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1. INTRODUCTION

This Executive Summary represents an iniltial report and briefly
covers the highlights of the ASSESS* IT Project. 'The report is in three
main sections, The first parts cover factually, without analysils, the
background, project organization, and project implementation. These first
parts are intended to serve as backpground for the last sectilon which
presents results and brief evaluations of major issues and activities of
particular interest in Spacelab planning.

Information for this report was obtained frow the records of a team
of observers, a general missilon debriefing, interviews with participants,
and the mission documentation. NASA and ESA personnel joined in prepararion
of this report immediately following the close of the mission.

2. THE ASSESS PROJECT

The ASSESS II project was a detailed simulation of Spacelab operations
using the NASA/Ames Research Center CV-990 aircraft laboratory (Fig. 1) to
represent . he Shuttle carrier and Spacelab pressurized module/pallet
combinat lca to carry a complex payload of experiments in a manner similar
to that planned for the Spacelab era, The project was carried out for the
benefit of Spacelab planning to identify and analyze cost-effective techniques
for addressing management and operational activities. It was a cooperative
project bebtween NASA and ESA with payload and f£light responsibilities
assigned to those organizations which have been given those responsibilitiles
for early Spacelabs,

The project covered a period of approximately eighteen months from
initial approval to flight, and studied the full range of Spacelab-type
activities including:

- Management Interactions

~ Experiment selection

~ Haxdware development

~ Payload integration and checkout

- Mission Specialist (M/S) and Payload Specialist (P/3)
selection and training

- Mission Control Center/Payload Operations Control Center
interactions with ground and flight problems

- Real-time interaction during flight between Principal
Investigators (PIs) and the Mission Specialist/Payload
Specialist flight crew

~ Retrieval of scientific data and analysis

* ASSESS is an acronym for Airborne Science/Spacelab Experiments System
" Bimulation. A 1list of other acronyms and abbreviationg is given on .
rage 44,
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3. DBAUXGROUND AND ORGANIZATION

3.1 Misslon Background

The ASSESS Program was initiated by the AirLorne Science 0ffice (ASO) at
NASA/ARC to identify simplified low-cost techniques used by ASO in
integrating and carrying cxperiments aboard airborne laboratories which
might be applied effectively to Spacelab. BSeveral ASSESS missgions to
simulate Spacelab operations were conducted prior to ASSESS Ii including
one NASA/ESA joint mission aboard the CV-990 in 1975 (refs. 1 and 2).

A decision was reached in late 1975 to conduct ASSESS IT as a joint
misslon sponsored by NASA Office of Applications (0A) and Office of Space
Flight (OSF)} together with ESA. Operarional costs were shared. Experiments
from the U.S. were totally funded by NASA, while in Europe the basic
experiments were funded nationally with ESA providing funds to interface
the experiments into the ASSESS Mission. It was agread to involve planned
Spacelab management elements te test and evaluate interface activitles.
MS5FC was assigned responsibility for the payload and appointed a Mission
Manager, KSC was given responsibility for Launch Site Payload Processing,
and . J5C was assigned Flight Operations—-all working closely with ARC where
the eireraft was stationed and where the final intepration and flight
phase would be conducted, In Europe, their payload responsibility was
assigned to ESA/SPICE,

The misslon received f£inal approval in March 1976 and “luunch"
occurred 14 months later on May 16, 1977.

' 3,2 Mission Objectives

a) Science related
- Evalvate experiment selection procedures
‘= Evaluate participation of PI in mission planning and
implementation, and utilization of an Investi:tors’
Working Group (IWG) chaired by a Mission Sujoni..st
- Maximize science data

b) Management
- Study proposed NASA and ESA/SPICE Spacelab payload

management concepts and interface relationships

=~ Bvaluate Mission Manager, Missi 1 Specialist, and
Payload Specialist roles in mission planning
and implemencation

¢) Analytical Engineering and Mission Planning
-~ Evaluate the methods and effectiveness of performing
analytical system engineering, mission flight
interface definition, and interface control.

d} Payload Specialist Selection and Training
— Evaluate methodology of Payload Specialist selection
and training
- Determine practicability of a PI as a Payload Specialist

3



3.3

e) Mission Speciallist Selectlon and Training
- Evaluake the Mission Specialist responsibilities concerning:

1) requirements for managing and operating the
expeviment support equipment

2} in-flight coordinacion and integration of the
paylnad operations

£) Ground Operations
- Tdentify ground operations and testing requirements for
cffieient experiment integration and eheckout
=~ Evaluate Mission Speclalist, Paylead Specialiss, and PL
involvement in experiment ground operations
- Understawd and paln an appreciation of integration
activities pertinent to Spaceleb payloands

g) Mission Planning and ¥lisht Operations
- Assess methods and degree of veal-time experiment/mission
planning for Spacelab missions
- BEvaluate concept of proxy operation and mainteénance of
experiments by P/S during fligh: opevcatilons
-~ Evaluate POCC concept and ocperating proneduras

h) Decuwentation
= Develop and evalunte minimum cost documentation approach
consilscent with Spacelsb payload requirements

Pratfect Guidelines

Major ASSESS II project guidelines were as follows:

Maximum Spacelab reality within funding limits and the ldiui%stions
inberent with aireraft operation

Ten-day mission with payload c¢rew confined to the alreraft and
eontiguous living quarters with one aireraft flight planned
for each 24-hour perlad, The total of the aipreraft £lights
and confined periods between flights te represent a single
Spacelab miszion

Payload crew to consist of two European Payload Specialisca to
operate the ESA experiments, two U.S. Payload Specialists to
operate the NASA experiments, and one Mission Specialist.
No cross-tralning between NASA and ESA experiments except for
the ESA medical experiment involving all Payload Specialists

Communications with the ASSESS Spacelab crew Lo conform to actual
Spacelab communications procedures ag far as practicable,
Communication te be established between the ground and the
alreraft throughout Elight periods

Centralized experiment control panels to be provided in the aireraft

- The sircraft flight crew (pilot, copilot, navigator) not to be

ineluded in the simulation exercise

]

= A few unconstrained personnel (called ghosts) to participate in the

flights to assure continuous operation of basic alrcraft systems _
- that were not designed for operation from the centralized contxol
pdnels

6



3.4 Mission Manapement

3.4,1 Mission Steering Group (MSG

An MSG was established at the beglnning of the project with representatives
from every major patticipating organization. The MSG was unique to ASSESS,
and is not planned for Spacelab, The participating NASA Headquarters
" program offices were represented alonp with MSFC, JSC, K5C, ARC, and ESA
Headquarters and ESA/SPICE. The MSC was cochaired by representatives from
NASA/OA and ESA/SPICE. Four meetinpgs were held.

Functlons of the MS5G were to provide overall gui-.ave to the sivmulation
in ordor to achieve maximum benefit for Spacelab planning. Accordingly, the
485G established the mission puildelines and provided an overall management
forum for resolution of inter-center/agency responsibilities.

3.4.2 Monagewent Structure and Responsibilities

Figure 2 shows the management structure, which, with the exception of
the MSG, corresponds closely to that planned for carly Spacelab missions.

3.4,3 Mission Selentist and Investigator Working Group (IWG)

A Mission Selentlst, along with a Deputy Mission Sclentist, were
appointed by MSFC. ESA also appoilnted a Mission Scientist from ESTEC.

An Investigators' Working Group (IWG) was established early in the
ASSESS II Project, and was made up of a PI from each experiment, The
Mission Sclentist from MSFC chalrved the IWG with the ESA Wission Sclentist
a8 cochgirman., Funetions of the IWG were to provide a forum for PI
discussion and to make recommendations concerning science plans and
priorities for the mission. WNASA and ESA IWG members provided
recommendations to their respective managements for Payload Specialist
selection. Two meetings were held,

3.4.4 Mission Speciulist (M/8)

The Mission Spccialist, from the scientist astronaut proup at JSC,
was recommended to the Mission Manager and approved by the Program Hanager.
A second Scientist Agtrunaut from JSC wag appointed ko serve as backup.

The Mission Speciallst wos regponsible administratively to JSC, but
- . functionally reported directly %o the ASSESS II Mission Manager at MSFC.
1 The role of the Miesion Specialist for ASSESS II was established as follows:

~ To act as the in-flight alter ecgo of the Mission Manager and to-
by generally responsible for ceoordination and conduct of
combined payload operations during flight

- To be the single interface between the Payload Speclaliste and
ST5 flight crew (pilot/copilot)

~ To be responsible for all aircraft experiment—support systems
such as power distribution, central data systew; ete.

5
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- Upon approval of the NASA Program Manager, to be trained to act
as a Payload Speclalist and operate experiments during the
flight mission

~ Tp work with the POCC, MCC, Payload Specialises, and Flight
Commander (Pilot) to solve in-flight problems caused Ly
equipment failuves and/or Elight conditions leading to
changes of science ¢ fyiorities

3.4,5 Payload Specialists (P/S)

_ NASA sclected two P/Ss Erom JPL, ‘Thirty=ihree P/S nominations were
submitted, 31 of them from JPL. To reduce training and travel costs, NASA
assigned the Assistant Mission Manager from MSFC as the single backup P/S,
who thus served a dual role and divided his time between misslon management
actlvities and ¥/S training. ESA selected four P/Ss: one from the University
of Southampton, one from the ESA Space Sclence Department, and twoe from DFVLR,
A dozen candidates applied, The FSA plan was to appoint two as prime P/Ss
and two as backup, In reality, ESA decided, with NASA Program Manager
concurrence, to change one of the P/Ss during the wission flight period so
that three of the ESA P/Ss participated as payload [light crew members.

" The Payload Specialists reported administratively to JPL and ESA
respectively. Prior to arrival at Ames, they reported manaperially to
the MSFC Mission Manager and to the ESA Payleoad Manager respectively,
After arvival at Ames, they were ilntegrated into the mission management
team, In addivion to their flight role, they actively partieipated in
the ground operation and test phase.

3.5 Tlight Payload

Experinments selected for the ASSESS 11 payload are glven in the
table on the next page,

Some elements of the payload waere congidered to be experiment support
"~ devieces analngous to Spacelab experiment support systems to be operated by
the 5TS organization. These included alrcraft provided systems such as

the experiment powew distrlibution system, the ADDAS data handling system,

a water vapor overburden radiometer, and two gyrostabilized mirrors.

Most: equipment was mounted in or on standard CV-990 equipment racks,
Experiment control functions, except for the IR telescope, were centralized
in five Spacelab-like racks which were grouped in the forward area of the
.aircraft for operstion by the Payload Speclallsts. Figure 3 shows the
payload in the adrcraft including these control racks.



EXPERIMENTS FOR ASSESS II MISSION

QRGANIZATION

ESA Experiments

Observatoire de Paris, Meudon,

France; Max PlaonckInstituc,
Garching, Germany; University
of Groningen, Netherlands

University of Southampton,
England

DFVLR-Oberptaffenhofen,
Instieut £ Physik der
Atmasphilre, Germany

DEVLR-Bad Godesberg,
Institut £, Flugmedizin,
Garmany, and NASA/Ames

Observatorio de Capodimonte/
Instituta de Physica,
Firenze, Italy

ESA/ESTEC

NASA Experiménts

URTE -

R

oy

NASA/JPL
NASA/JPL

NASA/JPL
NASA/LaRC

NASA/GSFC

4

INSTRUMENTATION

30-cm open port telescope
wich TV tracking, IR
Photometer and Fabry-
Perot Tilting Filter
Spectrometer

Image intensified
integrating TV camera,
near IR

LIDAR (Light Emitting
Detection and Ranging),
1 ym

#hysiological egensovs

Michelson Interferomater,

sub mm

EMI measuring equipment

Two synthetlc aperture
radars = X band and L
band

Microwave limb sounder,
167 GHz

Laser Absorption
Spectrometar, 10.6 um

Infrared heterodyne
radiometer, 10.6 um

Swept and fixed band
radio recelvers
VHF & UHF

MEASUREMENT

IR ldne spectroscopy
and

IR galactic cold cloud

temperatures

oH Alrglow wave
structure

Concentration of
scattaring acrosols
in atmosphere

P/S medical reaction
to time and stress
changes

Chromospheric
temperature

EMI characteristica
of aircraft systems
and paylead

Radar terrain maps
for earth resources
feasibility study

Spectral lines of
trace gases in
atmosphere

Atmospheric ozone
concentration

Atmospheric ozone
concentration

Monitoring of
selected communication
band usage
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f. MISSION IMPLEMENTATION
4,1 Genoarnl

Figure 4, on page 11, shows the overall project schedule., Experiment
preparation, integration planning, Payload and Missicn Specislist selection
and training at PI facilities, f£light planning, and other associated
activities took place over the flrst 10 months leading to integration
of the European experiments at ESA/SPICE in Germany beginning in January
1977. System Level Payload Integration at ARC started in Mareh, and
required about a month, Launch Site Payload Processing on the alreraft
also required a month, and ended in mid-May. The simulated Spacelab
flight began on May 16, 1977, 14 months after final projecy approval,

4.2 Experiment Selectlon and Funding

European experiments were selected by ESA in April 1976, following
an Announcement of Opportunity. Funding of these experiments was handled
on a national basis with ESA adding necessary funds to support the activities
peculiar to the ASSESS II Spacelab simulation.

NASA/OA decided initially to select experiments from their ongoing
experiment proerom, and a baseline group comprised of five experiments
was approved ' Mwy 1976. Because of shortness of time, QA emphasized the
selectior of wxperiment prototypes destined for the Spacelab era that
had previously flown on the CV-990 alreraft. It was also recogalzed that
wne or two experiments might have to be dropped Erom the baseline because
of development or funding problems. Iteratipns within NASA/OA delayed
full solidification of the NASA payload for several months:. TFunding was
finally distributed in December 1976, except for one experiment {(from
GSFC) which, beecause of special approval requirements, was not authorized
and funded until February 4, 1977, the last day Program Management agreed
to accept the experiment with any chance of success. '

4.% Investigator Requirements Document (IRD)

The IRD form was prepared by the MSPC Mission Management staff with
a plan to cover, in a single document, all experiment interfaces for the
project from hardware and data interactions through POCC and flight
requirements. One IRD form was sent from MSFC to each experimenter,
followed by visits of system engineers £from ESA and NASA to each experimenter
in June and November, 1976. During these visits, the PIs were assisted
in filling in the requested information by the visiting engineers. At
the close of these visits, the IRDs had been filled in to the extent
possible at that time. No further effort was made to complete the IRDs
after November 1976. Open items still remaining following the second
round of visits were individually handled directly between the PIs and
cognizant project management personnel.

10
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o Analytical Integratlon '

Two formal analytical Iintegration efforts were conductcd at MSFC
in July and December, 1976, utilizing information from the IRDs. The
first sesslon was organized incto three basie groups to address Ground
Operations, Flight Operations, and Payload Configuration., Many <etails
were not available at that tlme, which permitted only gross planning in
several areas, The iniltial look at Elight operations did establish that
it wag possible to meet nearly all experiment objectives,

The second analytical integration at MSFC updated [light pinng,
arrangements for the POCC, and the alreraft configuration. Continulng
changes in experdment configuration and coordination of data interfaces
were handled by telephone and letter directly with ARC. Flight planning
was ilterated among MSFC, JSC, and ARZ throughout the pre-flight period.

4,5 Investipator Worlding Group Accivities

Two meetings of the Investipgator Working Group (IWG) were convened
immediately following each formal analytical integration activity in July
and December, 1976. The ING identified complementary science objeaztives
and negotiated seience scheduling and target allocatlons for £light
planning. Analytical eaglneering results, mission plans, and schedules
were presented to the IWG for discussion and dlteration. The IWG also
made recommendatlons regarding P/S selection,

4.6 Payload Specialist/Mission Specialist Selection and Training Activities

Buropean P/S candidates were submitted by the partisipating PIL organi-
zations, DFVLR, and ESA. Screening tests were conducted on candidates for
ESA by the DFVLR Institute of Aviation Medicine and the Lufthansa Medical
0ffice for Flight Personnel, These tests were based on erdteria for airline
flight engineers. Using the results, ESA management, with recommendation
from the European IWG members, selected four P/Ss to participate in
ASSESS IT--two to be later designated as prime, and two as backup.

In the L.d., the single P/S nominations from GSFC and LaRC were
withdrawn, leaving 31 from JPL, where laboratory-wide advertisement had
-peen conducted. JPL narrowed their nominations to two candidates who
met the payload operator requirements issued by MSFC. The Assistant
Mission Manager from MSFC was designated to serve as ‘the sole backup
P/S for U.S. experiments to save training and travel costs. These
three were accepted by the IWG and mission management.

P/S training generally consisted of about one week of classroom-type
training with each PI plus an additional two weeks of hands-on training
wlth the experiment equipment at the PI laboratory. For secondary experiment
assignments, they received only about one week of hands-on training at the
PL laboratory. This hands-on training varied, since the schedule of single
visits to the PI laboratories found the experimenter equipment in widely
varying degrees of completion. The M/S did not visit the PIL laboratories,
but he did observe and train on aircraft experiment support systems on
earlier CV-990 flights. Also, the U.5. P/Ss and- the M/S participated in
some of the analytical dntegration process at MSFC.

12
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Further valuable training occurred during P/S and M/S participation
in the payload integration process, The ESA P/Ss and the M/S (part-time)
partieipated at SPICE in Europe in the ESA/SPICE integration and
gimilated mission operation of the European installed instruments. All
P/58 and the M/S participated (both interface and payload operation) in
System Level Payload Integration and Launch Site Payload Processing at
ARC. During this period, the NASA P/Ss received their training on the
medical equipment,

4.7 Integration of ESA Payload in Europe

ESA brought all European experiments together at LESA/SPICE
(Porz-Wahn, Germany) for centralized integration of their portion of
the payload. Activities at this centralized site during the period From
January 15 to March 15, 1977, included:

- Completion of experiment development and integration

- ESA acceptance testing

- EMI characterization and corrective action where neressary
- Flightworthiness verification

= Development and integration of experiment softwars

~ Experiment integration on system level

~ Interexperiment compatibiliey testing

- Mission Simulations

~ Training of £light and ground support personnel

As part of the ESA integration activities, a CV-990 mockup was
constructed (Flg. 5) with DFVLR support. Features of this wockup
Ineluded flight crew living quarters and power and data handling
support systems. In addliticn, a remote POCC was provided.

The integration activities were performed under ESA management by
PI teams and the P/Ss, supported by DFVLR technieians. TFurther support
was provided by an ARC safety engineer and a contraet data processing
engineer. - ESA management invoived in tids integration were also very
active in the Later phases of the project at ARC. Experiment hardware
was upgraded where necessary to meet flight standards, European payload
level P/S training was completed, and operational timelines and procedures
were exervclsed and consclidated. In addition, the interaction between
the payload flight crew and the PIs on the "ground" was developed and
practiced during simulated flights.

4.8 System Level Payload Integration (Level IV Integration)

System Level Payload Integration was the initial payload activity
at ARC and accowplished total hardware and software integration with the
“Spacelab" interface elements. This was the first time the entire payload
came together. Both NASA and ESA provided compatibility and mission
simulation testing and payload crew integrated training. The integration
was performec: using a combined NASA/ESA checkout team under the direction
of the MSFC Ground Operations Manager with full participation of the PIs
along with the P/So and the M/S. This approach was analogous to the MSFC plan
For sysrem ievel payload integration of the Spacelab I payload,

13



System Level Payload Integration was performed on the hangar floor
{independent from the sircraft) using a Payload Checkout Unit (PCU) to
simulate the onboard interfaces with experiments, Figure 6 shows a
photograph of the integration layout., The experiments and associated
cabling were arranged approximately like the planned flight configuration.
The PCU fed simulated carrier housekeeping signals to the experiments and
also ipterfaced data outputs planned for data handling on the aircrafe.
Principal activities included:

Experiment preparation by the experimenter

Physical/electriecal integration with the PCU

Experiment checkouts, calibrations, alignments,
and software verification

Experiment/PCU functional and compatibility tests

A Simulated Mission Sequence Test

Flightworthiness veriiication

i

Prior to experiment connection to the PCU for initiation of checkout,
each PI listed his instrument status with identification of all known
problems,

U.S. experiments were sequencially integrated upon delivery during
a 10-day period. European experiments, which had been through an integration
and operation seéquence at ESA/SPICE, were delivered together and were
integrated as a group within a short period (4 days). Combined NASA and
ESA experiment integration and testing required an additional 1% weeks.

Experimenters and their staffs, along with the P/Ss and ARC technicians,
performed hardware and cable installation of the experiments. Integration
activiti~ were conducted uging MSFC system checkout proccdures which
incorporaic. individual PI generated experiment test sequences. MSFC
imposed a uniform work control system for all integration activities of
the payload checkout team which had the following features: jdentification
of problems, authorization and scheduling of all test and problem-solving
activities, certification of all tests and problem corrections, and a
complete log of open and closed items. After an experiment was integrated
with the PZU, the PI worked on his experiment as required using the work
control system. The PIs were requested to keep a log book to record
activities and changes in their hardware.

The schedule was closely tracked using daily meetings to identify
open ltems and to schedule all activities. Single shift operation was
planned, but extensive calibrations (not previously requested by the PLs
for system integration), combined with experiment and data interface
problems, necessitated daily overtime and weekend operations.

At the end of this integration task, WSFC, supported by each
experimentex and ESA management, certified the payload to KSC with
identification of equipment status and all open items.

14
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4.9 Launch Sice Payload Processing (Level IIT/IL/I Integration)

. Launch Site Payload Proeeasing wis managed by KS5C and involved
installation and checkout of the payload in the alrcraft, preparatory
for flight. Activities included: experiment installacion,
experiment/aireraft iuterface verification, experiment testing and
calibration, compatibflicy test, misslon sequence test, an all-up
Integrated Mission Simulation, and final preparation for launch., The
entlre process was completied during a four-week peviod by a team composed
of KSC, ARC, MSFC, the M/S, P/Ss, and experimenter personnel,

Experiment installation was completed during the first two weeks and
involved a number of changes due to incomplete analytical integration
Informazion and several chanpges in PI recuirements., These changes were for
incredased testing and calibration onboard the ailreraft, which waere beyond the
requirements initinlly identified in the IRDs, and they were approved to
maximize the science return. A single-shift schedule, gimilar to the Level IV
integration plan, was planned for launch site processing, but daily and weekend
overtime work was required to maintain the schedule and meet the flight date.-

Significant features of the activity onboard the aireraft were the
congiderable amount of experimental testing found to be necessary to insure
achievement of payload objectlives and the large number of hardware and
software problems encountered during experiment operations.

All onboard activities were conducted under a uniform work control
system In which all tasks were planned, scheduled, and documented, The B/Ss
represented the Pls amtl were responsible for experiment integration, testing,
troubleshooting and repair, with the PIs being ecalled in when necessary. The
responsibility for any work internal to an experiment remalned with the
experimenter. A formal stowape list was prepared, including a flight data
file, tools, test equipment, materials, and spare parts. All items were
placed aboard the aireraft similar te preparation for space [light.

An Integrated Mission Simulation was carried out on May 5 and 6 as
a [inal checkout and training exercise. This was a full-up dress rehearsal
covering a continuous 31l-hour period and involved the payload crew (in
confinement), the Pis, the MCC/POCC staffs, and management personnel.

At the completion of launch site processing, a Flight Readiness Review
was held at which KS5C certified to the Mission Manager that all payload
requirements had heen completed ready for launch.

4.10 Mission Control Center and Payload Operations Control Center (MCC and POCC)

An MCC was established at Ames and was operated by JSC, with support
from ARC, to manage aircraft flight operations. An MCC Flight Operations
Director from JSC was in charge of £light planning activity and real-time
communications with the aireraft flight crew relative to implementation of
the flight plans or any changes dictated by flight constraints or payload
requirements. The MCC and its operation were a very abbreviated
‘representation of that planned at JSC for che more complex arrangement
for interaccilon with Shuttle.
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‘The POCC at Ames was organized and operated by MSFC in a manner
similar to their plans for Spacelab I. They staffed the POCC with a
Payload Operations Director, a Payload activity Planner, and an Operations
Coordinator, along with the Mlsgion Scientist and a representative from
each experiment., Volce communications were provided to malntain contact
throughout the Flight mission among all clements of the POCC, with the
payload erew, and the MCC. The only additional communication links were
a video downlink and a text uplink similar to the system planned for carly
Spacelab [lighets and operated by the MCC.  In the POCC, the Mission
Scientist coordinated the PI sclence requirements and seience communications
with POCC management and the paylead flight crew. Additional separate
facllities were provided close to the POCC operations area for PI conferences
and data analysis,

POCC operations eonsipted of:
- Updated payloand planning on a daily basis
~ Briefing of the payload flight crew for each day's activities
- Communications witvh the pajyload crew to address prohlem areas
and coordinate decisions with the payload crew
-~ Dally operations debriefing
=~ Quick-look sclentific data analysis by the PIs

4.11 Conduct of the Flight Mission

Nine alreraft flights (data~take periloeds), totaling 53 flight hours
in nine successive days, were carried out to represent a single Ypacelab
mission. The M/$ and four P/Ss were fully confined to the aircraft and
living quarters throughout the entire period. Preestablished timelines
for P/S preparation and operation of experiments were used as baselines
for pre~-data-take periods and data-taking operations of the payload.
Daily briefings and debriefings were conducted before and after data-take
periods from the MCC for flight operatdons and from the POCC for payleoad
operations. As the flight proceeded, payload problems and flight
conditions necesgitated real-time changes from the preplanned experiment
objectlves tracks, as well as changes during specific observation
periods. Communication was possible with the payload crew during data-take
as well as the ground-based periods. Communication was generally poor
over the HF radio system during aircraft flights., The M/S coordinated
communications to and from the payload crew. Communication blackout
periods were scheduled into the overall timeline to represent Spacelab
communications blackout periods.

Generally, most experiments produced good data, but many real-time
problems oeccurred and were addressed by onboard and ground-based

. personnel, which resulted in varying degrees of correction and several

alterations of flight plans. Approximate f£light data-take time and the
major problems for each experiment were as follows:
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IR Astronomy - 45 hours -

Airglow ~ 35 hours -

IHR - 46 hours : -

LAS ~ 46 hours -

LIDAR ~ 46 liours -

Medical ~ 53 hours -
(data also taken throughout
non—-flight periocds)
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Misalignment of opties caused large
offget signal - P/S minimized at
expense of sensitivity, bhut did
not eliminate.

Pump failure - P/S timeshared pump
from another experiment and
later repaired it,

Computer program problems (occasional).
P/S switched to manual mode.

One camera out of alignment
electronically. P/S attempted
adjustment at length without
BuceCess.,

Tape recorder jammed - P/S olled
part and restarted.

Reference channel weak throughout
mission., Not fixed - degraded data,

Optics left in wrong position for onc
data~take period. Finally reset
{10% data time lost).

Low sersitivity throughout mission,
P/S realigned and effected gome
improvement.

Blown fuse prevented signal detection,
Data lost for one data~take perlod.
P/S replaced fuse. (1L0¥% data time

lost). Data 1link to ADDAS occasionally

malfunctionaed. Corrective procedure
employed by P/S.

One of the tape recorders falled -
P/S replaced it with onboard spare -
little data loas.
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SAR - 41 hours , = Inoperative optical recorders (2)
{basic grounding problem) - lost all
data firgt four data-take periods,
Experiment declared failure for the
migsion, PI then fixed the recorders
(outside mission constraints) for
last five data~take periods (452
data time lost).

AEES = 53 hours ~ Pergistent EMI throughout migsion on
one receiver - P/S could not identify
fix., PIL fixed after constrained
migsion. Noige genierator failed
occasionally -~ reduced calibration
accuracy. (P/S restored operation).
Secondary chart recorder Failed -
reconneéted to spare channels of
MLS recorder.

MLS - 46 hours ~ Automatic mode chosen hy PI for P/S
operation caused low signal output.
PI recognized problem - P/S not asked
to change mode as he was not trained
in manual mode, PI improved after
conatrained mission.

Capodimonte ~ 46 hours - Amplifier failed ~ P/S replaced with
spare, Operated with degraded
data for one data-take period.

EMI - 53 hours -~ Loose electrical connector. Fixed by
non-flight personnel after first
data~take period. No data lost.

4,12 Use of Central Data Syatem

Eight of the ten instruments were designed te interface with the central
data handling system (ADDAS}.

The experiment/ADDAS interface data handling sophistication varied
from simple use of ADDAS only to obtain housekeeping data (which was
recorded by ADDAS for the entire mission), to onboard interaction with
ADDAS for experiment calibration, and, in some cases, limited data
reduction using the ADDAL system, Some experiments had their owm
microprocessors, Three experiments had flown before on the CV-920, so
that their data system interfacing problems were reduced.
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Two of the ESA ecxperiments encountered significant problems in interfacing
and operating with the ADDAS system. One problem was due to a complex timing
inconsistency which, in fact, was not completely solved untll the third
data-take period, 'The other problem was due to an experiment hardware
interface design incompatibility that required inovdinate effort through
experiment testing, Level IV integration, and launch site processing, but
was fully solved just before flight., Both experiments correctly functioned
after problem resolution, and no significant degradation in sclence return
wag experienced,

Both experiment software development ond integration were, in general,
performed by specfalized ADDAS data system enginéers working very closcly
with PIs for definition of requirements and experiment interfaces.

Data tapes from ADDAS plus some selected records directly from experiments
were carried off the alrcraft daily to simulate the Spacelab payload data downlink.
Limited processing facilities were provided in conjunetion with the POCG, along
with some PI furnished data processing equipment, to permit the PI to evaluate
the condition of the experiment and request any changes in f£light plan or
experiment operation resulting from quick-look regults.

4,13 Documentation

A special objective of the ASSESS II mission was to almplify procedures
and minimize the amount of paper work necegsary to accomplish the mimsglon,
congistent with plans for Spacelab. These criteria led to sipnificant
discussion in the Misslon Steering Group and a Baseline Rocumentation and
Information Flow for ASSESS II issued by the MSG about 10 months before
flight, That plan is shown in Figure 7.

The actual documents issued by the various participants and used in the
mission are given below. Top level inter-agency agreements between NASA and
ESA Headquarters documents are not included since they were ASSESS unique and
not spplicable to Spacelab., Also, the ESA documentation used for the ESA
payload integration and checkout in Europe is not included, The documentation

13 divided into three classes as follows:

CLASS A Reference documents - not mission unique

CLASS B Mission management 60cuments - interfacing documents
which would be relssued for each mission

' CLASS C Mission implementation documents - internal workilng
‘documents within a given organization

MSFC Documents

CLASS A)

POCC Requirements

POCC Operations Handbaok

- POCC Operations Implementation Procedures
Ground Operations Reference Document
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CLASS B) '

- Investigator Requirements Documents (one per experiment)

- Payload Level IV and Launch Site Ground Operations
Requirements Document

~ Paylond Flight Definition Requiremenks Document

- Payload Operator Requlrements and Preliminary
Training Plan

- Payload Specialist Training Implementation Document

=~ Level IV Integration Implementation Document

- Payload Mission Rules

-~ Payload Coaflguration Drawing

~ Experiment Installation Sketehes (Mechanical)

~ Experiment Installation Cable Interconnect

CLASS C)

=~ Pata Requirements Document

= Payload Flight Data File

- Detailed Payload Crew Activicy Prans
~ Paylead Stowapge List

Level IV Detailed Documents

~ Investigator Log (one per experiment)
-~ Diagrams and Procedures

~ Payload Procedures

« Problem Reports

- Test Preparation Sheets

~ Discrepancy Repoirt Tags

POCC Documentation for each Flisht

~ Director's Log

- Payload Planner's Log

~ Communicator's Log

~ Final Flight Plans

~ Seclence Plan Chart

- POCC Operations Timeline

= Paylead Crew Timelines

- Data Slice Requests (one per experiment as required)
-~ Data Terminal Time Assignment

= Record of Data 0Offloaded from Adrcraft
- As Flown Data Logs {postflipght)

- Scilence Summary Report (postflight)

KSC Documents

CLASS A) .
- Launch Site Intepration Implementation Plan (Part A)
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CLASS B)

= Launch Site Integration Implementotion Pi
=~ Operation and Maintenanece Instruction

CLASS ©)

Problem Report

IHecrepoancy Report Tag

Enginecring Change Notica

Launch Site Requirements Change Notlce
Test Preporatlon Sheet

JSC Documents

CLASS A)

~ §TS Rules
~ MCC Console Handbook

CLASS B)

Mission Implementation Plan
Integrated Summary Crew Activity Plan
CV~990 Dally Flight Plans

Flight Support Work Schedules
Integrated Mission Simulation Plan
Data Retrieval Log

I

H

CLASS C)
= MCC Console Log

5. EVALUATION AND CONCLUSIONS FOR SPACELAB

5.1 Introduction

The ASSESS II mission was very successful as o simulation of Spacelab
interfaces and activities, Management interfaces were exercised among
experimenters and the ESA and NASA organizations to be dnvolved in Spacelab.
The gamut of activitcies to bring experimenters through development,
integration into a paylead, and through flight operation and data retrfeval
with active PI participation and an operating POCC and MCC was thoroughly
experienced. An M/S and P/Ss were selected and trailned, and performed
satisfactorily in £light. The entire exercise was regarded by all
participants as excellent and valuable training for future Spacelab
operations. Some antlcipated Spacelab activities were exerecised extensively;
others less so dug mainly to funding limitations, particularly in the U.S.,
and alrcraft system constraines. Also, it is important te point out that
all parties were working to extremely tight schedules that forced some
preliminary work to be done in parallel and some data to be late. No one
had the option of adding additional manpower or funding to overcome the data
and schedule problems.
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(a)

It 18 not the purpose of this report to addrass scientific results,
but: a very general evaluation of the quality and uvantity of scilentiflc
data 18 given for completeness. ‘The data cbtained from rhe experiments
wns of satisfactory quality in the majorlity of cases, and the ratic of
data achieved to data expected was also good. The fact that the payload
was interdisciplinaty dictated that £light periods had to be prioritized
bécause flight conditions were not conducive to data retrieval from all
experiments at the same time. A first look at the results i summarized
beloir:

LIDAR (Germany) - Guod quality dats in majority of the data periods.

IRA (France, Germany, The Netherlands) - New maps of several prime sources
with good data on main targets,

LAS (U.S8.) - Ozone detections were made only reav end of mission.

IHR (U.S.) - Data not yet evaluated, but appears satisfactory.

AIRGLOW (England) ~ Good looking sky pilctures for most data perilods.

MLS (U.S.)} - Data in all data periods, but sensitivity very low.

AEES (U.S8.) - Data during all data perleds, but partly masked by
frequent electromagnetic interference ln some receiver frequencles,

SAR (U.S.) - Ground mapping with L-~band system during later data periods
after PI was allowed to violate simulation rules and correct a
critical physiecal integration error.

CAPO (Italy) - Solar and atmospheric data satisfactorily taken during
most of data periods.

MEDICAL - (Germany} —~ Excellent data throughout mission.

EMI (ESA} ~ An englneering experiment that identified good approaches to
eliminate or reduce EMI and also proved extremely valuable as
troublesheooting apparatus,

The followlng conclusions for Spacelab were synthegized from the
project and are followed in each case by a brief analysis.

5.2 Payload Selection and Funding

5.2.1 Payload Selection

Compatibility of payload scientific discipline requirements simplifies
payToad planning and mission implementation,

For ASSESS II, a varilety of scientific objectives required a wide
varicty of targels and tlmes of observation, involving both day and night
ebservation periods. Wikh this mix of experiments, tliare was no possibility
of operating all experlmmty efficiently at all times. TFlight planning was
seriously coumplicated by the mix of objectives, and experiment operations
ware necesssrily écompromised. Although on Spacelab it may be necessary
in many caseés to carry interdisciplinary payloads, similar scientifie
objeetives will permlit more simplified flight planning, increase efficiency
of experiment cperations, reduce scopz of crew training, and should be
expected to yield more usable data for an overall mission.
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(b)

{a) .

. {b)

Payload complement can be formed by selecting from ongoing experiment
development programs or existing instrumentation,

OA avolded the use of an Announcement ¢f Opportunity for generating
its payload complement for ASSESS IT because of the limited time avallable
and lack of funding to support proposala. Inastead, in June 1976, 0A
identified payload candidates among various disciplines that were planned
fo. Euture Spacelsb misslions and for which early prototype tests were
belng conducted with the CV-990, The five OA experiments flown on ASSESS IL
were selected by this method., In view of planned Spacelab/Shuttle launch

rates in the mid 1980s, this selection method could be used with “discipline"

Announcements of Opportunity used to scecure proposals without regard to a

specific mission (e.g., Spacelab T, ete.). Altliough ESA used an Announcement

of Opportunity, all the experiments they selected were in some stage of
davelopment, which alse supports the conclusion,

5.2.2 Payload Funding

The following concluslons arise particularly from experience with

‘the NASA experiments on ASSESS II.

Timely authorization and funding of the payload is mandatory to avoid
serious impact on mission definition and resultant compromise of
scientific return. Analysis of payload funding schedules is of equal
importance to payload analytical integration.

Delay in distribution of funds, and authorization for one U.S.
experiment, delayed configuration, interface definition, data processing

software, and construction of experiment support hardware. These difficulties

were reflected throughout the whole chain of partieipating organizations.

. The resultant extremely tight schedule for the one experiment necessitated

premfium time costs, caused equipment failures, and lost scientific data,

Funding deficiencies and multiple funding channels must be avoided to
prevent compromising payload elements.

b

The selecticn of five experiments comprising the baseline 0A payload
was made by the NASA HQ OA "disecipline'" program offices having management
cognizancae, Funding for hardware was available for all but one experiment,
but was not adequate for integration and data analysis. Reprogramming from
other funding sources caused delays in getting funds distributed. There
was no central sontrol authority established in NASA Headquarters (and,

_therefore, none at the mission management level) to work these problems.

Multiple authorities over funding resulted in on-again-off-again
decisions. One experiment was dropped for lack of funding, only to
reappear later when reprogramming actions were taken.
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Funding allocations should cover all required integration and mission
operations support in addftion to hardware development and data analysis.

Lo

(c

Insufficient effort was made to budget for integration and support
activities by experimencers. The analytical integration effort, in
particular, was insufficlently supported, with resultant detriment to
mission planning, integration, and checkout, Several experimenters
were limited by travel fund restrictions to a lower level of personal
support than wasg necessary to do a minimum proper job.

5.3 Management Relatlions

(a)l The Mission Steering Group (MSG) proved an effective forum for solving
interface problems and exchanging views and philosophies on the conduct
of the mission. ESA suggests that a similar multiorganizational group
be used to oversee all joint Spacelab missions.

The Mission Steering Group was established for ASSESS II specifically
to gulde the mission and establish ground rules for the simulation in order
to maximize results for Spacelab. As the mission progressed, the MS5G, with
key representatives from all of the participating organizations, became a
forum for addressing basic mission problems. ESA, particularly, believes
such a body would serve a useful purpose in the same manner for Spacelab
missions in whieh they are involved; NASA feels that such a body conflicts
with its direct management responsibility, particularly the Mission Manager
role, and does not agree that this approach is appropriate or required
for Spacelab.

~(b) | Mission Manager concept appears sound, but adequate staffing is essential
and further development of the concept is necessary to insure efficient
coverage of all program aspects.

Implementation of the ASSESS II project under an MSFC Mission Manager
worked well and could be implemented at any organization given responsibility
for a payload. However, the Mission Manager must have adequate resources to
fully organize the payload, identify and track all payload interfaces, conduct
meaningful analytical integration, identify payload requirements to 5%S, and
plan and staff the POCC during flight operations. ' : -

The engineering support provided was not adequate to properly handle

the Investigator Requirements Documents and the analytical integration of

. Physical, electrical, and data experiment interfaces. The result substantially
altered an initial objective to implement the procedures proposed for Spacelab,
and caused these areas of effort to be handled on an informal basis between
the experimenters and ARC. However, there is reason to believe that additional
analytical integration effort plus more effort to maintain current understandings
of the experiment interfaces as the mission progresses toward flight would
eliminate these difficulties.
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(d)

The ESA/SPICE Mission Manager served as the single interface to the
MSFC Mission Manager for the European experiments and also managed integration
and operation of the ESA portion of the payload in Europe. KSC representatives
in particular observed that the single interface of the ESA/SPICE Manager
for the European experiments worked very smoothly and efficiently.

Management must clearly inform all participants early in the mission as o
roles and responsibilities.

It is essential that an early, deliberate effort be made by program
and mission management to inform all prime participants as to various roles
and responsibilities and the management pathis required to obtaln optimal
results, particularly for such complex management arrangements as existed
for ASSESS II and are planned for some Spacelab missions. The STS role, and
its relationship to other implementing centers, was not clearly defined by
NASA Headquarters at the outset of ASSESS II. Interviews with many
participants late in the ASSESS project revealed that they had only
sketchy ideas as to the responpibilities of varlous organizations and
of their relationships with them.

ASSESS IT was an initlal trial for the Mission Manager concept for
Spacelab and, in spite of early attempts to inform particlpants as to. -
various roles and responsibilities, some modes of operation developed as
the mission progressed. Some Payload Specialists and the Mission Specilalist
became involved well after the begiuning. The Mission Manager at MSFC was
changed in January 1977 to put all Office of Applications missions into one
office. Continuity of effort and early complete identification of all
participants' responsibilities are required for £ull understanding and
most effective operation.

| user) and thereby -improve science return. PIs must recognize their

Participation by the Pls throughout the mission planning and implementation
phases can enhance overall mission understanding (by both management and

1eadersh1p pos1t1on concern1ng their experiments.

In ASSESS 1L, each PI and/or his staff participated directly in IRD
activity, ING meetings, System Level Payload Integration, and the real-time
flight operatiows through the TOCC. In addition, access to his equipment
was relatively easy during Launch Site Payload Processing if he had such a -
need. The PIs were pleased with thelr degree of involvement. The only
concerns expressed by them were a lack of feedback from the TRD submittals
go they would know what commitments had been made, and a desire for an

opportuniLy for greater science exchange during ING actilons.

The degree of responsibility by the PI for integrated tests, P/S
training and operational procedures, and support of all mission operatiens
with a sufficient and effective PI support team must be realized and
fully supported by the PI, :
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(a)

5.4 DPre-Fltght Planning and Payload Integration

5.4.1 Investipators' Working Group (IWG)

The IWG can ha a satisfactory forum for scientific inputs and a valuable
channel for management/PI information flow.

On ASSESS II, the IWG concept was not fully exercised. The IWG met
twlce during ASSESS II, but the meetings, especially the sccond, were not
well attended due mainly to lack of travel funds for PIs. This problem
made transatlantle travel out of the questlon, and even meetings of the
FEuropean half-IWG, or the U.S5. half-IWG difficult. Within this severe
constraint, the IWG had the following beneficial results: Ewolution _
of a cooperative experiment between two PIs; inputs to Payload Specialist
selection; transfer of information about the alreraft and the data handling
system; and contributions to mission planning. With more extensive use of
the IWG, all of these functions can be better exerclsed for Spacelab., In
addition, early IWG mectings with management can be used to inform the Pls
of mission plans, and iterate the integration requirements., The IWG, under
chatrmanship of the Mission Scientist, can be an effective body for nominating
payload specilalists.

The Mission Scientist (and any ING cochajrman or vice-chairman) needs to

have clearly defined responsibilities, full support by the Pls, and be
provided with a management overview,

The Missdon Sclentist served a key role in planning and execution of
sciefice activity and provided focus of science requirements and science
tradeoffs to the Mission Manager. His effectiveness in performing this role
was varlable depending upon the degree to which all other participants
vecopgnized the requirement for his analysis of all science considerations.
He worked with planners for flight operations to present the sclence case
to misslon management. This mode of operation was very effective. During
flight operations, the NASA and ESA Mission Sclentists were very successful
in coordinating and managing PI activities. The Misslon Scientist must be
strong 1in his own right to promote and defend payload needs in the face of

_project Implementation processes.

5.4.2 Tavestigator Requirements Document (IRD)

A single requirements document interfacing with each PI is desirable and
feasible. Face-to-face discussions with the part1c1pat1on of disciplinary
experts are necessary to clarify interfaces. Tnese discussions must start
early in the mission, and must continue to be jterated to insure proper
information transfer.
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A single document for each experimenter to identify all requirements
was used with only limited success on ASSESS II, However, the concept
appears very socund. The question and answer format was good, but the overall
organization of the questlions needs very careful study and arrangement (o
eliminate redundancy and achieve maximum clarity with brevity. Initdial
attempts to have the PIs fill out the document unilaterally were not
satlsfactory., Face-to~face meetings with the experimenters were necessary
to eclarify the need for interface information and obtain total understanding.
When experimenteis understood the requirements, in every case they very
aggressively worked to produce needed information. The IRD, in most cases,
served very well to focus PI attention on Interface areas much earlier than
would oktherwise be the case,

Only a very small interfacing group (perhaps 3 or 4) is needed to
daal with each experimenter, but It 4is absolutely mandatory that experts
who fully know the Spacelab systems (electrical, mechanical, data system,
ete.) work with the experimenters. The IRD must be a living document, since
much of the information will develop with time, and the resultant document
forms the basic source of experimenter input for Iintegration and [light
operations.

In ASSESS ITI, the IRD effort started well, even though the format
needed much improvemwnt, but the initlal effort about a year before flight
left many unanswered questions. After a second effort by MSFC and the Pls
to complete all e .ements of the IRD, schedule pressure and unavailabildity
of manpower neces.itated gathering the balance of the required interface
information on an informal basis. However, even with the limited application.
of the IRD on ASSESS IIL, theére is general agreemeént thaf the basic concept
is sound.

The IRDs must be kept current so that they properly reflect changes in
experiments as they are developed, but ther2 wmust be a cut-off date beyond
which a1l aspects of the experiments are fixed.

During ASSESS II, most experiments delivered to ARC for systam level
payload integration had at least some configuration change from that
worked out with the PI during the IRD baselining activity. Some PIs
had added components, others had removed components, and some had changed
component positions. This necessitated juggling hardware arrangements
and recalculation of weights and overturning moments te insure safety.

For the aireraft program extra effort permitted satisfactory recovery,

but for Spacelab not only will the payload configuration have to be

tracked closely, '= t the much larger number of components for many

Spacelab experimencs, coupled with the severe schedule and cost restrictions
to handle many configuration changes, dictates a need to freeze the
experiment configurations at an appropriate time.
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(a)

5.4.3 Analytical Integratdion

The analytical integration of a Spacelab payload must be accomplished in
a timely, complete fashion so that all participants can receive complete
payload definition and requirements early enough to plan the payload
processing activities. '

In ASSESS II, since the formal analytical integration effort was not
fully completed, extensive real-time effort was required by ARC to work with
the PI and solidify final physical, electrical, and data interfaces. Hardware
ingstallation sketches were used by KSC in lieu of formal documentation. As a
culmination of the compressed misslon schedule, manpower, and late PIL test
requirements input, the final Launch Site Integration Requirements were
delivered to KSC one week before start of Launch Site Payload Processing. As
in several other activities, this allowed little time for review, and several
changes were required to bring the payload to flight readiness,

5.4.4 Integration of ESA Payload in Europe

For Spacelab payloads involving ESA experiments, testing, integration, and
operation of those experiments under ESA management at a centralized
European site is extremely beneficial.

The ESA-sponsored integration, test, and operational activity at
ESA/SPICE was extremely beneficial. In most cases, the experimenters needed
deep support to get their equipment assembled and working properly. Individual
assistance was supplled and many problems were identified and solved during
the ESA/SPICE integration and operational activity. With support of a NASA
safety representative, all safety issues were addressed, thus avoiding major
difficulty later. Valuable training was accomplished. The ESA integration
activity insured that the ESA complement arrived in the U.5. as a tested
set of experiments, thus reducing their integration time with the balance
of the payload.

5.4.5 System Level Payload Integration (Level IV)

The value of off-1ine System Level Payload Integration activities (Level IV)'
is directly related to the fidelity of the test facility and the completeness
of the tests performed.

For ASSESS I1I, the off-line System Level Payload Integration activity
{Level IV) was performed on the hangar floor. It was a minimum cost
arrangement,  This first—time integration of the entire payload uncovered
many problems—-most were solved and some were passed on to launch site
processing where those plus many additional problems were addressed.
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(a)

(b)

The ability to address all problems in an off~line system simulator is strongly
proportional to the investment in simulator equipment to achieve high fidelity.
Without the exact cabling configuracion (both data and power) and duplicates of
the Flight support system, the most troublesome EML type of problems cannot he
identified.

0ff-1ine System Levei Payload Integration activities (Level IV) are very
effective in crew training.

For ASSESS II, although the ESA P/Ss had participated anéd trained during
the ESA integration activity, the off-line System Level Payload Integration and
operation at ARC was the First time all P/Ss had an opportunity to operate
experiments as a complete payload. The P/Ss were given basic responsibilities
during this phase, side by side with the experimenters, who also participated
directly in this phase of integration. This was excellent training for the P/Ss,
and it is highly recommended that P/Ss be given this same opportunity and
assignment for Spacelab.

5.4.6 Launch Site Payload Processing (Levels IIIL, II, I)

For taunch site integration, timely detailed technical definition of
payload carrier interfaces is essential.

The Launch Site Ground Operations Requirements Document was delivered to
K5C one week before start of Launch S5ite Payload Processing. Several payload
interfaces were not completely defined. As a result, KSC had essentially no
lead time to prepars for their work. Although present Spacelab guidelines
limit KSC responsibility to interface verification, some severe experiment
problems occurred whiech had to be addressed. For the Capodimonte experiment,
one undefined signal interface had to be revised. An incorrect power
connection on the SAR caused complete failure of the experiment from a
Spacelab point of view, and was fixed during flight operations by permitting
the PI to break the simulation rules and go aboard the alreraft to solve the
problem. :

Effective launch site payload processing can be performed using a single
direct payload manager interface to the KSC payload processing management.

A payload test team approach, using the M/S, P/Ss, and PIs when necessary,
under the jurisdiction of KSC to directly support and participate in the

KSC Taunch site processing operat1ons was very successful and is recommended
for Spacelab.

For ASSESS II, the KSC launch site Manager, the MSFC Ground Qperations
Manager, who had handled the Level IV Integration, and the ESA Payload Manager
worked closely together as a team, utilizing the M/S and the P/Ss full time.

The Mission Manager was the single basic interface with KSC for the payload.
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Although KSC maintained strict control of the schedule and operation, they
were very receptive to participation by the experimenters to handle experiment
problems, rather than creating procedures for use by others. This team
appreach 15 recommended for Spacelab integration at KSC.

To minimize experiment systems failure, time should be scheduled to conduct
experiment functional tests on the integrated vehicle. Failure to perform
these tests implies, at lzast on priority experiments, technical risk that
may not be commensurate with mission investment,

There 18 no fully satisfactory substitute for test of the payload
components in the actual flight configuration. While a high-fidelity
off-line test device does allow very significant debugging of the system
interfaces and the payload experiments, there will always be at least
minor configuration variations from the flight system that can produce
gserious anomalies in payload operation. In ASSESS II, each experiment
was checked out on the alreraft after final integration. A number of .
problems were found and solved. For Spacelab, the KSC integration is
baselined only to insure interface and EML compatibility, It is
recommended that a full operational check of at least prilority experiments
be included to insure proper data producing capability.

Past experience should be applied to insure that experiment tests are
conducted that will indicate possible experiment hardware weaknesses
or susceptibilities.

A preat deal of experience exists at both NASA and ESA Centers
for checkout of experiments to be flown in space. The participation of
the implementation Centers in the design review and test planning phases
of the experiments can assist the PIL's rate of success through experience
transfer, The ground rule now being considered for Spacelab puts prime
responsibility upon the P1 to insure satisfactory operation of his experiment
while the STS responsibility is limited to safety and interface compatibility.
For ASSESS II, at the discretlon of the experimenters, experiments were
not thornughly tested in all cases befo.a flight. One prime experiment
failed; others had operational problems. A positive approach to marry the
knowledge of experienced personnel with the experimenters' responsibility
to perform critical experiment tests is recommended.

33




(r)

()

(a)

A all-up Integrated Mission Simulation is valuable and is recommended, at
feast for the early Spacelab missions. Inclusion of instrument operation

to verify operational interfaces during the simulation enhances the probability
of experiment success.

A generally effechive end-to-end Integrated Mission Simulation was
conducted in ASSESS IT with the payload flight crew carrying out experiment
operation supported by £ull MCC/POCC participation, Many problems were
identified, some with hardware, and some with operations. This level of
simnlation offexs the greatest possible degree of training for the total
operations team (MCC, POCC, and payload crew), and ghould be included
during the final integration period for Spacelab, especlally for wvarly
mlssions.

Facilities and associated equipment along with some schedule time should be
made available at the launch site to allow for some experiment testing, solve
Tast-minute experiment problems, and allow for calibration requirements.

Experience has shown that some experiment problems will show up at
KSC when the payload is integrated with the actual £light system. Also,
some experiment calibrations must be performed with the £light system

-hardware to obtain acceptable flight data., Both of these cases were

evident in ASSESS II.

Most hardware problems can be quickly and effectively solved at the
launch site, but some electrical and job shop capability close at hand is
necessary along with simple procedures to use this capabillty., Airborne
payload integration at Ames has been highly successful, particularly
because of these strong capabilities. They were extensively used for
ASSESS IT and are recommended for KSC.

5.4.7 Safety

Safety considerations for ASSESS Il were applied with a Tow level of
formality, but the experience did not contribute materially to understanding
the required level of detail necessary for Spacelab.

Safety considerations for the baslc aircraft system and the payloads
at Ames were handled by the Airworthiness Assurance Office. General safety
inspections were handled on a daily basis during integration and ground
operations by the Inspection Branch with simple squawk sheets which
incorporate provision for signoff on thie same sheet upon corrective actiOn
Final all-up mission safety approval is issued in writing by the

~ Airworthiness and Flight Safety Review Board after formal meeting(s) with

review of all safety related items and operational procedures. All flight
personrel are required to participate in safety briefings. The Aircraft
Commander is the final safety authority during f£flight. WMany safety
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considerations for Spacclab were not required for ASSESS LI} e.g., outgassing,
flommability, stress corrosion, and detailed hazard snalyses,

5.5 Payload Flight Crew

The M/S role in ASSESS II and the management arrangement was very successful
and is recommended for Spacelab.

After much controversy and delay, the arrangement for a Sclentist
Astronaut to serve as M/S for ASSESS II was worked out. There is no evidence
that this arrangement would not work equally well for Spacelab. The M/S
remained administratively under JSC, but was assigned functionally to the
Mission Manager at MSFC. TIn addition to his ground based duties, he served
on the flights as the alter ego of the Misslon Manager. As the misslon
progressed, 1t bacame apparent to everyone that he operated very effectively
as leader of the P/Ss, which came about naturally based on his background,
training experience, and personality. The P/Ss were all well satisfied
with this arrangement.

The M/S functions for ASSESS II were unique to that position and served a

vital need.

On ASSESS II, a prime function of the M/S was to bridge the gap
between the experiments and the payload support systems {central data
system, power supply and distribution system, and some speclal payload
support devices such as gyrostabilized mirrors and a water vapor
radiometer). Long=~term training is required to handle such systems,
especially the data system, and, in fact, the six-month period for.
training for the ASSESS II M/S was wholly insufficient for him to
totally handle the data system (a ghost operator was used). In addition
to this basin function, it was natural for him Lo serve as the communicationa

~and operations coordinator during flight to maintain ground contact, primarily

because the aircraft had a single payload communication station at his
consple. The M/S handling of most communications unloaded the P/Ss, +who -
were overburdened with direct experiment operation duties. Also, the M/S
Erequently served to support the P/Ss in operating functions. This team
approach was very smooth and successful.

During integration and operatlon of the payload for Level IV and

for Launch Site Payload Processing, the M/S was very valuable as an
operations and training coordinator for the payleoad flight crew.
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The participation of M/S and P/S (time of selection, trajning schedule,
etc.? should be included as an integral part of the mission planning so
that their involvement begins at the optimum time commensurate with their
assignments. In particular, P/S involvement should commence at a stage
that would allow their inputs to the control and operations aspents of
the experiment design.

ASSESS 1II P/Ss ware sclected eight months before flight. By the time
they got to most of the PIs for rraining, much of the hardware design was
solidified. As in ASSESS I, the P/Ss all made strong observations that
their early input to design would have been very helpful toward making
axperiment operation more conduclve to successful operation of the hardware
and obtaining sclence data.

Effect1ve verba) communication skills should be an important cr1terion for
P/S selection.

During ASSESS II, it was noticeable that some P/Ss were significantly
less adept at giving and receiving information than others, with a tendency
to co. aunicate less effectlvely under stress. This affected the success of
makire repairs and collecting data., This aspect of competence must not be
neg .~ .ed when making P/8 selection for Spacelab.

(e) lﬁfior to final selection, P/S candidates should be subjected to some type of

(f)

stress, including timeline activity.

Observations indicated that the ability of P/Ss to operate under
streas of multiple activity varied considerably. In Europe, psychologiecal
tests were used that clearly eliminated some P/S candidates and raised
concerns about others. These concerns were borne ouL on ASSESS II during
the integration and flight periods.

Any Pl candidate for P/S must be fully cognizant of the workload time
commitment and demonstrate his ability to support both roles.

On ASSESS II, one P/S was also a PI. Some interference was noted when
he interrupted his ASSESS IIL activity to take care of urgent PI management
regponsibilities, Very careful consideration should be given to any PI who

" proposes to be a P/S on Spacelab to assure his genuine willingness to forego

his basic PI duties, or have them handled by others, and that he thoroughly

- understands the time requirzd away from his home base for meetings, training,

and operational duties associated with the Spacelab payload.
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(g} | The use of backup P/S from the Mission Management team is feasib?e. but

(i) | P/S training must be tailored to the individual P/S selected and the

p;acgicability depends upon the bilance of duties required for a specific
mission.

permit self-evaluation of his dasire to proceed.

For ASSESS II, the U.S. Assistant Misslon Manager was sclected to be
backup P/S for U.S. experiments, This plan for a single backup for both U.S.
P/Ss was adopted particularly to save travel funds, and the indilvidual was
congldered to be well acqualnted with the U.S. experiments. His monagement
duties were scverely diluted, but he handled P/$ training and generally
represented the payload crew to management during the pre-flight phases in
addition to undergoing his own limited tra:aing, The question arises as
to whaether capable candidates will be willing to accept only a backup
assignment for Spacelab, with historically a very low probabllity of flight
nssignment, unless there is some accompanying rcsponsible assignment (which
dilutes both jobs), or some strong likelihood that a backup P/S assignment
i8 a step toward prime assignment on another misslon,

Each crew candidate should be subjected to sufficiently realistic functional
and environmental simulation of his roles early in the training period to

e
Ty

Some substantial physiecal difficulties were experienced with the
medical experiment by one P/S5 during the 72~hour collection of P/S preflight
baseline medical data at ARC. The problem was sufflciently severe that,
due to potential loss of medical data and/or degradation of his averall
effectiveness, consideration was given to replacing him for the f£light
mission. However, in the actual misslon, the medlcal data was collected
and therg was no detectable degradation of P/S performance due to the
medical experiment.

complexity and degree of P/S understanding of any given experiment.
PIs must devote adequate time and effort to maximize the training
effectiveness.

On ASSESS ITI, P/S training was somewhat varied. Initial training
was scheduled on a time basis per experiment without regard to P/S capability
ot initial understanding of experiments, but some adjustments were made as

‘training progressed. Discussions with P/Ss after the mission indicated

that training, in some cases, had been overdone for some experiments and
inadequate for others. Mission management judgment shou®d be blended with
P/8 desires to schedule training time consistent with the background and
capability of each P/S for every experiment and its priority.
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{1)

NASA should consider means to provide independent travel fund support for
P/Ss from Centers where this factor can prevent nomination,

The problem of selecting a P/S from a NASA Center raises the problem
of devoting extensive travel Funds to a single individual and orpganization
wlithin a center for benefit of others on Spacelab. The travel fund problem
is 80 gevere within NASA, under the present system, that any NASA organizatlon
is extremely reluctant to expend travel funds except for local benefit. For
ASSESS II, the travel fund problem was very sceveve. Where payloads come [rom
several organizations, special travel fund arrangements may be necessary to
attract the best P/8s.

P/S participation in deve]opment of experiment operation procedures contributes
significantly to their training and operational understanding, and supports

their responsibility as the onboard PI representative.

For ESA experiments, the P/Ss were given the responsibility to develop
operational flight procedures for their assigned experiments. This proved
to be a very effective method to assure their complete understanding of
experiment operation, and caused a very deep interaction with the PI to
fterate various modes of operation. The Ffurther hands-on operational
responsibilicy assigned to the P/S during Level 1V and launch site
Integrations was an excellent combination to maximize P/S training for
flight. NASA chose to have the PIs maintain responsibility for all
procedure generation with review and Lteration with the P/Ss. No difference
in P/S operatlonal success could be detected due to this different approach.

Flight operations workload planning must allow for a P/S adaptation period,
with attendant lower effectjveness for the first several days of the mission.

Even without the effects of zero-g, for ASSESS II the P/8s readily
stated that they required from one to three alreraft flights before they
had reached a high degree of effectiveness in experiment operation. The
P/S who had many details to consider but was concerned with only one
operational goal developed operational effectiveness more rapidly than those
faced with 2 multiplicity of operational goals (single vs multiple exptriuent
operations). Even the M/S, with his considerabls f£light experience, felt
that he was not handling his several duties with full efffeiency until about
the third flight. Increased experiment/system level training can minimize,
but not eliminate, the initdial lower effectiveness.
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(a)

(b)

(c)

5.6 Flipght/Ground Operations Interactions

Adequate resources and time must be provided for training of POCC personnel,
especially Pl science teams.

The POCC for ASSESS II was fully manned as planned for Spacelab.
Some POCC training occurred for ESA personnel during the ESA integration
and operation activity in Burope, but very little operational training took
place at Amen before the start of flight operations. Total plans for
training at ARC could not be exercised due to minimum schedule time, total
launch team workluad, end the minimum onsite PI support teams. Initial
operations were inefficient, but improved with time. Whereas experienced
management personnel may man key positions for Spacelab, which eliminates
thedr training needs, most PIs will be untrained. PI participation in
flight communications was very poor in many cases during ASSESS II,
especlally during the early flight period. Leadership of the PI group
in the POCC by the Mission Scientist was very good, but some training for
that arrangement 4is recommended.

The TV text uplink is a beneficial mission oper&tions tos}. Facsimile
capacity for transmission of troubleshooting information is desirable

and should he incorporated into the Spacelab concept at an early date.

The TV text uplink and its Polaropid readout in the aircraft proved its
utility by being used increasingly as the ASSESS II mission progressed. The
abllity to send simple messages to P/Ss and the M/S, with a record for
reference, was found to be far less interruptive of work than extensive
voice communication. Inability of the link to handle facsimile precluded
sending wiring diagrams that were needed for troubleshooting.

Periodic data samples from the Spacelab to the POCC during the mission
are essential for PI experiment surveillance and to provide operations
instructions back to the Spacecraft.

Data slices were passed to the POCC each day, and ground-based
facilities were avallable through the POCC to determine the effectiveness
of ex, :riment operation. This system was highly successful, and is
recommended for Spacelab. Scwme problems occurred with dara interfaces to
the experiments, but in every case a work—around was implemenLed s0 that
nearly all data was retrieved. :
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vd) fIi‘ Luckup P/Ss are to be used effectively in the POCC, they must be trained

(a)

on all experimente. Also, on joint missions, Mission Scientists must be
familiar with alr experiments.

During ASSESS TI, in-flight comunnication between the I'OCC and the M/S
primarily concerned experiment operation and experiment troubleshooting.
Communication is mucl more efficient if both sender and receiver are conversant
to a reasonable level of detail with all aspects of the payload. For ASSESS 1I,
the backup P/Ss served as the main POCC communicators, and their payload
training, along with close familiarity with the flight crew, made this very
effective.

The Misslon Scientist must be conversant with the payload to a
considerable level of detatl so that he can make decisions on the best
use of £light time. It is therefore imperative that he understand the
science and operation of all experiments.

5.7 Experiment Hardware Considerations

Automation of routine tasks is recommended in reducing P/S workload and
operating errors; however manual bypass capability is also desirable.

Experiments that contained automation of routine tasks and did not
require extensive adjustments or setup of controls by the P/S appeared to
have a higher data-take success ratio than those with extensive manual
setup and control. Two examples from ASSESS II illustrate this point.
The infrared telescope experiment was highly automated with computer
control. However, when the computer occasionally failed, adequate manual
operation by the P/S was possible. One U.S. experimeni was alsc highly
automated wilth computer control, but not in such a way that the P/S could
easily bypass 1t. The PIL recognized early in the mission that the data
was badly degraded, but gave no instructions to the P/S because there were
no suitable manual contrel provisions.

Use of off-the-shelf hardware should be considered where nmodifications or

testing to meet the Spacelab constraints is cost effective.

As in ASSESS I, the majority of the components that made up the
ASSESS IT experiments were off-the-shelf items., Statistically they
performed ds well as specially constructed components. The primary reason
for resorting to special construction was the need for a unique functional
capability. Reliability, low power consumption, etc., were definitely
secondary considerations.
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Payload integration and operations management personnel, as well as the
payload flight crew, should have available a complete set of simplified
schematics, These should clearly show all interface conne«tions and
controls for ready reference during integration and operation when problems
occur,

During ASSESS IT, except For Spacelab rack interfaces, PIs provided
intra-experiment and control diagrams in varying degrees of detall. Other
interface diagrams were hastily developed just prior to Launch Site Payload
Processing by the Systems Level Payload Integration team in cooperation with
members of the various PI teams. Overall, the level of detail in the
diagrams was not sufficient to permit integration management personnel to
afficiently pursue and solve problems. Even though it is recognized that
intra-experiment hardware is a PI responsibility, unless some reasonable
inner visibility is immediately available, internal components can cause
severe lonterface problems without a capability to quickly trace the
problem to the source.

5.8 Data Handling

Face-to-face interactive discussions between respaonsible representatives
of the experiment and the central data system with a resulting bitateral
interface agreement, including verification procedures, are necessary to
fully define and establish the data handling interface.

Interface resolution between experiments and the central data system
is traditionally one of the most difficult areas. Usually experiment
interface identification comes late in the process of experiment hardware
preparation, which compounds the problem. A reasonable understanding by
the experimenter of central data processor interface limitations may also
affect the experiment design, and should come early enough to prevent the
need for redesign. All of this dictates that experts from each side of
the interface start face-to-face discussions early and continue that type
of interaction until a firm interface 1s fully defined and agreed to by
both parties. Attempts to define this interface without extensive discussion
and understanding will almost guarantee problems except for the simplest
type of data interface.

For ASSESS II, the key data system experts were unfortunately not
brought into IRD discussions. This area turned out to be the most severe
preblem area with persistent difficulty in several cases. For Spacelab,
proper early expenditures of travel funds and manpower in this area will
almost certainly be cost effective and save later severe problems.
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Hardware and software interfaces should be standardized wherever possible
between the experiment and the central data system to simplify integration
and checkout and enhance operating reliability.

In the ADDAS system, all analog data 1s generally received through
a single analog to digital coaverter that 1s sampled by standardized
software. Thus, any analog signal that conforms to the limitations of
the converter can be quickly and surely added to the data collectlon
system, Limiting digital Interfaces to a format and procedure for which
the central computer is designed likewlse reduces the need for speeial
programming, which 1s costly, prone to error, and generally makes
inefficient use of all resources.

Successful software debugging can be accomplished only if enough time is
provided with all experiments being stimulated simultaneously in the
planned flight configuration.

Although individual experiments to the central data system interfaces
should be well verified by the time the total integration phase commences,
intéraction between experiment goftware modules can only be veliably tested
in a full system environment, amd sufficient time must be allowed to identify
and solve total system problems which are almost guaranteed to show up. The
ASSESS II schedule did not provide sufficient debugging time with all
experiments operating, and consequently some severe data processing problems
occurred during f£light, Software debugging should be expected to continue
well into payload integration, and with the real possibility that this type
of problem is likely to show up during flight, it is recommended that the
uplink be capable of handling data processing computer programs.

5.9 Documentation

The fidelity of document generation and late issuance during ASSESS II
resulted in Tack of agreement among the participants on any immediate
general conclusion for Spacelab on this subject. A separate analysis of
documentation will be undertaken.

Identification and review of documentation on ASSESS 1T was difficult
because very little documentation was generated until lare in the project.
The early IRDs were not completed. Lack of complete analytical integration
did not produce the ingredients necessary for timely issuance of documents
which required that data. Thus, although the ground and flight operations
requitements documents were finally issued, they came too late for review
or strong application, and the resulting ground and flight plans were
consequently generated very late, mostly on the basis of informal inputs.

42



(b)

For joint NASA/ESA missions, both 51des should have an opportunity to
review all basic mission documents.’ Some form of mission implementation
agreement should be developed and jointly agreed to by both parties,
This should fdentify those documents which commit each other's resources
or significantly impact mission objectives and should be conct:red in by
both parties.

buring the progress of the ASSESS II mission, ESA management felt
they were belng committed without recourse to certain lines of action by
NASA issued documentation. No formal means was developed during the
program for NASA/ESA discussion of such documents before thelr issue.
ESA feels that they must be able to dlscuss jointly those areas where
commitments of manpower are to be made before detailed policies are set
by NASA issued documents. ”
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ADDAS
ARG
ABO
DFVLR

EMI
LSA
ESTEC
GHz
GSE
GSFC
HF
IR
IRD
IWG
JPL.
JSC
KSC
LaRC
MCC
MSFC
M/S
MSG
Hm
NASA
0A
0OH
OSF
PCU
PI
POCC
P/S
SPICE
STS
UHF
VIIF

Abbreviations and Acronyms

Airborne Digital Data Acquisition System

Ames Research Center

Airborne Science 0ffice

Deutsche Forschungs- und Versuchsanstalt fir Luft- und
Raumfahrt (the German National Space Agency)

Electromagnetic Interference

European Space Agency

European Space Technology Center

Glgahertz

Ground Support Equipment

Goddard Space Flight Center

High Frequency

Infrared

Investigator Requirements Document

Investigators' Working Group

Jet Propulsion Laboratory

Johnson Space Center

Kennedy Space Center

Langley Research Center

Missdion Control Center

Marshall Space Flight Center

Mission Speclalist

Mission Steering Group

Micrometer

National Aeronautics and Space Administration

0ffice of Applications

Hydroxyl

Office of Space Flight

Payload Checkout Unit

Principal Investigator

Payload Operations Control Center

Payload Specialist

Spacelab Payload Integration and Coordination iIn Europe

Space Transportation System

Ultra High Frequency

Very High Frequency

Experiment Designations

AEES {irborne Electromagnetic Emissio~ Survey
Alrglow Unlversity of Southampton

CAPO short for Capodimonte

IHR Infrared Heterodyne Radiometer

EMI EMI experiment

IRA Infrared Astronomy

LAS Laser Absorption Spectrometer

Medical Medical Experiment

SAR Synthetic Aperture Radar -

MLS Mierowave Limb Sounder
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