training and mission‘pre—
paration, and low cost per experiment have been cited as factors in the
succéés of the Ames Airborne Science Program (ref. 1).

The effort beiné reported\here is based'on the conflict oﬁ the above
objectives in certain areas. The capability of a particular Spacelab experiment
'payload to return data of sufficient quantity and quality to meet the experi-
ment goals will depend heavily on the pérformance qﬁ‘the scientific crew. The"
degréé of this dgpendence will be expéctea to,vary_betwegnraisciplines; Certéin
‘experiments in the SpécerProcessipg area are cuireptly epvééioned as beingf
highly automated and sequeﬁcedrwith little nécessity fof‘ﬁodification of later
experiments based on prior results and only minor crew requirements at the
technician level. Astronomy missioné,'on the other hand, are plannedrto permit
flexibility and selectiQity in terms of sources observed. 1In this connection,
Skylab experience has shown the utility of man's ability to make unscheduled

observations - such as the data collected on solar flares. Many of the planned

Spacelab missions rely on this demonstréted capability to re-orient the



observational efforf toward phenomena dflopportunity. Closely related to

this selectivity in terms of source observed is the topic.of data filtering

and data compression. These data gathering modes.utilize the human's capa-

bility to selec;, ;eject, and reduce data in real time to increase_the quaiity

of the resulting data while reducing the magnitude of recording requirements.
The conflict in meeting the stated objectives'is due to at least four

factors:

-Dependence of data return on scientific crew capability and
performance

The highly specialized nature of the equipment employed and of
the resulting man-machine interactions

The requiremeﬁt for minimum training and pre~flight preparation
‘on the part of the scientific crew

The tendnecy which is evident in the payload planning data
toward reduction of scientific crew size to obtain increased
weight for instruments and experimental apparatus

The result of these factors is that as crew size is reduced to accommodate
more apparatus, the functional requirements placed on the crew remain constant
oY even increase. Thus, the decrease in the available ﬁénping 1evel:results
" in a quantitatively greater workload per crew ﬁember. Equally or perhaps more
importantly, the variety of functional opefatiops may increase resulting in a
requirement for diverse skills on the part of the reduced crew complement.
This problem would be accontuated when.multi—discipliﬁe payloads ar carry-on
experiments are considered. Thetrefore, the requirement that the skill and
manning levels of the scientific crew be-comﬁensurate with the functional
requirements of the mission is in conflict with the objective of accommodating
a wide range of scientific personnel while minimizing the training and prepara-

tion time necessary for the scientist to fly his experiment. The trend toward

greater diversity of skills per crew member leads to either Stringent personnel



selection criteria, or extensive croés-training or both,. This skill diversity
prbblem is further accentuated by the fact that skill definition methods used
in the past by NASA have tended to suggest greater hom;geﬁeity of skills‘
within disciplines than actually exists. .
The probelm may be summarized by noting that Spacelab experiments will
entail theroperation_of specialized equipment by specialized individuals and
the adequacy of the obtained data will depend on the capabilities of the crew
membefs to meet the information processing, decision, and action fequirements
of the experiment in question. The skill requirements thus generated will bé
complicated by the need for multi-disaiplige missions where the existing

within-discipline skill diversity will be augmented by between-discipline

requirements.

1.2 Assessment of Problem

The tendency toward reduced scientific crew size increases the need for
cross—specialty crew skills. This results in severe constraints on the number
cof individuals with the variety of skills neceééary to fly, and increased ﬁime
for cross-training both within and between disciplines. . At present, no method~
ology exists for assessing the impact on mission objectives of reduced scientific
crew size, constrained skill diversity, and crew.memﬁer workload.‘ Where such
impacts exist, the options exist of allocating experiment functions to auto-
_.mated equipment or to ground-based personnel. Such approaqﬁes wéuld generate
problems in operational flexibility, system cost and complexity, and up and
"down link information transmission rates.

The alternative approaches to mee£ing the functional requirements of a
particular Spacelab experiment which were considered in the present study

include:



- * Principal Investigator on board — The scientist who conceives
and designs the experiment flies on the shuttle and operates
the experiment.

Experimenter/Technician on board - An experimenter trained in
the operation of the experiment flies on the shuttle and operates
the experiment.

Experiment control from the ground - The experimental equipment
is monitored and controlled from the ground via the Shuttle up-
and down-links. :

Experiment automation - The experiment is designed to operate
automatically without operator actions - possibly being simply
turned on and off by the Shuttle flight crew.

The first mode, in which the PI flies his awn exﬁerimént, is a logical
continuation of the methods employed by the Ames Research Centér Airborne
Science Program (Ref. 1). This mode offers the greatest degreelof flexibility
in terms of experiment modification and responée to phenomena of opporfunity.
The primary problem that arises is that the PI is likely to be a highly
specialized ipdividual and may be unable to ﬁarticipate in‘cross-tfaining
necessary to'aperate experimeﬁts other than his own. This approach will thus
be useful primarily for single discipline and perhéps single-experiﬁent |

payloads.

The second approach involves a research assistant or eiperimenter.
Such an individual would presumably be a specialist in the operational aspécts
of experiment conduct and would have a general un&erstanding of the purpose
and principles of the experiment although he wduld.not need ro have a defailed
_knowledge of the underlying theory. The experimenter role has been'fully
defined in a previous Essex effort (Ref., 2). This approach might also inﬁolve
a technician who would be differentiated from the experimenter role.by a
reduced level of scientific skills but an increased ability to perférm hardware

calibration, checkout, and repair.



The second mode offers somewhat reduced flexibiiity in terms of modifying
the experiment or responding to phenomena of . opportunity. This could be
partially offset if the PI were in voice contact with the experimenter or
technician during experiment conduct. The advantage of the second approach
is that the individuals on boérd the Shuttle could presumably be cross-trained
and thus able to operate numerous experiments in the course of one mission.

The third mode obviously reduces weight which is payload chargeable
since it involves remote control from the ground. The feasibility of this
mode depends on the type of information needed by the opéfator to adequately
perform the experiment and on the up-link command data which the bpérator
transmits. The question of accommodation via this mode involvés a cdmpa;ison
of Shuttle communication system capacity with the information requirements of
the experiment. The problem of coverage also arisés.' Use of the remote
rcontrol mode for real time experiment operation would appear to résf on the
availability of the Tracking Data Rélay Satellite System (TDRSS) iﬁ térmé of
coverage. A problem area, giﬁen deployment of TDRSS, howevef, would bé t;aﬁs-
mission 1ag. Studies pf orbital teleopératér cdﬁtfbi syétems‘éhow these légs
to result ﬁrom grdﬁnd line transmission and to involve Qétiéﬁie delays,on‘fhe
order of several Secondsﬁ The abili;} of a humanroperatdr;tb pefférﬁfCGn-r‘
tinuous control (such as sensor-pointing) func;ioﬁs wiﬁhighis lag dufation
in the system is questionable (Ref. 3). ) u
| The fourth mode, automated experiment opefation, avoids the weight ﬁenalty
for an on~board operator and the problem of closed loop:-ground contfol.- Fle#—
ibility, however, would be lost and the increases in experiment hardware cost

and complexity would impact the availability of low cost benefits to the user

population.



. The present study represents an attempt to provide an analytic method-
ology fdr performing tréde studies in the area of scienpific crew composition,
location (ground or‘on-orbit), and skill mix. This approach involves'analysis
of the functional requirements of particular Spacelab-experiments and a techni-
que for projecting scientific crew performance in meeting experiment objectives
as a function of the crew parameters listed above. SuchKa technique caﬁ then
be employed to permit quantitative trade studies in the areas of:

* Spacelab experiment hardware design

* Operational procedures & mission planning -

* Scientific crew composition

The present study was directed toward developmént of a methodeology which
permits quantitative study of functional aliocation to the on-orbit crew, to
the gfound, or to éutcmated equipment in terms.of impacts on realization of
mission objectives. Since the cépability of the human ohserver has been termed
the most important resource of the Spacelab brogram, the present éffor; pr;-
vides an approach to optima; allocation of this resource — in much the same

fashion as do trade studies being performed of other resource constraints such

as power and mass.



2.0 OBJECTIVES AND APPROACH

The study being reported here is a follow-on to a prior Essex effort
’ 4
(Ref. 2) which was performed under contract NASW-2389., The primary outputs

from that effort were:

A summarization of human resources requirements on the part of
Spacelab users - primarily the Payload Planning Groups

* A generalized flow diagram for Spacelab experiments

* A matrix method for classifying and describing the role of man
in Spacelab missions based on the discipline involved, the level

of scientific skills and the level of technical skills

2.1 Study Objectives

The objectives of the present study were fo update and revise the role
of man definitions based on updatedluser requirements data (Ref. 4) and to
provide a method for u£ilizing the rolé description methodology touspecify
the role of man in specific payloads. A further objective was to provide a
method for the communication of detailed functional requirements from Spacelab
users to Spacelab designers. The functional requirements method described in
this report was developed to permit scientific crew trade studies and to
support refinement of the role definition technique based on updated functional

requirements data.

2.2 Approach

The approach employed in the present study is illustrated in Figure 1
which describes the anaiytical technique being developed. Thé operations
depicted in Figure 2-1 show the end product methodology rather than the exact
flow ofrthe effort although the two are closely related. The inputsdata to
the illustrated methodology deséribes the experiment in question at three

levels of detail:
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Mission level - including orbital parameters, the nominal

. observation timeline based on opportunities for conduct of

. the experiment, and constraints due to other experiments

‘ in the experiment : . LT

Experiment level — ineluding the individual experiment hard-
ware and procedures,

Function level - describing the sequence of functions or tasks
ta be carried out by the scientific crew in performing the
experiment :

These data would be integrated to produce a mission operational
sequence diagram detailing functions to be pe;forméd in the conduct of the
experiments comprising the mission. The fﬁnctional input data woﬁld describe
the nature of each function in the sequence in terms of:

®* Branching relationships‘with ofher functions
-Information, decision, and action requirements.of the function
Resource utilization statlstics for the function - part1cu1arly
time to complete the function and the skill mix and number of
crew men involved : :

These parameters reflect the bfocess of &etermininéuthe'role of man iﬁ
a particular experiment as discussed in ﬁef. 2. The parameter values for
the functlons in a particular experlment would be either flxed by tﬁe nature
. of the experiment or would be free to vary.. In the lattér case, a trade4off'
methodology, as discussed in-conﬁection with the1séctiénion_ijectiﬁeé{ @bﬁldl
be applied to determine the‘values of the ffee pafameﬁers.so.ésptoimaximize
the likelihood of realizing’thelgoals of the exﬁefiment; | u

The application of the tradeoff methodology would require evaluation of

function allocation candidates. A functional allocation for a particular

experiment would specify the number and skills of the members of the scientific

crew and would assign each function of the experiment to one or more crew

members (including those on the ground) or to automated equipment. The

10



current approach to evaluating allocation candidates is to employ an existing

digital simulation program described in a later section to exercise the oper-

ational sequence and thus produce statistical data on experiment completion

time, operator load, and likelihood of experiment completion within the time

available for the experiment as determined from the nominal mission timeline.

The approach thus has the following properties:

The basic inputs to the determination of the role of man in a
particular experiment are data on the functional requirements of
the experiment.

For each function identified, data on the parameters of the function
are either available from the payload planner or are free to vary.
Defining the role of man consists of fixing the variable para-
meters soas to maximize the likelihood of realizing the mission
objectives.

The selection of values for variable parameters will be based on

a digital simulation program which exercises the experiment opera-
tional segquence under constraints introduced by various candidate
allocations of the required functions.

Exercising this methodology will satisfy the objectives of the
effort since it will yield quantitative evaluation of effects
of both hardware design and procedural or mission planning
decisions on the performance capability of the scientific crew.

The approach being employed stresses the functional requirements of

Spacelab experiments. The application of the methodelogy under development'

depends on availability of detailed data on the functions which must be

completed to perform the experiment in question. Consequently, the current

phase of the effort was devoted to determining the degree to which the neces-

sary functional requirements and function parameter data are being made

available to Spacelab designers via the various payload requirements data

collection efforts preséntly being performed. A technique for obtaining these

detailed data from mission planners wasldeveloped, and preparation of the

11



digital simulation program for use in exercising operational sequence networks
was carried out. Effort was also deveted to updating and e%panding the gener-
alized experimént flow network originally developed in a previous phase bf-
the effort (Ref; 2). This updated sequence diagram serves as a frameﬁork

for the functional requirement data collection effort and serves to define

requirements for the digital simulation program.

12



3.0 REVIEW OF CURRENT FUNCTIONAL REQUIREMENTS DATA

‘

To determine the degree to which detailed experiment functional require-

’

ments data are available, existing documentation bearing on crew functions -

and experiment operations was reviewed. This included:

* General Crew Function Data

- documentation produced by the payload planning
groups including the 1973 Woodshole Conference (Ref. 5)

- documentation on generalized crew functions
developed in the course of Spacelab design
studies such as the April, 1974 Crew Functions
workshop held at JSC (Ref. 6)

* Experiment Specific Crew Function Data

- payload descriptions such as the SSPD level B
data sheets (Ref. &) and the NASA ESRO payload
summaries (Ref. 7)

- «c¢rew function data developed in the course of
payload accommodation studies such as Refs. 8, 9,
10, and 11 :

3.1 Evaluation of Present Functional Requirements Data

In_general) the documentation reviewed was not.foun& to prévi&e the
level of detail with respect te functional requirements neces%ary for-the
present study. Conversétions with persons involved in paylcad planning efforts,
however, suggested that such data would be availablerfrom the payload community

if systematically requested,

Several areas may be noted in which functional requirements data were

identified which are not available at the present time.

13



3.1.1 - TILevel of Description

The greatestllevel of detail noted in the review across a wide rahge_of
disciplines and objecfives was available from the 53PD (Ref. 4) level B
pavload deécriptibns. Ewen where specific payload designlog'accomodation
studies have heen undertaken, this level of detail was seldom exceeded. The
crew operations described in the SSPD level B sheets.generally deal with crew
functions as:

¢ Experiment deployment and set-up

e LExperiment operation

¢ Experiment termination and stowage
As will be discussed in a later section, this level of detail corresponds
to a first-level fléw for a single expefiment. For the purposes of the presént
investigation, however, descriptioﬁ of second-level flow for experiments is
‘required. The need for this type of data prompted the development of a gen-—
eralized second order operational sequence diagram as part of-the present
_effort. These second-level specific functions are reqﬁired for any méﬁ—mathine
allocation, activity, or control/display anélysés to be pefforméd in the -

course of Spacelab experiment hardware design. The course of man-machine

system design which proneeds from system objectives, to operational analvses, .

to hardware design requirements would not appear to obtain a firm basis from

mission analyvses which proceed only to the available level of defa{l;

3.1,2 = Crew Time Requirements

Closely related to the question of level of description is that of func-
tion completion time, The capability of performing valid crew size, élloca—
tion, and crew skill analvses rests on the availability of reqaired and obtaiﬁed
function duration data. In this context, crew timelié viewed as a resource as

are power, fuel, etc, Power and mass allocation for the Shuttle System have

14



been analyzed to some degree of exactness but the ability to study the allo-

cation 'of the crew time resource is gross in comparison.

It is necessary to distinguish between available and obtained time with

respect to the duration of some experiment function. Available time here
refers to the nominal expefiment timeline., In certain diéciplihes, the viewing
time for a particular celestial object or earth feature will be constrained
by Shuttle/Spacelab design features and by the parameters of the orbit. Such
constraints are external to the present effort since a variety of nominal
timeline planning methodologies exist (Refs. 12, 13). The present effort
addresses obtained time which is that required for a scientific crew of a certain
size, having certain skills, following certéin procedures,‘andrusing cértéin
equipment to successfully complete the experiment in question. Realization of
the goals of the experiment requires 1argely'that.required time and aﬁailaﬁle
time_coincide. Since required time depends on human performance, it will be a
statistical quantity. The impﬁct of this fact is discussed in Appendix I.’

| The time requirement data generally availakle appegﬁ‘t¢ deal largely with
available time.‘ Activity charts for thatssED iévei B data shéétéﬂ(Ref. 4) show
first-order crew activities with aésociated blbcks.of-timé. ;Tﬁese durations.r
are genérally estimates obtained from scieﬁtists yﬁo are"fam;liaf.with_gher
operatiaons in question, Generally, these oﬁeratiénal blccks.of.timg fit into
the available time.for the'repe#itive cycle of the experiment. Tﬁis méthod
implies that these time periods are additive, While it appears_obvious that
the time for a sequence of operations equals thé sum of the single operation
times, this appreach inVoives many difficulties as is shown in Appendix I.

Whether the given operation times represcnt average, maximum, or some

other measure of'oﬁtained performance time ié not made particularly gleé; in
the avallable data. The nature of these estimates taken as formal statistics

has a considerable impaét on the likelihood that the operation in question
15 '



will be completed within the available time. The variability of the time
required for an observer or team of observerg to complete an experimental
operation is not explicitly treated in the available data,.

A second time-related problem deals with the operator loading for a .
particular operation. It is difficuit fo determine from the currently available
data whether the operatioqs in question are éequential, iﬁ which case addition
of times would be appropriate within the constraints discussed in Appendix I,
or parallel, in which case a single observer could be carrying out two functions
during the same period of time, This uncertainty makes analysis of man loading
difficult. A tabulation of man—loading requirements f&r Pallet only missions
carried out during the present effort yielded ambiguous concluéions due to
uncertéinty about pafallel vs. sequential operafions.

VCurrently, the information available on péllet-only missions was notl
found to permit the types of analvses discussed in the cufrent report. fhe
data presented here represent an attempt to compare user requested on-orbit
crew size with fuqction performance times taken from the level B timelines.

‘The results are shown in Table 3-1 which Qontainé requirements for manloadings
and Qerivedlmanléadings. The first column of Tablé 1 sﬁows_user réquésted
manloadings as given in thg pallet—oniy lével A sheets of ééptember 13, 1973
{(Ref. 7). These figures are manloadings - numberlof men on duty during a
shift - not total crew size. It is assumed that 12 hour shifts are employed,
Column 2 shows corresponding figures for the April; 1973 userfs requirements
(Ref, 14) documents. Of the available data, one mission - A5-07-5 - Qas
reduced from 2 men to 1; The next 5 columns contain data from the Octobei,
1973 Level B Data Sheets (Ref. 4). ColuﬁnlB gives required_manloading based

on Ref. 4. Column 4 contains the sum of times to complete all tasks during
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TABLE 3-1. PALLET-ONLY MISSIONS - MAN LOADINGS

L1

1 2 3 4 5 . 6-

LEVEL 1 APR. 73 CREW MAN HRS./ OBSERVATION M.L.

SEPT. 1973 . USER SIZE OBSERVATION  _ PERIOD PER.

CREW SILZE RQTS PERIOD HRS,

@ 12 HR/DAY , '
AS-01-S 1.5 COOLED IR TELESCOPE 1 1 1 1.89-2.27 1.55 1.22-1.47
'A5-03-S - DEEP SKY SURVEY TELESCOPE 1 1 -1 1.50 , 1.50 "~ 1.00
AS-04-S © 1 M. DIFF. LIM UV TELESCOPE 1 1 1 1.50 1.50 1.00
AS-05-S  VERY WIDE FIELD GAL. CAM. 1 N.A. 1 1.50 1.50 1.00
AS-06-S  ASTR. FLUX CALIB. 1 N.A. . N.A. N.A. N.A. N.A.
AS-07-S  COMETARY SIMULATION 1 2 1 L747 727 1.028
AS-08-5  MULTI PURPOSE .5M TELESCOPE 1 N. A. - N.A. N.A. N.A. N.A.
AS-09-S 30 M. IR INTERFEROMETER 1 N.A. -1 1.85 1.55 1.19
AS-10-S XUV TELESCOPE 1 1 © N.A. N.A. N.A. N.A.
AS-11-S  POLARIMETRIC EXPERIMENTS 1 N.A. ~ N.A. N.A. N.A. N.A.
AS-12-§ METEQOROID SIMULATION 1 1 : N.A. N.A, N.A. N.A.
AS~13-S  SOLAR VARIATION PHOT. 1 - N.A.  N.A. N.A. N.A. N.A.
AS-14+S  1.M UNCOOLED IR TELESCOPE 1 H.A. N.A. N.A. N.A. N.A.
'AS~15-5 3 M AMBIENT IR TELESCOPE 1 N.A. - N.A. 2.04 1.55 1.32
AS-18-S - 1.5 KM IR INTERFEROMETER 2 - N.A. -2 1.85 1.55 1.19
AS-19-S 'DEEP SKY SURVEY 1 1  N.A. N.A. N.A. N.A.
'AS-20-S 2.5 M CRYO-COOLED IR SCOPE 1 N.A. 1 2.17 1.55 1.40
‘HE-02-S§  X~RAY IMAGING STUDIES . 1 1 1.80 1.50 1.20
HE-05-S  COSMIC RAY 1 N.A. 2 4.50 1.50 3.00 -
- HE-06-S = X~RAY/GAMMA RAY SURVEY 1 N.A. 2 7.50 1.50 5.00
LS-04-8  TELEOPERATOR , 2 0 N.A 2 1.63 1.63 1.00
SO-01-S  DEDICATED SOLAR SORTIE 2 N. 4
S0-10-S  HIGH ENGY SOLAR PHYS 1 N.A N.A N.A. N.A. N.A.
$T-08-S  INT. R.T. CONTAM MON. 0 N.A. 0 ,
ST-08-S . CONTROLLED CONTAM. REL. 0 N.A. 0 -
ST-12-5  ENTRY TECH. : 1 N.A. N.A N.A. N.A N.A.




a typical experiment cyclé based on the Level B timelines.. These data are

in terms of man hours. Column 5.shows the total elapsgd time;for one cycle.
Column 6 shows the ratio of man hours to elapsed hoﬁfs which is a derived man-
loading estimate. Comparisons of derived man loadings with ﬁequested duty
crew size gives an estimate of the need for additional crew members.

Among the astronomy missions some overload is indicated in 5 of the
missions for which derived estimates are available. Assuming that this intro-
duces the need for a second operator in the loop, the question of.location
arises. The present analysis does not discriminate between the Minimal Pres-
gsurized Module and the payload specialist station appr;ﬁch; In‘both cases,
required information both in terms of subport and scientific data would be
available in real time. The Level B and Level A sheets (Refs. 4, 7),7h6weyer,
generally assume that the excess workload ﬁill bé chfried Bng;ouﬁd B;éeéaﬁégégnf
-.nel. This approach increasés the data transmission requireﬁents if a ground
haséd crew member must receive support of sﬁientific data and issue up link
commands.

dne obvious problem is that cbmmupications-tracking isrlosﬁ dﬁfing a
portion of the orbit with the“Eﬁffently'availagle fracking network. -A time- -
line analysis of an IR astronomy missiﬁn peFforméd,by:ﬁé;thrqﬁ Serviceg, Iﬁ#.
{Ref. 12) yielded over 130 hours of observation using two IR téleseopes. With-
“gut relay satéllites, however, the total track time during the 7 day ﬁission
was approximately 76 hours. -Even assuming #hat observations éan be‘scheduled
during tracking periods, this places constraints on the sources that can be
cbserved. |

A common requirement across astronomy missions is fine pointing of the
telescopé; This function is assumed to be automated via use of a star tracker
system in the ievel B data sheets. The experience of the Aﬁes Research Cénter

Airborne Astronomy effort, however, casts some doubt on this meﬁhod. According
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to practiciné astronomers there, automated pointing is not an entirely satis-
fac;org mode. They dedicate a man fu;l time to monitoring the guidé telescope
field qf view via TV aﬁd controlling pointing in a manual mode. Their exper-
ence has been that observation requires constant adjustment of pointing to meet
experiment objectives. The astronomer monitors sensor returns and instructs
the technician te alter the'pointing in various ways including moving off the
source to record from the background. To the extent that this is also required
in shuttle astronomyrmissions, it adds a full.time or one man function to the
operation and such a function is not included in Level B data sheets‘(Ref. 4y,
This is an example of detailed functional information which is required but not
yet available. If this functipn ware alldcated to the ground personnel, trans-
mission lags in the data acquisitioﬂ system would seriously degrade performance
in controlling finerfelescope pointing.

The currently available data for astronomy missions suggest some problems
in functional allocation. The tradeoff is increased mass if the on-orbit crew
.is increased in size versus information transmission'compleﬁity and possible
performance decrements if additional functions aré;allocated to the ground.
' The functional analysis sugpgested earlier sﬁould berimplemenfed during thé
concept development effort to provide quantitative data for resolutioﬁ of

these problems.
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3.2 - Currént Status of Crew Requirements Definition

Tﬂe SSPD level B data sheets (Ref. 4) on each candidateVSpacelab payload
report estimates of crew requirements in terms of number, s#ill designation;
and hours requifed by skill for experiment setup, operation, and terﬁination.'-
To date the skill designations used in SSPD data sheets have comprised the
list of 23 skills described in the prior Essex study (Ref. 2). As indicated in
that report, the primary problems associated with the use of this list for
identifying crew skill requirements are: |

* fthe list does not provide for different levels of ékill.

* It does not include all of the skills required for different

Spacelab payloads.

It reflects different levels of emphasis for different disciplines.

It was based on a recognition of these problems in skill definition that
the ﬁatrix of skill réquirements was developed in the prior Essex study (Ref. 2}.
This matrix provides for differentiation of skills along thfee dimensions,
level of scientific skili, level of technical skill, and discipline area.
Three general crew roles are included in the matrixr(see figure 3-1)} which are
investigator, experimenter, and technician. |

During the current study Essex personnel have discussed the matrix
approach to skill designation with individuais responsible for the SSPD data
sheets (Ref 4). The result of these discussions is that the.data sheet updates,
currently in prepara;idn, will use the Essex designations for crew skills and
skill levelg for all payloads.

In order to deseribe the current approach toward crew requirements
‘definition the Advanced Technology Lab'payload 1 being defined by persomnel

of the Langley Research Center was selected. The ATL feprésents probably
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the most advanced spacelab payload ip terms of state of requiremenﬁs defini-
tion.' The laboratory .itself inco;porates a 20 foot long pressufized modulp
and a 20 foot pallet. An extensive listing of caﬁdidate experiments fcg

the ATL have been identified and are described in ref. 13. Based.on dis-
cussions with ATL personnel at Langley it was determine& that the packaging
of experiments into candidate paylbads had been updated from the information
reported in the ATL description (Ref. 13). The candi&ate experiments for
payload 1 (described as the most representative payload in terms of crew
requirements) and the crew requirements assdciated with these experiments
are listed in Table 3-2.

As indicated in this table a total of five different skill desigﬁations
were identified over the 13 different experiments (electreonic/optical tech-
nician, electronic/oppical scientist, microwave elegtronic technician, micro-
biologist, and any). The baseline ATL requires a crew of two, therefore
some combination of skills witﬁin each crew member will ‘be required.

The total man hours required for the setup, operation, and te;mination of
the experiments is 106.4. Of these, 13;58 are relégated to éet‘up activities
during the first mission day, and 5.33 are identified as terminétion activities
during the final (seventh) day. Therefore 98.15 mén hours are requiied for
experiment operation over the 5 day on-orbit, and 19.63 hours are required
per day for each of the five on-~orbit days. This results in 9.87 hours of
experiment operation per crewman per day.

The scheduling of crew time is such that functions are classified as
experimental and nonexperimental. Experimental functions inﬁlude setup,
operation, and terminaﬁion pf experiments. Nonexpefimental functions include:

* medical checks

personal hygiene
preparation of meals and dining
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Experiment

Microwave Interterm.
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Search & Rescue/Imag.;Radar,

Lidar Measure
Meteor Spectroscopy

Colony Growth

Transfer of Microorgénism"l

Elec. Character. of Cells

\

Special Properties of Cells .

Steam Generator
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No.

Crevmen

1
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ET
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optical .
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Elec/oPt.l
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Elec/opt.

- technician
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. Microbio.
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Crew Time
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Hrs Setup Operation
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35.3 3 .5 monitor
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4~5 ccntrol'
17,0 1.5 5 control
‘_.S.Q 2 1 control
4.5 2 .3 control
.5 .25 0
7 - 7
6.75 4 2.5
& - 4
- - 2
.33 .08 .16
.5 .25 -

Term.

Targets

.08

.25
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world
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NA

NA
NA
NA
NA
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. ATL system housekeeping

. mission planning

. sleep (8 hours per day, two men simultaneous)

One potential problem for ATL operation is the frequency and duration
of cormunication contrast between the orbiting ATL and the STDN gound statis—
tics. The average time over any site was about 7 minutés.and the average
number of passes over all sites was about four per day. Thé average total
- contact time with the ground was 6 hours per day or 25 peréent of total on-
orbit time.(ref. 13 ). Without the almost 100 percent.contact affofded byr
use of TDRss; it will be difficult to implement in the ATL the reccommenda-
tions/requirements generated at the Crew Functions/Payload Operation Workshop
(réf. 6 ). One specific requireﬁent which applies to Spacéiaﬁ—groun&.inter-‘
faces is that new or modified procedures should be entered into the coﬁputer
priﬁarily froﬁ the ground and that changes or updates of command sequences
.shopldAcomg from the ground. With the ATL dperatinglon STDNVtheré‘will be
pericds of up teo two hburs where contact with the groﬁnd_will nof be ppSsible..
This comstraint must be téken into éonéide?ation'when assessing the aliocéﬁion

of crew skills to the‘on—orbi; ATL or to the ground.
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4.0 GENERAL CREW FUNCTIONS APPROACH

4.1 - Generalized Experiment Flow

This séctiop describes the conceptual approach, developed in the course
of the study, to the préblem of collection of.the detaileﬁ f;nctional
requirements discussed in Section 3.0. The initial point of departure was
considered ﬁo be a generalized functionai flow diagram for Spacelab experi-
ment 0perations.' Such a diagram was devéloped in connection with a.previous
study (Ref. 2). The current éffort was devoted to‘updating the initial flow
based on revised payload data from the SSPD efforﬁ (Ref. 4), payload accomo- -
détion studies (Refs; 6, 8, 9, 10, li, 125 and discussions with Payload pianners.

The current effort which deals with crew operations is closely related
to the hardwére iiems béing utilized by the crew. At the general level of
crew functions which cut aerosé disciplines and missioﬁs, a generalized'
description or taxonomy of equipment rbased on functiéﬁgl ;héracteristiés.was
employed. For. this purpose,‘the actiﬁitiés inv0i§gd in épacelab experiment

" operations were viewed as a series of information transmissions within the

system. The flow of information is shown in Figure 4-1.

The labels for the various system elements of Figure_4¥l'are.def;né¢_if'

.below:

Experiment Hardware Categories

* Sensor - The class of elements which receive energy

directly from the environment.
Transducer -~ The class of elements which recode

Sensor outputs'into electrical or other signals suitable
for transmission within the system. '
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Displays — The class of elements which recode transmission
signals into energy sensible to the human observer.

Controls - The class of elements which recode commands by-tHe
observer to electrical or other signals suitable for trans-
misgion within the system.

" Recording System - The class of elements which produces a
permanent record of events and variable levels.

Experimental Apparatus - The class of elements which modify
the phenomenon of interest to match required conditions.

Phenomena ~ The characteristics, processes, or effects of
interest to the experimenter relative to:
* celestial targets
the earth, its atmosphere, & magnetosphere
samples, materials, or objects in or near the shuttle

Data Analysis Subsystem - The class of elements which carry
out transformations of transducer outputs.

On—-orbit operétions may be divided into three phases - deployment/set-up,
expefiment operations, and final termination. Since the present effort-
deals with experimental operations, launch and de—orbit activities are beyond
its scope and have not been dealt with.
The flow diagram for experiment operations details the performance of

one experiment. An experiment is viewed as divided into seven phases as des-

c¢ribed below & as shown in figé. 4-2 to 4-8. -Phase 1 Expefiment Selection -
ihis'phase involves specification of the next experimenf to be performed.
Experiment selection may range from simply consulting a prepared schedule where
the experiment is strictly pre—blanﬁed to ﬁodifying the entire sequence of
operations based on data already collected or the detection.of targets of
opportunity. Phase 1 also includes evaluation of modifications to the experi-

nent based on revised planning or equipment degradation.
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Phase 2 Enable Apparatus - The second phase involves operations necessary

to permit functioning of the experimental apparatus. This may involve

initial deployment uan arrival on orbit or powering up if the experimehﬁ
has been performed previously and the apparatus is in a deployed mode. The
enable apparatus mode may be the primary operation in a given expériment;

Lifé Sclences and Space Processing experiments typlfy this case since the
operation of apparatus is necessary to produce the phenomena to be observed;
Astronony and Earth Observationlmissions generally represent the opposite
extreme where né operations on the environment are required and passive
observation of ﬁaturally occurring events characterizes the experiment.

The exception to this generalization is provided by the cometary and meteoroid
simulatidns within the Astronomy aféa. These missions cleﬁrly involve the

use of experimental apparatus, as presently‘defined, to produce.the phenomena
to be studiéd.

‘Phase 2 may also involve assessment ofrapparatﬁs degradation which may
'resqlt-in a decision to IECycle the experiment operaﬁiop to Phase_l to
'evaluaﬁe.modifiﬁatipné or réscheduling due,to problems eﬁcﬁﬁptered during
- Phase 2, Alterﬁatively,'apparétusrmay_bé repairéd within Phaéé-Z Based on 7
the nature of the probieﬁ.rvPhase 2 fesulté in a go or ﬁo~go’state'concerning

only the functioning of the apparatus.

Phase 3 Enable Sensor/Transducer - Phase 3 involves operétions similar to

those of Phase 2 but directed to the sensor and transducer subsystems. As
in the case of Phase 2, Phase 3 can be considerEd-as representing either.‘
initial deéloymen; or experiment conduct. Sensor-pointiﬂg control is a key
feature of Phase 3. In Astronomy, High Energy Astrophysics, and Sélar

Physics experiments, sensor ﬁointing and source acquisition would occupy -
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much of Phase 3. Phase 3 would also include any transducer mode or calibra-
tion procedures and monitoring of test inputs. Diagnosis aﬁd repalr of sen-

sors and transducers would also be included on a contingency bases.

Phase 4 Enable Data Recording - Phase &4 involves enable and chgck—out'

operations similar to those of Phases 2 and 3 but applied to the recordiﬁg
system, Preparation for real-time data analysis prior to recording data as
inidcated in Figure 4~5 would be included in these operations. Phése 4
requires enabling and verifying the transfer of information to the recording
system. The case of photographic recording at-the.sénsor focal plane és in
the case of many astronomical missions pfesents some problems in the current
concept. This-case.might'better be considered as one where prepafatiqn for
recofding is included in sensor/trangducer set-up. The logic of Phase &
is considered to be equally applicable to data recording oﬁ board or real-
time transmission to the ground. Any contingenc§ repalr of the recorder
system woﬁld also be included in Phase 4. |

_Phases 2, 3, and &4 thus constitute sequénfial separéte g@/né_go decisions‘

for the apparatus, sensor/transducer, and recording systems. Go decisions

are required for the three systems in order for the experiment operation to

continue.

Phase 5 Verify Ready for Data - Phase 5 involves an experiment sysfem

integration checkout and verification of start conditions'fof ﬁhe experiment.
In Phase 5, the observer enables any required real‘time disp}ayé of
experimental data not enabled in previous phases. The écientific require-
ments for starting data recording are also verified during Phase.5. These

requirements include:
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. Sensor pointing, acquisition of the proper source, and
reception of required dependent variables.

. Experimental apparatus functioning in terms of independent
variables and their levels. ‘

. Support system operation such as cooled IR telescope tempera-
ture, ' T

. Verification of prior operations results.

Phase 6 Data Recording - Phase 6 entails real time control of experiment

subgystems to maintain the conditions achieved in Phase 5. The observer

may close the loop between data outputs and controlled parameters of the
experiment including apparatus operation and sensor pointing. Alternatively-
to or in conjunction with control activities, the observer may monitor the
experiment operation to detect off-nominal problems or satisfaction of the
criteria for stopping the exéerimEnt. The outcomes of Phase 6 are processed

either for recycling to modify the experiment or for termination of the experiment.

.Phase 7 Termination Sequence - Phase 7 involves the activities required.

following a decision to end the experiment béiﬁg performed. Phaée 7 mayr
apply either to interim termination within the repetitive cycle of an |
experiment or to final termination in preparation for deuorbiting; Phaée 7
is thus envisioned as involving various combinatiens of deactivatiﬁg or
securing apparatus, sénsorsftransduéars, and/or recording systems. Opera-
tions involving retrieving materials subjected to experimehtal manipula-
tiong as in the case of Life Sciences or Space Proceésing missions woﬁld.be
included in the apparatus subsystem termination. Film retrieval would be
included in the sensor/transducer and/or recording sysﬁem.operations. The
termination sequence might thus vary from switching off power te various

experiment systems to complex retrieval and stowing activities including
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such‘opérations as focal plane access and EVA,

A’ final aspect of termination would be data analysis and disposition .
of data; Tﬁis-migﬁt involve bn;line data analysis; data analysis in parallel
with.oﬁeratiqn of other experimeﬁts; coding of data for later analysis, or
various recording processes such as stowing recbrds or dumping fecordgd
datalto the ground.

The firast level flow of experiment operations discussed above proceeds
from initial set-up to final termination. ‘The single ekperiment gpproach
places the level of description at the paylead level. An experimeﬁt is
viewed liere as a set of operations involving a particular set of system
elements and resulting in the acquisition of certain sets of data. Itlis
not necessary that an eiperiment as the term is used here be unitary in
terms of scientific cﬁaracteristics: Seﬁérél phehbmena; independent vari-
ables; or dependent variables may be processed iﬁ parallel within a single
operational flow; An experiment as used currently defines some set of
operations; ﬁardware;“and resources5(sqch_as péwer or mathburs). The present
flow diagrams thus attempt an Opefatioﬁai rather tﬁan scienfifig;ﬁescription

of experiment operations.

4.2 = Level of Description of Flow Diagrams

The level of deseription of Spacelab operatiqns fefers to the amount
of detail available from a flow.diagram of the operations. What are described
ﬁerd as Level 1 and 2 diagrams refer to éxpe;iment opefations. These flows
are thus a breakdown of a larger flow element termed on—orbit coperations,
The level 1 experiment flow discussed above breaks the single experiment
into pliases wliich reflect the level of description available frdm the SSFD

Level IT data sheets.(Ref, 4). The correspondence between the present flow
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FIGURE 4-9. RELATIONSHIP OF fIRST‘LEVEL PHASES TO EXPERIMENT OPERATIONS FOR PAYLOAb AS5-01-5




process and the specific experiment operations given for payload AS-01-5,
1.5 Cryogeﬁi;ally quied IR Telescope, by thé Jﬁly 1973 SSPDVLevel‘B'
Requirements Data (Ref. 4), is illustrated in Figure 4-9.7 The levels of
description of the SSPD operations and the top level flow of Figure 4-9
may be seen to match'fairly well., However, the given operations do not pro-
vide time for Phase 1 planning and modification activities. Phase 2 activities
do not show up since the experiment is one invelving passive cobservation.

The approach to obtain specific expériment operétién flow data used
in the current study was to detail the secbnd level funcflons within the
Phases of Figure 4-2 to 4-8. The desériptors of these functions fqr a par-
ticular experiment éfe discussed in a later section., These seéond levei_
fléws assume considerable latitude for décisioﬁ'making and procedure ﬁodifi_
cation by the scientific crew during-an experiment, In cases where thié
._flexibility.is not included in the mission, the appropriateZfﬁnctions.ﬁéy*be
dropped from the flow model. .Thé sécond 1evel.fldw-diagréms thus,reprééént_‘
_én éttémpt to mddél thelfunctional redﬁiremeﬁfé of a Spacelaﬁ ekpé:imeﬁt.qt 
a éompleﬁeiy general level without feféfengé'to sﬁééific-missions or hard&éfe;

Some . of the-chardcféristics of the resulting flow network are_listéd below:

* Activities are represented by nodes in the network,’
Branches between nodes represent alternétiVe'patbs”andﬁ
putcomes. : i L

Time is utilized in completing the activities.

The duration of each function is assumed to be a random
variable, : :

The branching in the network may be probabilistiec,

40



. Estimation of the function duration and branching probabilities
of the network would permit mathematical simulation of the
experiment.

. The difference between the generalized flow for Spécelab experi-

ments and a sPec1fic experiment flow is that the latter involves
unique values of the parameters of the generalized network. '~

Activities-on-node - The general form of the second level network

involves activities as the network nodes. This feature 1s one employed in

many graphical methods including PERT charts and digital program flow charts.

" Alternative Branches - The arrows in the network represent the branching

logic. Branching may be probalistic as in the case of equipment malfunction
or may represent a logical decision process based on results obtained from
functions previously cdmpleted or other factors., The branching logic of the

generalized flow network is described in Appendix II,

Function Completion Time -~ The time consumed in completing a particular
function is not likely to be a constant value where human observers are
involved. Completion times for tasks performed by human operators are

characterized by a probability distribution which describes the likelihood

of completing the task after a specified duratiom.

Network Simulation - The network model is characterized by function

duration distributiomns and branching rules. Assqmipg that these can be
estimated, the Operations modelled by the network can be simulated to. deter-
mine the probability of completing the network within a specified amount of
time. The model can be varied parametricaily to study effects of:

. Crew sgize
. Crew composition and skill mix
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* Crew menber location-ground or on-orbit -
® Automation of some functions in the metwork
* nDesign studies to optimize the man-machine interface

Procedures

The present flow network model was developed to establish a teéhnique
for trade studies regarding the roles,_responsibilities, and performance of
man in Spacelab experiment operations. The generalized second level flows
represent a point of departure for development of specific experiment

netowork models and parameterization of these models.
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5,0 SPECIFIC EYPERIMENT CREW FUNCTIONS

The approach selected for obtaining functionel flow seeuences for
specific Spacelab experiments involves modifying the generaiized flow model
presented in Section 4.0 to feflect the operations and constraints of the
experiment in question, Doing this requires estimaﬁion‘of.a large number
of free parameters of the general model. These parameters or characteristics
fall into two classes. Network characteristics involve the'placement‘of
individual functions in the network and include: -

. Sequential order - the ordering of pﬁeses or of fﬁnctions-

within phases may differ from the ordering given in the
general model due to the nature of the experiment.

. Parallel operations - certain functions may be performed

in parallel or time-shared. In such cases, their durations
would not be additive. ' '

. Bfanching logic -~ the logical or random rules for determieing

the next function in the sequence may differ from the
branching provided in the gemneral model.

Functioe characteristics deseribe_the nature of tﬁe iﬂdividual fenct;oe
independently of its location in the network or its relatioe to other‘
fuﬁEEions. Network characteristics and functlon eharacterlstics may be
described by functions despite the fact that they are conceptually different.
The entire set of characteristics for one function in a'SPec1fic experiment
model are deseribed below.

The specification of function characteristics which will determine an
_entire experiment flow model presupposes that the funetions applicable to
an experiment can be listed exhaustively. This sort of listing has been

carried out for Spacelab experiments in the Life Sciences aréa (Ref. 15 ).

Currently, however, the available listing is discipline-exhaustive. It
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includes all functions which might be carried out for any Spacelab -experi-
ment. - The‘approach being described assumes that the functions tolbe performed
in a particular experiment can be listed. 'Givenrthis list, a complete o
network model would specify the. network and individual function characteris-
tics associéted with each function: ‘

5,1 - Function Parameters

The characteristics of a particular function include the following
classes of information:

+ Function Identification
Discipline
Payload/Experiment
Number & Name

. Criteria to Begin Function
Predecessor Functions Required
External Conditions Required -
Information Required '

« Criteria for Function Completion
‘ Possible Qutcome States
Decision Requirements
Action Requirements '
Accuracy/Available Time Constraints

. System Elements Involved
Experimental Apparatus
Materials/Expendables
Sensors T
Transducers
Displays : _
Controls o S e
Recording Systems - S I ‘=
Human Operators ' e
Investigator
Experimenter
Technician

. Branching Legic Based on Outcomes

. Performance Estimates
-Completion Time
" Minimum
" Mean
Maximum
Error Modes
Function Criticality
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5.1.1 - Function Identification

Function identification data serve to facilitate data processing.  The
current system is illustrated in Figures 4-~2 to 4-8, Each function in the
general model is assigned a name and asnumber., The number iﬁentifies the.
phase and a three digit function indicator. While it is not necessary thaf
the function indicator reflect the order‘of the function in the sequence,
it is convenient if it does. For this reason, the function numbers in thg
general model are incremented by ten to permit interpolation of additiomal

functions in the description of a particular experiment.

5.1,2 = Criteria to Begin Function

Predecessor Functions Required - Predecessor functions serve to des~

‘eribe the position of the function. in the network. A predecessor function

is one which must be completed in order for the function in duestion to
begin., A function which has one or more predecessors éanno; be started.until
these predecessors have been c0m§1eted. The'predééessor ﬁutput is necessary
for performance of the function in quesfion. If a function has no predecessors,
it may be started based on other start criperia. | |

External Conditions - External conditions include environmental and . -

other factors which have to be in specified states for the function in

question to be started., Where the crew has control of these factors, external
conditions may he satisfied by completion of ecrew control and menitoring
functions, Examples of external conditions which the crew does not directly

control include:

* Availability of planned targets or sources -
Target areas on earth - Earth Observations
Stellar sources - Astronomy

* Qut-gassing/contamination constraints
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« Targets of oppoftunity ~ Astronomy
. ~ ~ High Energy Astrophysics

+ Magneric field state - Plasma Physics

Much of the nominal mission planning carried out for a partiFular
mission will involve the factor of planned target availability} The
selection of orbital parametefs and launch dates to maximize viewing
oppoftunities is the primary goal of at least two efforts presently in
progress., One is the MASS (Manned Activity Scheduling System) (Ref. 13) which

-was developed by Langley Research Center and applied by Langley to scheduling
operation of the Advanced Technology Laboratory. MASS has been used to
analyze viewing opportunifies and viewing times for selected earth_tafgets.

A similar program appliéd to stellar sources is the AESOP (Automatic Event

.Prbgram - Réf. 123,

: Both‘effor;s deal ﬁith source évailability.in terms of the amount of
time that the éource in question is within the slewing capability of the
required sensor, These pfograms thus deal wi;h'scheduliﬁg observations to

‘ coincide with vieﬁing bppﬁrtﬁnities.  fﬁissztimiéed scﬁedulé ;é then

rincprporatéd into the mission tiﬁeliﬁe. -The'relationship.of the current

effort to these scheduling and timeline aﬁalyses is that the MASS and AESOP

prograﬁs addressrphé question of available time for the experiment operation
_in terms of the nature df'the'experiﬁent funétiqns, tﬁe size ané compositiqn
of the crew, and the procedures employed. "The availasle scﬁeduling programs
and the anlaytic methodoleogy being déveicped iﬁ the present effort compli-

ment each other in thét together they address both.timeline development and

likelihood of timeline realization or the probability that the functions

which comprise the observatien will be completed during the available time

for observation.
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Information Requirements -~ The crew member in a Spacelab mission is

viewed as receiving information as input, making decisions, gnd performing
actions as outputs. The informaﬁion requirements of.a ﬁarticular function'
are therefore starting Friteria for the function. The c?ew.member may need
numerical displays, pictoriél representations, discrete indicators, or
printed material to gain the information he needs to perform the function
in question. These information requirements are thus criteria for starting
a function. They must be adequately input to the operator for him to

accurately complete the function.

5.1.3 - Function Completion Criteria

Possible Qutcome States — Outcome states refer to functions ﬁhiqh may
terminate in more than one mode or result. For example, during closed loop
control of an experiment, the observer may have to decide,if a controlled
parameter is within a tolerance required by the éxperiment.‘ The general flow
model was.constructed to reflect function outcomes in fhe-b;anching_logic,
‘This may not be true in all cases, however.

Errors on the part of the operator a#e a form of alternative oﬁtcbme'

states. Where a function could be completed incorrgctly, this équld be

_ feflected in the branching logic if later diagnosis and.abti§n dh‘the part'”
-bf the operator can correct the error. If.the error would not be_ﬁetgcted,
however, this could be considered as a correct and incorrebt,oﬁtcéﬁe éﬁate
and, given suitable parémeter estimation, could, be. reflected in the measure
of success probabilities.

Decision Requirements ~ Many functions included in the generai model

require that the operator decide between alternative courses of action. The-

gset of actions, the information on which the decision is based, and the

47



rules and decision aids (computational or otherwise) for reaching a

decision constitute a procedural description of the function in question.

Action Requirements - Action requirements specify the‘nature and
required accuracy of the operatér output. The nature qf the zaction is a
primary driver of the controls and feedback displays which are utilized by
the operator. Action requirements may also include time constraints on the

completion of the individual function,

5.1.4 - Systém Elements

System elements have been described in Section 4.0. The nature of an
experiment peculiar function depends largely on the type of equipment being

used to perform the function.

Experimental Apparatus - Apparatus as used here refers to hardware used
to produce, modify, or control the phenomenon of interest to the experimenter,

Examples of apparatus are shown in Table

Materials /Expendables -~ Materials and expendabies in the experiment

-context referlto items such as specimens and their life subbort expendables
iﬁ the caée of ﬁife Séiences, cbjects to be subjected to experimEntal-mani-‘
pulations in the Space Processing area, and film in-fﬁe case of Astronomy.

Sensors - Sensors include the experimenthhardware ﬁhiﬁh receive energy
directly from the environment. Telescopes typify sensors.—

Transducefs - Transducers receive energy fromthe primary sensbr and
transform the energy to suitable form.for transmission within the Spacelab
-system. Instruments such as photometers and spectrometers serve as examples
of transducers.

Displays - Displays transform signals transmitted within" the Spacelab

to energy sensible to the human’operator. Displays are closely connected to
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.”iqformatioh requirements in that the primary data for role of man consideéa-
tions are the nature of displayed variables derived from the sensors, appara-
tus, transducers, and other system elements; The information received and
processed via displays is thus essential for the current effort. The physi-
cal nature of the sub-systems themselves are of lesser importance. |

. Controls ére the system elements whereby the observer issues 6utputs
which modify the operation of the experiment system. As in the case of dis-
plays, the primary data for the current effort involve the information aspects
of system control ~ the parameters to be - controlled by the observer.

Recording Systems - Recording systems refer to the system elements used

to produce a permanent record of the events of interest in the context of the
experiment, Data recording is of primary interest here in cases where the
observer and recording system are interactive in the course of the experiment
as would be required for data filtering or data compression.

Human Operators - The scientific observers inveolved in a particular

experiment are described inthe present effort in terms of discipline/specialty,
scientific skill level, and technical skill level. The role/skill definition

approach reported in Ref. 2 is employed for skill requirements description;‘

5.1.5 = Branching Logic Based on Outcomes

A second level deécription of a Spacelab experiment is unlikely to bé
linear or composed of a fixed sequence of functions. Since the ability of the
human observer to modify tﬁe experiment based on prior data or system degra-~
dation, to respond to phenomena of opportunity, and to selectively record
data is considered an importantraspect of operational flexibility, the opera-
tional sequénce.representing an experiment will show decision .points, branching

based on experiment outcomes, environmental events, and system element
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functioning, iterations and other departures from a linear task sequence.
Branching logic is therefore a feature of the single'fun§tion data to .

be input to the trade-off method. Branching logic Sp;cifies the next fuﬁc—

tion(s) to be performed upon completion of the current fuqcfion. ,Branching‘

logic also specifies the mechanism for choosing the next function ﬁhether it

is based on some logical decision process or takes place randomly in accordance

with some probability function.

5.1.6 -= Performance Estimates

Performance estimates comprise a set of function parameters having to do
with the impacts of observer capabilities and limitations on the performace
of the experiment system. Performance estimates include the following:

Function Completion Time - In order to deal with the statistical nature

of cbtained completion times, the function description inclﬁdes estimates of
the minimum, mean and maximum completion time stafistics.- The exact definition
of these quantities.is described in ﬁppendii I: The completion time statisf
" tics may alsoc be made conditionmal where they Qould be influencéd by obserﬁer
skill level, design features of the ekperimental hardware, external:cohdiﬁions,
ete,

Error Modes - Error modes are categories of human error whiﬁh would
impact realization of experiment goals. Where such modes of potential errors
exlst due to the nature of aspects of the experiment, they are incorporated
as either data degradation factors, or modifications to the Eranching rela-
tionships in the operational sequence. As in the case of complétion time,

error modes may be made conditional on observer and hardware characteristics.

~ Function Critiecality - Function criticality, although not a human

petformance parameter per se is included here since it represents an index

50



of the impact on exberiment conduct of failure to perform a particular
function or the occurrence of an error in function completion:'

The spetific function data outlined in the above discussion provides
the input data for the répresentation of a particular Spaéeléb experiment-.'
by an operational sequence diagram model. The data also permit parameteri-
zation of the model insofar as the function descriptors can be assigﬁed fixed
values. Where these values cannot be assigned, the corresponding pérameter
is assumed to be free and to be subject to exercise of the trade—off methodol-
ogy. Collection of function descriptor data for a particular Spacelab exper-

iment thus constitutes the step from the generalized flow depicted in Figures

4-2 through 4-8 to a specifie sequeﬁce-model for a single experiment,
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6.0 ROLE OF MAN TRADE-OFF METHODOLOGY

The methodology developed under the current effort représents a partia;
completion of the objectives stated in Section 2;0. The primary elements
resulting from the current effort include.:
| . A generalized flow model for Spacelab experiments based on

functional requirements

* A set of functional descripteor worksheets and accompanying
method for communicating functional data

Identification of an existing digital simulation program
capable of exercising the functional flow model and providing
data on experiment completion time and likelihood

The general flow model has been discussed in Sections 4 and 5. The

" functional descriptor approach is discussed in Section 5 and the details of
.data collection are presented in Appendix II. The computer program and

associated trade-off methodology is discussed in the remainder of this

section.

6.1 -~ Nominal Timeline Planning and Realization

Planning of nominal timelines is beyond tﬁe_scope of the present efforc.
This is due to the fact that for many missions, £he nominal planning is not
primarily driven by fole of man considerations. Nominal plamming is more
often constrained by orbital parameters and the coincidence of sensor envelopes
with targets of‘interest. The methodology for constructing planned observa-—
tional sequences is available in the form of several activity scheduled
programs as discussed earlier {(Refs, 12, 13). Given that the viewing‘
opportunitieé or other.physical constraints drive.the conétrﬁction of

nominal timelines, the question of timeline realization arises. That is,
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"Will the scientific crew, operating under soﬁe éliocation éf-the experim;nt
functionai requirements, complete the experjment within the time ayailable
under the planned timeline?" . Under the problem definition used here, the
determination of the role of man involves Specifyiug.role of man parameters
which will resui; in realization of the requirements of the nominal timeline.
The present approach invelves considering the entire experiment as a
sequence of functions or tasks to be performed by the scientific crew. The
determination of the probability of completion of the sequence within some
time limit specified by the nominal timeline is comsidered in detail in
Appendix I , This analysis shows that difficulties arise in summing indi-
vidual function times to estimate gptal'sequence times. Appendix I
discusses problems associated with ‘a strictly linear sequence bf tasks. The
problem is compounded if the"operational sequénce for a particular experi=
ment involves branching - éelection of following tasks based on random
procegses,(as in theruase of equipment dégrédation) or based on decision
logic (as in the case of experiment modification-resulting.from analysis of

prior data).

6,2 — Digital Simularion Program

During the course of the present study, a'compuéer ﬁrbgram was ldentified
which was desipned to simulate mission outcomes based on a modeling approach
involving graphical representation of a task network. The program, termed
System Analysis of Integrafed Networks of Tasks (SAINT), was originally
- developed to study aircraft crew performance (Ref. 16 = ). |
In the current context of Spacelab experiment operations, SAINT accepts,

as input, three major classes of data:
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* The network relatlonshlps between a series of tasks or functions
which comprlse an experiment .

* The descriptions of the individual tasks in terms of duration
statistics, likelihood of operator error, and task criticality

The descriptions of the available operators in terms of skills
{which determine the tasks an operator can perform) and skill
level in terms of speed and accuracy of performance

The specific crew function approach described in Section 4.0 is_designed
to provide the necessary input for SAINT data processing. Given suitable
input data, SAINT simulates the experiment operations as described by the
input data. Operators are assigned to pérform tasks in the order described
by the inpuﬁ data. When a task is pgrformed, a single sample of task duratiom
is drawn from the apﬁropriate.duration distribution via a monte carlo sub-
routine. The sample value drawn may be modified according to a model which
reflects operator skill, stfess, fatigue, level of -practice, and other factors.
The run terminates when the final task in the sequence is performed. Statis-
fics may be collected at any point in the network. These data indiéate total
ltime distributions, completion likelihoods, delays between.task coﬁpletions,
and operator utilization. To compile statistical éampleé of these ﬁarameters,

multiple runs of the experiment are employed.

- The basic SAINT model consists of nbdéé;‘;ébfééégfiﬁg tasks, and branches;
-indicating precedence and sequencing relationships among the tasks, which form
a network. Moving through this network are operators which perform the tasks
‘according to data peculiar to each task node and indi#iduél operator character-
istics and limitations. FEach task node has certain parameters. associated with
it.

* Preceding task completiens necessary for first initiation

* Preceding task completions necessary for second and subsequent

initiations
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. Specific distribution curve types and parameters for task .duration
from which samples are obtained. :
. constant .
. mnormal , T
.. uniform
. erlang (including expontial)
. lognormal
«» poission
. beta
. gamma . :
. beta fitted to 3 values ( as in PERT)
. constant equal to the parameter set number divided by
a scale factor
. triangular

« Task type

. single operator task - one operator may perform task

» joint operator task - two or more must perform

. either of two or more operators :

. equipment task

. cyclic task N

.. gap filler task
. Degree to which the task is essential relative to other tasks to be

performed during the mission. '
Statistics may be collected on any task during a simulation run. Both
graphical and numerical data may be obtained for each individual task node

and for the overall system network performance;‘

Branching between each task is of five separate fypes:ti

.'VDeterministic-—r Subsequent tasks afe performedlupoé completion of
thé task nodé unconditionally, ”

+ Probabilistic - Either.of fwolor more tésks.maylﬁe performed,
determined by the relative probabilities assigned to each outgoing
branch from the deterministic task node. The sum of all branches
must equal 1.0, |

. Conditional branching, take first ~ Upon completion.of the

present task, flow will be to the first succeeding node which has
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all other requireménts for task initiation complete.
* Conditional Btanching, Take all - Upon.completion of the present ﬁask

flow will be to all the succeeding tasks which have requirements for

initiation complete.

Modified Probabilistic¢ Branching -~ Same as probabilistic branching

except that the probability of the branch selected is increased by a

pre-determined amount each time it is selected.

Each operator is assigned specific characferistics which affecf‘the

performance of the task nodes. These‘inciude speed and éccuracy factors,

stress thresholds and goal gradiants;‘any or all of whicﬁlmay be bmmitted.

Once the SAINT .user has determined data relative to task nodes,

branching conditions and operator characteristics, preparation of an overall
system network is possible. SAINT allows modification of this network
during operation.

* Tasgks may be deleted, substituted, or added under uéer.specified
donditions.

Task parameters may be changed relative to distribution type,

probability or essentiality.

Operator charactgristics may be modified £o allow for efficiency
increaée through pfactice, stresses due to environmental factors,
time limitations or equipment failures.

All information concefning task nodes, branching, operator characteristics,
etc., are transferred to computer cards for input to the main SAINT program.
Using the symbology suggested by the SAINT simulation method facilitates
preparation of the data deck input as all data deck information is Immediately

available from the completed network.



At present, the SAINT source deck has been obtained and checked out and
1s operational at the NASA MSFC compﬁtation laboratory. Duriﬁg the néxtr
phase of the effort, data on specific crew functioﬁs for selected expériments'
will be input to SAINT taq permit quantitative determination bf role of

man parameters required to realize experiment goals,

6.3 — Exercise of Role of Man Methodology

The methodology developed during the present study is described in
Figure 2-1 which depicts the flow of the conduct of role of man trade-offs
for a specific Spacelab experiment or mission. The approach depicted is

performed via seven primary elements:

P N

¢ Collection-of'funct'onal requirements. data via the process described
in Section 5.0, i :

Construction of an appropriate operational sequence diagram for an
experiment or mission. : ’

Determination of role/skill requireﬁenté as desﬁribEd in Ref, 2.
¢ Develoﬁment of alloéation candidates based on ;hé abdve'steps}

. Preparation of SAINT input based on‘the-above stepé,

* - Conduct of SAINT data rums. o

* Trade studies using SAINT cutput to identify acceptable allocations.
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7.0 - CONCLUSIONS AND RECOMMENDATIONS

The present study was directed tcwérd development of a methodology for
establishing the role of man in specific Spacelab experiments. This objective
necessitated gome efforts to narrow down the concept of ''role of ﬁan" an& to
provide an operational def;nition of the role of man and of the procéss for
its determination.

The approach taken to this problem, as indicated in the present report
was to define the role of man in terms of functional allocation. The role of
man is considered to be defined by the functions or tasks he performs in the
course of a Spacelap:eﬁperiment. This approach has the advantage of providing
an analyticél appfbaéh to hrgw role dete;mination. Tﬁe view is taken here
that:crew time is a resource to be allocated to Spacelab experiments and opera-
tions nuch as would any otherrreéource; The methodology developed here pro-
vides an approach to obtaining quantitatife'indications of effects of crew
size and skills on experiment objectiverrealization;

.In the method developed here, thé fungfiénal'flow model'of*alspacelab
‘ experimént is the starting ﬁoiht. The-approach then requires éonstruction of
‘sevéral functional allocations. Theée allocationérvéry'in‘terms §f crew size
and the functions aséigned to each crew meﬁbgr. VProcessing these ailocations
via the SAINT program then yie;ds predicted meésures ofrtﬁe degree to which the
experiment goals are realized in terms of: |

. Experiment completion time

. ﬁ#periment completion probability

. Amount of data recorded

+ Degradation due to human errors
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These sta;istics can be expressed as effectiveness measures for the alloc;tion
candidate in question; The results of several allocations may then be cross
plotted to conduct trade studies. One obvious penalty of increased crew size
is weight. Since additional crew members result in a certain welght penalty
and a certain effectiveness level, this trade could be performed directly
from data output by the SAINT program. For a given crew size there will also
be an impact of variation in crew performance based on degree of training |
and cross training of crew members. One would expect this impact to decrease
as additicnal crew members are added. The maximum effectiveness level
attainable by training at a fixed level of crew size would be limited by the
workload requiremehfétof th%déxperiﬁent; If parallel or simultaneous
operations ére:invoi;éd, créS% traiﬁing would not address this ﬁroblem.

"Reducing the crew size for a pafticular mission would obviously entail
assignment of a wider range of tasks to each operator. The number and ﬁgture
_of these fﬁnctions would then be dire;tly translatable into training réquire-
_ments, Since training conteﬁt and‘extent wouid iﬁfluence ﬁiégion prepérg-,
tion. timé, a second crew skills tréde Eouldrbe‘cbﬁductgd-in-this area.

| "While the above discussion does not-exhaustiveiy list;;he ftade stﬁdies,

which could be performed baéed on SAINT output; it doés iﬁdicaté that‘thel
méthodology developed provides a direct approach to the objective of deter;
_mining aﬁtimum crew role determinations for Spgcelab experiments;

The method further indicates data requirements for quantitative study of
the ‘-role of man. As is-pointedlout in Sections 3 and 4, the application,of
the present methodology requires a greater level of detail on functional

requirements for Spacelah experiments. Since the conclusions reached by

application of the methodology rest on the validity of the input functional
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requirements data, the next step in the effort to define the role of man
should be collection of detailed fumctional requirements data.for selécted

payloads. The determination of the mature of the required data was carried

out during the present study. "
While the form of the required functional requirements data is well
understood, the question remains as to the spurce of such data. These data

should be solicited from at least three sources:
* Payload planners - The nature of the experiments to be performed

in terms of the operational sequence can be obtained only from

the working groups, principal investigaters, and cognizant NASA

and contractor personnel. These sources should be relied on

chiefly for precedence and branching data, required conditiom,

information, decision, and action requirements, and skill requirements.

NASA and contractor simulation data - At present, numerous experiment
simulation cperations. are being conducted and planned. These include
functional mockup efforts performed by payleoad planners, CVT simula-
tions conducted at MSFC, and the ASSESS program at ARC. Data from
these efforts should provide information on workload, completion

time and error variables - particularly where functions have not
previously been performed on orbit. :

Manned spaceflight experience - Where functions deflned for Spacelab
experiments are similar to those performed in previous manned vehicle
programs, data from debriefings and operational summaries should be
incorporated into the role of man effort.

Specifio conclusions redched during the conduct of the,ﬁréséof otudy
include the following:
. Loncluslons
* The operational defimition for determination of the role of man in
Spacelab experiments is a trade-off approach based on the effective-

ness of alternative allocations of functions to crew memhers,

The data necessary to perform trade studies in the area of role of
man are the detailed functional requirements for specific experiments.

* The detailed functional requirements data are not provided in the
presently available payload data summaries.
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Results:

. The detailed functional data for exercise of the methodology were de-
.  fined in the current study and appropriate worksheets have been
developed.- ' o ‘ .

. The next step in the effort to define the role of man should be the
collection of detailed functional requirements data from payload
planners, Spacelab simulation efforts, and manned spaceflight
experience. To accomplish this, the crew skills method of Ref. 2
were incorperated into the SSPD effort during the course of the
study. '

» Where possible, the conduct of Spacelab simulation efforts should
be structured to provide the data identified as necessary for the
role of man determination.

+ Based on suitable input data, thé methodology developed during the

current study can provide the performance data for trade studies
~in the role of man approach defined above.

61



10,
1.
12.
13.
14.

15.

REFERENCES

Mulholland, D.R.; Reller, J.O. Jr.; Heel, C.B., and Haughney, L.C.
Study of Alrborne Science Experiment Management Concepts for Appli-
cation to Space Shuttle -~ Volume II. NASA TMX-62, 287. Airborne
Science Qffice. NASA Ames Research Center, July, 1973,

Malone, T.B. Role of Man in Shuttle Experiment Payloads. Essex Corpor-—
ation, July, 1973.°

Poulton, E.C. Tracking Behavior in Bilodeau, E.A. (ed.) Acquisition of
Skill. Academic Press, 1966.

-

Space Shuttle Payload Definitions - Level B. NASA Marshall Space Flight
Center, July, 1973. '

Final Report of the Space Shuttle Payload Planning: Work1ng Groups
NASA Goddard Space Flight Center, May, 1973

Payload OperatlonfCrew Function Wbrkshop held at NASA Johnson Space
Center, April 16-18, 1974. ,

Summarized 'NASA/ESRO Payload Descriptlons. NASA Marshall Space Flight
Center. October, 1973. o

Space Shuttle System Payload Accommodatioms ~ Level II Program Definition
and Requirements. 'NASA'Johnson Space Center, December, 1973.

Spacelab User Implementation Assessment Study Rockwell International -
Space D1V131on - -

Crew Functions and Crew Stations for Support of Payload_Operatlons NASA
Johnson Space Center. January, 1974, :

Spacelab User Interaction Study, No. 74W—00044; IBM Federal Systems
Division. February, 1974, .

Fitzgerald, AL, Astronomy Experlment/Experlmenter Timelines Analy51s.
9240-73-219, Northrop Services, Inc. August, 1973.

Study of Shuttle - Compatible Advanced Technology Laboratory (ATL) ™X -
2813, NASA Langley Research Center. September, 1973.

Sortie Lab User Requirements. NASA Marshall Space Flight Center, April,
1973.

Life Sciences Payload Definition and Integration, General Dynamics, July
1974, August 1973, March 1972, .

62



16. Pritsker, A.A.B., Wortme.; o B,, Seum, D.C., Chubb, G P., and Selfert,
D.J. SAINT: Systems Anal, Tia nf Integtated Networks of Tasks.
Aerospace Medical Research Labd~esrayy, Air Force Systems Command,
Wright Patterson A.F.B. August, 1973. ‘

63



