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INTRODUCTION

Beginning in the 1980 timeé period, an advanced space transportation sys-

tem will be used to conduct experiments in the space environment. This system |

will consist of a laboratory (Spacelab) carried into orbit by the reusable ‘

Space Shuttle, The pressurized Spacelab module provides a shirtsleeve environ- j

ment in which up to four payload specialists can operate experiments using the

basic resources provided by the laboratory. Spacelab is being developed and

constructed in Europe under the direction of the European Space, Agency (ESA). D
..The Space Shuttle Orbiter is being built by the United States under management
wof tbe Natiomal Aeronautics and Space Administration (NASA) .

THE JOINT MISSION . ' o o

- Similarities between the method of experiment accommodation and opera-
tions planned for Spacelab and the methods used in conducting experimentation
aboard aireraft by the NASA~Ames Aitrborne Science Office (ASO) led to the S
NASA-ESA Joint Mission, the sixth mission in the ASSESS (Airborrme Science/ - . Lo
Spacelab Experiment System Simulation) program. Six experiments were selected L
for the mission: three from EBurope and three from the United States. The

- simulation mission took place at the NASA~Ames Research Center, Moffett Field,
Callfornla, USA, between April 30 and June 24, 1975.

;- Spacelab payload manpower will be limited to a maximum of four, which

S . ‘means that payload speC1alists often will be acting as proxy operators for
' * principal investigators' (PIs) ‘experiments. - To test the concept of proxy

" operation, four experlment operators (EOS) were selected and,trained on the

: six experiments. . : :

) During the simulation period the EOs performed all experiment 0perations,
- including data taking, normal servicing, and minor repairs. During the entire
simulation pericd (6 days) the four EOs and the Mission Manager were con-
- fined to the aircraft and an adjacent sleeping area. All communication with
ground based mission elements such as principal investigators (PIs) and the
* Mission Operations Center (MOC) during the simulation period were handled by
... communication links (audio and video) simulating those planned for Spacelab.
i " Genuine scientific data were tagken by all experiments on all flights.

P RSTRY, AR T
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MISSION OBJECTIVES AND GUIDELINES
The overall objective of the Joint ASSESS Mission was to evaluate a sim-
plified management and implementation concept for conducting Spacelab-like
experiment operations. The following were subordinate.mission chbjectives:

1. To exparience involvement in international cooperative payload
activities .

2. To evaluate experiment design approaches for Spacelab experiments

3. To determine the- impaot of operational requirements -and procedures on__

Spacelab design
T To evaluate payload and mission operations

5. To assess techniques for smooth 1utegration of experiments and
equipment

6. To analyze factors affecting selection and training of payload

_specialists, particularly in proxy experiment operation.

The Joint ASSESS Mission also served to encourage the development of a cadre
of potential Spacelab experimenters. The mission did not address physiological

_ or psychological factors.

The mission guldelines were designed'toveusure a high degree:of'realistic '

simulation given the capabilities of the (V-990 airxcraft, ASO practices, and .
the requirements for. Spaoeleb as stated about one year before the ASSESS mis—
sion. The complete guidelines are provided in the Mission Operating Plan
(attachments) and are summarized below:

1. Authentic science to be performed

2,  Six basic experiments to be opereted (three European, three ﬁ.S.)

‘3., Ames ASO practices to be.used as starting point for, mission planning

_ and execution

4. Participation of PIs in overall mission to be maximized

: 5. Four EOs (cwo European, two U s. ) to’ operate experiments in proxy
role (i.e., on behalf of the PIs)

© 776, Simulation period to cover 5 days with a data flight each 24~hr.

- period (experiments operated by EOs), with EOs and the Mission Manager confined -
: to vehicle and llving'qualters &

7. Unconstrained flights to be conducted for - 2 weeks follow1ng the 51mu—

© lation period (experiments operated by PIs)

i ] Fmd ae ® T e R D e,
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8.  All supporting equipment, tools, and spare parts to be carried
onboard . ' : :

9. Spacelab subsystems to be simulated where possible B ' 5
10. Use of expefiment support equipmeﬁt to be shared
11. Communication to be limited to one video downlink, two 2—way voice

Iinks.

MISSION HANAGEMENT

" Basic guidance for the m1551on was prov1ded by the seven—member Mission
Planning Group (MPG), which comprised reprasentatives from both NASA and ESA
Headquarters organizations and from the Marshall, Johnson, and Ames NASA _
centers. The AS0 Mission Manager was an ex-officio member of this group. - Six
planning sessions were held between May 1974 and May 1975 at which the MPG set
the schedule, ratified the selection of experiments and EOs, developed the
mission guidellnes, and checked the status cf the mission at all critical
points.. . - : : . R

fh

The Mission Manager, from the ASO, was the single point of contact for
all negotiations, decisions, and assistance in carrying out the mission from
inception to completion. With the ‘aid of one full-time assistant, he imp1e~ ' SR
mented the directives of the MPG; communicated with the PIs relative to their _ : >
mission responsibilities; and handled all detailed planning of experiment ' o
integration, f£light operatlons, and support activities. .

"MISSION REPORTS ' ¥ :

Mission preparatlcns, operations, and results are documented in an execu-
tive summary (ref. 1), a final mission report (ref. 2), and five appendixes.
Information for these documents was gathered from several sources: the records

of a team of observers who flew on all flights and observed mission activities -
in. detall, mission ‘operational records, mission planning documentation, infor- _ :
mation prepared by the PIs and EOs, an extensive debriefing following the: : “
51mulation‘period and 1nd1vidua1 interviews with mission participants. L

Ly

Of the five appendlxes to the mission repcrt two (A, The Experiment
‘Operator; and B, Experiment Development) are relatively lengthy and occupy
separate volumes of their own. The briefer appendixes G, D, and E are pre-

sented in. this’ volume. ' S S : S o

it

PO

Appendix C provides the details of the data-handling techniques and pro-
cedures employed during the entire ASSESS mission. These included early
., coordination between the PIs and the ASO; automatically recorded data channels; .- = .. Ty
: the use of the Afrborne Digital Data Acquisition System -(ADDAS); and data- o T s
handling systems provided by the PIs. Overall performance of the datarhaudling o :
- systems Is discussed and the use of ground computationa] facilities is
fbriefly described. v ,
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; Appendix D addresses the subject of communications during the simulation J ﬂ,
4 period, The speclal facilities set up during the simulation period are " T
, described, and detalls of their usage are given. %
N Appendix E covers mission documentation. The documents generated during
: ‘the entire mission are described to show the minimum-documentation approach of P
. the Airborne Science Office. Several lmportant mission documents are included ]
4 ~ in their entirety. ) » Lo
; ' T
! i
: |
-
3
]
4
?
:
:
4
| .
;
i §
}
|
t
£
i
|
|
|
|
: 4
SO T et e TR T




RO TR e L R S e T SRR (S

" E

i

B g T T RS,

APPENDIX C : : !

DATA—-HANDLING — PLANNING AND. IMPLEMENTATION

- PREMISSION COCRDINATION Of DATA-KANDLING SYSTEMS WITH THE ASO

Experiment selection and approval for the NASA/ESA Joint Mission was com—
pleted by September 1974, as shown in the brief chronology of pertinent events Do
in table C-1. Discussions between the PIs and the ASO for utilizing the -
ADDAS and signals from aircraft systems began in October 1974. The discus- Lo
sions contained another element., new to ASC operations —-namely, the use of =~ T

- the Ames computer center for quick-turnaround data processing and stripping of 3
data from ADDAS magnetic tapes. The latter had been performed before, but not -
on a quick-turnaround basis. The ASO requested that all PI arrangements for L
the use of ADDAS and alrcraft systems be settled by early April, about a month - L
before installdtion activities commenced at Ames. This deadline was met in S
_most important details. Some uncertainty concerning the quick-turnaround data g
processing remained until the very start of the simulation period on June 2,
because the PI desiring this service had to rewrite his computer program to
make it acceptable to the Ames computer s complier.

With one exception, the PIs’ requirements for use of the ADDAS and sig-
nals from aircraft systems were eventually satisfied; the initial request from
JPL for a very high data rate could not be accormodated. Use of the Ames com-
puter center facilities (see p. 25) was considerably more compiex and confused
than had been anticipated. Parts of the operation were not straightened out :
until mid-June, after the simulation period of the mission and well into the ' - 3
.PI section of the flight schedule. A _ o » ]

oo b b e et

EXPERIMENT DATA CHANNELS

Table C-2 shows the channels of information that were automatically ' P
."recorded during the NASA/ESA Joint Mission. "All except the photographic '
channels were recorded on magnetic tape or stripchart. The primary channels
carried the basic physical information, which was to be interpreted in terms
of atmospheric or astronomical fieories., The secondary channels carried infor-
mation that aided in interpretation or quantified the primary data. In two
: _ .. cases. (QMC and NM photometer), the primary channel also carried, sequentially,
S”'i..“ operations data as well. Each experiment listed in table C~2 had only one S
sensing device except Colorado, where the grating spectrometer contained two - , -
‘photomultiplier detectors placed appropriately so that one intercepted light S
In the visible part and the other in the ultraviolet part of the spectrum. E:
Note that only five channels were recorded by more than one device as a caution
'avalnst Jlosing data. '

P
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TABLE C-1.- NASA/ESA ASSESS I MISSION CHRONOLOGY |
Date Event
' h’-’éﬁr 1,“ 1974 ESA Experiments Approved by Mission Planning Group (MPG)
' Sept. 1974 NASA Experiments Approved by MPG i A
1‘ Nov. 22, 1974 | US and European Investigators Meeting, Paris 2 ] ;
| . - P
| January 1975 Investigators Submit ADDAS Software Requirements i 1
} . . ! ]
. March 21 to Experiment Readiness Reviews i
: April 23 [
April 4 ' ADDAS Arrangements Completed . 3
. o o
April 30 Experiment Installation Begins : 1
May 15 . ~ Imstallation Completed _ ¥
May 21 t 'First_Flight for Experiment Checkout ]
: v 3
June 2 Simulation Period Begins b
June 1L » 'Post_simulation Flight Period Begins _ o T
; June 20 | Last Flight of NASA/ESA Mission . - - | o
| , -;
| - j
| ;
|
s
1
;
3
)
»oo
6
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TABLE C-2,- DATA CHANNELS RECORDED DURING 'THE JOINT MISSION

"

e

v bl R e ik el

Primary Secondary
Experiment _
Continuous Sequential Continugus Sequential
Queen Mary College 1 3
(QMC) sky calibrate | thermeocouples E
mirror
position
University of
Southampton (SH)
IR TV - -1
integrate-
readout .
- Photometer L ' '
' sky brightness
IR camera 1
expose delay
niversity of ' .
Wew Mexico (M)
Photometer 1
' 8 successive
, . . - filters
©35-mm camera’ . 1 . 1
‘expose delay fire pulse
16—mm camera ' 1
: expaose delay -
Meudon Observatory/ 1* 8 1
fniversity of 4 successive | roll, video 8 start
Groningen filters . and system conditions{ -
e : voltages
lAmes Regearch 1* 1*
Center spectral filter
' intensity " position
University of 2 1
Folorado spectral 4 start:
T - intensity conditions
et Propuision
Laboratory (JPL) L
UV TAOF R 1
o spectral sweep voltage
. intensity o
VIS TAQF i 1 _
-spectral sweep voltage
intensity
University of t L
Alaska spectral 0 3 start .
1 intensity conditions

*Backup record to GFE 14~channel analog recorder (CP 100) in addition to
" this channel,.

+Backup record to ADDAS in additlon to this channel.

7 .
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All other experiment-peculiar information required for the interpretation
of the primary data (gain settings, time constants, frequencies, etc.) was
hand logged by the EOs and PIs. The ADDAS printout provided flight parameters,
many of which can be intimately involved in data interpretation. A fairly
important correction to IR astronomical data is based on the amount of water
vapor in the optical path. The ASO did not have the instrumentation to pro-
vide this information, but arranged to boxrrow an IR radiometer for the NASA/
ESA flights. It was planned that water-vapor concentration above the aircraft
would be read out on the ADDAS lineprinter in real time. However, owing to
complexities of the data-reduction process, the appropriate software could not
be generated in time for the mission and the PI from whom the radiometer was
borrowed used his home laboratory computing facilities (following the missiom)
to provide water-vapor information in a forfi usable to the NASA/ESA PIs.

Other readouts on the ADDAS printout were directly usable by the PIs.

Only one PI (JPL) planned complete reliance on the ADDAS for data record-
ing. The Alaska team also had to rely completely on the ADDAS during the
simulation period because their own tape recorder had malfunctioned during a
checkout flight; after the simulation period, however, they agaih used the
ADDAS as a backup. The ADDAS did provide the only record of QMC data, but
this experiment contained a backup digital magnetic tape system in’'case of a
catastrophic ADDAS malfunction. ADDAS malfunctions did occur, but none were
considered serious enough to activate the backup system. All other use of the
ADDAS and the GFE recorder as reqptding systems was for backup of experiment
systems and for recording housekeeping signals from aircraft flight systems.

Prior to the NASA/ESA ASSESS I mission, the most complex computations
carried out by the ADDAS on recent ASO missions had been the solution of indi-
vidual linear equations, and occasionally an equation involving trigonometric
functions. The Fourier transform, obtaining electromagnetic wave Intensities
as a function of the frequencies involved from the prime data record of inten-

'sity as a function of time, involves solving an integral equation. The ADDAS

did mot have the capacity to handle the full range of observations at the
resolution desired by the QMC PI. The PI had two optlons for the real-time
computations: to obtain the complete spectrum at very low resclutlon, or to
compute only a short section of the spectrum but at relatively high resolution
(either requiring about the same number of operations by the ADDAS). The PI
chose the second optlon. :

The Fourier transform program was not fully debugged untll flight 7 (the

third of the simulation period). The program and ADDAS worked well on

flight 8, but ADDAS could not be brought up at all at the beginning of

flight 9 if the inserted program included the Fourier: transform subroutine- (the
reason remained unknown). Thus, no real-time Fourler transforms were performed
on QMC interferog-ams during f£light 9. The program worked satisfactorily on
all subsequent flights, but during the simulation period, when the real-time
transforms were raquired as hardcopy for PI data evaluation, they were com—.
puted on only two fllghts.

T B T B T it casdecl o L5220 2 adre. KU S




THE CENTRAL DATA SYSTEM
(ADDAS)

Figure C-1 is a block diagram of the ADDAS hardware configuration, con-
sisting of two processors (computers) and peripheral equipment. The data
processor is used mainly for data logging, while the executive processor,
which is equipped with a disc memory system, does real-time data processing as

- well as performing most of the other system functions (e.g., managing periph-

erals). Data from experiments enter the system in either analog or digital
form: high-speed analog data through one of two A/D converters, and low-

speed analog data of high accuracy through a cross-bar scanner DVM; and digital
data through the input/output chamnels of the data processor. The total
throughput of the system is limited to 5000 16-bit words per second by the
capacity of the two alternately loaded input buffers. This includes all
housekeeping and flipght status information, as well as experiment data.

Both the data and exeéutive processors can do real-time processing of
experiment data, although the former is largely occupied with the data-logging
function., The executive processor runs asynchronously from the data processor
but has access through the communications link to the full data stream being
logged. This unit runs more complex analyses of data on an experiment-by-
experiment basis, with peripheral equipment provided to support a wide varlety
of applications. For example, it can be used to assemble programs to 1nteract
With the data processci and the experimenters' graphics terminal.

The general capabilities of the ADDAS are the formatting, merging, and
recording of aircraft status and experiment data on digital magnetic tape; the

© conversion of up to 42 selected parameters to engineéring units for periodle

logging on a lineprinter and display on a closed-circuit TV system; the logging
in real time of verbal comments via a typewriter terminal; the generation of

up to six command signals for output to experiments; and the offline processing
of ADDAS or other compatible tapes for quick-turnaround results from experi-
ments. Further details of this system are given in the 1976 Supplement to the

" Experimenters’ Handbook and in NASA TM X-62,367, Interactlve Data Menagement

Systems for Airborne Research.

At the time of the Joint Miesion, the ADDAS had been in use for about one
year on successive airborne missions. The continuous demand for mission-

specific software:during this period served to delay the completion of the
" basic software system for the facility and the full verification of hardware

performance. As a result, the capability to accommodate digital input from
experiments was limited, the output of command signals to experiments was not
implemented, and the online performance was -less reliable than expected. It

. should be noted that the QMC real—time Fourier transforms on this mission were

the first use of the executive processor for significant data ‘reduction from
an experlment.

<

.




L DATA CONTROL
¢ CENTER
P EXPERIMENT B
: ANALOG MONITOR
; . S P DATA OSCILLOSGOPE
F. \ - L R -
. - PRE- .-
- mrlﬂnens .
, . =
EXPERIMENT GROSS BAR fOfee (MAK) . MAG TAPE
NOX ; BCANKER UNIT NG, 1
R .
PRECISION oty tHAK) - ’
VOLTAGE sy AK) A
CALIBRATION : OCESSON MAG TAPE
il . 24K COR: - UNITND, 2
o= N 15EIT HEMORY
CHANNELS | - MUXiARC o
. FOR i
ENFEHIrdENTS 'FR’]IP:'TEEH
S _ : NO.1
- )
z 5a0,040fsec .
1 75 5EIT o MAX)
. MUX/ADC =
; Ainmcssmm. : L~ CHANNELS , 2 |
AE L DIGITAL DATA . EXPERIMENTS - < LIGITAL
winton - HEE
— 2 20 CHANNELS ToaLLe Enys
REMOTE o !
BISPLAYS : R B "
- 115Y, 50 Hr
SYNCHRO | | : .
YTT,E'G i - DIGITAL - 0 - POWEH  fa— FROM
CONVERTER Pﬂﬂ&m’,’:‘ﬂg’éﬂﬁ o  EXPERIMENTS CONTAROL ARCHAFT
= 5URSYSTEM AS (EQUIRED CENTER |y POWER
o SOURLES 115V, 400 He
[ EXECUTIVE ’ '
FROCESSOR
o, SR
- SYSTEM MEMORY ~
EXPERIMENTEHS [ 2A-MNORD
, PHIES DISE W%%N!lma e e TV HONITOR
TEHMINAL - MEMORY - . Nox
— 0 EXTEND
3
E *
- s
=
L N - : " LINE TIME COBE
§ PAPER TATE FAPER TAPE CONTROL . v ' BRAPHILS
: HEADER PLNCH TERMINAL FRINTER . RECEWER eram GiNERATOR
i } ‘ apne ‘ ‘
; HARD COPY : TYPEWRITER T0 AEMOTE SCAN
r LT FLOTTER TEAMIRAL GISPLAYS CONYERTER
; <
i
4 Figure C-1.~ Hardware configuration of the Galileo II data system (ADDAS).
3 +

RS S CEN SRRV

o TR

o

BT PR o AT

Cpit




- . recording. The cause was discovered to be a transient switching spike, and it S :; ¥

s well but chose to work in terms of time-average intemsities. S _.",_:f;W S d

.',prlorlty on the ADDAS operator's schedule, Alaska was forced to convert to an

“gimrlation period. The digital input problems of Alaska were located in the -
. AL i software and resolved (errors in the ADDAS software were not completely _ i
: resolved until June 1 the day before ‘the start of ‘the simulatlon) : o o

' considerably.greater than those of QMC and Alaska, in fact so great that they

_the total ADDAS load, and the lack of persomnel time for the development. of

- Bven analog format resulted in some data“ degradation because 500/sec is the

ADDAS UTILIZATION
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The major effort of checking out signals going into tlie ADDAS took place
on May 14 and 15, about a week before the first check flight. Only the JPL .
experiment caused the ADDAS program to 'hang up": This happened each time the
experiment operator threw a.switch to put test/ID information on the ADDAS

was eliminated simply by bypassing the switch with a capacitor. ' _ . R

_ The Alaska experiment had trouble getting the ADDAS.to accept their
digital output. By May 21 (first check flight), thelr analog signals were
being accepted, but then the Alaska digital tape recorder developed problems
and a switch back to’ dlgital format was made._'

Digital Data Inputs to ADDAS

_Inputting digital data to ADDAS is. a monstandard feature that requires
special programming to accommodate. This constraint reflects the buffer-
limited total throughput of the system as now configured, and the careful
allotment of capacity necessary to satisfy all experimenter and housekeeping
‘demands. -However, the advantages of handling digital data are leading more .
experimenters to digitize thetr data immediately after detection and appro- _
priate amplification, so the capabilities of the ADDAS will probably move . >
toward receiving digital data more readily. Digitization is especially :
appropriate in systems receiving light  levels low enough to allow the counting:
of the individual photons impinging on the detector. During the Joint Mission,
JPL, Alaska, and Colorado employed photon~counting electronics.  Meudon/
Groningen, QMC and ARC might have utilized the photon-counting approach as

e e i e e ke aa i aisai e

Table C-~3 shows the PI requests for digital inputs to and outputs from
the ADDAS, and the inputs that were actually made. The signals from QMC had
the highest priority and these were satisfactorily comnected about -one week ‘
before flights commenced. When the Alaska experiment was first connected the -
ADDAS, as noted, would not accept its digital data. As the experiment had low

o R

analog input during the flight checkout period. Then: the Alagka digital tape
recorder malfunctioned, and the ADDAS became their prime data recorder for the

The demands of the JPL experiment’ ‘on ADDAS digitalrdata capabilltles were',

could not be met at all. Data rates were excessive when considered part of - SRR

ey

the appropriate software was a limiting factor. The PI was aware of the
situation by January 1975 and therefore was prepared to. submit analog signals.

1
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'TABLE C-3.- DIGITAL DATA INPUTS TO ADDAS

Experiment - BT requested_ Actual usage . Comments
e _usage , : :
Alaska. 40 lﬁ—bit,digital”.k Analog during ADDAS would not acceﬁt .
-words/second®* . .checkout flights; signals dnitially.
T digital for simu~ .| When ADDAS became prime
lation peried. - | recorder, software ‘ .
: " | problems resolved. v ,
5L | 2 channels 500 16-bit | Convert 4 channels | Rate too high for |
’ digital Words/sep9nd | to analog overall ADDAS load _ ;
2 channéls 100 lG—Bit No command pulses | Seftware inadequate for l
“digital words/second | to .or from ADDAS rate at time of mission !
End-of-sweep pulse and| No sum by ADDAS j
sum.pulse to ADDAS | Record only y:i 3
Sum-complete/start— - R o
sweep command pulse §
to experiment from :
ADDAS Lo i
QMG - 35 (max) 16-bit | As requested Highest priority digi~ % i
o digital words/second o ' tal input to ADDAS L
_._,ﬂ-*otigihal‘fequesf was_fbr'ZOOO—Wdrd/secohﬁ rate, with data storage at - f  _,”"'.' :é :
40 w/s at the experiment. and periodic dumps to ADDAS. Negotiations resulted - - -° AR
in direct recording at the lower rate. ' ' ' P
h
¢
i
. o
. vl
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maximum ADDAS sampling capability. Sending analog to ADDAS caused further

data degradation because, according to the PI, at his relatively low signal - .
levels the dual conversion of D/A and then. A/D loses about an order of magni-
tude in accuracy — that is, if D1 is accurate to 1075 the D, dis accurate
only to 1072, . '

Analog Data Inputs to ADDAS and the Central Recorder

Table C-4 summarizes the analog signals sent to the ADDAS and the

l4~channel central recorder. The QMC experimenters were apparently unaware

that the millivolt signals generated by thermocouples in their equipment were

an order of magnitude smaller than the ADDAS system noise,* Another member of
their team brought the appropriate d.c. amplifiers, but because of the press of .
“other activities, these were not incorporated into the experiment until after

the simulation period (£light 10). The thermocouples wers used to record out-
side window temperature, inside window temperature, and the temperature of the
liquid N, reference body, for eventual introduction of small corrections. to '
the data. The latter temperature {not used during the simulation period)
could be determined from a knowledge of cabin pressure, which was being

recorded by ADDAS. The first two could probably be estimated with sufficient
accuracy from the values measured during flights 10 to 16 and a knowledge of
static alr temperature, which was also being recorded by ADDAS, For these
reagons, the PL gdve the thermocouple record relatively low priority. Although
not an analog signal in the true sense, the pulse code modulated signal from s
Meudon/Groningen is included in table C-4 because it was recorded on analog o !
tape.,

Signals to Experiments from ADDAS :and Hbuéekeeping Center

A1l 'PIs rely in one way or. another on flight parameters such as time,

latitude, longitude, altitude, piteh, and roll for proper interpretation of ._- - |

their data. Easily the most convenient means of incorporating flight param—
eters is to simultéaneously record experiment data and the relevant flight _
parameters on the same magnetic tape.. Then the appropriate computer program " !
allows postflight correlations, corrections, or other manipulation of -the . - - C 5
'primary data to be made automatically. The time code is generated in the ' '
housekeeping rack and is available to all experiments. - Also components
mounted in the housekeeping rack partially decode the INS output to provide
~aircraft pitch and roll to any experimenter requesting it. . The ADDAS fully
~decodes the INS output and records the derivative parameters as well as those
provided by other ailreraft systems (e.g., altitude, alr temperature, cabin
pressure) on magnetic tape. However, there 1s no provision for ADDAS to

. supply these parameters from the ADDAS to the individual experiments as elec— -
trical -signals to be recorded on magnetic tape. Thus, those PIs who elect to -
- utilize the ADDAS for data recording can use computer programs for automatic
data manipulation. Otherwise the PIs must record time and then utilize the

*This point is not clearly stated in the CV-990 Experimenter's Handbook.
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TABLE C~4.— ANALOG DATA INFPUTS TO ADDAS AND,14—CHANNEL CENTRAL RECORDER
Experiment ADDAS . Gentral Comments
- recoxrder
QMC 3 thermocouple - -8ignals originally in mV
o “outputs - range; not amplified for
input to ADDAS until -
flight 10
- SH _;_ —
MM ——— ——
Meudon/Groningen -—= Prime data ‘Pﬁiséféode modulated at
: channel 1400 pulses/second;
recorder bandwidth barely
_ sufficient B
Voice Aircraft intercom channel
channel no, 2
Ames Prime data - 1 Prime data
channel channel
Filter position Filter
AT -| - position -
Voice From experimént_system
channel
WTPL Prime data —_— All four éhannels'iﬁ use
channels (2) only on flight 10; one
channel of each on all
- other flights '
Sweep-position '
.| indicator
_.channels (2)
"|IColorado —— ———
. jAlaska —_— Prime data .These only during. flightsj- e
channel 5 through ¢ as backup to
- _ ADDAS . ‘
Start sweep |
pulse [ R
Prime data’  These only during'flightsr
channel 1 through 3; then switch-
: : 1 to-digital signals for'
_ ADDAS 1nput
Start sweep
pulse. A
: t° Heliostat
" elevation
__agd azimuth
Ancillary system 2 data channels S
(NOAA)
T
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ADDAS lineprinter readout (which includes all aircraft parameters) to corre-

late data with fllght parameters.

'~ Most PIs elect to correct and analyze their data on their home laboratory

:computing” fac{lities. In ‘normal ASO missions occasional use is made of ADDAS
‘signals to make corrections in real time by actually coatrolling some aspect
~ of experimgnt operation. Although ADDAS was not so used during the Joint

Mission, OMC did use a separate roll signal derived directly from the aircraft
INS (by PT equipment) to stabilize one axis of their optical path by control-

_ling the orientation of a mirror in their input opties.

As noted in an earlier sectlon, the ADDAS performed real-time Fourier
transforms- for QMC, as well as computing three experiment-related temperatures
and the sequence number assigned by ADDAS (for record keeping) to the inter-
ferogram being transformed. In addition, the NOAA radiometer signals were

- processed to yield numbers proportional to amblent atmospheric water vapor.

It was not possible to implement the JPL request (table C-3) for ADDAS to sum
data signals and output command pulses to the experiment. The QMC tempera-

““tures and NOAA water-vapor data were displayed by ADDAS on its peripheral TV
' ;system.and printed as hardcupy in real time.

The J01nt MlBElOn offered the first opportunity to utilize the ADDAS

'capability of making hardcopy readouts of computer memories external to itself.‘,l; ".
-Both Meudon/Groningen and Alaska utilized this capability, primarily during the o

simulation week, to produce hardecopy to be transmitted down to the PI.
Meudon/Gronlngen.contlnued to make occasional use of the facility during the
PI flights since these hardcopies provided permanent record information not
otherwise available to the PI in real time. Because of its lateness, QMC's

' request for hardcopy prints of the real~time Fourier transforms received low

priority on the ADDAS operator's work schedule; consequently, the connection

‘to the hardcopy unit was never made, and Polaroid pictures of the terminal -
... display were. substltuted Lo : ,

‘Table C—S sunmarizes the signals that went from the ADDAS, or aireraft
systems via the housekeeping rack, to the experiments and operators. Some of-

. the unimplemented PI requests for signals include parameters that ADDAS was A
-unable to supply (mentioned above); the others were not implemented due to the
“-overall workload on the support personnel at the time,

“In addition to the signals listed in table -5, all stations.had visual -

access to 'a closed-circuit TV on which all important ailrcraft parameters were

displayed with 10-sec updating, and all PIs eventually got copies of the
lineprinter record (basically the same information displayed on the TV). The

printer makes five copies, but owing to the general workload during the simula~

tion period only four copies were made avalilable for PI perusal. The addi-
tional copies required were printed after the simulation perioed.
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TABLE C-5.- ADDAS AND ATRCRAFT SYSTEMS SIGNALS TO EXPERIMENTS
: Flight parameters Computed experiment data
A Récorded" Control : TV‘< : ‘ N o
[Experiment - at of ;- | Line printer |  Hardcopy
' : display A - cEEs Rt
: experiment |experiment |- - : .
. o laMe C—— R011 ?ﬁ 3 ‘experiment | 3 éxﬁeiiment3 Spéctra:(Pdla-
' signal ‘temperatures | temperatures | roid photo-
S | Interfero- Interfero- grap@s of" ADDAS
“{gram | gram’ - | terminal
18 - © [ display)
sequence no. | sequence no. | :
SH Time code —_—
NM — —
% ~ [Meudon/ Time code, - IR maps from
i Groningen | roll signalj PI terminal
pitch | display
signal#*
Ames Roll Signal —_
Colorado —— —
JPL - Start sweep
' pulse*
Alaska Time code —— Spectra from
(seconds) PI terminal
Time code display
(minute
interval)
Latitude*
Longitude* | .
Heading® |
i Roll signal* -
_ '_'Eitdhvsignal*~'”vv L
' Pressure®
Heliostat
-elevation .
i Heliostat
% | azimuth
| |Ancillary L —— —_— A:Water;ﬁapor 'Watefévapor
: system parameter parameter i
: | (NoAs) ‘
_ *Signals_requeéted but not providgd.-
16
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PI-SUPPLIED EQUIPMENT

Tape and Stripchart Recorders

. The recording equipment supplied by the PIs is listed in table C-6. As
frequently happens, every experiment employed at least one stripchart (an X-Y
‘plotter in one case) in,one capacity or another; six of the eight experiments.

also used magnetic tape récorders. In two cases — Southampton and New Mexico,
 both of which recorded intetrnal signals — the stripchart provided the only

record of the signal. In most cases important internal signals were recorded .

 -also on magnetic tape. When used, the Colorado stripchart recorded data off

the prime magnetic tape wvecord. All the PIs who had tape recorders, except

'QMC,'uSEd'them to provide their prime data record. - The common reason given

for local recording was the ease of obtalning the prlme data record if it is
made on the PI's own recorder.

A‘recording device cdﬁspicuous_by-its'absencé during_the Joint Mission
was the digital printer, which has seen increasing use on normal ASO missions

as the use of digital data processing has become more common.  During a remote-.

based mission in 1974, for example, four of the seven different experiments.
aboard employed such printers for- quickwlook readouts ‘and permanent records.

Minicomputers :

: Inexpensive, relatively flexible minicomputers were first observed in use
on the CV-990 in 1973. The popularity of the minicomputer — compared to using
. the ADDAS, for example — is enhanced by the fact that the computer is used in .

the PI's laboratory for months or years prior to a mission so that the various

routines it carries out are- thoroughly debugged before installatlon aboard tha
aircraft.

'Miniédmputer uSégé dﬁriﬁg the Joint Mission is shown in ‘table C-7. The
Meudon/Groningen group was the only one to make full ntilization of their .
software capabilities} both the EO and the PI did so, to roughly the same

extent. The real-time analysis . capabilities of the Alaska and Colorado.soft- .-

ware were approximately equivalent because 51milar analytlc operations were

- required by each: the wavelength scale could be expanded, the positions and.

relative intensities of spectral features could be read out, etc. However, the

- EOs were not asked to. carry out any of these analytical operations; they

definitely didn't have the time in flight. Some analysis might have been =
worked in between flights, but by then the PIs had the data in hand and could
perform their own analysis, albeit manually. After the simulation period the

- Alaska and Colorads PIs had considerably more time for real—tlme analysis in-:

flight than did the EOs. They elected to record only, however; the data they
obtained were basically the same that the EOs had been recording for them, and

contained few if any new features. These PIs apparently did not use their
" analysis . capabilities'on'the'ground between -£1lights, -and they delayed . all

extended analysis efforts until their return to home laboratories, as did the
Meudon/Groningen group, whose minicomputer was incapable of the complex opera—
tions rgquileq to reduce their data.
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TABLE C-6.- PI-SUPPLIED RECORDING EQUIPMENT

Tape recorder

- [SH
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Experiment ‘Record Tore "Stripchart ~ Photographic
rank YB ‘ '
QMC Backup;. | Dual, . Single channel;
' not used | digital, prime data channel.
Qassette ' :
IR TV | Prime  Iﬁ£egraﬁed
' : ' video
iR camera - 16;min'equsures of
' S total star field
Photometer Single channel;
only record
M . .
Photometer | One- channel of
calibrate infor-
mation; enly
. record
35-mm' camera One channel, One 1/2-sec expo—
. shutter actua- sure per minute
tion; correlates '
photometer
record
16-mm camera S 30 l-sec éxposures
' per minute
MEudon/_ FPrime .Digital, Gzchénnels experi-
Groningen - C 7" reel mént operaticons’
: ; data - :
Reference| Video, 1 channel
| data = | 7" reel. |-
Ames Two channels;
prime data ,
channel and filter | -
position
|{Calorade Prime = | Dual, . | Single channel
B 1 o digital, {used only to: .
cassette check tape
o record)
g

T

S




b e kg e e

- -~".;,»'n¢e—_3-q_,.,..-,,-..,_- .

"TABLE C-6.~ Concluded.
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. v Tape recorder - - . j §
Experiment Record Tvoe Stripchart | Photographic é
rank yP
JPL Reference| Analog - X-Y plotter; one
informa—- | cassette | data channel -
tion A ’ ‘ (intermittent use) ' ' ) ﬂ
(voice) b
Alaska “Prime Digital - Dual channel; ‘
o (out dur-| 9" reel premiltiplex and
- ing postmultiplex .
- flights 4 .data channel .. ;
to 10) - | ;
2
|
- _TABLE_C—7.- MINICOMPUTER USAGE
o . Software capabilities " Actual
Experiment |Process/| Real-time | inflight Comment
Control
record ] analysis . usage
QMc X —— - None | considered as backup. to
ADDAS -
Meudon/ X S X ——— Process/ | The lﬁk?core~memory com-- 1
Groningen record/ | puter controlled telescope 2
' control | scan, and stored IR inten— @
sities in memory. for sub- f
sequent production of ’ :
IR maps
Colbrado X X X Process/ Operation completeiy _
e R PR : record/ | remote via computer - -
control | control -
Computer summed spectral
intensities to enhance -
_ signal to noise ratio
Alaska X —_—— X Process/ | l6k-core-memory computer
o B Ce S recoxrd | summed spectral intensi-
ties to enhance signal-
to-noise ratio o
19
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SYSTEMS PERFORMANCE

Experiment Systems

Among the classes of comﬁonents that make up data-handling systems,

- demodulators . (lock~in or phase-sensitive amplifiers), processors (minicom- .

puters, and one D/A converter and interface box), and recorders (stripchart .
and magnetic tape) accounted for all systems problems during the Joint Mission.
All plain linear amplifiers, A/D converters, multiplexers, and computer ter-
minals operated trouble-free during the mission. :

The problems that occurred in the PI-furnished data-handling systems are
listed by component type and flight in table C-8. (For a complete listing of

. problems. that occurred during the mission, see appendix B.). ‘All entries in

the table represent times when a major data channel was not being recorded by
the PIL's system, except for the QMC and Ames entries invelving stripcharts
{both of which presented quick look information which was being recorded else-
where) : These times are accurate where the incident was logged in by the.EO
or PI; the approximate times are derived from observer notes. :

The only data-handling system that seriocusly malfunctioned due to an
internal cause was that belonging to the Alaska group. A drive motor imn the
tape recorder had a faulty bearing, which introduced erratic tape transport.

- The electrical fluctuations induced by-the erratic motion of the motor somehu#

Fed back into the system's minicomputer, causing it to hang up frequently dur-
ing the first two check flights. :The feedback became worse during flight 3~
and finally (after that £light), when a fuse in the motor circuit blew, several
transistors in the computer were also ruined. The tape recorder was removed .

~from the aircraft and the faulty motor replaced during the simulation period.

The computer was Tepaired in time for inclusion in the experiment during the
simulation period. The data system, with ADDAS acting as prime recorder,

- operated with minor hang-ups during the simulation week. Thereafter, the

system, including the repaired tape recorder, functioned without incident

- (£lights 10 through 16).

If extensive real—time data analysis had been a Colorado requirement, a

. second potentlally serious problem would have arisen. The formatter/termlnaT

dlsplay unit in this experiment exhibited abnormal behavior during experiment

: checkout,ult allowed the execution of several simple analytical operations but
malfunctioned when other more complex analytical routines were requested. The

- E0g had no time for even the simpler routines; the PI resolved the problem. .
just prior to the PI fllghts (loose printed-circuit board), but chose not to

utilize the real-time analytical capabilities of the system during that part
of the mission. Since the problem never surfaced in flight, it does not

- appear in table C—B

Most of the o;her prdblems showu involved stripchart recordars (always a-
troublesome component, but providing a useful readout) and minicomputers.
Only: the New Mexico. stripchart probiems caused data loss, however; and it was.
slight. The other strlpcharts were prlmarlly data—monitorlng readouts. Of
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TABLE C-8.- PROBLEMS IN DATA-HANDLING SYSTEMS
Time signal
Flight no./ not recorded, Problem Action/Comment
experiment ain -
- [Demodulators’
1 Ssu None Phase~sensitive Degraded data throughout‘
‘ detector erratic flight
14  QMC - T T ~30 Phase-sensitive Found loose. reference—
detector erratic signal cable
Processors® :
1 Alaska £30 Many short computer | During first two hours;

2 Alaska

Colorado
3 Alaska

4 Colorado

144

Checkout period
€% ]
(&%)

hang-ups

Many short computer

hang-ups
Computer overheated

Computer would not
come up '

Computer would not

_Dﬁ%ing first hour; cause

cause not determined

still not determined
Automatic thermal cutout

Finally did after disconnect—
ing tape recorder; transients
from recorder caused prob-
iems on £lights 1 and 2

“26 . Inexperienced operator;
: come up all data lost
5 Colorado ~15 Coﬁputer would not | EO operation begins; all
come up data lost
6 Alaska ~15 Computer would not | D/A converter lacked power;
foe B write on strip-- only calibration data lost;
chart = repair after flight
Colorado None Computer would not"'External electrical fault;
o : write on strip- | transfer of magnetic tape
g chart: data to stripchart; no data
'g ) lost :
7  Colorado |®™ 7 Computer would not | Reload program; 425/ data
o ' 5 write on magnetic 1ost .
i g S tape _ N S
8 Alaska o o~10 Computer would not End'of flight; found open
- s :'ﬁ _ o accept. calibration -| breaker next.day .
@ ~-data . . _
‘Colorado 7 Computer would not | Reload program; <25% data
— . come up _ lost N ,
- ~33 Camputer would not | After standby périod: all’

come up

data lost this object; after
computer up, could not
acquire object

9 No problems reported"

2

-
il . - s -
SRR D STRWEMCIRISI S S TSN ..,J..,M-_.,-_.Aa‘,,_‘,ﬁ_._.a.ud‘u&u' -

i 45

pred

(P




!

TABLE C-8.- Concluded,

10 Colorado 13

11 & 12° No problems reported

13° Meudon/ | w = 48
Groningen ':én

14 Colorado | 4 4
Uy
1=
~

JPL 16

115 & 16 No problems reported

Time signal - ,
Flight no. / not recorded, Problem Action/comment
experiment .
min
Processors® _
Computer overheated

twice

Computer stopped,

would mot come up

Computer stopped

Vis TAGCT D/A con-
verter and ADDAS
interface knocked
out ‘

|up ADDAS and damaged JFL

| Switch to equivalent unused

Automatic thermal cutout

Not resolved in flight;
<50% data lost

Power transient; also hung

experiment

UV TAOF unit

malfunections

Recorders ‘ v v
1 aodc | ~180 Stripchart drive Replaced unit after flight
’ ‘ malfunctions - olwith unit borrowed from
7 another PI o
2  Ames ~3 Stripchart stops Coaxed into opefation
. L A inking . o .
5  Alaska 5 fiights Faulty magnetic tape|Repair on ground; reinstall
L B : transport motor for PT flights
7 New | | 5 Stripchart recorder Replenish ink reservoir/
Mexico ' stops dnking checkout ink system
' thoroughly on ground
8§ - New | = ~3 ‘Stripchart pape: : Switch to spare
Mexico ' _ drive fails N
QMG - ~130 Stripchart paper 0ff-duty EO attempts repair/
AT I | drive fails continue work on ground- . =
g QME ~~105 - Stripchart paper 1Try backup MM recorder; it 1
' B drive fails ‘would not advance paper;
switeh to aircraft roll )
stripchart after Venus data
, leg '
113 New : o~ : '35-mm camera fire— | Put fire-pulse chanmel on
“le o Mexdieo | 0 | pulse channel - . -

| backup ‘stripchart; repair on|

ds

ground

#?otal.experimenteminutes lost =410
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the minicomputer problems, almost all that were not directly traceable to some
physical cause {overheating, power transients, etc.) occurred when an EOQ or
some other person outside the PI's team was operating the experiment (flights
4 and 5 through 9). With the PI as the operator the "computer would not .,."-
type problem occurred only once (flight 13).

The problems encountered by the Alaska and Colorado systems on flight 6
and by Alaska again on flight 8 were traceable to electrical failures outside

- the computer (power supplies on flight 6 and a general circuit breaker open on

flight 8). These were remedied on the ground following the flight. The
causes for other "computer would not"-type problems were never identified. A4s

indicated in table C-8, these unanalyzed computer hang~ups resulted in con-
- siderable data losses.

Overall, the EOs had more difficulties with PI data-handling systems than

- did the PIs. Duriag the simulation period, the EOs had 2.4 problems per

flight. During the checkout flights the PIs had two problems per flight
(rather high, but as might be expected at the beginning of the mission), but

only 0.8 problem per flight during the final seven PI flights

Central Computing System

‘At the time of the Joint Mission, the ADDAS system had beén in operation

- for about one year. During this time, the capability of both the hardware and

basic software was improved considerably. Neverthelsss, the system went down
a total of 30 times during the Joint Mission, 7 of them during the simulation
period. Table C-9 shows the frequency and duration of ADDAS malfunctions; in
most cases, the source of difficulty was not known. All attempts to correlate
ADDAS malfunctions with experiment operational activities failed. As a last

. resort, problems were attributed to subtle "errors" iz the software. The

system's initial refusal to do Fourier transformes for QMC was attributed to

- such an "error" in a portion of the ADDAS program that had run satisfactorily
- on the preceding flight mission. Indication of additional program subtleties

surfaced on flight 9, when it took the ADDAS operator 30 min to get the system

up, and he was able to do so only by leaving the Fourier transform routine out

i’

T o N

of the program. On all subsequent flights, however, the entire ADDAS program, o

includlng the Fourler transform subroutine, was utilized

' When ADDAS operatlons ceased, the operator was usually able to restart

-the system by means of the controls at his interactive terminal. Quite often,

however, the whole program had to be reloaded from digital punched paper tape, -

‘a2 2 to 3 min operation.

The time and manpower alloted for ADDAS software debugging and checkout
against operating experiments (both individually and as an integrated payload)
was not adequate for reliable operation of this vital support facility. With
two exceptions, JPL and QMC, ADDAS downtime did not cause critical loss of
data, since local recording at the experiment was being done. Nevertheless,

i
1
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 .the uncertain behavior of the system was a deterrent to effective EO operation .
‘during the simulation flights and created substantial gaps in aircraft



" TABLE C~9.- ADDAS INFLIGHT DOWNTIME

. Flight no.

No. of
problems

Downtime, min

| Data legs*®

Cause/comment

Checkout -

2

. 3

16

10

Nondata leg
TR

10

- Two . experiments
- on line ‘

Unknown

1) Unknown
2) Not writing on tape

Unknown -

1) Unknown
" 2) Make slight program.

change

Simulation

9

20

27

29

Three experiments
on line

Unknown

nl) Recording, but no f

computarion

' 2) Unknown

_Unknown: v

10
11
T
13

PI flights

16

15

NN H N

2

58
55 .
o

15

19

Two experiments on line-
~J4

:Unknoﬁn V

Unknown

nkenown

Tnknown

*1): Unknown -

2) Power surge

ALl due to rTough flight

~ path

Unkdown

e -

o *Total experlmentumlnutes lost = 648.
tone dellberate.
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pafemeter"recofds. Out of a maximum pessible 74 hr of observing time during .
the full 16-£1ight schedule, the ADDAS was down some 6 hr, or about 8- per—
cent of the time.

0 - " GROUND COMPUTATION/DATA STRIPPING

Frcin e e i

.77 7 Only QMG undertook any significant data processing between flights at {:J
' S Ames, and only QMC and JFL requested. the immediate stripping of at least ‘some ' :
- of their data from the ADDAS tapes. The former requirement was due in part to . - o
the fact that the QMC data were the most abstract collected during the Joint 2
Mission, and they required mathematical transformation before physical inter-. = - .
pretation. The early data stripping requested by QMC and. JPL was necessitated =
by the reliance of both groups on the ADDAS for data recording: Early data . = S
tape verification on a ground-based tape reader was therefore important, par— A
ticularly to JPL. The transformations made on QMC data in the Ames computer = . . .. ;
‘center revealed that the ‘tape was readable and that the quallty of. ‘the data on " S 3
the tape was satisfactory.

i it e iz Kt o

A quick~turnaround procedure was devised for immediate postflight pro- l BT S
- cessing of ADDAS records of QMC and JPL data. -Originals were to be delivered S
to the Ames computer center about 0400 hr each morning, following the flight -
debriefing, and processing was to be completed by 0800 hr and results available . N
for PI review. A program was written to strip and record the QMC and JPL data = - ° |~
on sepa;ate seven—track tapes, and to transform the QMC interferometer records '
to spectral data printout, With this output, both PIs could evaluate their
- results in time to plan intelligently for the next flight.

Unfortunately, this postflight data processing plan could not be fully o
~implemented. The ground data—processing needs of QMC and JPL were reasonable . - o |
- enough, but their execution was quite tortuous. The overall data-processing
~ operation for the two groups is summarized in table C~10. To shorten the SR a
" turnaround time, the ASO departed from standard procedures and allowed the: - - A
_Ames computer center access to the original data tapes instead of duplicates. . |
The time saved found other uses, however; even after _debugging, the QMC trans—:j :
formation program still hung up on the idiosyncrasies of the data being - R Y A
_recorded. That is, when the two optical paths in a Michelson interferometer_' : "§-‘
(the'QMG_instrument) are the same length, all waves arriving at the detector = h
arrive in phase, creating a maximum in detected energy. All waves arrive in
phase only for this. one condition, so the point is. unique and the ‘transforma=
" tion program utilizes this fact. However, the EMI experienced by the QMC -
‘eLperiment provided other maxima in the interferogram as large or larger’ than"
the central (equal path length) maximum. Thus, the PI or his representative
. L had to be present during each transformation to specify. for- the ‘computer which
BT  of ‘the recorded maxima were spurious and should be ignored. It took -about.
f 1/2 hr per interferogram‘to study the stripchart and logbook to locate the
i ' ' spurious data, 1/2 hr to derive the associated numerical parameters, and -
o *1/2 hr to punch the appropriate computer program.cards before the transfor- _
mation could begin. Because.the spurious data appeared randomly in the inter-—
ferograms, each had to be treated separately. For all these reasons, less
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TABLE G-lO - GRDUND COMPUTATION/DATA STRIPPING

O

| ADDAS tape,_’

record omn-
7—track tape for
daily review’

Copy ADDAS . :
9-track tapes -
for daily. data_
rev1ew

| tapes, then-

firgt’flight“’

delay untll end“

‘.of m15510n

"First tapes not .
available until -
Jafter simulation

.| down before first tape could’
| be verified; decided not to
wdste computation center time

Desired Actual C
Experiment : . Comments
: | operations . operations
QMG Fourler trans-. ,Approximately :Program not debugged until
I form selected as desired = - | then _ :
interferograms af;er ﬁ;ight.G ,Spurious spikes in data con-
on daily basis R ' tinued to.confuse program
'for PI raview .f . inued to. confuse prog e
‘ ":'PI had o' be, present to spe—"
cify central,maximum of
. S L o '1nterferogram‘ f 7
| Strip-data from | As desired; ~:--| Interferograms pruduced at.- )
ADDAS-tape; s | Eirst taps .. Ames- verifled data on ADDAS ;'
record on | .after £light 6. . |:tape
J-track tape, S 0 U I'PI wanted to ver1fy at least | .
at least-one- : o
: one tape on home lab reader’ on_u
by end of .
‘flight 9 - his departure from’ Ames, _
T 1 remainder to folloW'when task "
. ._completed v
: JPL . Strip data from Strip*détgﬁftom'f JPL home lab tape reader brokei,L;

until wverification. Seven-
track tape not verified until
PT section of fllght schedule
Quick turnaround prevented by.

QMC use of or1gina15.i Further
delayed by time . schedule of-

51mulat10n perlod s

o

| period .
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than a tenth of the interferograms . taken during the mission were transformed
on the Ames computer._ :

The stripping of QMC and JPL data from the ADDAS tapes went smoothly
enough, but the gquick-turnaround time was severely compromised by the
unexpectedly complex processing of QMC interferograms from the original
records. JPL encountered somé difficulties in getting early taped data veri-
fication of any kind. As noted in table C-10, the tape reader at JPL mal-
functioned before the first stripped tape could be verified there. The JPL
PI then requested that the ADDAS operator duplicate some ADDAS tapes (as time -

- allowed) so that he might verify the usability of JPL data on ground-based ASO

equipment. Time and manpower limitations precluded this procedure, however,
until the PI flights following the simulation period.

CONCLUDING REMARKS

'The‘firsthoint NASA/ESA ASSESS'HiSSién demdnstrate& that a wide véfiety
of data handling requirements must be met by any central facility, and also,
that very substantial amounts of time and manpower are required to adapt the

. central facility to a particular mission. The mission staff must correlate. -
‘data handling and computation requirements with experimenters well in advance -

of the mission, taking time to ensure that the experimenters understand the

capabillties and llmltatlons of the central facility

The mission also clearly demonstrated that one of the important functlons
of the central data handling facility is to provide each experimenter with a
detailed, time~coded printout of significant flight parameters. All experi-
menters on the mission used this information for postflight and postmission
correlation of results, not only within their own data base but also to make .
1nterexperiment comparisons of similar data,

 Experimenters on this mission used the central.datﬁ facility (ADDAS)
primarily as a backup to their own Individual data recorders.. Only one

experiment depended on ADDAS execlusively for recording. One -other used it as

the prime recoxder but also carried a backup system; the latter was never

- used. This same zxperiment ‘used the ADDAS to perfoxm complex in-flight daté
_ processing in the form of real-time Fourier transforms. A simplified program

was .developed for this purpose, to match the memory avallable. If more
detalled data processing (e.g., a full 2000-point Fourier- transform, as .
capared. w1th the- 300~point transform performed . during the Joint Missmon) is
required in real time in Spacelab, then much greater computing capability will
have to be designed into the central data facility (CDMS) than was contained

in the ADDAS system.

Several experimenters arranged for gustflight data processmng in Ames
ground facilities, simulating the planned downlinking and processing of data
from Spacelab. Unexpected technical and managerial problems were encountered
in this activity, and the planned quick-turnaround of data was never fully
realized durlng the relatively short mission period of 5 days.
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Three expériments incorporated minicomputers to do internal data process—
ing, to provide operational control, and to display instructions to the human
operator. The advantages of such localized, preplanned, and automated opera-

“tions are expectad to accelerate the use of minicomputers and microprocessors.

This trend will .obviously impact strongly the requirements and plans for the
data management on Spacelab. -The central facility may be better suited to
provide basic housekeeping and flight parameters common to all experiments, to
have a reasonable capability for backup recording, a limited capability for
real-time processing, and be designed primarily as the collection center for
locally preprocessed data to be telemetered to ground statlons for detalled .

- reduction and analy51s.

In terms of datarmlnutes lost the individual data handllng systems out—

performed the centralized data processing system during the first Joint ASSESS .
" Mission., . Downtime on the central system impacted several experiments simul- =~
taneously. Since, in addltlon to cost, basic system reliability will also be-
a major factor in choosing between using individual or centralized data ‘
~ handling systems in Spacelab, the comparison of the performance of the two .
.'approaches to data handllng should be continued in any future ASSESS missionsy
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APPENDIX D
COMMUNICATIONS
. COMMUNICATIONS FACILITIES AND GROUND RULES

Facilities provided to simulate communication between Spacelab and the
ground are described in "Communications Ground Rules,” a memo passed cut to
all participants in the Joint Mission just before the simulation period. This
simulation was of two qualities: Voice and video links were simulated by

- operating channels; while telemetry'and facsimile links were simulated by

handcarrying the data,involved The memo is reproduced here (with minor’

editing) with a sketch of the facilities and locations of equipment (fig. D-1).

',Communicaﬁicns,cround Rules

Voice Communication

Two channels of two-way voice‘communicatidné_arc available: -
Channel l

" From: PI Office Area,and PI Conference Room
(3 speakers, 3 microphones)

' To: Aircraft (3 speakers, 2 microﬁhones)-' '
Channel 2
From: Operations Room (l'speaker 1 microphonej

To: Aireraft, Mission Manager 5 Station '
" (1 speaker; 1 microphone) :

" ‘Channel 2 w1ll be available in the van during sleep periods.

Each .voice channel will be- operated by actuating the push~to-ta1k switch on

the microphones. Calls ¢an be Initiated from either side. All conversations
 aré recorded automatically. Both channels are available for PI/EO corsulta—
~ tion; however, channel 1 is the primary mode.  Channel 2 has priority as the =

”--:operational,intercnm.system.(Operatlons Manager/MisSLOn Scientist to Mission
 Manager). -

o _Telephone

Total of five (5) telephone extanaions are available in the Mission 7!

" Operations Cente* (MoC) for outside calls.,

29
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Figure D-1.- Joint Mission communications plan.
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An additional extension is available in the aircraft or living quarters.
However, this telephone is only for prlvate/emergency calls by confined
.personnel A : _ .

Mission-support related calls by PIs wili‘use an Honor Logging System.
A log will be plaeed by the telephOnes in the PL trailers and PI Conference

-Room.

Television

A one-way downlink video communication is provided from the aireraft to

‘the PI Conference Room and PI Office Area. Two (2) cameras are available in

the aircraft and operated by an observer on demand by the EOs. or PIs. The
video downlink shall only be used if necessary.  The duration and purpose of
each video transmission will be logged by the observer.

"Hendcarry" Up- and Downlinks

: All data handcarried to ‘and from the aircraft (film, hardcopies, sketches,
photographs, etc ) must go through the Operations Manager to be properly
logged.

. All approved downlink data require logging only.
New requests for downlink data must be aﬁproved by the Operatioﬁs'Manager.

" All. uplink data requires‘apéreval”by the Operations Manager.

Data Dumps

The Scuthampton data dump (video transm1551on) must be 1ogged through the

Operations Manager.
FACTLITIES UTILIZATION

Voice. Communication Channels

Provision was made for tape recording both voice communication channels.
The channel-1 recorder, used for almost all PI/EQ communication, was controlled
by a voice—actuated switech. This switch malfunctioned several: times early in.
the simulation week, but less than 5 percent of PI/EO conversations:were lost.
Channel=2 conversations were recorded by manually switching on the unit.
Through design or oversight, this procedure resulted in some loss of informa-

- tion;. 1t is obvious from the tape that important conversationzal elements had-:

already taken place when certain records begin. However, the overall loss of
information 1s relatively small since less than 5 percent of all wvolce com-
munication took place on channel 2
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© duration of transmission was obtained primarily from a plot of tape recorder
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Voice channel usage may be described in terms of users, subject material,
- frequency of use, and duratlon of use. The users included not only the EOs : f
and designated PIs but also most members of the various PI teams at one time

or ancther. 1If one ignores transmissions where party A seeks party X but

talks briefly with Y since X was not availasble {a fairly frequent occurrence),

- then all but one transmission was between an EO and the PIs of his prime or -
‘secondary experiments.

M
T B

oy a2

The PIs and EOs dominated the use of channel 1. The Mission Manager made .
.‘use of this channel primarily durding the preflight meeting and the postflight '
debriefing (table D-1); otherwise, he was contacted on channel 2. On the

~other hand, only three short PI/E0 exchanges took place on channel 2. Subject

material ranged over all aspects of mission and experiment operation, with

- flight instructions and diagnostic efforts on malfunctioming experiment com-

peonents being the dominant topics of conversation. Discussion was only

occasionally frivolous or beside the point.

TR

N By

' Frequency of fransmissions was determined on the basis of subject matter:
" If an EO tal¥ked" suiccessively with PIs representing, say, three different o
experiments, this transmission was considered as three different transmissions;
. 1f he talked with more than one member of the same PI team, this discussion was
- counted as one transmission. The overall frequency of transmission,: based on
the above method of counting, is shown in figure D-2. The simulation period
"started at 1300 hr on June 2 and ended at 2300 hr on June 7. On the first day
of the mission, with fewer hours and no flight experilence, there were rela-

- tively fewsr transmissions. Subsequently, the total number of calls on both
channels (excluding preflight and postflight meetings) fluctuated between 35
and 46 per day depending on the situations confronting the EOs.

et

R

o The duration.of channel-l transmassmons was established by using a two-
channel tape recorder and recording the WWV time signal on one channel. On
-channel 2, the person actuating the recorder was requested to log the time at
the end of transmission. This task was frequently forgotten, however, and

: reel revolutions S time. '

: _-Figure‘D—stummarizes the .time spent.in voice communication; total dura—
" tion ranged from 1 to about 3-1/2 hr per day. (Note. the difference in ordi-
_nate scales.) The calls were frequent, bﬁt-generally short.: The shortest was
well under a minute; the longest was 20 min; the average was 4.5 min.
" Duration of use was low on day 4 of the mission, probably because there had _
been no fllght on. the previous day and most problems had been resolved. TUse
on-day 5 was high owing to several new problems that developed during the L
third flight. In addition, people were getting more accustomed to using the .
- communications system," and transm1531ons became somewhat moxe - "chatty" E A
character. : S

U P T

-EO use of the voice communication facilities is given in table D-2 and
figure D~4, Table D-2 gives the number of transmissions made each day, the’
.. total for the simulation period, and the percent of the total that took place

‘between the EQ and, the PI(S) of hlS prime experiment(s).  Overall, EO

) .
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TABLE D-1.- SIMULATION WEEK DAILY SCHEDULE

Time (hr) Events Location | Participants
L Refuel aircraft A/C MM
L+1 Lift van attached A/C MM
Communication hookup A/C MM, OM
Cryogenics servicing A/C EO
Data down link A/C, MOC | EO, MM, PI,
oM
Hand carry
+ ADDAS tapes to IBM 360) Log in
* ADDAS hard copy to PI through
« ADDAS printout to PI Operations
* Film to Photolab Manager
Dump Southampton video record A/C, MOC | EO, PI
L + 1-1/2 |Flight debriefing A/C, MoOC | OM, EO, PI,
MM, MS
L +2 Silence A/C A/C EO, MM
EO meal (optional) A/C EO, MM
Sleep A/C EO, MM
PI-MS consultation MOC PI, MS
Preflight planning
T - 7-1/2 |PI-MS consultation MOC PI, MS
Preflight meeting preparations
EO wakeup, shower, breakfast A/C EO, MM
T - 6-1/2 EO-PI consultation A/C, MOC | EO, PI
Free time
T - 5-1/2 |Preflight meeting A/C, MOC | EO, PI, MM,
Approximate MS, OM
time 2PM Formalize final experiment operations
Final flight plan
Passenger manifest
T - 4-1/2 |Start experiment preparations
Film and tape loading A/C EO
Cryogenic loading A/C EO
EO-PI consultation A/C, MOC | EO, PI
Meal/free time
T-1 Loose-item stowage A/C EO, MM
Passenger boarding A/C EO, MM
Liftvan removed A/C OM
Stop N, purge of cavity A/C EO, MM
Communication disconnect A/C EO, MM, OM
T - }/2 Door closure A/C EO, MM
T-20 Takeoff A/C EO, MM
Box lunch available in flight

NOTE: L + 1-1/2 and T - 5-1/2 meetings were mandatory for all indicated partic-

ipants - at least one PI per experiment.

24 hr/day.
L: landing MOC: Mission Operations Center
T: takeoff PI: Principal Investigator
A/C: aircraft EO: Experiment Operator

33

Operations Manager on duty

MM: Mission Manager
MS: Mission Scientist
OM: Operations Manager
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Figure D-2.- Use of voice communication channels during the simulation period. i
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Figure D-3.~ Duration of transmissions on voice channels.
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TABLE D-2.- FREQUENCY OF EO/PI VOICE TRANSMISSIONS

Day of
mission

No., of tra

nsmissions

Operator B

Operator A

Operator D

Operator C

1

oo b W kY

8
11
13

9
11

1
10

8
7
12

0

5
6
5
5
2

8
8

3 | S
, r
6 ;o

11 _ o 13

8 9 10 | S .
Total 60 47 23 46
% to : : 3
prime PI's 68.5 - 55.2 47.8 80.5 3
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Figure D-4.- Duration of EO/PI transmissions.
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transmissions varied from four per day to ten per day, while EO/PI contacts
varied from two to seven. Operator D participated in relatively few trans-
missions — only 23 during the simulation mission compared to 46, 47, and 60
for his colleagues. Further, less than half involved his prime PI. Both Ffacts
may be partially explained by the absence of hlS prlme PI at the MOG during
much of the period. _ .

Figure D-4 shows the distribution of channel-l transmission time among
the EOs. The figure alsc shows whether the EQ was preparing for a duty night
(D) or am off-duty night (0) during the time of the transmissions, and whether
the duty was to be on his prime (P) or secondary (S) experiment. Times range
from zero to 1.2 hr a day. However, there is no obvious correlation between
time spent in discussion with PIs and whether the E0 was slated for duty, or
whether he was assigned to his primary or secondary experiment. Hours of
transmission pexr day for EOs preparing to operate secondary experiments was
only slightly higher than for those preparing to operate primary experiments —
0.7 and 0.6, respectively. (Day 3 is included because the EOs were expecting
to fly as designated.) Thus, it was important that the PI be available for
consultation before every flight of the simulation period. Even when off duty,
the EQ had significant matters to discuss.

Overall, the voice communications facilities seemed adequate. They were
available for PL/EO exchanges for approximately 32 hr during the total
simulation peried of 130 hr. Channel 1 was in use about 41 percent of this
time and channel 2 (concerning matters of import to the mission) only about -

2 percent of the time. The mission was several days along, however, before
E0s learned to communicate accurately and effectively with their PIs in
problem-solving situations (see Lessons Learned for Spacelab, in ref. 2). For
the first few days, individual discussions were somewhat limited to permit all-

"PI teams to conduct vital business in a timely way. As the week progressed

and the participants developed their communications skills, the situation
improved.

Facsimile Uplink and Telemetry Downlink Simulation

As originally planned, the simulated telemetry downllnk was to handle (by
handcalrylng) only items that could have been telemetered.. This. constraint
would have excluded stripchart records and f£ilm, for example. The rule was
relaxed because some PIs depended almost entirely on receiving data in such
formats for perusal on the ground. The uplink facsimilé simulation rules were
Simllarly relaxed, and many items not susceptible to facsimile transmission
were handcarried to the aircraft.

" The entire log-of handcarry and video transmissions is given in tables D-3
and D-4. Table D-3 consists of a transcription of the MOC hardcopy transmittal
log; while table D-4 includes the equipment transmittal log (with supplemental
information concerning. why the transmissions were considered necessary) and a

record of the video transmissions made of test ot data tapes. MOC personnel

logged in the postflight video data dumps but failed to log in those made dur-

ing the day before flight. Evidence of these preflight video transmissions was
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TABLE D-3.- HARDCOPY TRANSMITTAL LOG

3 ‘ g : R ' S |  WNo.® | . WNo. ‘Uﬁij) orf . ‘gf
R Date - ., item SR ,Iime sheets | copies | down (D) | .

I 14 "Passenger manlfest N : 1505 L2 U

ﬁ g :-._;-: (PaY 1) Modified operational procedure | E 3 - __. |  f_'_ BT . .
v 1 - Alaska experiment . . 25 3 [ 1 | u rsxi-
. S Flight plan L  isso s | o s |

_ SN | operational procedure . N o S D IR
g : |- JPL experiment . : S l1ebo 1 1 U IR
i | ] Flight plan (additional R o _ .
S b Jcoptesy S cwoes|s | w0 o w e
Star flelds (Meudon) R 1735 5 ~ "1" U __' S B

?,_.i4f_;'.-- 6/3. .  ADDAS data tapes . . . .. 10610 3L D
' ~ o |@ay 2) 1 appas printout - |0620 | - 66 - SRR DS S AR
Rest,of data dump 0750

g : N Log sheet L 1

P D : v - Stripchart ' ‘ roll

4o o | 35-mm Flm roll. |

' R ' 0 le~mm film roll -

QMC: o .
Log sheets _ _— | 6
Stripchart . . . - | 11 rolls

wn
‘g

gy
Yooy

Rl
o g

SH: : } . ) <
Log sheets ' R R S 3
Stripchart S A 1 roll .
- 35~mm film : 1 roll

; : Alaska: , SR :

B B Stripchart S b1 L xoll
Hardcopy (spectra) - , v .20

| JPL: |
Gt el e ol XY plots ST U R A E R I 1

R s

o
ooy

‘Colorado: ‘ ‘
Hardcopy (minicomputer) B

|_l
€

‘Meudon: e LT . . e
Stripchart : 1 roll
Hardcopy : . 21

General flight log (ADDAS) = 10750 | - 35
Flight plans o . 1510 ' 4

o g gg

@ o RR

o s i R i e T2 e , e
a ey o
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TABLE_DfS.— Continued. S
. ' ' . No. ' No. Up (U) or
Date : - Item Time sheets copies down (D)
6/3 Flight manifest 1520 | 1 3 U
S;i{ '?f)- Méud_on: 1520° - o
Hardcopy 1 -1 b
cluded Log sheet _ 1 o1 D
| Notes on improving communica- _ . h o
tion (U. Southampton): 1535 L 1 T
Operations notes - U. Colo. 1535 1 1 U
JPL to Operator D TAOF & R o
1/8-m UVS; operating instruc— | : o '
tions for flight 2 1610 1 1 U
Tool list—-Ames experiment; : _ - A
operator D ' 1615 A 1 u
Operating procedure, JPL 1637 1 1 U
Satellife photos 1650 2 1 U
- 21:46 visual
21:16 IR ‘
‘Meudon PI to operator A, ' _3 :
operating instructions 1745 1 1 u
6/4 » ADDAS data tapes 0230 | 3 tapes 1 D
12y 3) i uppas printout 0230 | * 60 4 D
QMC: ' 0300
Log sheets 5 1 D
Stripchart 1 roll 1 D
Meudon/Groningen: - 0300 SRR R -
Stripchart 1 roll -1 D
Hardcopy (minicomputer) "over 100 1 D
| New Mexico: -t 0430 | . _ o :
- 35-mm Eilm - 1 roll 1- D
16—mm film - 2 rolls 1L D
Checlklist 2 1 D
- Stripchart- . _ | L xoll . -1 : D
SH: | 0430 : ' S -
Stripehart ' 1 rell | 1 D
|  Log sheet _ L L LD
| Alaska:™ , 0430 )
Hardcopy (minicomputer) "15 1 D
Stripchart 1 roll 1 . D
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| TABLE D-3.- Continued.

Date

Item  ;D t‘ | Time

No.

No. -

’ - coples

RO R

6/4

‘ﬁAn(Day 3)—:f

con-

lcluded -

Tapes (cassettes) .
Hardeopy: (minicpmputer)_

CEY plDtS : R S
.Typed flight" log (ADDAS) o) o430 |

' Water—vapor tables (Mission'

Troubleshoot'procedures.' _ Pl
. {PT to operator B) 1445
" | Meudon stripehafts S ] 1450

QMC logbook »‘»-v : ] 1535 B
;JPL daily operations plan "1555:  ”
LPaSSenger'manifests s ‘f '1640
Meudon tape cassette - ] 1700 _
| Flight plan = T -f1700 s
Flight plans :  } o 1 . | 1_ _173d_ )
Satellite weather pictures . -.'1730i‘

Meudon/Groningen star plots ' :
| ro operator.A o .| A8L15

Meudon operations procedures 1850

| 0430

0430

1435

‘sheets

20

1

.j2;ro115 B I

g

S R

120

R T

10

- down (D)

=

O BT - IR IR

a o

6/5

- |(Day 4)

Satellite photographs - 7; 1335
Flight plans ' e - fl&SCfi _
Flight manifest - | 1533 |
‘Satellite photos o '.~3“"j 1715
‘eQPeratlng Proceduresf.A ‘ : 1715:

IR O SRS

o o e da

6/6
(Day 5)

ADDAS_deta tape = - 0315
ADDAS primtout | 0315
- Stripchart

'Log -sheets .
Polaroid £ilm

Checklist
Stripchart

0425

0425

1 roll

4 tapes

92 4

R A |
1 roll |

HuejA.

oy

wog

e S T Sy

A8

g e e R s i

e R

:
:
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| TABLE D-3.-. Continued.

Date = ..

:fItem-

Time -

No.
sheets -

No.

Tp (0 of

|6/6 -
(bay 5)-.
|eon— ’
“|eluded

NM - concluded
" 35-mm £ilm -
1.7 16-mm £ilm
Alaska:
Hardcopy
Log sheet
o Strlpdhart

Flight log (ADDAS)
. JPL: :
X%Y'pléts
 Southampton:
Strlpchart

Ames data, 10" roll
strlpchart

Note on flight planning,
BM to Mission Manager

Southampton:
35-mm £ilm -

from storage locker to JFL
Flight. 4 plans B
Passenger manifest .
Strlpchart (10 'y
-Debrieflng agenda N

Debriefing agenda
JPL éXpériﬁent'bperationS-
PI to operator C

Ames star charts to
operator D :

1500 weather plctures }

| %Y plotting paper (blank)

Flight plan (4 more copies):'

JPL star plot PI to operator C

0425

Vo425
0425

| 0425

1 0425

1320.
1325

1330

1455
1540g 
1550 -

1605

11615

1635

1725

1725

1725

1905

| 1 polir |
1'% roll |.-.

20
1"

|1 eo11

.13
.
1 roll

10" roll

1 roll

copiles

I

e

down (D)

ey

ooy

G o a9 d g o

=
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TABLE D-3.~ Continued.

Date

~Item

Time

. No.
sheets

No;

copies .

Up (1) or.

down (D)

e/

Atk Tadt T

ix o

s i

rii e A O LIV i B4 e

e e

. (Day"ﬁ)f

ADDAS printout .
ADDASTdataftapes:“'
SH: 35-mm film
New Mexico: R
- 35-mm £ilm’
16-mm £1ilm

Stripchart
" Checklist -

- Alaska:

Hardeopy
 Stripchart
“Btripchart

JPL:' ‘Hardcopy (XrY‘plots)

'Colorado

Stripchart (2 packs)

Computer line print
(minicomputex)

©QMC: stripchart

Typed £light log (ADDAS)
Ames:
Qe

Polaroid films _
Stripcharts (2) #1 & #3

10" stripchart

'Soﬁthampton:

‘Stripchart (1-1/Z2% roll)

Log sheet

 Alaska:
Brush chart (double) 3 ft

XY plot—spectrum

'Flight plans

1815 weather pilctures

‘Flight plans -

JPL/TAOF spectrum -

0215
0315

0330
10330
0330

1310

1435

0215

0315 | .
o1 1L roll

0315 |

~0315
0315 f - |
e

1220
1220

“1330
1345

- 1520

._3 tapes
15 rolls

-1 roll
1 rell
w7

:30

1 roll o}
ol rell Y
.10

4 ft

-8 prints 1
10" roll,-
5 fr o
-1 roll .
5
+ 1 roll

210

"2 small

rolls,

6" wide

1 roll
6" wide
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TABLE D-3.- Concluded.

No. No. Up (U) or
pate L s sheets copies | down (D)
6/7 Meudon stripchart (15" wide) 1550 1 roll 1 D
(Day 6)- 2!5" diam
z‘l’ﬁge 4 | 9PL: 1625
Experiment modification
instructions 1 1 1)
Flight operations 1 1 i)
Flight manifest 1627 3 1 U
QMC log 1615 3 1 D
QMC log 1705 3 1 i}
ADDAS printout 2330 30 4 D
ADDAS data tapes 2330 4 tapes 1 D
Southampton: 2340
35-mm film 1 roll 1 D
Stripchart 1 roll 1 D
Stripchart 1 roll 1 D
Ames: stripchart 2340 1 roll 1 D
New Mexico: 2340
Stripchart 1 roll 1 D
35-mm film 1 roll 1 D
16-mm film 2 rolls i D
Checklist 6 1 D
JPL X-Y plot hardcopy 2340 ? 1 D
Colo. hardcopy (minicomputer) 2340 1 1 D
Alaska hardcopy (X-Y plot) 2340 13 1 D
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- 'TABLE D-4.~- TRANSMITTED HARDWARE AND MAGNETIC. TAFE RECORDS

e Irn A AT T
]

:‘Day Experiment | 4 or } -Time - Transmitted item of material/comment
1 | SH . + 1650 | Trial video transmission from prerecorded
. tape
|- Alaska + 1530 | Multimeter. . Forgot to put aboard at start
o o -+ .| of confinement
| Ames + 1630 | Dewar/detector. PI forgot to put onboard
2 'SH_ _ + | 0605 | Transmit video data tape _
‘Meudon 4 1550 | Plastic sheet to seal.telescope'frcm pabin'
"Meudon R 1620 | Transmit video star field using SH video
_ _ : recorder/reader
Miss. Mgr. + 1710 Relative humidity meter |
1sw R '_1730] Pransmit video star field from data tape
Alaska + 1745 | Blank magnetic tape. Do not need since
o _ tape recorder out o
Alaska + 1745 | Spring from tape recorder. Feli out,
o ! unnotlced when tape recorder removed.
3| SH. . 0250 ”Transmlt video data tape _
Grﬁninéen 0850 'Gassette tape recorder - (no backup on ground]
Graningen 1205 Cassette tape recorder to dupllcate part
e ' . o -of "data tape' e
Alaska + 1510 Tape recorder. Al._technicians wire,in;
' EOs do not use ' '
oMC 4 " 1530 Spafe chopper. motor. CPI to start construc-
7 tion of improved chopper
Meudon ¥ 1547 | Transmit video star field u51ng SH video
_ . .+ | recorder/reader .
Grﬁnihgenl n ~1600 Cassette tape recorder- and cassette with
' ' duped data. (PI needs recorder to read
I o tape). : L B :
'Grﬁniﬁgenz -4 1650 | Four fuses'for ﬁbwet supply
4 Gréningen ~1200 Cassette tape recorder and blank cassette
o | 1430 | Cassette tape recorder and cassette with =
duped. data
3 SH. ¥ 0425 | Transmit video data tape = o
B 3 5 A 4 1345 'Guide scope. Not in use. " PI to modifY -
Groningen 4 1800 Dewa*/detector (EO usage ended) - '
6 | su 4 0315 Transﬁit ﬁidec'data'tapeﬂ:f
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obtained from monitoring the voice communications on channel 1. The tables
show the experiment involved, what was transmitted, the time of transmission,

~how much (if more than one of a kind), and direction of transmission (u, +,
-ox. D, ¥). : : :

Table D-5 summarizes the info*matlon in tables D-3 and D-4 concerning i
handcarried data items and B0 instructions. On the left of the uppexr block"
are tabulated the number of transmissions made and on the right the gquantity

of data records and EO instructions. Transmissions considered appropriate, in

theory, for telemetry included all printed material, information on tape, and

- hardcopy obtained from computer memory readouts (Groningen and Alaska). The

facsimile-compatible materials were primarily weather satellite pictures and

yistar charts. The flight plans always included a map, but were considered

telemetry compatible because the flight crew really needed only the tabulated

numerical information included in the plan. . For tabulation purposes, flight - -

plans were considered mission-related transmissions (rather than aircraft--
related). ADDAS transmissions are included in table D-5, but with quantities
listed separately. = At the data rates employed in the mission, ADDAS accumu-—
lated approximately half a 9-in. reel of magnetic tape and 12 ft nf line-
printer readout per flight hour. ' The uplink transmissions often consisted of
several copies of a given document (passenger manifest, flight plan, ete.);
the duplicates are not included in the tabulations,. however, since only the

" amount of erglnal information transmltted is of 1nterest

The number of dally transmlss1ons appears to be approx1mately constant o

.for days that included a postflight downlink data. dump — about 30, with about
20 down and 10 up. The number of down transmissions made.-on ‘day 6 is high

'beceuse this day included two postflight data dumps.- EO transmissions- fell
sharply on days 1 and 4 when there were no flight data to transmit. The

. amount--of information transmitted both down and up was unusually high on. day 3,
~ According to the logbook, operator A transmitted "over 100" sheets of hardcopy

(TR maps) down.to MEudnn/Gronlngen_(thls is an IR map for about each 2.5 min
of observation time). Uplink transmissions on the same day were augmented

© by ‘a water-vapor table.for the .onboard Mission Manager and a mew set of star

charts for operator A. "The totals at the bottom of the table show that only

53 percent of downlink items transmitted were telemetry compatible, whereas

78 percent of uplink items transmitted were telemetry compatible and 20 peréent

were facsimile compatible, nearly the entire amount. . This is particularly .
‘significant since the quantity of downlinked experiment data. (exclusive of -

ADDAS) was more than ‘three times greeter than that uplinked. Obviously, the
PIs relied heav;ly on data records that were not compatible with a telemetry

'downllnk primarily to simplify experiment operations; for example, ‘a strip-.

chart served both as a real-time indlcator of performance and a postflight
source of information for the PI.. :

The lewer block of rable D-5 indicates, by experiment, the items of hard- -

copy downlinked by the EO (data) and uplinked by the PI (instructions). In
one case (JPL), the upflow exceeded the downflow, indicating that experiment

. operations were not routine or very productive of results. Transmissions not
- included in table D-5 consisted of pieces of equipment, and fall beyond the .:
"scope of this appendix. See Appendix B, Experlment Development and Perfor-

mance, for an in-context discussiom. ,
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TABLE D-5.~ SUMMARY OF HARDCORY TRANSHISSION DURING JOINE MISSION _
. . i : ) Quantity of experiment :
: Items transmitted __data Tecords/instructions _ ADDAS qpantit:y
| Humber down Nuober up I _ Down. _ Up Down
Total | - Telembt | retemet Facsimile | rreraftdl . Magnetic | Fim | SEER]. Magneti '
c . ata. . elemetry X elemelry acs e related gnellc X111 p . gnecic :
Day number Total compatible thal compatible | compatible || Sheets tape rolls :2;;: Sheets tape SF'QE'FB
1 7 1 1 6 5 1 1 0 0 0t o 19 0 0
' o g (1% : o
] 34 25 - 18 ) R i 2 68 0 3 5 11 "3 71
- . o : L o (3%) R
3 33 23 14 $10 8 2 ‘5 >147 4 3 7 38 3 . 69
: ) . : _ : (2%) _ S '
4 7 1 1 6 T4 2 3 . 0 - 1 0 0 13 0 0
5 30 19 9 1L 7 3 N 0 b 6 . 21 4 - 103
6 48 41 15 7 6 1 2 92 0 21 .| 15 16 7 113
' Co - ; , (1%} ' _
Total 139 110 58 49 38 10 14 354 5 . v 33 . 118 17 358
- o : : ‘ ' (8%) . : :
*Transmitted by cable. :
_ Number of
transmissions, by experiment| .
‘ Dovm by EO Up by PIL
w | 20 | L | 10
SH 18 [ wEy. | 5
ALA |15 | AMES | 2
MED |12 QMG 7.
e | 11 | sH 1
JPL | 6 | ALA 1
coLo| 6 | cono| 1
AMES! 3 | mM-. | 0O
TOTAL{ 91 | TOTAL | 22 )
ot o T o At ity iy iy h
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The hardcopy transmitted from EOs to PIs provided evidence that the EOs
did not understand some of the details of -data processing as well as they
might have. The evidence took the form of comments by several PIs (in the
overall mission debriefing) that the hardcopy they had received was not
annotated completely enough for them to evaluate the data recorded on it.

That is, apparently the EOs did not realize all that it was important for the -

PI to know (e.g., gain setting, time constants, modulation frequencies, sweep
speeds) to evaluate the data record. Why these PIs did not make this lack of
information known directly to the ECs is mot clear. The EOs indicated that

they certainly could have provided more complete information had they realized

the need existed. Thus, although these omissions could possibly reflect the
tight scheduling imposed on the EOs, they appear more likely to reflect
inadequate exposure of the EQs to the data evaluation process.

Another form of. hardcopy transmltted from the aircraft to the PIs was the
flight log typed into the ADDAS record by the onboard mission stenographer.
This contained real-time information about the cbserving conditions (aircraft
‘stability, cloud cover, etec.), and such remarks as the EQs chose to record
-about experiment operation. This mode of communication was never effectively
developed; the generally sparse comments wers 0f marginal usefulness to the
PIs in determining how well their experiment pe:iformed.and what might need to

 be" done during the succeeding work day. As .z result, the PIs were forced to
rely on verbal communication with the EOs over voice chamnel 1, briefly during
the flight debriefing and more extensively after the EO sleep period. Despite
PI requests for moxe extensive EQ commentary on real-time experiment perfor-
mance, the busy wotk schedule of the EOs apparently prevented the routine use
of the aircraft intercom for this purpose.

‘Television Downlink .

' The television downlink consisted of one fixed camera poslitioned to view

‘the surface of the operators’' desk, one portable camera -with stand, and omne .
"monitor in the aircraft cabin. Three displays were located in the MOC
(fig. D-1). Although the communication ground rules allowed use of the video
downlink only when necessary, it was found desirable to personalize some pre-
and postflight meetings by wvisual contact with the simulation crew. '
Figure D-5 indicates the use of the wvideo downlink for specific tasks,
which are identified in the list below the graph. Total use was only approxi-
mately 56 min, and only in cases B and Y was the video facility perhaps of
critical importance. In the other cases, the video facility was of consider-
able value but by no means essential. TIn the B case, while transferring
liquid hellum into a dewar, the EO had broken off a baffle that damped unde-— .
. sirable pressure oscillations in the helium gas above the liquid. The video
link allowed the PI to instruct the EO in the repositioning and resocldering of

the baffle. In the y case, the PI wished to inspect the detector wiring as a

possible source of trouble. Some optical elements had to be removed and then . .

rezassembled after the 1nspeetion. The PI provided step—by-step imnstructions
to the EO. : ' . :
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o = transmission of mercury calibration spectrum

; B =PL instructions to EO during solder repalr JOb
v =PI instructions to EO during disassembly and reassembly of dowar optlcs to .
i ' Vlsually inspect detector wiring - , : L

- - g'= PI/EO jbinf'eiﬁeriment opefationalidhédk”
68 = transmission of mercury calibration spectrum : — T ©
A= PI evaluation of stripchart ink reservoir problem - - _'7*2. LTS s T E
) t = transmission of Sun calibration spectrum’ (i
Figure D-5.- Video¢downlink usége.
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--van). The table gives the callexr, the recipient, the time, and, if not

.. MOC and had to be sought out by the EO in his laboratory elsewhere at Ames.

_ about normal for ASO flight programs, except for calls to home laboratories. k

In the other cases: o and & were displays of calibration spectra taken
during the course of operational checkout prior to takeoff (transmission
reassured the PI that all was well); in e, the PI assured himself and the EO
of the proper experiment operation by observing certain readouts; and in A, a
PI had analyzed a stripchart recorder inking problem as heing "out of ink" S
(the EO demonstrated that this was not so by showing the PI the plastic ink o .
reservoir). In T, the EO displayed a hardcopy of a calibration spectrum just
taken (at PI request) using the Sun as the source. It was subsequently (~1 hr
after the transmission) downlinked down as hardcepy. : .

Although the video downlink was used only seven times for specific tasks,
its value was adequately demonstrated on day 3 when two experiment problems
were resolved with close support from PIs. On days 4 and 5, the video was
used for real-time experiment checkout, and on three other occasions visual
images of data records (not compatible with telemetry) were transmitted to
verify experiment performance. ' ' ' '

Teiephone Communications

. Table D-6 indicates the use made of the onboard phone located optionally _ ' E
at the Mission Manager's station in the cabin or in the living quarters (Ilift- -

personal, the subject. A record of call duration was not required.

Voice communications other than via chammnels l.and 2 were intended ' ' E
(except in emergencies) to be nonmission related.. As can be seen from the
table, this rule was not cbserved at all; over half of the 42 calls placed on
the 1iftvan phone were directly related to mission activities. .Tt would : .
appear that this usage was primarily a matter of convenience either to the o : 3
person ipitiating the call or, in some cases, the recipient of the call, when '
the latter was only peripherally associated with the mission and not generally
at the MOC. No mission—~related phone calls were placed during periods when the
record shows voice channel 2 was busy. WNote that one long PI/E0 conversation _ :
tock place via the liftvan phone (June 7, 1445 hr). This PI was seldom in the 3

The PIs made normal use of the five telephones linking the MOC to the
outside world. There were two calls placed to home laboratories and six
others to various companies to discuss equipment repair.. Bight calls were
placed to local vendors of various commodities and services. This use rate is

During other missions, calls to home laboratories have been made more fre- ' _ 5
quently. - It is. posaible that such calls were made during this mission from B -
‘telephenes other than those in the_MOC and simply not recorded,.

.

Summaryrof_Audio/Video.Communications

Table D-7 summarizes voice chaﬁnel, telephone, and video communications
during the gimulation period in terms of number of events and time required of
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TABLE D-6.- LIFTVAN TELEPHONE LOG

MOC

From ‘To . Time Subject
: ' June 3
Mission Manager Moc . 1240 Fouled 1liftvan plumbing
Operator D Home 1315
Operator A - Home 1330
Mission Manager MOC _ 1515 Unplugging plumbing,
o Mission Scientist, condensation on mylar,
7 Mech., Engineer Lear Jet operations
Mission Manager Operations Manager 1628 Removal of cryogenic
s o _ o o facilities
Operator A Prime PI 1648 Personal
ssion Manager | Home 1900
o June 4
Mission Scientist | Mission Manager 1300 . | Flight plans.
Mission.Manager" Pilot 1330 Status of aircraft; con-
o , tingency flight plans
Mission Scientist'_ Mission Manager 1335 Alternate flight plans
Missibn Manager Operations Manager 1338 Power off aircraft
' : because crew servicing
. oxygen . : S
_Operatibﬁs_Mhhagér Mission Manager 1339 Whereabouts of Southamp-—
. : ton film
|Operator A Home 1355
“[Operatoxr D Home 1430
|[Mission Manager ESA Representative . 1508 | Mission status
Mission,Managgr,~ ESA Represéntative_ 1520 | Further on mission status|
ESA Representative | Mission Manager/ 1525 | Reinstallation of Alaska
Operator D ‘ tape recorder
" Operator D: | Flight Research. © 1530 - | Other NASA business
2 o Center (FRC) _ :
“Mission Manager | ASO chief 1620 | Mission debrief
| Home 1820 - _ _ S R
MOC 1945 Projected flight schedule

2400

Results of maintenance

flight
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TABLE D-6.- Concluded,
From To Time Subject ; -'E
June 5 ' }- ]

Mission Scientist | Mission Manager 1015 Flight plans' .
Operator D FRC ? Other NASA business R
operator D FRC "7 | Other NASA business = | S
June 6 _ _ ; { ;
Mission Manager NASA Headquarters ©1050. Other NASA business. ; b
- Operator.D Johnson Space ‘1100 |
Center (J3C) _ é‘ 3
JSC 1110 S
" Home - 1115 - '? f
- Jsc¢ 1330
Mission Scientist Mission Maﬁager 1445 Change :Ln fl:.ght plans
 '0perator B | moc | . 1510 -Personal ' f s
Mission,Managar- - Home .1540 ' -% 3
Ames Flight Mission Manager 1545 Schedule of PI f£lights . é -
Operations L : ' _ SRR L |7
Mission Manager Ames FlighﬁrOperations 1550 }Flight schedule for ,; '%
_ _ _ . PI flights e . ; :
. Mission'Managér Ground cresr chlef 1555 Flight schedule for' B E :
- | _ | Pr flights o L
‘Mission Manager . | MOGC . 1825 [ ? (voice chamnmels 1. . ‘ |
R A | - and 2 already removed -
for flight) 5 ]
Operatof D Logal:ﬁoﬁel _;/’ 1200 | Personal _2
_ Operatdr D Priﬁe experiment FIL 1445 | Prime experiment opera~ : —ﬁ
I o - | tiom (20 mim) . ]
o Mission Manager . Home _ 1810 o | é
|
o 3
]
o
; -
lﬁ
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TABLE D-7.— SUMMARI OF AUDIO/VIDEO COMMUNICATIONS WITHKSIMULATION CREW
' (MISSION RELATED): :

Missiun Manager-.a ~ Expmt. -Opers. . (4) L Full crew',

e

o . Conm. - .
system Events Time, min Events | Time, min Events Time, min

.  [Voice 5 20 | 172 780 11 375 N 5
Volce ' 33 29 3 ' 3 Preflight'énd . i :
channel 2 ) -  debriefing mtgs. T 3
" frelephone | 21 | 100 (est) | 2 1 25 (est) . R - ' :
Video 0 0 7 1 . 56

downlink

ToTALS | 59 | 149 | 18 |  ses 1w | a5

Avg. time
per event

. 2.5 min _ _ 4.7 min . _ 34.1 min .

i o - : - . .+~ .| Communication time, _ C _ -
] - _ : . . . min : o _ S CANEE E = ﬁ 
v | CBMT| E.O.s (&) | AL (5) S Rt

Individual . {149 | 864 . |- 1013 | R
leroup 375 375 375 SR |

 |roTaLs - - 524 | 1241 [ 1388 | . R T

z Of a . . .. ER N . . : T . .
total . 6.7 ¢+ . 15.9 17.8°
time B ' :
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P
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the onboard crew. About 240 contacts between individuals and 11 group meet-

ings were observed. The Mission Manager (onboard) averaged 1l_mission*related
contacts a day of about 2.5 min duration; the average for individual EOs was

eight of about 4.7 min each. Single contacts varied from less than 1 to over -

20 min,

The Manager spent some 6 to 7 percent of the total 51mu1ation period in
groundwork time as a base, the corresponding values are 25 and 15 percent.

thlrds of the tlme available on.the ground (some 6~1/2 hr a day)

- CONCLUDING REMARKS'

communication, while the EQ average was about 4 percent. Considering only the. -

__Dverall one: or the other of the audlo/v1den systems was in use nearly two— . . .

As a faclllty, the audlo—communlcatlons system employed durlng the first '

Joint Mission was adequate: Use of voice chainel 1 was fairly high early in

initiate any required nonroutine EO aetivities, but the necessaty exchanges
were made with ample time to spare. The communications difficulties that
arose were all associated with a lack of understanding between the EOs and -
PIs: the EOs not supplying sufficient information to the PIs, and the PIs not
informing the EOs of the deficiency.  More thorough EO tralnlng would probably
have preven;ed the. situation from arlslng

Use of the personal/emergency phone providead the only major dev1at10n
from planned usage of communications facilities. Rules for its use should be

_made moxe explicit in any future simulation,

The first Joint Mission'did not Ffully test the utility of the telev151on
downlink facility. 1Its infrequent use can perhaps be attributed to a lack of

‘EO training on the equipment. Even so, there were several occasions when its
‘value was demonstrated for troubleshooting and repair of equipment, and to

downlink visual images of hardcopy not suitable to telemetry. -This latter use
would have been much more extensive if limits had been placed on the downlink

~ the EO working day when all PLs wanted to establish experiment: status and to f,

simulation (handcarry) of such noncompatible material. A1l participants felt -

that the TV link was most desirable and all could think of situations where
its .availability would be vital.

. Hardcopy transmlttal‘was used extensively, with downlink use more -than a -

factor of 3 greater than uplink use. Of the former, only about half were
telemetry ecompatible, while almost all of the uplinmk eopy could have been
telemetered at a rate of 3 pages per hour.
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APPENDIX E

MISSION DOCUMENTATION

MISSION POLICY DOCUMENTS

NASA/ESA Correspondence

Although initial mission planning commenced in February 1974 and a draft
of an interagency agreement was approved at the June MPG meeting, the joint
participation of NASA and ESA was not fully formalized until August 1974. At
that time, letters were exchanged between NASA and ESA headquarters to invite
ESA participation and in reply to accept the invitation.

Premission Planning

Fellowing is a short summury of early policy planning on this project,
taken from notes prepared by a representative of NASA HQ.

In the fall of 1972 a series of informal discussions were initiated
between NASA and ESA to explore the potential value of having ESA participate
in ASSESS. These discussions continued throughout the third quarter of 1972
and the first quarter of 1973, when the loss of the CV-990 Galileo I on
April 12, 1973 placed the entire ASSESS program in jeopardy. This loss proved
to be only a temporary setback since NASA immediately decided to replace the
CV-990 with another airplane with similar operational characteristics.

With the decision to replace the airplane, the Director of the NASA Sortie
Lab Task Force contacted the Head of the Spacelab Programme (ESA) to invite
ESA to participate in ASSESS in two ways: "As a Principal Investigator" and/or
"as an observer of United States Experiments." The Director further requested
ESA identify a person as principal point of contact for further planning
discussions.

No further activity occurred on ESA participation in ASSESS until the
fall of 1973, when discussions were reestablished. In January 1974, ESA
appointed a representative to work with NASA in planning ESA participation.
Meetings were held cn February 2, 3, and 4, 1974, during a series of CV-990
Airborne Science flights, between representatives of NASA and ESA to discuss
preliminary plans for a cooperative mission. These meetings resulted in
defining as a goal the conduct of a joint mission, utilizing the CV-990.
Representatives of both participating orgaiizations (NASA and ESA) reviewed
these goals with their respective managemeni:s, and implementation of prepara-
tion for a joint mission began with ESA's release of an Announcement of Flight
Opportunities on NASA/ESA Spacelab Payload s.mulation flight on February 27,
1974,
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The meetings of early February 1974 constituted the first formal planning
for the mission.: The notes on the meetings show ‘that the mission guidelines
were develeped much as they are given in the Mission Operating Plan (attach-
ments). A prellmlnary listlng of 1mportant mission mllestones was -also A
developed. R ‘ - o - ' o I |

- ﬂissioﬁwPlanning Group+CMPG)' - -*;f”':v“ I ; %ifﬁﬁ

This g*oup, -set up Jolntly by NASA and ESA, Eollow1ng the pre11m1nary I B ;
: planning meeting of February. 1974, provided the basic policy direction for the . fe ]
i ‘mission., The directives of the MPG were carried out by the Mission Manager ' L ?

'é S and his staff who prepared additional documentation as required. Guidelines _ _ o

b - for the conduct of the mission were developed by the MPG. These guidelinmes =~ =~ = ° ;
' are glVen in the M15510n Operatlug Plan.: ' = : ' : ' :

Mission Planning Group meetings are listed below. Minutes ware prepared

for all but the final meeting of May 22-23, 1975. ' o ' ' : L
 Mey 1, 1974 - wasa HQ, Washlnaton, D.c. . :
June 7-8, 1974 Ames Researﬂh Center, Moffett Fleld CcA i

- . Septembexr 12, 1974 - - ' NASA HQ, Washington, D.C. L ;

November 19 & 22, 1874 ESA HQ,- Neullly—sur—Seine, France (1n _ _ :
conjunction with Experimanters Meeting) o o

May 6 & 7, 1975 .~  Ames Research Center, Moffett Field, CA. . o
May 22 & 23, 1975 Ames Research Center, Moffett Field, CA o R

et ek

s e e

MISSION PLANNING DOCUMENTS

European Space Agency

Announcement of Flight Opportunity

The ESA Announcement of Flight Opportunity on;NASA/ESA,Spacelab Payload
Simulation Flights scheduled for March 1975 on the Convair 990 aircraft was
dated 27 February 1974 and sighed by the ESA Director General.

I T PR T ST

Proposals from Experimenters

L

“Proposals were received from a numbexr of experimenters following the cir-
culation of the AFO. These proposals were evaluated by ESA, and at NASA HQ in :
May 1974. Much of the material from these proposals is reproduced in U
Appendix B, Experiment Developm&nt and Performance. '
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Operatof Solicitation

" ESA selection of operator A as the experiment operator for the Meudon/
Groningen experiment was a natural. He was assigned as a visiting scientist
to ESTEG. {part of ESA), and he was an infrared astronomer. For their second
EQC, ESA wished to choose s graduate student with nc professional experience as’
‘an investigator. After talking with several candidates suggested by the

- investigators, a student was selected as a quallfied candidate who was willing
f_to delay his graduate studies for the time required by the m1531on.__(EO—B)

National Aeronautics and Space Administfation'

Proposals from Experimenters

- A tentative selection of experiments comprising ‘the UhiVthity of Alaska,
the Univer51ty of Oregon, and the Ames Research Center had been made by the
time of the June 1974 MPG meeting: No AFO was issued for this m‘ssion,.'
informal uolicitation‘of prospective experimenters by the Mis' { m Manager was

 approved by Headquarters. Subsequently, these and several other experimenters

submitted formal proposals, from which the cognizant Headquarters program
office selected a combined experiment from Alaska and JPL, the Ames experiment;

and the experiment from the University of New Mexico. It shuu.ld be noted that
~JPL and Alaska initially had prepared separate proposals, and although the JPL
PI was designated as the PI for the combined experiment they each maintained a

separate. identity until well into. the period of active preparation. On the
other hand, the JPL proposal included an instrument from the Imiversity of
Colorado that subseguently developed a separate identity under the direction
of an experimenter from that university. Descriptive material from these
proposals is reproduced in appendix B. ' S o

Proposals received from U.S5. experimenters were dated as follows:

JPL July 1974
New Mexico August 1974
Alaska June 1974 -
October 1974 (xev.)
_ NOVember'1974_(rev,}
Ames . June 1974

Operator Solicitation

The MPG—selected_an astronomer from Yerkes Observatcry and a scientist/

" astronaut from JSC as experiment operators.' The selections were confirmed in
" letters from Headquarters dated October 7, 1974.

Following the final Experimenters Meeting at ESA Headquarters in Novem-
ber, the Yerkes' astronomer dropped out of the program, indiecating that he
could not spare the tiwme required. He was replaqed after about 2 months,
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by a spectroscopist (operator C) from the Unlversity of Maryland who had par-
'-tlcipated in the development of the Alaska instrumert. .

JSC eventually switched assignments, replacing their first d351gnee with
another 501entlst/astronaut (operator D). This second change was made in

. February 1975‘aqd confirmed by the MPG at its March 1975 meeting.

MISSION IMPLEMENTATION DOCUMENTS

Joint Mission funding was implemented through normal chamnels in both
agenciles, Aircraft operations and basic experiment costs were documented by
the Mission Manager and approved by the Office of Space Sciences (0SS) at NASA
Headquarters, as for a regular ASO mission. ASSESS-specific experiment costs
and training expenses for the two U.S. EOs were funded by the (Office of Space

Flight (OSF). The»services of one_EO.were obtained by contract to the ASO.

An experienced CV-990 Flight Director of the Airborne Science Offlce (ASO)
was designated as the Mission Manager by the MPG at their May 1974 meeting.
In this capacity he was the single point of contact between the investigators
and the ASO as well as all mission support groups. This relationship is
illustrated in figure E-1., As Mission Manager he prepared and distributed
various documents in the course of his assignment. General mission documenta-
tion is discussed first, followed by a listing of specific documentation used
for each period of the mission. An overview of mission documentatlon is given
in figure E-2,

General Documentation

T

Mission Operating Plan

The Mission Operating Plan, prepared by the Mission Manager, is the basic
mission policy and planning document. It collects the directives of the MPG
and sets them out in a complete program plan for the mission. It includes the

 hasic objectives of the mission, the guides developed by the MPG to implement

these objectives, a detailed operations plan, and the mission schedule. The
document also describes the experiments selected, their arrangement in the
airecraft, and available support items for the experimenters, and it outllnes
provisions for the handling of experimental data. )

The first edition of this document was distributed at the Experimenters
Meeting at ESA Headquarters in November 1974. It was revised following the
November MPG meeting and reissued in January 1975. This final version is the
one presented in the attachments to this appendix.
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NASA ESA
HEADQUARTERS | = HEADQUARTERS
L | ¢l
- L=
MISSION Elg
PLANNING @
POLICY GROUP 8|§
1 3]
}
| ————
IMPLEMENTATION |
. MISSION
o | I MANAGER T
EXPERIMENT PRINCIPAL PRINCIPAL EXPERIMENT ESTEC/EM!
OPERATORS | |INVESTIGATORS INVESTIGATORS| | OPERATORS TEAM
U.S. EXPERIMENTS £UROPEAN EXPERIMENTS
AMES | FUNCTIONS
FLIGHT AIRCRAFT | | AIRWORTHI- DESIGN SHOP FLIGHT ADDAS EACILITY
OPERATIONS | | SERVICES NESS SUPPORT SUPPORT PLANNING SUPPORT SYSTEMS
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Figure E-1.- Joint Mission organization for the preparation period.
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MISSION PAYLOAD INTEGRATION MISSION POST-MISSION
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‘ GABTERR AFO FUNDING | [Leunome '
& | MILESTONES. |E0 I pOLICY {
w GUIDELINES SOLICITATION | | | DIRECTIVES STATUS status | STATUS POLICY i
MPG = REVIEW REVIEW | REVIEW DECISIONS |
-y | SELECTION I 1 i i ‘
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EXPMTRS. NASA RESOURCES
MEETING MONITOR ALLOCATION i
MISSION p, N MAGNETIC
PROPOSAL ‘—‘& INTEGRA. STATUS TAPE - E
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STUDY INTEGRA.
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- ,I INTERFACE HDWE || REVIEW &
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HANDBOOK EXPERIMTRS. PAPERS
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v i 1
[ ' [INVESTIGATOR EO TRAINING SHIPPING
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PROPOSAL ¥
(=)
COMPONENT, INTEGRATION .. FLIGHT
INTERFACE, et VTVl CHECKOUT s REQUESTS
Pl gé::mou PROCEDURES SCIENTIFIC
T h PUBLICATIONS
o] d A o
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REPORTS
EO
LEGEND:

[:] INFORMAL RECORDS
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Figure E-2.- Overview of mission documentation.
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CV-990 Experimenters' Handbook

The CV-990 Experimenters Handbock is a required reference for all
experiments to be flown on the aircraft. The handbook describes the aircraft,

" 1its capabilities, special equipment installed for the benefit of experimenters,

special equipment available to experimenters, and requirements for stress
analysis of equipment to be installed in the aircraft. Copies were distrib-
uted by the Mission Manager. - gy S

~ The edltion of the Handbook used on this mission was not completely up to
date on all modifications of the aircraft. In addition, some of the experi-
menters had difficulty in interpreting the requirements for their equipment and

' made some suggestions for improved presentation of information. A supplement
to the Handbook has .been prepared as a result of the experience on this mis—~
sion for the benefit of future experimenters on the CV-990, and, in particular,

for the benefit of foreign experimenters on the second - Joint NASA/ESA.Mission.
planned for mid 1977.

Minutes of Experlmenters' Méeu;ngs

Because of the specxal nature of this mission and the need to inform
experimenters unfamiliar with the alrcraft about its characteristics, several
experimenters meetings were held as listed below. Minutes were prepared for

- all of the meetings except the first. .

June 6 & 7, 1974 . Familiarization Meeting — Ames Research’
. _ Center, Moffett Field, CA. TFor all
experimenters,  Burcopean and U.S.

Septembeﬁ 25, 1974 . ESTEC (European Space Research and Technology
Centre), Noordwijk, The Netherlands -'for
European experimenters

October 18, 1974 . Ames Research Center, Moffett Fleld CA —
for U.8. experimenters

' November 20 & 21, 1974 ESA HQ, Neullly-sur—Seine, France — foxr all
‘ R experimenters, European and U.S.

Initial drafts for these minutes were prepared by the ASSESS Observer
Team with the final versions issued by the Mission Manager. '

- Experimenters' Bulletins

It is standard ASO practice for the'Mission,Mansger to issue bulletins

providing detailed mission information to experimenters. These bulletins also

may request information from the experimenters as to their interfaces with

,aircraft systems. Two such bulletins were issued for the Joint M1551on.'

The first bulletin was issued in March 1975 and gave time blocks for

Hmagor elements of the mission schedule, described the Experiment Readiness

Review procedure, requested information about personnel to be involved with

'"the mission, and requested final confirmation of data inputs to ADDAS.
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The second bulletin, issued in April 1975, presented a revised floor plan
of the aircraft (an earlier plan had been given with the Mission Operating
Plan), a more detailed schedule of the integration and flight periods of the

" mission, reiterated the request for ASSESS-specific information made at the

November Experimenters Meeting, and listed principal participants in the.
mission¢ '

. Both of these bulletins are among the attachménts to this appendix.

Preparation Period Documentation

During the mission preparation period, mission management documentation
consisted largely of direct correspondence between the various investigators

and the Mission Manager, with informational copies to Headquarters offices.

The amount of correspondence on any experiment was governed by the complexity
of the equipment and the experimenter's need for support services. ' When time
was critical, telephone communications were logged by the Mission Manager.

Communications f£rom 1nvest¢gators to the Mission Manager included those
on the follow1ng SubJEPtS- : :

Equipment arrangement in standard racks, and provision for
~electrical isolation and grounding of components :

Equipment drawings and streés analyses for unique experiment
mounting hardware

Requests to Ames for design and fabrication of interface hard-
ware, either for common use by more than one experiment, or
where the interface was exposed to outside ambient pressure
and/or aerodynamic loads

“Requirements for optical ports (special window materials in
standard openings)

Requirements for ADDAS interfaces — data recording, data
processing, and housekeeping parameters - -

Requirements for electrical power and cryogenics.
Requirements for special equipment, such as vécuum pumps

Lists of astronomical objects for viewing so that prelxmm'
inary flight plans could be developed

General observational requirements other than stellar or
planetary objects : ' -

EOQ training plans

Communications from the Mission Manager to the investigators included: .

¢

Réquests to investigators for information as to all required
aircraft interfaces and experlment support facilitles
(ground and fllght) . S
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Responses to investigators' inquiries on specific hardware/
software interfacing problems

The Mission Manager also was responsible during this period for other
documentation as listed here:

All required documentation for design, stress analysis, safety
approval, and special interface hardware (48 production
drawings)

Transmission of ADDAS requirements to the ADDAS programmers
and operators

Information on the mission schedule to the Flight Operations
Branch to permit training and assignment of flight crews
(flight request)

Information on the mission requirements and the experiments
to the Airworthiness and Flight Safety Board to permit their
evaluation and approval of the mission

Shipping requests for shipment of racks to investigators

The development by ASO flight planners of a number of flight
plans to meet the requirements of the various experiments
(see Mission Operating Plan for an example)

Request for refurbishment and testing of optical window
inserts by R.&Q.A. support contractor to satisfy experiment
requirements (see fig. E-3 for examples)

Plans and implementation of engineering flight tests of IR
port configuration for Meudon telescope, including instrumen-
tation of aircraft fuselage and evaluation of panel buffet
data

Experiment Readiness Reviews

The outline of these reviews was given to each experimenter in early
March and formalized in the first Experimenters' Bulletin (attachments). No
formal record was made of each review. An ASSESS observer attended the on-site
European reviews and made informal notes. Two U.S. reviews were conducted by
conference telephone and one, for the Ames experiment, in person. The
Observer Team prepared informal notes on these reviews.

It is expected that this procedure will need to be strengthened for
Spacelab use and that the documentation will become somewhat more formal.

The reviews were held as listed below:

University of New Mexico — by phone March 21, 1975

Queen Mary College, London, England March 25, 1975

University of Southampton, Southampton, England March 27, 1975

Observatoire de Meulon, Meudon, France April 1, 1975
63




MAY 14, 75

NASA/AMES RESEARCH CENTER |
CV-990 ArreoRNE LaBORATORY (NASA 71D

OPTICAL WI'DOW CHECK LIST °

EXPEDITION: 1475 €V -99¢ NVASA JFSEC  CODE: Z5-./01

EXPEDITION MANAGek: L. Hawqh vey EsT. DEPART DATE: 05 - /5 — 75 -
AIRCRAFT : WINDOW DATA : DATES

SERIAL | LENS
STA. | POS. EXPERIMENTER NUMBER {MATERIAL| TEST | CLEAN | NEED {INSTALL] INSP. -
431 Tuced MALY PeaY - i -1, = |
¢ | Quc r = -

B O e el R L aa |
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Jto2 | 14° | TPL JALASKA 052 |Guaciz| Sh4 | 5Ny | Shs | 5/ :
527 U YveESiYy or 2 i i
Tas | 140 wém ,ng.c;zo 043 | Bsc |7he | she | 5/5

: LO:';__ Unw.vepsity e+

272 | /4% | wiw MEXICO 0G3 | BSC shs |2h3 | 5hs

% &s° sc‘ff';;l.b.:f::;o:}r j02 | Pprex |3y [STs | SHS ]

So3| es® 517}2:'2}}50‘3'—' 08 | ppex |She [She | SIS ]

-%37 6S°] JPL JiAcr 0/t | Quaciz| 4117 | 4hy | SIS ’

e ‘w o020 |Quacia | /s | 575 | she ;
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5;‘)).7 L3’ Lg:flfiww' 040 ':;:f@_ s |4/is |ShS 4
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14° | Sopge 020 |ousaiz|3ha | 5ha”| sl
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45°| Spaec 031|308 15hs |t |55 .

(s | spneE 1x3 L:Uc‘;rm Ay |t (348 Bsms| oo 3 j

PER 061 (SEF 71)

(a) Window requirements.

2
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Figure E-3.- Sample documents for CV-990 optical windows.

64

ity e SR Al

o 0 e PR e o ro it e ok nibar Al o I b sibinele T




WA b L e Laas W e A B e i RSTY TR R LT e, i e i o b e R e e e B e s e i i SR | e s

} — . : il z __ﬁ..__,*.,p-s-mm*!éﬁm

]

ks

A
v

:96'4" I ’1‘ z—
NASA-AMES RESEARCH CENTER

TASK ORDER REPORT NO. F-4q 2

[DATE . R
@@/ 29, 1975 ‘

. MAIL STO ’ _ %
Apton : N—Q)-12 [ iuy S
CONTRACT NO. SECURITY CLASSIFICATION =

o Sl

NAS2 — =

[PROJECT CLASS OF PRQGRAM ACGTIVITY 3
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[ PROGRESS REPORT FOR MONTH OF XFINAL REPORT o

TASK DESCRIPTION (Brief)
|
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& 1fate MMMMM-‘/ o ) winglocd

REPORT (Summarize and Ifst attachments where applicable)
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CV 990 OPTICAL WINDOYW
PROOF PRESSURE AND ENVIROMMENTAL TESTS

6.0  TEST DATA SHEET

WINDOW S/N  /3B/-/3-2 DATE: ’7// 23/ 25
6.1 Paragraph 5.1  LEAK TEST ( <0.1 psi/min)

STARTING PRESSURE (~5 psi)S.C psi

AFTER 5 MINUTES 5.0 psi LEAKAGE_(J psi/nin
6.2 Paragraph 5.2 PRCOF PRESSURE TEST (3 cycles, 5 min. each)

TIME
CYCLE TART CCHPLETE PRESSURE (27 +] psig)
1 91K gs3 26.95
e L2 e 996 2693
& ks a0l 2o =c ¢

6.3 Paragraph 5.3 ENVIRONMENTAL TEST
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(¢) Test record for polyethylene window, normal procedures.

Figure E-3.- Continued.
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ATTACHMENT A E

Polyethylene Window - Task Order F-492
S/N 131-B-3 . April 30, 1975

Deflection vs. Pressure/ Temperature -1 8

Temperature _
|TIME PRESSURE | CHAMBER | CABIN DEFLECTION IN INCHES
08:30 8.3 +74°F +84°F 0 f
09:00 8.3 -64°F +95°F .035
09:30 8.3 -64°F +90°F .033 !
10:00 8.3 -60°F +99°F .035 }
10:30 8.3 -60°F +100%F .036 4
11:00 8.3 -60°F +101°F .037
11:30 8.3 -60°F +101°F .037
12:00 8.25 -60°F +99°F .036 !
12:30 8.3 -60°F +98°F .036 1
13:00 8.3 -60°F +99°F .036
13:30 8.35 -60°F +99°F .036
14:00 8.3 -60°F +100°F .036
14:30 8.3 -60°F +100°F .036
15:00 8.3 -60°F +100°F .036
15:30 8.3 +75°F +84°F .007
—— C 4 s s -

b ONASA - A0 30 A SUPURE
! V1oV TTERNING
I DATA & 00 UyTNI CONTROL
PR LR whe Ve V. W
payz Sat \=\S ;
RELEASED a‘rjmw_t____
DLPLICATE COPY .

(d) Test record for polyethylene window, creep measurements.

Figure E-3.- Concluded.
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Ames Research Center April 21, 1975
University of Alaska/JPL — by phone April 23, 1975

Integration Period Documentation

Schedule

The Mission Manager prepared a day-by-day schedule of the integration
period activities giving the order of installation of experiments in the air-
craft. Dates were set for the completion of wvarious phases of the activity
(see fig. E-4). The experimenter was expected to arrange his work to meet
this schedule, and keep the manager informed of his progress in the daily
experimenters' meeting. Schedule changes as required were by verbal agreement
with the Mission Manager.

Aircraft Preparation Documents

These documents are used by Ames to prepare the aircraft for the particu-
lar mission. Roughly analogous documents will be necessary for Spacelab
operations.

Aircraft Work Order- A work order is required for each aircraft-related
task (design, fabrication, installation, etc.) to be accomplished by Ames or a
contractor under Ames supervision. Typically, several work orders are
required for each change of mission, covering removal oi experiments and equip-
ment from one mission and installation for the following one, in addition to
routine aircraft seirvicing. The aircraft work order is a standard single-
page Ames from initiated by the Mission Manager for experiment-related work,
describing the task to be accomplished and authorization for that task.
Sketches or formal drawings required to implement the task must be attached.
An airworthiness engineer signs his approval before the work can begin; the
completed work is signed off by an aircraft inspector on this same form.

Service Request—- The service request is used to obtain nonaircraft-
related services from Ames Support groups.

Purchase Order- The purchase order is used in acquiring equipment and
supplies.

Inspection Records- An inspection record sheet (fig. E-5) is attached to
each rack or other piece of equipment to be installed in the aircraft. Any
deficiencies are noted by the inspector and must be worked off by the experi-
menter before installation activities can proceed. When installation is com-
pleted, a final inspection is made to assure conformance with all aircraft
safety requirements, and an engineering checkout flight is made to verify
mechanical integrity of the experiments in the flight environment. Residual
deficiencies are recorded and processed as before.
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1 - INSTALL IN AIRCRAFT
E- ELECTRICAL & SIGNAL CONNECTIONS
T- TEST AND ALIGNMENT
A - ADDAS INTERFACE

Figure E-4.- Payload integration activities.
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Investigator and Experiment Operator Documentaticn

In addition to those documents implementing management functions, the
PIs and EOs produced experiment specific documents. Operating procedures were
prepared for each experiment, usually by the EOs working with the PIs during
the intepration period, It was expected that the PIs would prepare detailed
operating procedures for the EOs. What actually happened was that the EOs

- and the PIs jointly prepared this material during the final integration and

checkout period - Each set, of procedures was tailored to fit the particular
experiment with no attempt made to coordinate the operational procedures of
the .several experiments controlled by one operator. Some attention was given
to maintenance and repair procedures, but not as much as the EOs would have
liked. These documents are reproduced in Appendix A, The Experiment Operator,

In general, the ducuments in this category were prepared much later in

; the mission than originally intended. Analogous documentation will be even

more important in Spacelab operations, and some increase in formality and more
rigidity in schedule of preparation will.probably be.required. :

~Flight Period Documentat1on

Aircraft Qperatlons Documents

,The Mission.Manager initiated various documents connected with operation
of the aircraft to achieve scientific objectives. While- perhaps not: analogous
to Spacelab requirements, they do illustrate the manager's role in the flight
phase . of the Mission, :

© . Aircraft Flight Request— This form is used to notify the Flight Operations
Branch of requirements for pilots and associated flight crews for a specified
period "This authorization document cireulates to all support groups con—
cerned with fligh“ preparatlons and operatlons._

Personnel Authorizatlon.to Fly» This form prov1des a record at Ames of

the persomnnel authorized to fly on & given mission.

vFllghf Annonneement- Flight‘announeenente are posted by the Mission Man—
ager for the information of mission participants, usually a day ahead of the
flight. The announcement lists doox-closing, ‘takeoff, and landing time, and

- the maqor flight objectives."

Flight Plans— A final fllght plan is drawn up daily by the navigator (in
consultation with the Mission'Manager) for each flight to include the latest
“meteorological information and science planning updates. The printout lists
each leg, coordinates, and time per leg. The f£light path is indicated on a
map,: From this plan the command pilot makes his preparations for the flight,
while investigators make their &eta11ed plans for sc1entific observa;ions.

Passeng?r Manlfest— The M1551on Mﬁnager prepales this list prlor o each
fllght and checks that only those assigned are gboard. The manifest serves as

a permanent record of’personnel aboard eaoh fllght.
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Experiment Operations Documents .

The 51mulatlon pexriod of the NASA/ESA Joint Mission was implemented with
the organization shown in figure E-6. Relatively little additional documenta-
tion was required to ecarry out the research activities, at least of a formal
‘nature. Communications between participants were largely verbal and supple-
mented by notes and logbook entries. Although voice recordings were made of
crew briefing sessions and most PI/EO conversations, there was no attempt made
to provide dally transcripts. PIs interacted directly with the Mission
Scientist in general planning for the next flight. The resulting consensus
was relayed to the flight planner for implementation, and the final plan was
reviewed with the (onboard) Mission Manager at the preflight meeting.

ADDAS printouts-— Printouts of ADDAS data were made available to the inves-
tigators following each flight. One page from this record for flight 9 is
reproduced in figure E-7.

Lata downlink- Various forms of hardcopy were made available to the inves—
tigators just before the daily flight debriefing. Magnetic tapes, stripcharts,
film records (unprocessed), X-¥ plots, etc., were downlinkad for preliminary -
evaluation (see appendix D)., The type and gquantity of such records was logged
by the M155¢on Operations Manager before release.

Observation instructions— Before each flight, the PIs prepared instruc-
' tions on desired timelines for operation and observation by the EOs. The
operations manager kept a copy of this information in the mission log.

Mission Operations Documents

Daily activities schedule~ A daily schedule was posted in the operations
center to enable investigator teams and support personnel to plan their pre-
flight preparations. The schedule was keyed to takeoff time and closely fol-
lowed the sequence of events on the master plan (ref. 2, table 10). '

Mission operations logbooks—~ As mentioned above, the Operations Manager
maintained several records. A rumming account of events in the mission log-
book provided the necessary carrvover of unfinished business from shift to
shift, Other records, e.g., telephone communications to or from the MOC, were
primarily for ASSESS reporting needs but occasionally were used to verlfy
: m1551on—spec1f1c act1vit1&s._.~

Postmission Documentation

"After the conclusion of the mission, additional documentation was sup-
- plied by the Mission Mansger and his staff. Shipping papers were prepared to
return investigators' equipment. Analog and digital data tapes were preparad
of individual -experiment data streams. from ADDAS records; a total of 126 reels
was shipped. Atmospheric data for 16 flight days were supplied — Rawinsonde
data from the National Climatic Center for numerocus sites overflown; and water—
vapor overburden data reduced from the measurements by the National Oceanic
and Atmospheric Administration (NDAAD instrument. onboard the aircraft.
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. . NASA/ESA PANEL
e
.
———— | !
| COMMAND | MISSION MISSION | PRINCIPAL
} PILOT r MANAGER [~ SCIENTIST INVESTIGATORS
t COMMUNICATION ' ]
OPERATIONS LINK % ’
y MANAGER = ;
o ' 2
o
. | £
AIRCRAFT EX"ERIMENTER Q
MISSION SUPPORT £
SERVICE ' >
s
| ]
Q
FLIGHT EXPERIMENT | _ _|
PLANNERS OPERATORS

Figure E-6.- Joint Mission implementation organization for the simulation period.
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Postmission documentation of ADDAS software followed fiormal ASQO proce-
dures, with annctation of the program by the operator and preparation of flow
- diagrams. This information, along with the source code and paper tape record
of the integrated mission software, was then available to neet requests from
investigators and, in the longer term, to preserve program elements for future
applications. All ADDAS master tapes were duplicated and available for loan
© to investigators.

Plans for the Joint Mission did not include a compilation of "first—look"
sclentific accomplishments by each of the investigators into a single docu-
‘ment. An expressed need for'this sort of presentation was met, in part, by a
‘brief summary in the October 23, 1975 issue of Nature magazine (UK) (ref. 3).
Inputs to this article were coordinated by the ESA representative on the MPG.
¥or the Spacelab era, a more formal document that presents an. integrated sum-
mary of mission science results should be considered.

One additional document, an ESA/ESTEC test report on EMI measurements,
. has been released (ref. 4). Although this report is perhaps mot a mission
document, in the usual sense, its 556 pages present much information of use to
both airborne and Spacelab mission planners.

ASSESS OBSERVATION DOCUMENTATION

. The ASSESS Observer Team of six engineers and scientists assembled a
large data bank for the Joint Mission. The collection includes zall but a few
of the documents mentioned in this appendix, extensive notes on the events
day-by-day during the active portion of the mission, notes on interviews with
the PIs and EOs, notes by the EOs which include suggestions for future Space-
lab operations, and the transcription of the lengthy debriefing held immedi-
ately following the simulation period. This data bank was not necessary for
the actual performance of the mission, but it has been the prlnclpal source of
information for the Joint Missiom reports.

CONCLUDING REMARKS

The Joint NASA/ESA CV-990 ASSESS Mission demonstrated the adaptation of
-normal ASO management methods to the development and operation of a Spacelab~ .
‘1ike payload of atmospheric physics and astronomy experiments from both U.S.
and European sources. The two fundamental principles of the ASC approach —
management control by one person; the Mission Manager, and investigator
responsibility for the experiments in all phases of the mission — were mission

- baselines that were followed except when necessary to exercise local control
during the preparation of ESA-funded experlments and to implement the training
‘of proxy experiment operators.

‘Similarly, documentation for the Joint Mission followed mormal ASO prac-

tice as a baseline, with added formality where indicated tc achieve mission =
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research goals. Whenever possible, the Mission Manager, backed hy experienced
support personnel, used verbal communication and single-page dociiments to
conduct mission business. Normal planning procedures required various docu- ;
ments — investigator requirements, equipment and interface definition, safety j
approvals, mission schedules, flight plans, experimenters' bulletins, etc. ' o
‘These were augmented by a Mission Operating Plan, a formalized Experiment

Readiness Review, operator training plans, and experiment operating procedures.

.Even so, the quantity and depth of required documentation were relatively

modest and in keeping with the stated mission approach.
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The airborne science analogy to Spacelab is one of common purpose, closely
related functional elements, and comparable time schedules. To the extent
that a focused mission management can interact directly with users, that the
responsibility for an experiment can be retained by the investigator, and that
the role of the experiment operator is fully developed, the formal documents g
. ~required for a Spacelab mission should be prevented from expandlng 51gn1fi— _ ]
cantly beyond those described for the Joint Mission. '

REFERENCES
1. NASA/ESA €V-9490 Spacelab Slmulatlon, Executive Summary NASA TM™ X~62,457 : : :

and ESArSLn?S 1, 19?5.

2. Reller, John.O., Jr. NASA/ESA CV¢990 Spacelab Slmulatlon, Flnal Report.
: NASA.TM X~73, 105 and mSAvSL—YS 2 1976

3. Nature,. Slmulation experiments for: Spacelab Vol. 237, pp. 649 651
_QOct., 23, 1975.

4, Bachmann, H..and Steintz, J. A.: - EMI Test Report, ABSESS Mission 1975.
ESA/ESTEC TTA/76/2255 Jan. 9, 1976.

- ATTACHMENTS R R O
MiSSiOn,Operafing Plan — January 1975 revision = - . : ' .

. Expérimentersi'Bullétins —~Maréh'25,;1975.and April 14, 1875

ik

77

tﬁ - : ‘ ;
e N o o



T R T AT T

CV-990
NASA/ESRO ASSESS MISSION
MISSION OPERATING PLAN

Prepared by # C W

L. C. HaughneyV
CV-990 Mission Manager

C.13. hesk

C. B. Neel
ASSESS Program Manager

;/

Approved by

Chief, Airborne Science Office

Revised
January 1975

Airborne Science Office
NASA Ames Research Center
Moffett Field, California 94035

78




INTRODUCTION & « « o & & o« o « o
OBJECTIVES . + « « « = + &
MISSION GUIDELINES .
ORGANIZATION AND FUNCTIONS .
Management.
Tavestigatons . .. .
Experiment Ope)wiam
Flight Crew . . . ., .-.
Observers . . .
- Support Pesomned . . . . . . .
SCHEDULE . . . & -« + '« v o« .
RESEARCH EXPERTMENTS . . . . . . .
General Nature of Experiments .
Descniption of Experiments.
‘Experiment Design .
PHYSICAL ARRANGEMENT .

Ama)zaﬁt and Aux,oF,LaJLg Eqmpmen,t
Alrnenaft Interion . .. .

CONTENTS

SUPPORT ITEMS FOR EXPERIMENTERS. . . ..

Test Equipment. . . . .. . . .
Spare Parts . . . . .. . .

Tools . . . .. T

Supplies. . . . . . . .

EXPERIMENT DATA ACQUISITION AND PROCESSING .

OPERA‘I‘IONS PLAN. . . . . . B .
Flight Plaps. . . . . .

Misaion Opefca,twm C e e .

Mission Debiiefings . . . .
Support Operations.

Sefefy. . . . oo Lo
Dacwnen,tman . ae

- Logistics . . AT

79

83

85

85
86
86
86
87
87

88
92
92

52
101

.. 101

i0l
102

104

104
104

< 104

105

. 105

105

105
110
111
112
113 .

© 114
115

N TR

Lokl




e e e i

CONTENTS (contiriued)

ASSESS OBSERVATICOMN PLAN.

Observation Requinements. . .
Observation Responsibilitics.

Observational Procedures and Techm,qu@.s .

80

I S R T



INTRODUCTION

Spacelab is a major element of the Space Shuttle system being developed to
transport people and egquipment on a routine basis between.ground and Farth
orbit. The Shuttie concept substantially reduces costs of space operations

by repetitive use of most of its major components. Tt also saves money for

" the experimenter over ummanned systems because.hiS-instrumentation and

equipment can be returned to Earth for reuse or repair rather than be
abandoned in orbit. Further cost savings over previocus manned experiment:
missions will be possible by streamlining the operational approach to

placing and using experiments in orbit,

Spacelab will have facilities and equipment similar to laboratories on the
ground. It will provide a shirt-sleeve environment for a small group of
experimenters. Up to four researchers may staff a Spacelab mission.
Throughout the missions Spacelab wili remain attached to the Shuttle Orbiter,
where the research personnel will eat and sleep. Because of the limited
accemmodations available for people onboard the Spacelab, there will be

more experiments than research persbnnel, and it wili be necessarf that

2ach person operate more than one experiment. Thus, the persomnnel operating.

the experiments may be proxy operators for the principal investigators.

The plan to condudt experiments on Spacélab resembles, in many.ways, the
highly successful program developed by the Airborne Science Office (ASO)

at NASR/Ames Research Center during the past nine years. Since the incep-~
tion of Spacelab planning, the analégy.of the Airborne Science program to
the Shuttle Bpacelab on sortie missions has received increasing attention.
In July 1972 a special program was initiated at Ames to identify and expose
details of the ARirhorne Science experiments-management approach that may

be applicable to the Spacelab program.
This study program, called ASSESS (Airborne Science/Shuttle Experiments

System Simulation), is divided into two phases., Phase A is a study of on-

going airborne missions to identify and analyze elements that are relevant
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L

P T T e T o ST




to the Spacelab program. Phase B is devoted to an evaluation of selected
airborne missions constrained to simulate Shuttle Spacelab operations for

a continuous five-day period. These simulation missions consist of authen-

tic research projects conducted by qualified experimenters. To date, five -

simulation missions have been conducted, four with the AS0 Lear Jet and

one with the Cv-990 aircraft.

As a continuation of Phase B of the ASSESS program, the next Spacelab
simulation mission with the CV-990 aircraft will be conducted by AS0 to
study special features of Spacelab missions. This simulation mission will
be a joint effort between NASA and ESRO. Each agency will be responsible .
for selecting and funding a group'of compatible experiments. The éxperi~
ments will be operated during the simulation period by experiment operators
{£.0.'s) who will be trained by the scientific investigators. Two E.O.'s
will be selected by each agency to operate the experiments. A mission
manager will be appointed from the staff of the Airborne Science Office to
coord;nate the mission. A Mission Planning Group (MPG) composed of members
from ESRO Headquarters, NASA Headquarters, NASA/Marshall Space Flight
Center, NASA/Johnson Space Center, and NASA/Ames Research Center has been

formed to establish policy and guidance for the mission.

‘The ASSESS study will encompass activities of the mission manager, investi-

gators, and experiment operators; the experiment design, preparation, and

performance; and all phases of mission management and operations.

NBJECTIVES
3
During a series of preliminary discussions prior to formation of the

Mission Planning Group, the objectlves of a cooperative m1551on with the

- CV-990 aircraft were proposed and subsequently adopted by the MPG. These

are as follows:

1. Deterﬁination of optimum design approaches for experiments to be:
operated in Spacelab, in terms of experlment methodolcgy and

actual dedign of instrumentation.

32
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Evaluation of payload and mission operations, including crew

interactions, for Spacelab.’

Determination of impact of operational requirements and procedures

on Spacelab subsystem design and orbiter—Spacelah.interfaces.

The determination of procedures suitable for training of payload

operators, particularly in proxy experiment operations.

In addition, information will be obtained on planning and operational

requiremenis for an international mission involving two major agencies

{ESRO and NASA), and preparation and operation of a shared European/U.S.

experiment arrangement.

MISSION GUIDELINES

The Mission Planning Group for this mission has established guidelines for

the mission that will both satisfy the requirements of existing programs

and comply with the conditions of Spacelab constraints. The guidelines for

this mission are as follows:

o

The experiment preparation, installation, and check-out will be

‘conducted in accordance with standard ASO operation; i.e., the

investigator will have prime responsibility for most aspects of

the experiment preparation and integration.

During the simulation perioed, the experiments will be operated

by experiment operators. -Provision will be made'fbr daily inter-

action between the experiment operators and the investigators

through voice and video communication-links.

The simulation period will last five flight days. This will be

followed by a 10-day unconstrained f£light period to allow the

investigators to complete their scientific measurements. -

83

“f—"_"'-L"‘

s i ivoa

PL SR

L Eid

B




T

10.

11,

Uncpnétrained pre—simulation flighﬁs will'be arranged to repfesént

pre-flight check-out in the Spacelab simulator.
Authentic scientific measurements will be performed. .

The mission manager and experiment vperators will be confined to-

the airplane for the duration of the simulation period, Living : L

accommodations will be provided adjacent to the airplane.

To stress the operation of the experiments as much as possible,

" one six-hour flight will be scheduled for each of the five days-

during the simulation period.

Spare éxperimant.components and subassemblies COnsideréd"néceééary
bv the investigators to ensure the success of the mission will be
permitted on board for the simulation period. - Test eguipment and
tools will be limited {+o justified needs. 2&n attempt will be made

to pool items common te several experiments to minimize the gquan-

. tity of test equipment and tools taken on board.

A mission. coordination center will be employed during the simula-
tion period. ﬁo direct personal contact with the mission manager
and experiment operators from people outside the ASSESS manage—
ment, operat.ons, and observation groups will be peri-itted. Voilces
and video communication between the aircraft and the mission
coordination center will be provided between flights. All communi-

cations outside the ASSESS complex will be by telephone, which

will be 1nstalleﬁ in the aircraft between flights.

All support eguipment furnished by ASO will be maintained by non-

confined personnel.

Nohéconfinad'ASSESS'observeré-will be stationed on board the air—

craft at all times except during sleeping periods.
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L1z, ,Experiment hardware will be consolidated on the aircraft to the
extent possible to'permit the most efficient experiment operator
performance consistent with the same objective contemplated for

Spacelab.,

.13, 'ASSESS experiment ogerator timeline activities will ke constrained
to the extent possible consistent with the expected Spacelab

experiment operator timelines.

14. Certain experiment support systems on the aircraft not feasible to
automate for this mission will be operated by personnel on board

and will be considered as automated systems during the simulation

periodf
ORGANIZATION AND FUNCTIONS
Manag emént ’
Mission Manager. - The scientific research.for this missioh-ﬁill_he managéd, L

for the most part, in the manner ndrmally followed in ASO for the ongoing

CV-990 program. The ASO mission manager is responsible for all aspacts of ._ “:

the‘mission,'and he serves as the mission director. He and his staff are
the single points of contact for the investigators in installation and
check-put .of the experimental apparatus. He will direct:the flights aﬁd
act as coordinator between the experiment operators and other personnel as

required. During periods on the ground, all outside contacts with the

véxperiment operators will be by teiephéne or a separate voice and video

link through the mission manager.

Mission Coordination. - A mission coordination center will be established

by the Airborne Science Office and will provide a point of contact and

coordination for the mission during the siﬂulatidﬁ period. The investiga-

tors may use the center to divect the activities of the experiment operators

~on a daily basis,
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Daily flight planning will be axranged,by'commﬁnication among the navigator/
flight planner and investigators located in the mission coordination center
and the mission manager in the aircraft.

" All communications between the aircraft and Ames Research Center personnel
during the simulation pericd must be conducted through the mission coordina-
tion center and with the cognizance of the mission manager.

Tnvestigatons
The invéstigators will be responsible for the following:
1. Development of'scienkific'dbjectives.
2. Design and preparation of experiments.
3. Development and implementation of training plan for E.O.'s.

Experiment Operatons (E.0.'s}

During the simulation period, the E.O.'s will have responsibility for the

following:

1. Operation, maintenance, and repair of all experiments within

their purview.
2. Preliminary processing of data. -

3. Communicating to invgstigators_all pertinent information regarding

'experimént perfbrmancé.
Flight Crew

The pilots will be provided Ly the ¥light Operations Branch of Ames Research

‘Center. The Navigatof/flight planner will be providéd'by the Airborne Science

Office.
.86
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To provide ASSESS data for possible application to Spacelab plénning,

,obsarvatlons wxll he requlred of all pertlnent activities of the investi-

ators and ex erlment operators durln ex erlment preparatlon, experiment
g P g exp

operator tralnlng, and scientific data acqulsltlon. The observations will

‘be made by assigned observers. At all times, the. observations are to impose

minimal disruption to the activitigs being observed.

Observation of ESRO Experiments. ~ The ESRO experiment operators have been

assigned to act as observers for the ESRO experiménts during the periods of

‘experiment preparation and E.O. training.

Observatlon of U.5. Experlmentq. - A team of observers w111 perloélcally

rev1eW*the preparatlon of U.S. experlments at the various 1nvest1qatocs'

laboratories. As experiment operator training develops, these activities

will ‘also be observed.

Observations During Simulation Period. - During'fhe Spacelab'simulatiCn”

period, an observer will be staticned on board the aircraft at all times
except during sleeping periods. His function will be to make direct

observations of all work activities of the mission manager and experiment

. operators for both ESRO and U.S. experiments. The observer will not be

confined.

Another observer will observe and document the activities of the personnel

in the mission ccordination'center,
Support Personnel

Support for the mission will be piovided'bf a number of1grcups at Ames

Research Center. Installation of the experiments in the airplane will be

~done primarily by ‘the Metals'Fqbricationjﬁfanch."Thé work will be monitored

by the Aircraft Inspection Eranch and the airworthiness Assurance Office. .

Supplies and equipment will be provided by ASO laboratory personnel.
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During the 51mulatlon flights, the ASO fllght planners, the Fllght Operatlons‘

VBranch, the Aircraft Services. Branch, and the Alrcraft Inspectlon Branch
will all provide support for the mission. Special personnel wlll be assigned
by ASO to opérate expe;iment—support systems that will be regarded as
automated for the ASSESS fiights; 'Thesevpersonnel will not be confined.

SCHEDULE
The schedule of activities for the entlre mission is shown 1n Table I

© Updating of the schedule will be accompl;shed through Experlmenters'

Bulletins, whlch.w1ll be 1ssuea as required.
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MILESTONES

1924

JUNE

JULY

AUGUST

SEPTEMBER

OCTOBER

NOVEMBER

DECEMBER

Investigator's familiarization meeting at ARC.

Preliminary sketches and descriptions of
i ASQ

experiments due in
Preliminary schedule and mission plan
completed.

MPG meeting #3 at NASA Headquarters-U.S. experi-
ments selected-Experiment Operators (EO)selected

A

Design of escape hatch mcdification for tele-
scope mounting completed

Project management review at ARC.

Experiment racks shipped to investigators.

Familiarization meeting at ARC for U.S.
investigators.

E.O. training begins at P.I. laboratories.

NASA funding to U.S. investigators.

Revised schedule and mission plan completed.

12

]Mission Planning Group meeting #4 at ESRO
Headquarters, Paris.

13

Meeting of all investigators and E.O.'s at
ESRO Headquarters, Paris.

14

Investigators submit detailed sketches of
experiments and stress analyses to ASO.

15

Investigators submit training plans, evaluation

16

criteria, and milestone charts. ]
Maudon test cavity and telescope mounting

plate installed on CV-990.

17

Flight-test of telescope cavity with
aerodynamic fence.

18

Investigatcrs submit preliminary ADDAS
software requirements to ASO.

NOTES:

TABLE I
SCHEDULE FOR NASA/ESR0O CV-99) ASSESS MISSION
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MILESTONES

1922

JANUARY | FEBRUARY

MARCH

APRIL

MAY

JUNE

JULY

19

Investigators submit final ADDAS software
requirements to ASO.

A\

Investigators submit list of ASO-supplied sup-

port equipment required for experiments to ASO.

21

Project management review at ARC.

22

Mission Planning Group Meeting #5 at ARC.

VAN
JAN
£

23

FRR for U.S. experiments and preliminary FRR
for U.S. E.O.'s at ARC.

2y

FRR for ESRO experiments and preliminary FRR
for ESRO E.O.'s at ESRO Headquarters.

25

Shipment of experiments to ARC.

26

Investigators' selection of targets and lists
of tools, spare parts, & test equipment at ASO.

27

Project management review at ARC.

28

Installation of experiments and ASSESS support
equipment in aircraft & ground check-out in a/c.

30-15

29

Aircraft maintenance and pilot proficiency
flights--aircraft not available to investigatorg

(19-20)

30

Ground training of E.O.'s in aircraft.

(20-28)

31

Mission planning meeting for investigators and
E.O.'s at ARC.

32

safety briefing for all flight participants
at ARC.

33

Mission Planning Group Meeting #6 at ARC.

3Y

Experiment flights (2).

o BB o=

(21-23)

35

Experiment flight (1).

36

Mission FRR for experiments & E.O.'s. Final
mission briefing for investicziors & E.Q.'s.

> >

37

Simulation mission--mission manager and E.O.'s
confined to aircraft. 5 flights

{0 (2-8)

NOTES:
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MILESTONES 19.25 . ._ ._ I |
. JUNE . JULY AUGUST ' |SEPTEMBER| OCTOBER | NOVEMBER|DECEMBER ‘ S
38 |pebriefing for simulation phase'. o : LN
Experiment f1lights under normal AS0 operating |
39 |conditions (6 - 8 flights). R | [ (sf20)
g |Debriefing for entire mission. " o A
‘ ' ‘ y] |Final Mission Planning Group Meeting. A A
yo |Remove experiments from aircraft. [T K23-24%)
i ."
1
| :
Ao
=
i
|
NOTES:

E iy L
R N LT L R
.

P N g L e
b b e e A e et e e e s A R L ke S R B R S




Genenal Natwie of Experiments -~ | SR * :

RESERRCH EXPERIMENTS

The mission will be a nighttime mission since the experiments are being _ _ S
chosenvin the areas of astronomy and ﬁpper ﬁtﬁospheric nightglow emissions. ' o
In particular, the emphasis will be on infrared and near ultraviolet

observations which become feasible at the airplane's altitude of 12 km

{40,000 f£t.) and on experiments which require geographical mobility in a

short time (such as latitude suxveys).

Tn addition to the usual criteria for selecting airborne science experi-
ments, -another consideration is the possible contribution of the experiment
to the planners of the Spacelab.

De/sc;z}épt{on-aﬁ Expe)zimémtzs' - " | IR L - B

The ESRO experiments are listed in Table II. The U.S. experiments are

listed in Table III. ‘Short descriptions of each expeiiment follow.
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TABLE 1
ESRO EXPERIMENTS FOR CV-990 NASA/ESRO ASSESS MISSION

1 NO. INSTRUMENTATION MEASUREMENT

:
)

E 1 o 30-cM F/7.2 CASSEGRAIN TELESCOPE HIGH-RESOLUTION MAPPING OF

DARK cLoun3s AND HII rRecions | (EU 6)
o UY-cHANNEL IR RADIOMETER

o GE BOLOMETER, LHE cCOOLED

€6

E 2 o POLARIZING INTERFEROMETER EMISSION SPECTRA OF UPPER

ATMOSPHERE (EU 4)
o GE BOLOMETER, LHE cooLED

E3 o IMAGING I1SocoN TV CAMERA OBSERVATION OF OH AIRGLOW
CLOUDS (EU 3)

ASSESS Program

; Airborne Science Office
: NASA Ames Research Center
: 7/16/74
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'TABLE III. U.S. EXPERIMENTS FOR CV-990 NASA/ESRO MISSION

M. | INSTRUMENTATION =~ 1 . MEASUREMENT
§ ‘wis1 | j-ContinﬁouSiy variable, o o o Near IR spectral measurements
3 S o o ' filter-wedge spectrometer : i : (4 to 24um)} of solar system
? e : . . objects and late type stars.
} S - Gas Ge detector, LHe cooled L : .
| "-[Cro share telescope of El experlment) '
US2 | 12.5-cu Bbert-Pastie spectrometer . | . Near UV (2900-4000A) observations |
3 BT - T o . - of planetary atmospheres, solar '?
0 _“l—meter Ebert~Fastie spectrometer SYSFBm bodies, and stellar cbjects.
' y jTUnable acousto optlcal fllter
-]-_spectrometer 5
: '
1
U3 - - Image 1nten51f1er, 5ystem.w1th o C Photography of IR airglow structure .
g : filters, 35-mm camera - : . B and temporal varlatlun, 7000 to
' 16-mm camera with image tube and S000A.
wideband filter for tlme lapse
- photography :
~ Photoelectric photometer and f
~.interference filters : :
] s BN B e e e e
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Experiment El (BEU 6).

Scientific Discipline - IR Astronomy

Scientific QObjectives ~ - "+ . .. High-resoluticn mapping of dark clouds
o ‘ ' and H II regions.

Prineipal Investigators -
o A . - Observatoire de Meuden (France)

CNRS-Verriéres (France)

University.of Grohingen (The Netherlands}.

Primary Instrumentation - - 4-Channel IR photometer mounted on 30-cm
: Cassegraln telescope

. Observational Bandwidths - : 17- 20um, 30-38um, 70-95um, and 114-196um

" General Description

ThlS ls a basmc sclentiflc _experiment designed for further understanding of
early star formation from dark clouds of material whlch are strong IR

emitters. The cloud near the star P Ophluchus is an excellent subject for

~ further study because of its relative closeness and low temperature;

The experlment utilizes the Meudon telescope and the Groningen photometer.
The photometer gselects one of the four wave bands noted above and uses a

2.4°K germanium bolometer -as ‘the detector. The signal is amplified and

.synchronously detected by conventlona1 electronlc 01xcu1try. The data

record is on digltal tape.

: mheAMeudon‘ﬁelHSCOPthas:been.flown extensively on a French Caravelle
: research aircraft, The open-port telescope is gyrostabilized to an accuracy
7 of 15 arc seconds attainable by complex data processxng. A TV camera and

' monltor are used for flnding and tracklng.
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: Primary Instrumentation -

B S U N P AR SR R

Experiment E2 (EU 4)

Scientific Discipline - Atmospheric Physics

Scienﬁific Objectives - _ Fmission Spectrum of the upper

: i atmosphere. : '
Principal Investigator - :
Queen Mary College
University of London, England
Peolarizing Interferometer {including
internal temperature references)

Observational Bandwidth - 40um - 2Zmm

General Description

This experiment measures the emission spectrum of the upper atmosphere over

a wide range. The measurements are absolute and relate to concentrations

and temperatures of the various molecular components.

The irstrumentation is a two-beam interfercmeter based upon polarizihg"“
- optics. The two signals which are compared are the atmospheric emission

.and the calibration source (alternately liquid nitrogen and ice). A.

rotating polarizer is used as a chopper to produce positive and negative

’>interferograms. The spectrum is the Fourier transform of the interferogram.

A 2°K germanium bolometer is used as the detector.

Aircraft data system signals will be used in the stabilization of the optical

.path. - The amplified and detected data signals will be digitized and recorded
. on the aircraft ADDAS equipment.
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Experiment E3 (EU 3)

i e P
Vi

Scientific Discipline - _ Atmospheric Physics (airglow)

£ Scientific Objectives - Observation of OH airglow clouds to
' determine wind velocities at altitudes
between 85 and 110 km.

AT AL

R LRy

Principal Investigator -
o University of Southampton, England

Primaxry Instrumentation‘~ - . Image Isocon TV camera system
Observational Bandwidth - L - 650-950nm {near IR)

General Description
This experiment 1s planned to measure motion of OH airglow clouds for an

extended period of time, far more than that achieved from chemical trails

released from sounding rockets. Such information will aid in filling a

. -

large gap in present models of global winds.

The instrumentation consists of an image Isocon TV camera, its control

B R LR T LR T P

4cir¢uitry, and a recorder. The photocathede of’this*ﬁamefa cuts off at
about 950mm and a filter will be used to cut off energy shorter than 650nm.

The electronic circuitry of the camera system has been modified to permit

e b, o

integration of the signal by'reducing the picture rate. Integration times
_up.to_two minutes are planned. The integrated pictures are read out during
.a ﬁormal TV scan and recorded on a video recorder. A crystalfcontrolled
50-Hz pawer supply will be provided to maintain European TV standards of. : i,
L . 1/50 sec scan time and 625 lines. ' - ;

The data will be coordinated with the record from an all-sky camera utilizing

i
|
I _ o .
l ' ' - IR £ilm and exposures of 5 to 10 minutes. ' This camera is provided as part of
L the experiment.
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' Primary Instrumentation -

Experiment US 1

Scientific Discipline - o IR Astronomy _
Scientific Objeetives - Spectra of Venus and late type stars.
Principal Inﬁestigator_- 7 '

o NASA, Ames Research Center_

Filter wedge spectrometer mounted on
30-cm Cassegrain telescope

. Observational Bandwidths -, =~ = - 1-4pm and 3-6um

General Description

This experiment is designed to obtain spectral information of Venus and
late type stars._ of prlmary interest w1ll be observaulons of sulfurlc a01d

absorptlon in the atmosphere of 'Venus.

- The experiment utilizes an existing filter wedge spectrometer. A gallium .

doped germanium bolometer will be used, cooled to liguid helium temperature.

_The,experlment w111 ‘be mounted on the Meudon telescope ln,place of the

Gronmngen‘pho;ometer.- Signal prDCESSlnq 01rcu1try Wlll be supplled by the.

Ames group. (See Experiment El for details of these portions of the

~equipment.) This expeximent represents an interesting shared use of an

‘experimental facility.
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Data will be recorded on digital tape and the aircraft ADDAS equipment.

Experiment US 2

Scientific Disciplines - Atmospheric Physics and UV Astronomy

UV measurements of atmosphé}ic trans-
parency, solar flux, planetary atmo-
spheres, and interstellar molecules.

Scientific Objectives -

Principal Investigator -

Co~investigators -
Geophysical Institute,
University of Alasla

12.5-om Ebert—Fastié UV Spectrometer
1-m Ebert-Fastie Spectrometer

Primary Instrumentation -

Tunable acousto-optical filter spectro-

meter

-]
Observational Bandwidths - 2900-4000 A
General Degcription

The experiment will meaéure UV radiation from several sburces. Solar flux
o - .

will be measured between 2900 and 4000 a with a special note of the ery-

themal flux between 3000 and 3200 A. Atmospheric UV transparency will be

measured at 14 km altitude. Planetary emissions will be noted in several

' narrow bands.

Two Ebért-Fastie spectrometers of differing size will be used, 12.5-cm and

. I-m. The smaller one is the laboratory prototype of the Pioneer Venus

Orbiter spectrometer. This device is controlled entirely by digital

‘signals. The larger one can be set to scan any of a number of preselected

bands by interchanging cams in the scanning mechanism. :Gyrostabilized

mirrors will be provided in the opticél paths.

The acousto-optical spectrometer is a new device capable of rapid scanning

of the optical spectrum. No crycgenic cooling is required for these

..instruments, although thermoelectric cooling is used in the 1-m spectrometer.
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Experiment US 3

Scientific Discipline - Atmospheric Physics
Scientific Objectives - Photography of infrared airglow.

Principal Investigators -

University of New Mexico

35-mm camera with IR image intensifier,
16~mm camera with IR image intensifier
for time-lapse photography,

IR photometer for calibration

Cbservational Bandwidths - ‘ 6500-9000 A

Primary Instrumentation -

‘General Description

This experiment will study infrared OH airglow clouds near the horizon,
using wide-band photography of largé:areas of the sky and narrow-band

photometry of the center of the area photographed.

Both cameras will be equipped with image intensifiexr tubes to permit
exposure times of the order of s=conds, using wide bandpass filters covering

7000-2000 A. The red-sensitive photomultiplier will record airglow inten-

‘ sities through eight filters: three narrow-band filters centered on

individual airglow bands; three narrow-band filters centered between

. airglow bands to record background; one opague filter and one wide béndpéss

filter identical to those used on the cameras for absolute calibraticn. The

- 16-mm cameras will make time-lapse exposures, producing motion pictures of

-the changing airglow struqtures.

'all data will be on film and sﬁrip chart recorder; no use will be made of -

‘the aircraft systems for data except to obtain a time record of the aircraft

track. -
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”Expe}bémen;t Desdign

Operation of several experiments by an experiment operator during a single
flight may be required. Accordingly, it is expected that the investigators
will incorporate modifications to their existing experiment designs to

facilitate optimum multi-experimenf-operation.'

The investigator will design and construct his experiment to meet the
program requirements and guidelines within the airworthiness and safety
considerations given in the CV-990 Experimenters' Handbook. Frequent

contact with the mission manager for guidance in this regard is recommended.
PHYSICAL ARRANGENEM
Ainenaft and Auxibiony Equipment

TheACV¥990 aircraft,_which wiil serve as both a flying laboratory and thé
work area for the experiment operatoré and mission manager, will be docked
‘duriﬁg periods on the ground on the main hangar apron in an area near the
mission coordination center. Living quarters will beblocated in a mobile
1lift van that can be positioned adjacent ‘o the.reér cabin door of the
CV~990-aircraft. The van will dontain'siéeping, dinihg; and showerﬁfaciii_
ties. It will have a separate air conditioner. Air conditioning for the

‘aircraft cabin will be provided by a ‘self-powered ground unit.

Auxiliary ground units will provide 60-Hz and 400-Hz electrical power and
-compressed air to the aircraft for use by the experiment operatcrs'between

flights.

- Two telephones with two communication lines will be provided in the air-
plane during ground periods for the constrained éErsonnel. One of the
telephones will bé'fitted with a'speaker-phone. A one~way video-audio
system with recording capability will be set up between the aircraft and

the mission coordination center to provide personnel in the mission

101

] o s el

S s Rl it e

T ot g dey ol




mtape.

Arorags Intenion

~ shown in Figurs 1.
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coordination center with the capability of viewing experiment components
on the aircraft to aid the investigators in direécting experiment maintenance,

repair, and data analysis.

The intercom system between the mission manager and the pilots, navigator,
and the experiment operators will be connected to a tape recorder to recoxd
conversations of interest to the ASSESS mission auring flight. 2 time-

code generator will provide a time reference signal on one channel of the

Arrangement of the experiments and auxiliary equipment in the aixplane is P

R TR TN

.l
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Figure 1.- Arrangement of Interior of CV-990 for NASA/ESRO ASSESS Mission.
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SUPPORT ITEMS FOR EXPERIMENTERS

A mission guideline has been established that allows the investigator to
bring on board any type of spare subassemblies, components, ox tools
considered necessary to ensure the success of his experiment. However,.
test equipment and tools will be limited to those that can be justified by
each investigator and can be accommodated on the aircrafti_ Lists of all

such equipment will be prepared by each investigator.

Once the mission is started, the Rirborne Science Office will supply and
document any additional test equipment or parts that are required to avoid

jeopardizing the success of the mission.

~ Test Equipment

Test equipment will consist primarily of general purpose diagnostic devices
‘for troubleshooting electronic circuits. These will be standard laboratory-
type devices for use in the onboard work area. Circuit diagrams for

investigator-built equipment and service manuals for commercial units will

be supplied by the investigator, while the ASO will supply reference

documents for any ASO-=supplied equipment.

Spare Parts

Each investigator must include with his experiment an adequate supply of
back-up components critical to the continued operation Sf his experiment.
Spare components might'thlude such items as photomultiplier tubes, voltage-
controlleﬂnggiliétors, &mplifiers, power supplies, or printed circuit

modules.
Tools

‘The investigators will furnish their own hand tools, soldering irons, and
any special devices that are required to maintain their experiment. ASO

will furnish a limited number of aircraft-peculiar tools (e.g., air-driven

B o Tt WA

drill motor) that are not normally in the investigator's laboratory.
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Suppliecs

The investigators will furnish a variety of supplies, mostly in small

quantities, to support the program. These will be supplemented by cryo-

T SR E A

genics and other supplies provided by the Airborne Science Office.
Specifically, dry ice, gaseous nitrogen, liquid nitrogen, and liguid helium,
as required by the investigators, will be provided by ASO.

EXPERIMENT DATA ACQUISITION AND PROCESSING

The CV-990 Experimenters' Handﬁook contains pertinent information on the
capabilities and input reguirements for the Airkorne Digital Data Acquisi-
tion System (ADDAS). Further information is contained in NASA TMX-62,367,
entitled, "Interactive Data Management Systems for Airborne Research".
Refer to Table I, Schedule for NASA/ESRQ CV-990 ASSESS Mission, for dead-

lines on submission cof ADDAS software requirements to ASO.

OPERATIONS PLAN »

Feight Plans

The flight plansvﬁiii be determined mostly by the astronomical objects
which experiments E1 (Meudon-Groningen), US 1 (Ames}, and US 2 {(JPL/Alaska)
wish to observe., These cobjects are listed in Table IV. Astronomical
flights tend to be along east to west routes so as to observe the celestial
object around its transit. Then the rates of change of elevation and
azimith angles are at a minimum compared to the times when the object is in
 the rising or £he setting part of its joutney acress the sky. A sample
flight plan is attached (Fig. 2a); this plan allowsELl to dbser#e the star p
Ophinci, its first priority object, for one and a ﬁalf hours, during which
time the star moves through an elevation range of only 0.5° and remains at
the same bearing relative to the airplane. The ASO flight planners use a
computer program (Fig. 2b) that gives the £light path needed to keep the

celestial object within the field of view for as long as it is possible.
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TABLE IV. - OBSERVATIONAL OBJECTS

I. MEUDON-GRONINGEN | ‘i
L.T. Latitude 4

Transit for 33° Elev. i

Priority Object R.A. Dec. June 11-12 at Transit 1
o Oph 16h 24m -23° 04° 23 04 33° 56 L ]

M 17 ' 18h 17m -16° 11° 00 57 40° 49" | s

M8 18h 00m -24° 207 00 40 32° 40" " i

- ¢ B 68 17h 21lm -23° 48" 00 01 33° 12

. B 92 18h 19m -18° 16" 00 54 38° 44" i

B 133 19h Odm ~ 6° 57° 0L 44 50° 03" ﬁ

B. 335 19h 35m 70 317 02 12 54° 31° ‘;

" Tau Cloud 4h 32m 26° 02' 11 10 g3 02 4

N.A. Neb. 20h 50m 43° 00" 03 29 ?

M 42 Sh 32m - 5° 25t 12h10 51° 35 E

IT. AMES-JPL . : _ | | i

- Venus 8h 34m 21¢ 037 15h 1lm 78° 03¢ ;
Jupiter ~ 1h 1lm g° 13 07h 50m 63° 13! f

Mars 1h 02m 4° 48" 07h 42m  61° 48
saturn 7h 19m 22° 06" 13h 57m 79° 06" ’
R Leonid 9h 45m 11° 40° 16h 21m 68° 40° _
o Her 17h 12m 14° 27! 23h 57m 71° 27° 3
o Scor 16h 26m ~26° 19! 23h 06m 300 41 ;
B Hydri 11h 50m -33° 38! 18h 3lm 239 22!

& Bobtes 14h 13m 19° 27° 20h 50m 76° 271 1
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Figure 2(b). - Computer Printout for Flight Plan
R OPH CVa98 JUM 12 1975 20B-55
ALTITUDE= 39886.8 FEET
SPEED=" 478H.8 KHOTS
CCAIRCRAFT . : S DEJELCT UBJECT REL
UT . HE&DIMG.  LATITUDE LOHEITUDE ELEY opZ BEARING
5 I8 B BF2.454 M 35 B W 98 .8 31,922, 188,464 268,009
5 35 @8 2¥i. @45 - M 34 H53.2 W B8 42.8 . 21,939 181,845 268, 069
S48 8 2¥3.632 N 34 58,9 W 8F 25,6 .0 31.935 121.633 2&8, Q98
5 45 . @ 274,228 - M 34 .582.9 w82 8.3 31.91% 132,228 2632.H68
5 5B B8 274,985 H 34 52,3 W ome 519 31,8593 - iz ane 266, 408
. B 53 .08 2¥E.3%2 0 M 35 . i boo9s 35,7 21,853 182,392 268,568
g B 9 2F5.9¥72 . H 35 1.4 Wi 183 31,286 82.97%  2EZ. 086"
& 5 @  RF5.554 H 323 Z.a@ W oise 58,9 Fil. 746 184,564 ZEn. 8@
& 13 B 2¥F. 148 M 35 5.8 W o181l 41,5 - I1,575 185,143 2e5. pad
£ 15 8 2FF.FI2. N 3F F.4 W 182 p4.1 31,532 185, FIR  E65. 00G
‘B BB B 27B.31E M 25 1e.2 "W 183 5.5 F1.43% 186,715 258,688
& BS @ 278,897 M 35 1Z.4 W.o18E 49,8 21.355 185,857 268,085
& IR B RYS.4FF M 35 17.8° W 154 31,4 F1.220 187,477 265, 6AG
& 35 B 280,855 M 33 21.8 W 185 13.3 F1.153 . 182,858 265.A86
& 4B @8 288,834 N 35 .25.4 W 185 56.2 Zl.8ls 185, &34 258,661 -
& 45 @ P81 W2 - M o35 3R.F W iAs 339.4 I\, 269 . 125, 2689 265,609
& 58 B 281.783 M 35 5.3 W 187 28,7 FB.71ly 199,783 Z268. 008
& 55. 8 222,354 N 35 4@, 8 W iaz 2.3 26,541 196, 354 258,580
=¥ . R B EFRP, 324 HOEE 45,70 W 182 45, & 36, 352 19d@, 924 26EE, OO@
¥ 5 8 253.421 M 35 53.4 W 185 2r. 1 3R, 172 131,481 Z&%. BA@
P18 @ vz2Ed4.858 0 H IS-S9.7 W 1l a2 23,972 122,855 262,689
715 @ 284,518 M3 6.7 W 11g 51.2 23,762 192,818 268,590
FToEE B 255.1¥3 MBS 14,10 M 111 IF. 1 29 548 193,172 ZED. GRB
T 2% B 285, 7IET M 28 21.% W 118 15,8 29,311 193.735 268.060
v O3B @ 235,299 ‘N Es ZE. 4 W iiz 5&.% 23,871 194,298 255, 000
S M1E CYS9R JUN 12 1975 245.58.
"ALTITUIE= Z28688.8 FEET
SPEED= 478, 8 KHOTS
_ O HIRCRAFT I o OBJECT . OBRJEST O REL
BT .  HEADING LeTITUDE LOHGITUDE ELEY  AZ BEBRIMG.

FOooB B 2SR.EFC L ONSES 48,7 0 M 1BS 45,8 35,318 155, 659 26, ARG
5 B .251.&~. - N 35 35.4 - W 182 25.5 . 35.554 159,252 26D, @@A
FoIBR RSl S8R M Z5 24.5 W l1e. &8¢ TT.EE8 159,982 258,668
FOLS @ RER.4FE o35 13,3 W 1i| 47, 2 2. B1E 168, 472 265, @86
FoEB. B 253 887 M 23 F. 8 W11l 2808 38,626 181987 o 265, @EE. 0
FoRES. A ESIE.FES T N 24 54,8 W 112 2.%  36,92% 16l.702 - 258, 383
F IR o8B 254 3233 HoZd4 44,7 " W-112 48,7 . 3IF. 221 152,333 265. 4680
¥ 35 @ 254,964 H 24 35.8 W11z 3i. 8  3IF.58F 162 964 252,803
To4R. @ E55 589 - M 34 2P.3 . W.11l4 12.2  C FF.PVE LGE. Sm8 - 2EQ. aEa
P43 8. 2¥6.241 0 N 34.15.2 W 1i4 5F. 4 FS. @33 164.241 25%.8608
T 5B @ 258,586 M 341105 W 115 34. 6 S8, 2809 154,986 . 258, 6EE
F oSS B 2SV.S5EF 0 M Z4 4.3 W 118 16,8 - BS.S516 155,537 2585, Anb
g 8.8 B3I8. 152 . . M.Z3 SF.5 W 118 5F.4 - Z8.748. 165,192 268088
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There is one aspect of the flight planning that will be directly applicable
to the Spacelab operatlons- namely, the time sharlng of a partlcular fllght
by two or more experiments that wish to observe dlfferent astronomlcal

objects. The ASO f£light planners ana mission managers have had much

'..experlence in determining how to flt dlverse observatlonal objects and

objectives into a single flight. For example, the fllght plan shown is .

- Jjust a start. Iterations will occur between the flight planners and the

P. I. s to make the flight as productlve as possible by. observ1ng approprlate

" objects on the eastbound leg or on a short north-south leg at the eastern

"end. The mission manager. w111 assure that each experiment obtalns 1ts

fair share of observ;ng time throughout the whole mission and, in the case

of confllctlng requlrements, w1ll declde Whlch experlment receives prlorlty

for a partlcula* fllght (1f the experlmenters themselves cannot resolve thelb

ccnfllct).

Not too much difficulty is anticipated in sstisffiug the sxperimenters'

requests for this mission. ExperimentsEL and US 1 will not operate

-.simultaneouSly_sinceﬂthsy-hsﬁé'to share on a time basis the 30 cm-open_pbrt

telascope. Moréover4 some of the primary objects for US 1 and US 2 are

_the same; namely, Venus and the Sun. Experlment Us 2 has so many objects _

or reglons available fcr study that it will probably have a suitable targeti
within its field of’v1ew whenE 1 is operating. Experiment US 1 does need -
_at least,ons daytlme flight to- obtaln callbratlon data from the Sun. That
flight, whlch w1ll also allow US 2 to obtain the near-uv solar spectrum,

can be conducted during the unconstrained period.

The astronomical f£light paths are, in general, satisfactory for the two OH

_amrglow experlments, E -3 and US 3. Slncs the OH. alrglow clouds seem to have

more structure parallel to the Earth's magnetlc fleld than perpendlcular

o to it, the east to west astronomlcal fllghts will allow the OH alrglow

“cloud structure to be observed in a N-§ direction. The OH alrglow expsri4

ments do de51re at least one flight 1n the N-S dixection to look for

1at1tude effects., The expermments for the far—IR background emmssmons,'

E 2 and us 4, have no partlcular requlrements othel than altitude’ prorlles

on one or two flights. Those two special requlrements of the non-astlonomlcsl
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experiments can be combined in a couple of flights during the unconstrained

period, F |

: _ : 3

All of the flights will be flown from Moffett Field, California, over the : S %_5

: . P ) . . ;:g
i .+ western part of the United States at maximum operating altitudes of 35,000 f )
: . ft. to 41,000 ft. (except for the few instances when an altitude profile B - ) :

" is desired). Flights will be possible only over land because the 30 cm

' open port telescope will block the left over-wing emergency escape door.

. On over-water‘flightsL_the over-wing doors are the primary escape routes
for an emexrgency 1andin§ in the water, and there must be one door available
on each smde 50 that the life rafts can be launched on the lee side of the

alrcraft. ‘For a nom;nal six-~hour f£light, the operating range of_the CV-990

will be between 95° and 122° west longitude, from Nebraska and Kansas to - A ‘ %

_the west coast. The westward extent of flights in some latitudes will be

T T T TN Tt L S R S T L S

limiﬁed bﬁ restrictéd.flying areas in southern California and Nevada and
in western Utah. Twc of E 1's objeéts have suckh a southerly declination - i

"that part of the flight route will be over Mexico; prior approval of that

Ao h e FRAAD §es
o o

i . _ country to overfly its territory will be needed, Since those objects are
| ,

low in priority for the E 1 experiment, that situation may not arise.

TNPPPI

! : Logistics R o . ‘ e ; ;

Hot meals for the constrained personnel will be delivered to the airplane
from the Ames cafeterla twice each ‘day by cafeterla personnel . Box lunches

" will be delivered once each day by ASO personnel

. The telephones and the specmal V1deo—aud10 system w111 be removed each day

~ hefore flight and w111 be stored in the hangar. All facilities, such as -

60-Hz electrical power, water, and compressed air will be supplled from

’nearby sources.

Large equipment items, such;as the lift-van iiving quarters, air conditioner,
and 40C-Hz power unit will be stored in the ground support equipmept build-
ing during the’flights and moved into position around the aircraft between

. flights. - '

110




L

Supplies needed for the experiments, such as dry ice, gaseous and liquid
nitrbgen, and ligquid helium, will be brought from the hangar to the

airplane.

Refueling of the ailrcraft will be performed at the simulation site on the
hangar apron. All constrained personnel will remain on board'for this .-
activity. S . ‘ o '
Mission Openations ..
" The overall mission is consmderad to' encompass the entlre perlod from the
plannlng stages through completlon of all sclence flights and the subsequent
) debrlefing sessions. This section will discuss briefly the various activi-

ties involved in.experlment preparation, experlment operator training, and

 the constrained period.

'Experiment_OperatOr Training. - Proper tfaining_of the experiment operators

is the prime responsibility of the investigators. Each investigator will
be re@uired<to develop and submit to ASO and ESRO a training plan that out-
lines the ﬁariéus tasks the E.O. will be expécted to perform and the train-
ing planned for each case. The deadline for submission of the plans is
given in Table'I In general, each E.0. would be expected to perfbrm the

fbllow1ng tasks competently for all experiments under his purview:

.. Perform system tests - _

. Remove and install experiment components

.. Qpérate equipment to obtain_scientific'data_ NS
. 'Maintaiﬁ and repaif'equipment. N

. Process data and perform preliminary analysis

~ Simplation Period
PérSonnei Functions and Interfaces

The ASO mission manager will be the .director of”311 ac£ivities;  All contacts

111
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with the flight crew during flight will be made by the mission manager;
hence, all requests by the experiment operators for changes in flight plan,

special flight conditions, -or the like must be transmitted through the

mission manager. The finél responsibility for the £flight plans and flight
parameters 1ies'jointlnyith.the ASO mission manager and the command pilot:

the mission manager in"respect to fulfillment of mission objectives and ' <

g ..
i
:

i
1
4
4

‘the command pilot in regard to aircraft operations and safety.

Experiment Operation and Maintenance

The experiment'oéerators, in conjunction with the invesﬁigators through the
“telephone communications llnk, have complete resPonsiblllty for operatlon
”'and malntenance of the experlments No direct assistance from non-confined

personnel w111 be permltted in the operation and maintenance of the ' '7‘;

experiments.
- Daily Debriefings and Flight Planning

- Debriefings will be initiated daily by the mission manager with the mission
" coordination center. All confined personnel will participate. The de~.
briefings will cover problems encountered during the previous flight,

quality of data, and plans for the next flight.
Mission Debiiedings

At the end of the slmulatlon perlod, and agaxn at tha end of the research o
flights under unconstralned operating conditions, a debrlefmng will be- held
Cinvolving all personnel»assoclated‘wlth_the management and conduct of the .
mission (excluéivecf aircraft flight and maintenance personnel). The pur-

Apose of the debrleflngs lS to rev1ew the entlre ‘mission, partlcularly the
‘51mulat10n perlod, with the 1ntent of prov1amng as much insight as possible :_ R ' é ;

into the experlences nE the mission manager, the experiment operators; and

ftho_lnvestlgato:s,fgnd their reactions to the overall ASSESS mission. To

- obtain a permanent reéord;'the;debriefings will be tape-recorded.
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- Support Operations

Insofar as possible, the support-operations plan will follow the procedures
normally used in the ongoing CV~990 research program. Overall direction

will be provided by the ASO mission manager. He will initiate the reguests

‘for aircraft services and'flight—crew support.. For. this simulation mrsslon,

the special support act1V1tles related to the constrained nature of the

‘mission, the life—support functlon, and the round- the-clock schedule w1ll

be planned in cooperation w1th the mission manager and representatlves of
the various support groups. .The Aircraft Services and Aircraft Inspection
Branches will he requested to service, malntaln, and 1nspect ‘the aircraft

on a 24-hour-a—day basis.

" Support activities of the Ames Flight Operations Branch will consist of

their norﬁal funcrions,'adjusted to the time schedule & the simulation
mission. The Rircraft Operations Office will normally be in radio contact
with the aircraft while in flight and within radio range. The duty'cfficer
wiil monitor local weather conditions, will relay messages, will advise the
ground_crew'of'expected 1anding.time,-andiﬁill call tc-thE”foice'(for

direct. communication) any person reguested by the f£light crew.  Aircraft

commanders and co—pllots will be a551gned to the research m1551on by the

Flight Operat;cns Branch. The aircraft commander will partlclpate actlvely

in the operations planning.

. Bupport for aircraft navigation'and £flight planning will be provided by

the AS0, using normal prccedures. The requiremehts for each flight will

be determlned by the mlsslon manager after consultatlon w;th the lnvestmga-'

‘tors and experiment operators. ASO flight planners will prepare specific

flight plans as required by the Flight Operation Branch.

Support to set up, operate, and monitor the air conditioner, 400-ﬁz_power

:unit,-and living quarters, as well as-to service the'aircraft-wafer'system"

and sanitary facilities, will be provided by the Aircraft Services Branch. .
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- the stress analysis,

ASO ASSESS personnel will make the necessary arrangements for food supply

‘during the mission, for other supplies needed by the experiment operators,

and for items related to ASSESS observations.

Safety. .

Flight safety is of prime impoitance, and normal precautions for the protec-
tion of personnel and eguipment are well established. safety requirements

applicable to experiment design are given in the CV-990 Experimenters’

'Handbook.

© The Aircraft Inspection Branch will inspect the experiment installations as

well as the aircraft prior to every flight to ensure that all routine

inspections and parts replacements are made on a timely basis and that any

" identifiable safety concern gets proper attention. They will have the

aﬁthority to suspend cperaticns if unsafe conditions are not corrected.

. The Airworthiness Assurance Offlce will oversee all designs and operatlonal

plans as they progress toward actual installation and operatlon._ They

specifically will investigate, in depth, any unicue new design, including

. A detailed rev1eW'w111 be presented by the mission manager tco the Alrworthl—
 ness and Fllght Safety Review Board (AFSRB) prior to the ASSESS MlSSlOn,
E coverlng thoroughly all new designs, operational plans, contingency

- considerations and any other facets associated with safety. .

The Chairman of the AFSRB will issue approval of the alrcraft mission

pefore 1mplementatlon.

buring the mission,.a.groundhcrewmap_will‘be_on_duty dontinuously wheﬂ

the airpiane is on the'groﬁnd to'moniﬁorfthe air conditioning unit and

aircraft electrical power, and to mainfain genara1 surveillance of the

" area. He will have access to the aircraft cabin, and will make_peribdic

safety inspections during sleeping periods. This crewman will also be in

charge of the mobile lift-van and living quarters.
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‘Downiéntcu’;éon

The same documeﬁfation probedures will be used for the ASSESS mission as
are normally followed by the ASO. The aircraft work ordexr calling for
installation of the experiments will be issued by the ASO mission manager
and will serve three functions. It will be used to notify the AFSRB for .
review and approval of the safety and airworthiness of the expefiments.
It will be used to authorize fabrication of the attachment hardware. It
will serve to notify the Aircraft Inspection Branch for inspection and

approval of the final installations.

Prior to the flight period, the ASO mission manager will initiate a flight

request for the entire flight series. This authorizing document will be

circulated to those groups concerned with flight operations.
ASSESS OBSERVATION PLAN

Observation Requirements

' Requirements for obsérvatiohal data cover all aspects of the mission. The

following outline lists the various items that willtbe documented for- study.

® Mission Hanagemen+ and Planning
e Experlment.Factors _ '
' ' - Measurement Oﬁjeéﬁiveé

- Experimental Appioach

.= Experiment Design, Includlng Special Features for MlnlleIng
Operating Requirements : :

Constructlon Components
° Off—the—Shelf :
° Custom-Built.

° Experimenthr—Built

‘Testing Effort and- Types of Tests
° Laboratory
e Fllght
F-Cost, Slze, Weight Power Requirements”
' 115
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g e Payload Integration o
: ® Background of Experiment Operators
~ Education
- Bxperience _
' ® Ground-based Research
® Flight Research

- e Training of Experiment Operators

Theory )
; . -+ = Experiment Construction and Operation

Hands-on Training

L.

® Laboratory
_ . ® Flight . _
- Metﬁod of Establishing Tréining Criteria
® Performance of Experiment Operators
- - Effectiveness in Obtaining Useful Scientific Data.

~ Capability in Operating, Maintaining, and Repairing
~ Experiments .

§ Expefiment Performance
. .. = Breakdowns
co- Repair Techniques
. Impact on Data Acqnlsltlon and Mission Schedule

~ @ Data Processing

Systems
Utlllzatlon of CV—990 Data Processmng System

Extent of Data Bnalysis
° On "Shuttle"

° On Ground

1

Need for Real~time Data Analy51s

- Data Transmission

B Communlcatlon Requirements

. Timelines during Simulation Period

— Mission Manager

‘= Experiment Operators

e Mission Control Functions

. [ _.1 o . | _ ', 7.~ . Vllé

et e T n-cv-~~_¢m—m-\«:wﬂ'fﬂd"ﬁt"f‘-"’ﬂf"ﬁ‘il?ﬁ-"ﬂl"’.

Capab111ty and Utlllzatlon of Experlment Data Proce551ng
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e Impact of Operational Procedures on Spacelab-type Subsystems
e Alrcraft. Support Systems ‘
® Electromagnetic Interference Problems

e Decumentation Requirements
Observation Responsibilities

Primarily, each of the two experimental groups, ESRO and US, will be covered

by observers representing each group. Observations during the simulation

- period will be handled by the US observer team.

- Obszenvational Procedures and Techniques

Observation starts during the training period of the Experiment Operators.

Observers will document training procedures and techniques. Observers may

use any method of documentation which they deem satisfactory and which
‘does not interfere with the processes being observed. Tape recording and

~ photography, in addition to taking notes, axe acceptable techniques.

Observers will cover the period at Ames including any laboratory set-up

and test time, installation of the equipment in the CV-990, test and check-

out in the aircraft, and will accompany all flights of the aircraft during

~ the mission. Daily debriefings and the final mission debriefing will be

attended by the cbservers.
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550:211-12 - March 25., 1975

MEMORANDUM for Distribution

From: Louis C, Haughrey
NASA/ESRO CV-990 ASSESS Mission Manager

Subject: The 1975 NASA/ESRQO CV-990 ASSESS Program —
Bulletin No. 1 :

SCHEDULE

A schedule for the installation and the flight phases is given in
Fnclosure 1. A detailed day-to-day schedule will be distributed
Jater.

" EXPERIMENT OPERATORS (EQ's)

The NASA Experiment Operators will be:

Operator D,*
‘Lyndon B, Johnson Space Center

Operator C,#%
University of Maryland

The assignments of the EQ's to the experiments is given in Enclosure 2.

‘The "primary” EO for each experiment is the one who has the principal

responsibility for that experiment and who takes the lead role in

._ operating it.

SHIPMENT OF EQUIPMENT

- Shipments of equipment to Ames should be addressed as follows:

TRANSPORTATION OFFICER _
" FOR: HAUGHNEY/CV-990, BLDG 2il-C
_ NASA AMES RESEARCH CENTER
MOFFETT FIELD, CALIFDRNIA 94035
U.5.4A.

*Names omitted.
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EXPERIMENT READINESS REVIEW (ERR)

e S TR TR I s i

An Experiment Readiness Review will be conducted during the latter
part of March or early pért of April. It will be held separately
for each experiment at a date and a location to be arranged by the
Mission Manager and the individual Principal Investigator's (PI's).
Haughney will take care of the NASA experiments and de Waard the
ESRO experiments.

The objective of the ERR is to determine the present status of your
experiment and its expected status a month from now when it is to
be shipped to Ames for installation. A check list of items to be
covered in the ERR is attached (Enclosure 3).

The ERR will also be a preliminary review of the EO's training;
a significant part of the ERR will be devoted to the preparations
being made by. the PI's and the EO's for their joint efforts im
the mission, Therefore, the E0's will participate in the ERR's.

Inforﬁétion on certain items in the ERR list must besreturned Eb
us in writing (on the enclosed forms) at the time of the ERR or
by April 4, 1975, whichever is earlier. These items are:

Item VI. Data Systems ~ CV-990 ADDAS
Item VII. Data Systems — CV-990 Ampex CP-100
Analogue Tape Recorder
Item VIII. Data Systems - Alrcraft Systems (Housekeeping)
Data Required
Item IX. Electriecal Power Requirements

Although you may have already supplied us with much of that informatiom,
pleass resubmit the data on the enclosed forms so that we can make

‘sure that our records are up-to-date.

PERSONNEL INFORMATION

All pergons who will come to Ames for the Mission are rvequested to
complete Enclosure 4 and return 1t to us by April 4, 1975.

INSURANCE COVERAGE

The insurance coverage for persons on NASArope:éted aircraft which
could be purchased through the Airborme Science Office is no longer
available. It is the responsibility of each person who flies on the
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CV-990 to make his own investigation and decision related :to
ingurance coverage., He is advised to ascertain whether the 1life
and/or accident insurance he now carries protects him while on
NASA alrcraft, which are operated as public aircraft.

‘iowldCH-m

Louis C. Haughney

Enclosures:

1)
2}
3)
4}

Schedule for Imstallation and Flight Phases
Assignments of Experiment Operators

Experiment Readiness Review - Items to be Considered
Information on Visiting Personnel
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NASA/ESRO CV-990 ASSESS MISsIoN  ~ PNCLOSURE 1 -
: - Fage 1

' SCHEDULE

: AN o B : L
SUNDAY ! MONDAY . | TUESDAY | WEDMESDRY | THURSDAY FRIDAY . | SATURDAY

R sofmay 1l 2l E {3

I NS5 TIALLATIION

11 12 13 57 S 13 S T A 7]

L LT [P vy

.\’l

)

SFLIGHTS (201 3) S
G-—EO-_*}RQUND_ T RAXLNING— ;

25 — . 26 27 " . ~- 79 : 30 . 1
_ =g 0. EROUND TRAINTINGYH -
HOLIDAY . BEjo FLIlGHT (1)

it

| | foersessomeee S P A C E{L A B SITMULA(T I O Neamfonane) ‘ ER

(5 Flights). -

g 9 10} o 11k C12p a3 14

S, “P I 'S FLIGHTS wtummm oo - J L
' ' EMI |TESTS s

1
[ *

i

OO

-( 6 .to 8 }_'7' -

N
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ENCLOSURE. 2.
Page 2 . ‘ S

NASB/HSRO CV~929() ASSESS MISSION

- ASSIGNMENTS OF EXPERIMENT OPERATORS
i —
| o RESPONSIBLE KO i
T e - T |

EXPERIMENT GROUP PRIMARY ' SECONDARY -

R TR e

A T A T

- Queen Mary Collége - ' o , . .G
' University of Southampton : ' o B

5;Univer5ity of New Mexico S _ - ' A

TeT

Meudon -Observatory and

University of Groningen

2
k
¥
B
L]
5
[y
b
i

h"; o : S "' - Ames Reéearcthéntér'“,

b
[
3
£
H
f
H
{
:
b
'
3

'Jet Propulsion Laboratory S _ ' : : E b

- University of alaska

375775 |
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' ENCLOSURE 3
Page 3

NASA/ESRO €v-990 ASSESS MISSTON

EXPERIMENT READINESS REVIEW

- T, Mbunting—and'Iﬁstallation

- Standard Racks
. layout of components in each rack with individual
weights and dimensions

7 - » W g ro o
- v . ] Ak a ARl
B e s ST L SR gt '*W“i?"'- L

+« calculations of total weight, center of gravity, k
-and overturning moments i
- Other Mbuntlng Stands P
" Status of de51gn
. status approval by ASO ‘
.+ status stress analyses (if needed) P
.« status. fabrlcatlon Lo
' II. Instrumentation .
o Availabiiity of individual components . o
. on hand’ ;
v to be dellvered (When?) g
- Testing and usage of.equlpment v % y
1t v L
.« schedule _ : i ?
' ‘already done : L
7 - to-be done in future - 2 é
. degree of testing o L
 individual components = Lo
complete systems o ;
+- circumstances of testing
laboratory .
o oFdield oo
"+ results
good - . :
problem areas -
-:—:Backéup'unitsﬁ -
e criteria for prov1ding back—up units
. list of . hack~up units to be Provided
ot status K
. availabllity - K
: tgstmng and_chgckfout',' . T
TR %
D B T T e R R »
R i . s e il
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ENCLOSURE 3

(con't.)

Page 4

EXPERIMENT READINESS REVIEW (coqtipueﬁ)

II. Instrumentation (con't )
L= Supportlng equipment to be provided by experimenter

» type of item
test and calibration equlpment _
‘tools - :
spare parts.
supplies

e expected'locetion of such items

ASO laboratory and shop
airplane . .
weight and volume o
need of accessiblllty in fllght

- Supportlng equxpment and supplies to be.prov1ded by. ASO.'

- list sent yet to ASO-
specifications and usage rates
. examples = -
10 liters of 11qu1d helium per day '
1 vacuum.pump—capac1ty7
. TIIT. ..Fiighﬁ'Route Requirements .
- = List of desired observational targets

.+ Elight routes -
o £light times

' .IV. Ex?efiment Operetorl(EO)_Trainipg
o : Tralnlng plan _ ) 7 .
. visits of EO' to Pi‘s_
- Evaluatlon Criteria |

- Materlal ready for EQ's.

;_descriptions of experimenﬁ
reference papers -
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| EXPERTMENT READINESS REVIEW (continued)

ENCLOSURE 3

{con' t.)
Page 5

1v. Experiment Operator (EQ) Training (con't.)

. descriptions of equipment .
technical manuals
circuit diagrams
system block diagrams

‘critical part list
« - operational procedures

check Iist

‘sequential schedule

..  data handling

criteria for quick—look evaluatlons
EO timeline for operating experiments

to be develaped by responsible EO With. assistance
from PL
. .work done -to date on this -
final version due. Ma.y 15

V. Data Systems - ]‘ntegral }?art of Exper:.ment

- Functicns

. recordmg
« . real-time analysis

' real-time. control
Status |
avallabllity of ‘all. compone.nts
hardware
software
e ‘testing’ A
schedule '
extent — subsystems .
complete systems .

Interface with CV—990 ‘systems

. ADDAS |
"+ aircraft systems data

- Interface with Ames ground facilities

. film processing
. tape dubbing
« . tape processing
Ames computers
‘ 125
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ENCLOSURE 3
(con't.)

Pagelﬁ

NOTE: RETURN THIS PAGE WITH REQUESTED.INFORMATION TO THE MISSION
MANAGER BY APRIL 4, 1975. (Use additional sheets if necessary.)

EXPERIMENT READINESS REVIEW (continued)

e i—

A T

'VI.  Data Syatems -CV-990 ADDAS

Input Signals to ADDAS

Name-éf Signal-_
_Tfﬁe of Signal
o Analogue - -
| Saﬁpling rate
‘3V61tage: o
 'Résistance »
. Frequency .. °
Digital
- Word leﬁgth’v'
Rate
"Syﬁéhfo‘-”
Voltage

':chation in airplane =

where signal originates"
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ROTE: RETﬁRN THIS PAGE WITH THE REQUESTED INFORMATION TO THE MISSION

MANAGER BY APRIL 4, 1975.. (Use additional sheets if necessary.)

EXPERIMENT READINESS REVIEW (continued)

VI. Data Systems CV—990 ADDAS (con t, )

~ Output Signals £rom ADDAS
'Name'df Signai:
AD]_)AS. to
;.Printer -
rate
- 1y display
;‘éxperimgnt_sysﬁem” .
.rvoltage | o
rate_
.éoﬁvérsion_&

“calibration formulas
supplied to ADDAS? - .

ENCLOSURE 3
(con't.)
Page 7

A
3
4
. 8
S
i
I
A
} 4
i ¥
i K
B 3
; !
L
P
i k
+ P
H K
L
3 3
;

VII.  -Data Systems - CV—990 s Ampex -CP-100 Analogue Tape Recorder
' . (14 channel, 25.4 mm (1 in) tape, 190 mm/sec -
(?~1/2 in/sec) + 12.5 v p-to—p input; 1 v rms output)

. 1

‘2_

3 4

_ Name of Slgnal
| voltage
frequegcy,i o
mode- -
- Direct recording

. .= M :ecqrding N

:location bf'éigﬁai |

in airplane

R
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! | ; | | ENCLOSURE 3 .
; o ' ' ' o ' (con't.) :
: Page 8 =

NOTE: RETURN THIS PAGE WITH THE REQUESTED INFORMATION TO THE MISSION
MANAGER BY APRIL 4, 1975,

EXPERIMENT READINESS REVIEW {(continued)

N VIII. Data Systems — Alrcraft Systems (Housekeeping) Data Required

To T
Experimenter's ADDAS

Name of Signal Systems Print-out v Display'
. {Give Specs) (Give Rate)

!

’ .

f . Time Code
‘T . ) . '
J . IRIG B : . S D - o o i
| ' - NASA 36

. Blow code

E o ' Time pulses
' (specify)

PR ATy 2

Latitude
Longitude
Heading

Roll

Pitch

I L T T PE TUILY PRIy T TR g

Pressure altitude

- Radar altitudé' 

Static air temperature - J

el i g e

'--Drift angle
Cabin pressure

Ground ‘speed
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ENCLOSURE 3
Lo _ : S - (con't.)
i - : ' : : Page 9
! ;
; NOTE: THIS PAGE IS TO BE FILLED ouT AND RETURNED TO
L C. HAUGHNEY
' ATRBORNE SCIENCE OFFICE, 211-12
L NASA-AMES RESEARCH CENTER
. o : . : MOFFETT FIELD CA 94035
U.S.A.
BY THE TIME OF THE ERR OR BY__ APRIL 4, 1975, WHICHEVER IS EARLIFR. -
EXPERIMENT READINESS REVIEW (continued)
‘ IX. Electrical Power Requirements ;
Current (amps) or Power (kw) Needed
Type of Power . - T ;
g : : ~ Rack or Stand Nc».l ;
i ] .
|
. . 1
60 hz, 1.4, 115v - .
. .o |
| |
400 hz, 1 4, 115v |
400 hz, 3 4, 115v
i : Note: Give the locatlon of the rack or stand in tﬁhe: iéi'irpla'r\e..
E AP A o
j
i
|
|
R 129
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ENCLOSURE 4
Page 10
NASA/ESRQ CV-990 ASSESS MISSION

INFORMATION ON VISITORS TO NASA/AMES

Please provide the following information for each person who will
come to Ames for the Miasion. Make additional copies if necessary.
Return forms to us by April 4; send later revisions and additions as
soon &s possible, = ) '

NAME

INSTITUTION

ADDRESS

TELEPHONE -

POSITION IN MISSION

CITIZENSHIP

DATES AT AMES

Person to be notified in case of emergency:

" Name

, Addresa‘

‘Telephone

Relationship
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$80:211-12 . ' April 14, 1975

_ MEMORANDUM for Distribution

From: Louis C. Haughney
o NASA/ESRO CV—990 ASSESS Mission Manager

Subject:  The 1975 NASA/ESRQ CV—990 ASSESS Program -
. Bulletin No. 2

FLOOR PLAN

-~ A revised floor plan is attached (Enclosure 1). The revisions reflect"
mostly more details on the layout of the JPL/Alaska experiment.

SCHEDULE

- A detailed schedule of activities during the installation and the

flight phases is given in Enclosure 2.

MISSION SCIENTIST -

At its meeting of March 6 and 7, the Mission Planning Group

appointed Robert M. Cameron as the Migsion Scientist. . Cameron is

the Astronomy Programs Manager in the Airborne Science 0ffice;
he 1g 1in charge of the C- 141,Airborne Infrared Observatory.

. Edgar R. Miller of the NASA Marshall Space Flight Center will be
" the assistant,ﬁission Scientist. '

During the Spacelab simulétion, the Mission Scientist will be the -

chief spokesman for the Principal Investigators (PI's). He will
work very closely with the PI's to develop the daily observation

plan. If any problems arise in regard to achievement of scientific
~objectives, the Mission Scientist will work out a solution which -
he will present to the Mission Manager for concurrence.
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ASSESS INFORMATION DUE FROM PI'S

Because of the Importance of this CV-990 mission to the Spacelab
planners, quite a bit more information is needed about the
experiments than is usually requested for regular ASO missions.
The PI's are reminded of the "Observation Plan for NASA/ESRO
ASSESS Program'" that was distributed at the Experimenters'

. Meeting in Paris, November 20-21. The list entitled "Due
‘Dates for ASSESS Information," from that document is reproduced

here as Enclosgure 3.

Particular attentlon is drawn to the following sets of
information which are due at Ames by April 30.

1) PI's Information Packet for EQ's.

Operations manuals

Maintenance manuals

Schematics

Published papers on prior results
Background material

2) PI's Final List of Observational Objects
and flight routes.

3) ILists of Tools and Spare Parts to be
Supplied by PI's.

LIST OF EXPERIMENTS

A list of the experiments, the ‘Principal Investigators
(PIL's), and thelr organizations is given in Enclosure 4.

EXPERIMENT OPERATORS (EQ's)

The four Experiment Operators are:

Operator A,
Queaen Mary College, London

Operator B,
University of Sussex

Operator D, _ :
Lyndon B. Johnson Space Center

Operator C,
University of Maryland
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- COORDINATORS -

The“personnel who are coordinating the Ames Research Center's
support of this mission are as followa:

1) Louis C. Haughney, Mission Manager and Flight Director
(415) 965-5339

* » 2) John O, Reller, Jr., Assistant Mission Manager ' . ‘?
: (415) 956-5392 .

3) Carr B. Neel, ASSESS Program Manager - : . ?
{415) 965-6430

43 Curtis L, Muehl, CV~930 Facllity Manager
responsible for the Airborne Digital Data Acquisition i
System (ADDAS) and interfaces between experiments
and CV-990 systems (electrical power, housekeeping,
ete,) -
(415) .965-6431 .

PR ATPT PTIR

4.1) Donald L. Wilson, CV-990 ADDAS Programmer (Informatics)
(415) 965-5505

5) Alan L. Campbell, CV-990 Program Engineer . -
' responsible for the certification of the experiment ‘ .
equipment design, construction, and installation
. 'aboard the CV-990. : ' o
(415) 964-6319

A ik - ein” eal ¢ A s i

5.1) Seth 5. Kurasaki, Design Engineer
Farl 0. Menefee, Design Engineer

| ; o (415) 96556319

.- Louis C. Haughney

e By mea e

Enclosures:
As stated

1) Revised Floor Plan ;

2) . Detalled Schedule of Activities. . o S e

3) Due Dates for ASSESS Information : ' '

4) Experiments for CV-990 NASA/ESRO
ASSESS Mission
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April 15 (Tne)
Thru
Ap;:il 28 (Mon}

April 30 (Wed) .

Thru

May 15 (Thur)

May 16 (Fri)

May 19 (Mon) _ _'

Endloéuré 2
Page 1

" NASA/ESRO CV-990 ASSESS MISSION =

SCHEDULE

Shipment of equipment to Ames.

Installation and check~out of experlmentsv

in airplane.

‘A short meetlng will be held at 1300 each

day to review the daily status of the

- mission and to pass .on information to the-

experimenters. The meetings will be held
in.the ASQ Experimenters' Laboratory from.

April 30 to May 15. They will last about 15

minutes; everyone will be standing up.

Because of the many activities to be coordinated,
it is important that everyone: attend these

meetings.

Airplane Welght balance, and prefllght
malntenance.

Alrplane not avallable to experlmanters

today

Any 1tems and SupplIES installed on or
removed from the CV-990 after this date
must be recorded on the weight and..

‘balance shaet posted at the airplane s
- main door.

Adrcraft maintenance and. pllot proflciency L
- Flights. ’

Aircraft not available to experlmenters
today : :

Experimenters’ Meeting.

. Purpose: Plans for final FO ground: training

and for flights.

Time and Location:
1300 PDT - Monday, May 19 .
- ASO Conference Room o
Bldg. 211-Rm 241

135

 alume o 2 'ip



VRS SEPRIEETRLSS SRS, LR

S U T TS —

Yay 20 (Tue).

Thru o
May 30.(Fri)

May 30 (Fri)

“June 2 (Mbn)_

... Thiu

June 6 (Fri)

June 7 (Sat)

. May 20 (Tue) i

Enclosure 2
- Page 2
'SCHEDULE -
(gon't)

(1) Pilot proficiency flight.

Aircraft will be available after -~ I n_&%

the flight. Times will be announced o

at meetlng of previous day. ST v
(2) Adrcraft safety indoctrination. ' o i

This training is mandatory for all
who £1ly on the CV-930. :

‘Time: To be announced. o n o B é
Location: ASO Conference Room and : ‘ I

CV-990 airplane.

(1) Ground traln;gg_of E0's.
Alrplane will be .parked out on the
" ramp in the corner so that
the- nlght sky can be observed.

(2). 21 Fllghts {two_or three). :
' Nightitime data and chack-out fllghts.

(EO's do not participate. Dates to be
announced. )

(3) IO Check Flight (1).
‘Nighttime (probably May 28 or 29).

NOTE: Monday, May 26 is a hollday
(Mhmorlal Day)

ExPerlmentars Meetlng N U e

“Purgose: Fllght Readlness Review for Spacelab
_ ‘gimulation and final briefing.
Time: 1100 PDT (tentative-depends upon .-
= U flight schedule of previous might).

' Locatlon, AS0 Conference Room.

Spacelab simulation. ..
Five flights in five nights. , S .

~ Debriefing for Spacelab simulation -
“{time and location to be determined).

13 o S G INRTEN
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L ST
?
. - June 9 (Mon)
Ce - Thru
'4f ‘ June 20 (Fri)
g June 24 (Tue)
- -

YT T T

Enclosure 2
Page 3
'SCHEDULE _ e
(con't)

'Data fiighfs forJPI's and EO's.

5-7 nighttime flights
- 1 daytime flight

- EMI testing.
- Debriefing for NASA and ESRO management.

Remove experiments from aireraft..

137
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o Enclosure 3
Page 1 -

' Due Dates for ASSESS Informati°n.__ﬂl

Due on Arrival of Igvestigators and Ed's at Ames - April 30,11975_

ITEM

Experiment Summary N
Investigator's Backsround
Investigator's Publication List

Information on Investigators-
Organization

Expefiment Description

Experiment Development History

Basic Block Diagram

Experiment Equipment Characteristics

Normal Planned Operation

Fallhack Cperation

Tiaining Program Plans

Training Evaluation Criteria

Badkgrdudid/of Expefifedt/Ofetators/..

Systems Displays and Gentralized
Controls

Sketch of Optics

Data Handling Summary

Modifications for this Mission:

Home Base Preparation Plan apd
Performance B

Home Base Testing
Test Procedures -

ﬁxﬁeﬁiﬁeﬁt/Ré&diﬁeés/Révie%
Eoéuﬁeﬂtﬁtioﬁ?fof ERR Befoﬁe/
¢hiP¢Eﬁt/

REFERENCES

(To OBservaﬁion Plan)

Section 2., 1 Sample l

'Sectiqu 2. l

Section 2,1

Section 2.2

Section 3.3

" Section 3.4 'Samplé 2

Section 3.5 Sample 3

Section 3.6 Sampla 4 & 5 (during
installatlonJ

Section 4.3
Section 4.3 .
Section.é.é
Section 4.4

feftiofn £.4 (Available)-

Section 3.5 Sample 6 (during

-+ installation)

Section 3.6 Sample 7
Section 3.7 Sample 8 (ADDAS covered

in Experimenters' Bulletin #l. Need

data on your recorders.)
Section 3.7 Sample 9
Seétion 4.1 ‘Sampié 10
Section 4.2 Sample 11

© Section 4.2  Sample 12

Peftioh 3./ /SAmPlé 13/ (covered in

Experimenters' Bulletin #1) °
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'C..'Iunable Acdusto-Optical

" \ o
Enclosure &
Page 1
' . List 0f Egpériments.for'CVeQQO NASA/ESRO ASSESS Mission _
. INSTRUMENTATION EXPERIMENTERS#* | | MEASUREMENT

.Bchﬁ Cassegrain Telescope with

4-channel IR Photometer. Cooled
Ge Do ometer
Polarizing Interferometer.  Cooled

Ge Bolometer.

Imaging‘IQOCOn v Camera

BO—ém,CaSSégrain Telescope (Meudoﬁ)

‘with variable Filter-wedge spectro-

meter. Cooled Ga:Ge Detector.
A, :12.5—ém Fbert-Fastie ﬁV
‘Spectrometer

B. :1 m Ebert-Fastie Specho—
metexr

Filter Spectrometers (2)

*Names omitted.

Observatoire de Paris

' CMRS-Verrieres

University of Groningen

Queen Mary College
UniVersity_Of London

University of Southampton,

NASA/Ames Research Center

-~ NASA/JPL

o Univefsity.of Alaska

HighwResolution mapping of Dark clouds and HII

regions.

‘Wavelengths:

17-20um, 30—38?m'
~ 70-95pm, and 114-196pm

IR Emission Spectrum of_uﬁpér atmosphere.

Wavelengths:

E 409mr2mm

‘Observation of OH airglow clouds.

Wavelengths:
' 650~9500m

~ Near IR Spectra of Venus and Late Type stars,
Wavelengths'

3= 6pm

UV measurements of atmospheric tramsparency,
solar £lux, planetary atmospheres, and inter— .

stellar molecules.

'Wavelengths:
2900-4000 & - -
4500-8000 8

NSNS AP U PN

4
i
s
¥
i
o
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~ Enclosure .
o Page 2
List of Bxperiments for CV-990 NASA/ESRO ASSESS Mission
| L . _ : _ _ : |
l INSTRUMENTATION - : EXPERIMENTERS® MEASUREMENT .
it : . : ) . - .
? 6. A. 35 mm Camera with IR image Photography of:IR OH airglow elouds.
‘ intensifier. - o ' .
: ‘University of New Mexico Wavelengths:
-B. 16 mm:Camera for tima—lapse : : :
: , - 6500-9000 &
: photography. : : : , ,
€. IR Photométer
7. vIR.Fllter Wheel Radlométer, _ X . : .
FOV = 2° (Zenlth—to—Nadlr NOAA~APCL " Four filter bands:
Scan Angle) - . A
1) 15.0pm COp band - static air temperature..
~2) 5.0 to 33.0 ym -~ total IR radiation..
3) 8.0 to 13.0 ym - surface temperature. -
4) 19.0 to 35.0 ym ~ humidity. o '
I—I
=~
o
i
'S *Names omitted.
| : .
i
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