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1.0 INTRODUCTION

fhe Space Sﬁuttle will accommodate 10,000 cubic feet of experiments and will
fly on the average of 25 times per year. _Typical payloads will collect on the
order of 1011b{ts per day. The suécess of the STS missions requires that this

data bz handled and processed on a “routine" basis.

The: OEDSF is a key step to the accomplishment of this requirement. The On-
board Experiment Data Support Facility (OEDSF) will provide data processing
support to variocus experiment payloads on board the Shuttle., The OEDSF

study will define the cohceptual design and generate specifications for an

CEDSF which will meet the following objectives:

1. Provide a cost-effective zpproach to end-to-end processing
reqhirements. The facility must provide a solution to the ever
increasing costs of presenb ground system processing facilities
within the context that £light hardware is inherently more expensive
than ground hardware. 1t must be derived from a systems analysis of
the €nd-to-end processing requirements and exploit the unique
opportunities afforded by onboard processing and by the application of
new technologies. These opportunities include adaptive control of
sensors which collect the data; preprocessing of data using real-
fime available information such as ephemerides, spacecraft attitude
and look angle, and atmospheric conditions as defined by auxiliary
sensors; and the rejection of bad or uselsss data.

2. Service Multiple Disciplines. The design of the facility must consider
the data gathering devices and the data processing. requirements of
the several disciplines which will utilize the STS5, Since. most
shuttle flights will be interdisciplinary, the concept must be able
to accommodate various mixes of these 1nstruments and disciplines
on the Space Shuttle.

3. BSatisfy User Needs. The data should be immediately useful to the
investigator. This implies a wide range of requirements corresponding
to the spectrum of the user community. These range from those users
who desire totally extracted information, to basic experimenters who
need all pertinent data collected, The common thread linking all
users is the set of criteria by which we evaluate all dava: quality,
timeliness, and cost,




4. Reduce the amount and improve the -guality of data collected,
stored and processed. The facility must help prevent bad or useless
data from being collected and stored and reduce the amount of ex-
traneous data which normally accompanies the useful portion of the
collected data, It must provide for annotation and other useful
formacting of the data.

5, Embody growth capacity. The facility will be capable of accommodating
additional sensor groups derived from other disciplines, advances
in the state of the art (second generation sensors) and expanding
mission regquirements, The facility will also be able to readily
expand its own capabilities by providing for the accommodation of
advances in technology pertinent to the facility's functions. This
objective indicates a modular approach te the design of the facility.

This study is divided inte three major tasks which are further divided into

subtasks as described belcow. This report describes:the effort performed
in Task 1.

TASK 1: Definition and Modeling of Classical Data Processing Requirements

- Task 1 defines the processing requirements for logical groups of
expeciments and is divided into two subtasks.
Subtagk 1.1 - identifies, tabulates, and characterizes experiments which

are candidates for STS missions, Based on these characterizations, "boundary"

experiments are selected and their né-ﬁq—gnd'Eéﬁ%i%¥6€éé§idg_féduireméﬁfg'Md’_
defined. "Boundary" experiments are defined as those which impose demands op
the system of such magnitude that their resolution will also satisfy the

demands of many experiments whose requirements fall within the envelope de-

fined by the boundary experiment.

Subtask 1.2 - is the combining of the boundary experiments into logical
groups to permit viewing the OEDSF as an. integrated system, and the definition
of the groups' processing requirements. The results of this subtask is

the end-to-end processing requirements for groups of experiments.

The output of Task 1 gpecifies the end-to-end processing requirements

for groups of experiments which represent boundaries or such requirements.



TASK 2: Definition of Onboard Processing Requireﬁents

Task 2 defines the onboard processing requirements for the grouped
sensors and is partitioned into three subtasks.
Subtask 2.1 ~ accepts as input the definition of mission-orilented

groups of sensors and their end-to~end processing requirements. An end-to-

end functional flow diagram is géne&été& ﬁsiqg functional blocks to

show the processing steps necessary to convert raw sensor data into usable

‘information. FEach block is studied to-deiefmine_its poﬁéﬁ%iéf for

application of new techniques and processing alternatives; the results are

.stated in termévoﬁ_;léorithm{ and piocedurégﬂ

"G s fiyst-Tevel approxi-_
mation, the computation and storage requirements are also estimated to
provide the basic tradeoff materials,

Subtask 2.2 - is essentially the rational choice of the space/ground
partition line on the functional flow diagram produced in Subtask 2.1. It
iz an’iterative decision based on system-level tradeoffs, modeling of -

~

the costs and performance of implementing each functional block on the ground
or in space and the iterative feedback from Task 3 and Subtask 2.3, The
major output of Subtask 2.2 is the definition of the processing requirements

for the onboard portion of the total processing system. The Onboard Experi-~

—_——— o w —e— - — e - - - o e e P

ment Data Support Facility ig defined in terms of architéétuge; procaésing -
requirements initerms of data and throughput rates, and identification of
compatible processing techniques and equipment.

Subtask 2.3 —-evaluates the effectiveness of a2 processing system. The

effectiveness evaluation are used primarily to enhance the feedback from

Task 3 in order to make better space/ground partition decisions in Subtask 2.2.



Another benefit of Subtask 2.3 is the carly identification of eritical

factors which might become flexibility or growth-limiting.

The output of Task 2 is thé seﬁ-oﬁ requirements for the Omboard

Experiment Data Support Facility, the identification of the facility’g

architecture, and an evaluation of the total system,

TASK 3: Conceptual Desigm and Specification for-an Onboard Processor

Task 3 produces the conceptual design and specifications for the Onboard
Experiment Support Facility, and the evaluation of the facility in termé of
the objectives. It is divided into three subtasks. .

Subtask 3.1 - refines the system architecture derived in Task 2 and
defines the detailed QOEDSF architecture. To whatever extent necassary the
results of Subtask 3.1 {E.Eeahbédk-tO”TéSkfé to modify and enhance the
end-to-end system synthesis.

Subtask 3.2 uses the outputs of Subtask 3.1 to transform the archi-

teetural comcept intc a well defined processor design and specification. An

initial point &esign‘igﬁgeﬁéréte&.m'Thgf¥éfiﬁé%§ﬁﬁ_of_iﬁiémﬁgiﬁé‘éégigﬁ-_“~
and the definition of a second Eagtiﬁﬁenfhféﬁgﬁoufbiﬁé’subfééﬁlqmdriﬁihgif

resolved, The results of Subtask 3.2 is fed bggk:to Subtasg'B.l and
Task 2 for iter%tion toward ap optimal overall design.

Subtask 3.3 - performs in-depth analyses of the processor point designs
produced over the duration of the Task 3 effort. These analyses begin after
a processor has been sufficiengly designed and specified in Subtask 3.2,
They eigpar serve as documentation that a giveﬁ'proéessor ﬁéiﬁh desiéh

meets all the objectives (including those of growth capablility, flexibility



and cost-effectiveness) or point out in a constructive manner where the
design should be enhanced,
The output of Task 3 "ig the conceptual design and specification

for the OEDSF.



2.0 SUMMARY AND CONCLUSIONS

The major efforts in task 1 were the tabulation of candidate boundary experiments,
and the determination of processing réquirements.for the selected boundary
experiments. The experiments considered were selected from the disciplines of
applications, physical sgiences, and life sciences. Sixty applicgtions experiment
‘were reviewed, of which thirty were tabulated and characterized. Fifty physical
sciences experiments were reviewed, of which twent-one were tabulated and char-

acterized. Twenty-six life sclence experiments were tabulated and characterized.

The boundary experiments selected were:

Application: Advanced Technology Scanner (ATS)
Infrared Spectrometer (IRS)
Correlation Interferometer Measurement of Atmospheric
Trace Species (CIMATS) ’ '

Physical Sciences:
‘Electron Accelerator
Optical Band Image- and Photometer System
Microwave Radiometer/Scatterometer

Life Sciences: Pulmonary Function
Effects of Zero~G on Thermal Regulation
Transient Analysis of Cardio-Pulmonary Function

The effort in defining the processing requirements for the Life Sciences Exper-
iments was halted when it was discovered that the Life Sciences Directorate at

NASA JSC is developing a program for onboard computer processing of these -experi-

ments,

The other six experiments were defined to the depth necessary to perform the

subsequent tasks in the study.

A problem in this accomplishment was caused by the fact that most experimen

are still in an early stage of development and their data processing requirements



have not yet been defined by the experimenters. Further;, many experiments
provide an instrument which may be used -in many different modes to measure
various phenomena, frequently in conjunction with other undefined instruments.

This impediment was minimized by references to precursor experiments similar in

nature and objectives and coordination with the experimenters.

The data processing requirements derived for the selected experiments cover a
wide spectrum of ndeds which range from high data rates, complex processing, to

opportunities for significant data reduction by editing techniques.



3. CBARACTERIZATION OF EXPERIMENTS

The methodology of the study depends upon point desigus performed on
selected boundary experiments. These experiments are selected from tabu-
lations of candidate experiments whicg are deseribed only to the extent
needed to establish comparative complexity in their data and their

processing requirements,

The experiments characterized were selected from sets which appeared
sufficiently developed so that their data processing requiremgnts might be
defined., Table 3-1 éﬁaracterizeé the experiments .associated with physical
sciences, Table 3-2 shows tﬁe experiments associated with applicatioens,

s

Table 3-3 shows life sciences experiments,

The major sources of information for these characterization-charis were:
‘Space Transportation System Payload Data and -Analysis (STSPDA)
SEOP3 Semnsor Characterization Charts -
AMPS Experiments Preliminary Desériptions
Shuttle Spacelab Mission Simulation Experiment Requirements & Criteria
Additional data was obtained from séveral other decuments and personnel

familiar either with the proposed experiment or with a non-spacelab version

(such as a Nimbus experiment) extrapolated to include its spacelab version

requirements.

The characterization parameters were selected to provide information
matching that required by the boundary selection criteria. These parameters

and their significance to this. task are discussed below.

The Science Data is the primary output from the instrument. Its form and

rate are significant parameters in determining the demands of the instrument



on the system. Relatively modest;analog‘outpﬁts can become driving data
rate functions when converted to digital format with multiplicative factors

of 16 and up (sampling rate and 8-bit words).

The Measurement Period enables calculation of the total data collected and
determires the storage requirements. The duty cycle also determines the

time available for possible batch processing.

The Ancillary Data Requirement is indicative of the onboard preprocessing

or multiplexing potentiai.

Onboard Displays frequently require some form of processing to enable
interpretation of the information. The type of onboard display indicates

the potential for and extent of onboard processing requirements.

Interaction With Other Instruments is significant %n determining the extent
of processing required on the data of either or both instrumenté to enaﬁle‘
the interaction, 1t is also useful in determining the group processing
requirements if the interaction is with one or more other boundary

instruments.

The Data Processing Requirements column is intended to indicate the complexity
of the processing required., Knowledge of the specific process needed is mnot

vital at this level.

Objective or End Product establishes a relationship between the raw instru-
ment output and the final output, providing an additional measure of the

complexity and extent of the end-to-end processing requirements.



v,oM4LE 31
CHAPACTERIZATION OF FHYSICAL SCIENCES EXPERIMENTS

Interaction
On-~ With Other
Ancillary Board Insiruments Data Objective Unusual Qs ’
Science Data Measurement Data Displays Possible (F) Processing or Requirements ]
Experiment Form Rate Period, Reguired Reouired or Reg'd (R} Reguirements End Product and Comments g th'
#1 b 100 2-3 Min, perx Ephcmeris Digital Operated in Basic output is Spoctral analysis Instrument gointing E
Fabry~Perot BPS measurement in data. display conjunction intensity vs, of atmos. emission error <0,1 lz'
Interfero-" - limb-scanning Relative for arew with laser wavelength. Com~  lines & bands de- o)
meter mode; deter- pointing eval, of soundex, air parison with terming atmos. o ',;_U
mined by other angle. instrum. glow spec= larpge data bank ternps., compos- & o)
systerns when Detector atatus, trograph, & or tables is nec, ition, winds. Fu By
auxiliary, temp. gas release for {urther @ bt
modules, processing. (2]
as well as
independ-
ently,
#2 N/A Pulse mode at 1 Ephemeris Digital Used in con- N/A No scientific Must be aligned with
Lager pulse pexr sec. at data, Rela= display junction with data | other inatruments.
Sounder 1 msec duration. tive point- for crew , other detec- An emitting inatru-
Ea. pulse yiclds g angle. evalua- tors {(R). ment without return
100-200 samples Emitted tion of collection capability.
e pulse time :
for receiving & powar. instru.
instruments. Laserhcad ment
. temp. status
#3 Film Vari- Exposurc time Ephemeris Digital Interaction Data ia on Spectrographs fox
Airglow able 1-1000 secs; data.Rela- ' display with Fabry~ film use in obtaining )
Spectro- approx. 700 tive pointing for crew Perot inter- concentrations, .
graph total exposures angle. Ex- evalua - ferometer temp. , etc, of
at irvegulax posure tion of (P} atmos. species
times gtart & instru- as fcn of al- . !
‘ stop ment titude, time, ctc,
times, status .
na D,A  ~60 Ingtrument in Ephemexris CRT dis- Interaction Data obtained Amounts & rates S/C ATD was
Gas XBPS  sunlight only. data, play for with Fabry- by Menochro- of solar cxcitation assumed for analeg.
Release Spacecraft crew eval,  Perot inter- meter. Output & ionization of
Module attitude. of ingtru- ferometer consists of in- gas species, cte.
ment {P). tensity vs.
status, wyvlngth & time
Rates 2re ab-
tained by anal-
yzing spectrum
as function of
time.
#5 Maximum of 4 Ephemerls CRT dis- Used with Requires corre~ Map of carth's
Electron A 10 Mhz hyrs, per day. data, play of gas plume lation of a large mag. field lincs;
accelerator D 2.5 Attitude of var.para- release exp. nwnber inter- meag, eloctric
KBPS spacecyaft meters ine TV & spectro~  acting para- ficld in iono-~
and accel- clud, pulse radiometric meters which sphere
erator. shapes; instrumoents, makes process.
some must  jon prohes, diffic, Réguires
be stored etc. (R) analysis & real

as scgience
data

10

tunce display of
short pulsde
shapes ( ~~100 ne)



T o2 3-1 (comt'd)

Interaction
On-~ With Other
Ansillory Board Instruments Data Objective Unusual
Science Data Meeasurement Data Displayn Possible {P) Procegsing or Requirements
Experiment Form Rate Period Required Reguired o1 Req'd {R}  Regulrements End Product and Comments
¥4 .
Gas Plume TV 4,5 Masimum of 4 hrs, N/A Replay of Operates in Little process-~ Video tzpe of gas Controls of acceleras
Release Mhz per day, concurrent several cenjunction ing req'd, Data  release. tors must be coorda.
with aceelerator secs of TV with electron  consiatz of ap- inated with gas re-
operation, from 2 ion accel~ tical observa- lease & video taping.
video tape. erators tions of plume
release.
#7 Pyrohelio- D 320 ° 2ox 3 scans per Pointing Lights to Simultanecus  Simple corre-  Value of solar con-
meter & Spec- BPS daylight half-orbit, angle re~ show when measurement lation between stant and solar
trophotometer 10 minutes per scan,  lative to various com  of edrth's al-  instruments spectral irrad-
the sun, trols are bede with & wath ancil« iance.
Tempera- activated. second inatru~ lary data,
ture and ment {P}. Low lavel
ephemexis Boresight processing
data. with sun-~ requirements.
tracker {R). .
#8 Optical TV 4 Determined by Ephemeris Ons video None {R} Basic output Meonochromatic Pirection of photo-
band image 2 Mhz Phenomena to be . data; at- TV moni- is intersity at images of faint meters controlled by
& photometer units each reasured, titudg to tor & var- at preselected natural phen~ exew, based on TV
ayatern, : Q.027; time  ious Indi- waveleagths, omena, €. g., images.
D 40 of middle of cator Quantity & mix auroras {nat-
Photo KBPFS TV picture lights of data types ural & arti-
metexr to . 003 sec, present a data ficial), glows,
mpmt, problem, ctc,
#9 Infrared B 1000 3 minutes per data Ephemeris TBD None (R) Basic output is  Special analysjs
Interfero~ BPS take; up to 3 data data;pointing intensity vs, at IR wavelengths
meter takes during a of instrument wavelength, {Specilic use TBD} oo
given orbit, with acc, Requires cali~ & ,E'i,
= 0.1% bration data L P
to correct 8 E
B mens. £ B
#10 D R ¥-2 Opoxates {rom davk Ephemeris Display for None {R) Baeic output iz  Measurement of P
Limb KBPS  side of the termina-  data, crow sval- intensity va, trace specics at 2 2™
Seanning tor; onc data take Relative uation of wvlgth, Req. altitudes up to & o
Inirared may be up to 5 min.  polnting Instrument calibr, data, 120 Km. E G2
Radiometer angle; Btatus & Spectrum com- &
Detector data from pared with kwn, _:E ]
temp. 4=12 spec- spectra ioadent,
tral chs. trace gases,
fll Magnecto- A 1 Approx. 4 hours Ephemeris CRT display  Operates with Many wnter- Map of earth's Requires rapid
plasma-dydam-~ Mhz per day data, of pulse mass spectro- acting inputs. magnetic field digitization of
ic {MPD) arc Ambient wave forms  meters, lon Requires sub-  lines. Effect of pulse wave forma,
{Level I Diag- plasma & geveral mags analy- tract, of ex- perturbing iono-
nogties) dengities housekeep. zers, TV, traneous ficlda ephere conduct-
parameters ete, MPD which may in- ivity & genera-
arc iz a sub-  velve complex  tion of plasma
system of algorvithma. waves,
particle Real time data

accel. gystem

display req'd.



TABLE 3-1 (cont'd)

Interaction
On- With Other .
Ancillary Boaxd Instruments Data Objective Unusual
Science Data  Measurement Data Displays Posaible (P) Processing or Requircments
Experiment Form Rate Pericd Required Required or Req'd (R) Requirements End Product and Comments
#l2 Triaxial D 600 Not Avallable Ephemeris Display of Combined use~ Requires ex- Measurement of
Flux Cate BPS Data. mag. {ield age with DC traction of natural hydromag-
Instrument vector, clectric fields , vehicle mag. nctic wave prop-
temperature, wave prop- inst., ULF ficlds & real agation in iono-
Spacceraft agation wave fields time data dis- sphere & ULF
attitude. vector & medeure- play.Complex- noisc gencrated
pelarization ments (P) ity similar to by orbater.
MPD arc
. above,
#13 Ultra- Film ~20 Data taken only Ephomerxis Display for None Data is on Measurement
violet Qecult- Exp. during the occult- data, Rela~ instrument film. of moelecular
ation Spectro- per, ation of the sun or tive point- status, specic concen-
graph meas., a bright star. irg angle. tration & solax
10-20 onc second Exposure spectrum
EXPOSures. tirne. {300-2000%)
#ld UV D 400 5 munutes per Ephemeris CRT dia- Operation in Cutput inten- Spectrophoto- In.flight calibrations
Visible NIR BFS data take data, Rela- play of de- concert with sity is anal- metric meas. of using internal
Spectrometer gi.\rc point~ tector out- laser sounder yzcd to ident, atmospheric & gources.
ing angle. put during & g2 reclease absorp.bands ionospheric
Scan rate. : ‘s
Wave - data take instruments Compar. with emissions from
Length & instru- (P) data bank to 300-10, 0008, .
. ment identify
selection. ‘o
i status, ermnissions ,
#15 Faraday A ~10 Approx. 4 hours Ambient Dusplay of Used for Many inter- Determination of Requires {fast A/D
Cup. Retarding Mhz per day. Same plasma pulse shape accelerator acting inputs, current densities converters, memory
FPotontial Anal- time line as the densitics, signals in beam diag- » Requires sub- & part. accelera- & reconversion to
yzer, accelerators. near real nosis (R). tract. of ex- tion enargaes in analog for CRT dis-
Cold Plasma time. trancous fields  the electron & play,
probe, which may re~  ion beams.
{Level II Dia- . quire complex
gnoslics) alporithms.
Real time data
display req'd.
#16 IR D 10 B0 Ephemeris Dhgital None (R} Cuiput radiance Thermal balance;
Radiometer XBPS Data.Rela=  display for values must be IR oxygen emis-
tive point~ crew cval- corrected using sion,
ing angle, nation of calibration
Detector inatrument tables. r@ o
temp. etatus, ) E
Scan rate, f\l'.'f G2
#17 XUV D 5 TED Ephemeris  Digital None {R) Output inten- Identify con- ol =
Normal KBPS Data. Rela~  display for sities are stituents and =] ﬁ
Incidance tive point- crew evale analyzed as a energy of the &5
Spectrometer ing sngle, uation of fen. of wave- ionosphere. o
Spa.cacraft instrument length to 1dent, ?: é}
attitude, status, characieristic By 2y
absorption ,j
bands, 5—7—‘



TABLE 3~1 '(cont '2)

Interaction -
On- With Qther
Anecillary Board Instruments Data ' Objective Unusual
- Science Data Measurement Data Displays Possible {P} Processing or Requircments
Experiment Form Rate Period Reguired Reguired or Req'd {R} Requirements End Product and Comments
#18 Nazrow D 1000 TED Ephemeris Display of None (R} Meas, inten- Study necutral
Band BPS data, instrument sitics analyzed density, acrosols,
Filter Relative output may as fen, of vzone, Oy, day
Fhotometer pointing be desired wavelength, and night aix -
angle. along with after correc, glow,
. Spacecraft instrument for instrumecent
. attitude. status, response,
1 3 T m
f{i:s olf:ff:) N D TBD  TEBD Ephemeris  Digital None {(R) Scﬂﬂ:; output  Jdentify constit-
Fouricr data. display of mlll? dc con- uents and distri-
SWIR Spec- Rela.t.i.ve instrument ;‘0 ute u+51ng bution of both
trometoers pointing status, ouricr trans-~  jons & neutral
anple. - forms to ob- excited OH,
Detector tain intensity C. & NO
temp. vs. wavelength, (13_ 5 ur).
#20 ) . Sensor output
Cryogenic D .TBD TED Ephemeris Digital None (R) must be con- Identify con-
Fourier data, display : voluted using stituents &
Spectro- Relative of instr- Fourier trang. distribution
meter pointing umeat forms to obe of both icns
angle. status, tain intensity & neutral
Detector vs. wavelength, excited OH,
temp. O3 & NO
{5-150 pm).
#21 D 5.33 Variable Ephemeris Digital None (R) Backscatter Wave heights
Microwave KBPFS data, display - c¢ross-sections  2and surface
Radiometer/ Spacecraft or print- must be cal- temperature
Scatterometer attitude and out of culated and distribution
relative selected processed to fox ocean~
pointing heouse- derive wind- ology.
angle. keeping specd para- Water content
Antenna para- meters. of atmosphere.
tempera- meters,
ture.




S8
TABLE 3-2 yw] 5
CHARACTERIZATION OF APFLICATION EXFERIMENTS 8 E
= B
Interaction
With Other g )
. Ancillary On-Board Instruments Data Objective Unusual »
Science Data Measurement Data Displays Possible {P) Processing or Requirements g
Experiment Form Rate Period Required Required or Reg'd (R) Requirements End Product and Commuents a
#1 A 2.5 10 minutes Ephemeris & Display for eval-  None (R} Inverse Fourier Radar images 24 channels of tele~
Modular 2 . ' : g ) 5t R
Synthetic MHz  por orbit attitude data uation of instru- transforms .req of earth's mstxjy. orage:
Amerture F 30 ft, at a rate of ment status, to convert {ilm surface. 10 bits per orbit.
Rﬁd;r (SAR) per 10 readings/ imagery of inter-
orbit szc, ference patterns
to spatialimag,
#2 Multie D 2L.35 TBD Ephemeris Display for eval-  None (R} Very complex Provide multi- 15 KBPS House-
spectral - MBPS data. Relative uation of instru- decommutation spectral imag-  keeping data.
Scanner peinting angle.  ment status, processing, in-  ing for land
Scan rate. ¢luding tape resource
track alignm't, management.
gii’ii}:ion Lo 20 minutes Latitude & Quick look data None {R) Requires inver-  Contour maps Recording of 106
Ozone Map- KBPS per orbit. longitude for display is posei- sions to recovexr of ozone con- bits per orbit,
por (Hada- each pixel, ble requirement, both spectral & centration for
i Scan rate, Display for cval- spatial infor- cach altitude.
mard dmag- h .
ing Sensor) vation of instru- mation.
mont gtatus, .
f14 Active . . .
Microwave D l.ot TBD Ephemeris DmPlay f‘fr eval-  None (R} Requires skew GC.T & tabu- Redundant recording
Radiometer/ KBPS da.‘ta.‘Rela.tive uation of instru- rcmo».-al, decom~ lations of back~ on 28 track recorlder.
Scattero- peinting angle.  mont status, rutation, calcula- scatter coeff- Variety of operating
meter Antenna tion of antenna icients; plots. modes.
. .temperature. temp. & back-
gcatter coeffi-
cient & reduc-
tion of calibra-
tion data.
#5 Infrarcd . T . R .
Spectro- D 41.4  Variable Ephemeris Dis_pla.y fcfr eval-  None (R} chtfzres cali- Plot.s and tab- 7 KBPS housckeeping
meter - KBPS manually data. Scan unation of instru- bration reduc- ulations of 7 KBPS ixame sync.
(EREP) controlled rate and re- ment statug, tion & radiance calibrated rad-
lative pointing converaion. Re- iance levels of
angle, Detector quirgs calibra, obgerved geo-
temperature. data,tables of graphic fea-
wavelength tures.
responsc.
##6 Infrarxcd D 175 TBD Ephemeris Display for eval-  Reduced data Reduce cali- Geographic dis- Candidate for total
Temperature BPS data., Scan uation of ingtru- may scrve as bration data & tribution of on-board data
Profile rate and reJa-’  ment status, input to other apply to meas. temperature/ reduction,
Radiometer tive pointing Instruments  intensities. Re- altitude pro-
{(ITPR) angle. Detector {P). duce intensi- files,

temperature.
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ties to temp,
profiles,



TABLE 3-2 (coat'd)

Interaction
With Cther -
Ancillary On-Board Instruments Data Objective Unusual
Sclence Data Measurement Data Displays Passible (P) Processing or chuireme'nts
Ewxperiment Form Rate Period Reguired Required or Req'd (R} Requirements End Product and Comments
#7 Meodular D 120 2 Hours per Ephemeris .Display for eval~- None (R) Reformating, de- Radiometric Housekeeping and
Scanning MBPS day data. Scan uation of instru- commultating, intensity scans; ancillary data is
Radiometer rate and rela- ment siatus, . calibration re- specific utili- multiplexed into
tive pointing duction, rad- zation depend-  data stream,
angle. iance & geo- ent on mission,
metric con-"
version &
correction,
#8 Multi- D 8.192 TBD Ephemeris Display for evale Neone (R) Time correla- High resolu~
spectral KBPS data. Exposurs  yation of instru-. tion to camera tion multi-
ph°_tcfgmphic time. Apexrture ent status. shutter, spectral maps
facility seiting, of earth
(S-190A) : < J%_
##9 Infrared D 3.4 TBD . Ephemeris Pisplay for eval- Temp, pro~ Qutput consists Vertical temp, il
Snectrometer KBPS data.. uation of instru-~ {ile may of intensity vs. profile & H_ O g’ D!
{IRS) Relative ment status, , Berve ag in- wavclength. Re- distribution, S E
pointing . put for other quires data =y} ? ‘
engle. De= sensors (P) tables for cali- O
tector temp-~ bration, H_ 0 o av]
erature, content deter- ﬁ =
mincd by anal- [ g
ysing ab~ E
soxrption lines 3 a
in the spec- ’
trum. .
#10 Auto- Video Daytime Ephemerisa Quick lock Input to Quiput 18 video; Local cloud Slow readout
matic Pic- . data, Pointing data dioplay otherx little procesa- cover images, (200 seconds)isiored
ture Taking angle. Timing possible, instruments  ing required. image vidicon.
(APT) informadtion, (P}
i T.erf"p' { Video 360 TBD Ephemeris QOuick leok Input to 'Vldc? outp-ut Cloud cover
Humidity Hz data. Scan data display other rcquzresr little wa.ter‘ vapor
In.{riired rate, Peointing possible, instruments processing. mappmg.
Radiometer angle. (=)
{THIR)
f12 .Ea‘.rth D 50 TBD Ephemeris _Display_ for evale None (R) Ou?put cc?nsista Flanetary heat  Requires knowledge of
Radiation BPFS data. Scan vation of instzu- of intensity vs, b““{mi solax Sun angle to % 0.2 deg.
Budget *ate and rela- ment gtatus.. wa.'vclengt!:x. Re- radiation &
{ERB} tive look angle. quires calibra, earth flux.

Sun angle to
+0.29
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data tables for
correction of
meas. values,
Alse requires
correction for
cloud cover.



TABLE 3-2 (coni’d)

Interaction
. With QOther
Ancillary On-Board Instruments Data + Objective Unusual
Science Data Measurement Data Displaye Possible (P} Proccssing or Requirements
Experiment Torm Rate Period Required Required or Req'd {R}) Requirements End Froduct and Comments
#13 Medium D 2 TBD Ephemeris Display for eval- Input te other Output consists Vertical temp.
Resolution KBPS data. Rela- vation of instru-~ instruments  of intensity vs, profile, heat
Infrared tive pointing ment status. (P) wavelength, Rew balance, dist.
Radiometer angle. Scan " quires calibra, of atmas,
{(MRIR) ratoe. - data tables, Dis- gascs,
trib, of atmos,
gases requires
analyzing ab~ |
sorption lines
in spectrum.
74 Advanced Display for None (&) Regquires radio-  Multispectral
Technology D 90 TBD Ephemeris evaluation of metric & geo- image of
Scamner MBPS data. Relative instrument méetric correc- earth
(ATS) pointing angle.  status, tion, Data com-
) Scan rate, pression may
be required.
#15 Global Fouricr trans- Menitor trage Passive non-imaging
Survey of D 420 Daytime Ephemeris Display for None (R} forms req'd to gases in experiment,
Atmospheric wWds/ 2.5 Min/ data. Relative evaluation of ' convert inter- atmosphedé. .
Txace Con- Sec.  Spectral poiniing angle.  instrument ferograms to ’
stituents & Scan Scan rate. status, spectra of
Follutants trace gascs,
#16 Correc- Passive non-imaging ?
tion Interfer- D 1200 Continuous Ephemeris Display for None (R) Limb inversion Vertical dist. experiment.
ometer Mea- BPS data, Pointing evaluation of : calculations; of trace spec-  Storage: 3-4 MB per
surement of angle relative instrument nadir iterative ies (CO,CH,, orbit.
Atmospheric to nadir. status, calculatzions., NI-IB, ete. ) 4
Trace Species Detector
(CIMATS) temperature.
#17 Infrared '
Spectro- PCM 54.72 Variable; Ephemecris Diaplay for None {R} Qutput is inten- Determane Five scAsor wave-
meter ($-191) KBPS manually con- data, evaluation of sity va. wave~ ' atmospherlc lengthe are multiplexed.
trolled by Pointing angle, instrument length, Requires  calibration .
astronaut. Detector status, -¢calibration & data.
femperatare. radiometric
correction.
#18 Limb D 4 Limb inversion Determine
Radiance KBPS TBD Ephemeris Display for Nene (R} calculations stratospharic
Inversion ’ data, evaluation of required, profiles of
Radiometer Scan rate and instrument temperature,
{LRIR) pointing angle, status, HZO B 03

Detector temp.
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3-2 (cont'd)
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Interaction
With Other
) Ancillary On-Board Instruments  Data Objective Unupual
Science Data Measurement Data Displays Fossibie (P) Processing or Requiremoents
* Experiment Form Rate Peried Required Required or Reg'd (R} Reguircments End Product and Commenta
#19 Back- D 60 TBD Ephemeria Display for None (R} Requires czlibra- Spatial dis-
scattex BPS data. syaluation tion of measured tribution of
Ultraviolet Relative of instrument intensities, and ozone.
Spectro- ' pointing status. - log decompres-
mete;' {BUV) angle, sion of data.
##20 Infrared :
Interfero- ‘D 3.8 TBD Ephemeris Display for Nane (R} Inverse Fourisr Vertical temp,
meter Spec- KBPS data. evaluation of transforms are profile & dis-
tromeoter Pointing angle. instrument required, tribution of
(IR1S) Detector status, . atmos. pgases,
temperature.
#21 Satellite N
Infrarcd D 20 TBD Ephemeris Display for None {R) Requires coxrrec- Vertical temp.
Spectro- BPS data. evzluation of tion of measured profile & dis-
meter (SIRS) Pointing angle. | instrumcnt intensity using tribution of
status calibration tables, atmospheric
Analysis of ab- gases.
- sorption lincs in
spectrum to
identify gases,
#2z Txop- TBD Ephemeris Display for Nene (R) Solve time variont Determipation  Requires random
ical Winds D 500 data evaluation of doppler shift for of lar 1 1
. e ge scale access miemory.
Energy Con- BFS Fointing angles instrument sonree position & 4 otions; conw
version Ref- Position and * status., velocity of radia- vergion of
erence Level velocity of t::ng balloon. Store potential to
Experiment radiating time & n“{nber kinetic enexgy;
(TWERLE) balloons, sequ.lcnce }n‘for— Provide 15¢
mation on time, mb refercnce
pressure, al- ' level in
t1tudc. & southern
velocity. hemisphere.
#23 Normal . ‘
Incidence D 10 Daytime Ephemeris Display for None (R) Qutput is intonsity Solar line Solar pointing,
Spectro- KEBPS data, cvaluation of . vs, wavelenpgth . profile,
graph Pointing angle instrument which must be
relative to the status, corrected for
gun, detector responae
as a function of
wavelength,
f#24 Grazing . .
Incidence D 1 Daytime Ephemeris Display for None (R) Same as #23, Solar line Solar pointing,
Monechzro- KBPS data, Solar evaluation of spectrum .
meter angle. Instru. statuy



TABLE 3-2 {cont'd) % g
'@ @
. =13
Interaction ‘2 ’(’Tko
With Other
‘Ancillary On-Board Instruments  Data Objective Unusyal )
Science Data Measurement Data Displays Possible {P) Proceessing or Requirements
Experiment Form Rate Period Required Regquired or Req'd {R) Requirements End Product and Comments
#25 Very Film TBD Daytime - Ephemerls TBD None (R) Data is on {ilm Dotailed cul-
High Resol- data, Scan tural studies
ution Opti- rate and for tax asscss-
cal Bar pointing angle.’ ment, preject
Panoramic Timing infor- planning and
Camera mation. environmental
monitoring.
#26 Wide . i
Field Multi- Film TBD Daytime Ephemeris TBD None (R} Data is on {film High resolution
spectral data. Scan multispectral
Camera rate. Pointing mapping for land
and timing management use,
info.
217 }
Strato- o 2 TED Ephemeris Disgplay for None (R} Requires cali- Measurement Spectral radio-
spheric BPS data, Solar evaluation of bration of Mea- of tropospheric meters’ (PIM
Aerosol position, instrument sured intensi- & stratospheric photodiodesd),
Meas. status. ties and aerosols. |
{SAM 1T} analysis of re-
sulting spectra,
#28 Lower )
Atmospher- D 4 TBD Ephemeris Digplay for None (R) Requires cali- Vertical pro- Scanning spectral
ic Comp. & KBRS data, Pointing evaluation of bratien of mea- ' files of O, radiometer
Temp. Exp. angle and instrument sured intensi- NO,, H 6’,
(LACATE) Scan rate. status, - ties. Requires HN&S, RIZO,
Detector analysis of ab- CH, and
temperature,” sorption spec- acxrosols;
trum fo iden- vertical
tify gases, temperature
profiles.
#29 Acrosol 6
Physical D 48 Daytime Ephemeris Display for° None (R} Limb inversion Vertical dia- 2-3 2 10" bitsforbit
Properties KBPS data. evaluation of calculation, Tab- tribution of , '
Instrument Pointing angle, instrument ulated output. atmospheric
) and scan rate, status, acrosola.
! {Z=10-80 Km)
#30 Dlsplay f Requi D
Fyaunhofer D TBD Requires Ephemeris play for None (R} lequires cor- ‘ayt’:.mu map- Uses golid Fabry-
Line Dis- daytime data. ;:vuluatio_n of Yection of med- ping’of lum- P:crot bandpasa
crlminator " Pointing anglo. sr:i:rumcnt suremonts using incscence. {ilters {1/2
(FLD) atus, filter transmis- bandpass)

sion dato.



TA -3

CHARACTERIZATICN OF LIFE SCIENCES EXFERIMENTS

Inter-
On- action
Ancillaxy Board With Data Objective or Unusual Requirements
Science Data Meagsurement Date Displays = Other Processing End Product and Comments
Experiment Torm  Rate Period Reguired Required Instru. Requirements
#1
Hemodynamic A  TBD Minimum of 30 minutes  Time coding TBD None Correlation and Determine changes in Experiment has self-contained
changes follow- per day on the 2,4, and  during ex- interpretation of limb blood flow and ~  data acquisition and recording
ing exposure to 6th days of the mission. periment measured para- ‘relative pulse wave gystem. Ten parameters will
weightlessness Requires two subjects. meters, Com- velocity/time du'ring be recorded,
. parison with orbital mission and
baseline values. their temporal course
after the mission,
#2 Cardiovas- A  TBD One hour set up, check- TBD T %/ TBD None Correlation and Definition of the ex- Ten parameters will be
cular studies en out and calibration. mterprotation of tent of changes m roecorded,
chronically in- 1/2 hour test period measurced paxas the body systems
stournmented ani- 1/ 2 hour ¢loscout and mectexs., Com - duripg weightlessness
mals. clean up parison wath by studying human
. baseline values. surrogale.
#3 Determina- D TBD Two inflight sessions TBD TBD Nene Corrclation of To evaluate cardiac Data will be recorded for
tion of Cardiac of length TBD. data with over- output, circulation cormputer analysis using
Cutput all cardiopul~ time, ete. follow- charts, recorders, com-
monary physio- ing weightleasness. puters ox tape,
logical eval~
- uations., N
#4 Central and A TBDP 30 minutes per day Time TBD None TBD To evaluate the 14 analeg magnetic. tape
peripheral bemo- coding effect of space channels. All data will
dynamic res- flaght on cardio- be analyzed post flight,
ponses during vascular res- Data consists of magnetic
isometric penses to iso- tape and crew logs.
exercise metric exererse.
#t5 Effect of A TBD 5 minutes twice Tims TBD None TBD To study central Only post mission analysis
Crbital Fluid daily but more coding volume loading required by alrezdy existing
Shifts on Cardio- frequently immed- effects caused by computer software. Sclf
vascular dynam- iately after headward fluid contained data acquisition
ics ' achieving orbit shifts, and recoxding system.
z2nd after landing
#6 Effect of A Similar to above, Time TBD Nene Analysis and To determine re- Scli-contained data acquisition
Zero G Fluid Six erewmen sub- coding interpretation latjonship of oxb- and recording system. 'Only
Shifts on the joects are required, of vectorcardio~ itally induced post mission analysis re-
Vector Cardio- grams. fluid shiits to vee- quired by already existing
gram. torcardiographic. computer software,
Changes observed
during Skylab.
#7 Echo- A TBD Time Yideo Analysis and .
fazdingraphy coding Diogtby None mtery ricta:;on T'o study changes in Vlde?tape recording of echo-
0.02. . }P; i dimensions and _ cardiogram, digiization of
100 Hz ot echo cardlo- cardiac mechanical analog VO~ and telemotry
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gram and VCG,

and clec, functions
throughout the

cardiac cycle.

to ground in non-real time.
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TABLE 3-25

(eont 'd)

On«
Ancillary Boord Interaction Data Unusual
Science Data Mensurernent Date Displays With Dther Proceesing Cbjective ox Regqulromente
Experiment Form Rate  Feried Requirad Reguired Instrumonts Requirements End Produet and Cemments
#8 Biostereo- Film Twice fixst day, Time None None Analysis of Use baosterco-
metric Anal~ one pexr day - codiag Required photograghs metrics to exam=
yeis of Body thexealter ‘ ine chenges in
Form body form re-~
sulting from
space flight
envirenment,
#9 Bone and N/A Post-{light N/A N/A Hone N/A "Measurement of Bone mass replace-
Muscle Mass location & magaitude ment is measured
Changes After of changes in muscu- post-flight using
Space Flight losketal constituents  radieactive isctopes.
which result from
space flight.
#10 Pulmon- TBD  TBD Bi-hourly on day 1 TBL TBD Measgure~ TBD Obtain information
ary Blood & daily thereaftex. ments ¢an be on the time courge
Flow ’ Approx, 35 min, obtained in & magnitude of
per scggion, All conjungtion changes an central
crewmen will with Expex. blood flow/volume
participate, #13 below, veletionships'in
Zaro-G.
#11 Respira- N/A Faur times during Time Digital None Data management  Objectives: Qualk-
tory Physiclogy first eight houra of coding printer or utilizes PP iy man {or long-
Demonstration - flight & daily there- graphica cornputer in duration space |
Pulmonary after, 5-10 minutes terminal cornmon with flrght, examing
Function per session, All other experi- physiologieal
crewmen will monts, Sufficient mechanisma iovel-
participate, data to méake ved as the pulmon-
’ en~board ary system adapts
*  processing to weightlessness
desirable, & then readapts to
normal gravity.
#12 Eifcct of DA Low Apprex. 8 hours of TBD Dargital None Data management  Ascess the cffect
Zero-G o en data total during the display utilizes PDPS of Zero -G on the
Thermo- mission, during 12 of yar- ‘sompuier in com-  ratc of heat trans~
regulation scgsions in the ious men with other fer from the body,
mission. para- experiments,
melers
#13 Transient TBD All erewmen will Time - Digital Measure- Data management @oizin info on the
Analysis of participate in daily coding display of ments can be utilizes PDP 8 ti.mc course & mag-~
Cardicpukmon- tests of approx. varions abtained in computer in con- nitude of change of
ary Function 35 min, Twe crow- para- zconjunction junction with sev, cardiopulmorn.
men per test, meters, with the Puls  olher expeoriments, PArameters. Davel,
monary compuier analysis
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Blood Flaw
Expurimant.

methodology com-
patible with dala
{ormatl af the pul,

_ Wlened Mo an
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TABLE 3-3 (vont'd)

On-
Ancillary Boaxrd Interaction Data Unusual
Science Data Measurement Data Displays With Other Processing Objective or Regquirementa
Experiment Form Rate Period Required Required Instruments Requirements End Product and Cormnrments
#fi4 Vestibu- Ay TBD Seven measurements  Time Video Nene TBD To use electro= Video observation of
lar Function Bia | per miseion, Approx- coding nystagmography the experitnent during
level imately 70 minutes to measure the all station passes.
per measurcement, response of the Real time telemetry
humnan vesti~ Return of all recorded
bulax system te data.
variable angular
' acceleration.
#lE Acute N/A TBD None Display  None Chemical anal~ Identification of the
rzsponses of acope & v#is of blood & acute changes in
fluid & elec- telelype urine samples. systemic physiclog.
trolyte meta- factors occurring
bolism to upon intro.to a
space {light, Zero-G covironment
#16 Plasma N/A TBD None Display  None Chemical anal- Study of selected Yery similax to prev-
Calcium & scope & ysis of blood & factors inlluential ious experiment.
Parathyroid teletype urine samples upon calcium bal- Computer for on-board
Hormene ance in early analysis to be devel-
Changes in space {light, oped.
Weightless~
ness ’
#17 Hemo- N/A N/A N/A N/A None Examination of Detetrmination of Only data consists of
poictic Func- bone marrow & the functional as- specimens returned
tion of the tissue samples, pects of the hemo~ to the earth and log
Bone Marrow poietic processes information,
in bore marrow &
rclaled tissues.
#18 Study of A 5-400 Twenty-eight Tine TBD None Post mission To descraibe muscle 35 mm stills and 16
Skeletal Musele - Hz measurements coding digital proceas. dysfunction charac- mm movie {ox TV
Function in per mission of of analog data & teristics & conse- video) of at least two
Space Flight 10-15 minutes power spoctral quences resulting experiment runs.
duration each. density analysis {rom space flight Real time sgirip chart
of digital data. disuse, recording on ground,
Statistical pro-
cessing 2 posg-
. ibilaty,
#19 Develop- N/ TED Time TBDR None TBD To investigate the Photographic data
ment of an coding effects of contami- required. Experiment

Animal Model
Syatem for
Measurement
of Perf. Im-
pairment by
S/C contam -
inants & Drug
Zero-G
combination.

21

nants & drugs in &
zoro-~Gr enviroament,
on paramecters such
as motor capability
& perception,

consists of various dis-
crimination tasks
performed by anrmals,
Details on measure-
ment system TBD,
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TABLE 3-3 (cont'd),

On-
Ancillary Board Interaction Data Unusual
Science Data Measurement Data Diaplays With Cther Processing Cbjective or Reciuirements
Experiment Form Rate Perijod Required Required Instruments  Requirements End Product and Commoents
#20 Salivary N/A Two times per week Time log None None Chemical anal- Analysis of salivary Saliva specimens will
Analysis with a duration of ysis of saliva fluid collected from be frozen for later
15 minutes cach, samples. subjects in Spacelab  analysis, No data
mission. To deter- support regquirements,
mine problems of
collection of
. parotid saliva,
#21 Closead N/A N/A TBD None None TBD Evaluation of para- Experiment consists
Plant Fco- meters of plant of 2 series of growth
systems for growih in space. runs to obfain data
Spaceflight such as biemass
yield curves under
varying conditions,
#22 Effect of TV Ten minutes, TBD TV None TBD Determine if there Experiment consists
Zero-C on 3 times per day is any cifect of of obscrving specimen
muscle-like Zero-G on muscle- with TV camera
contractile like contractile attached to & micro-
proteins proteins, scope.
fi23 Effects Film  Still One measurement TBD None None Analysis of Determine zero-G Requires daily
of Zero-G per day of 1 hour growth rate effects on sporo- measurement of
on the Sporo- cach. measurements phore development growth of each spor-
phore forma- - and photo- & germination. ophore, and still
tion of edible graphic film, pictures.
fungi . !
§24 Deter- TBD One measurement TBD TBD None Chemacal anal- Use novel gas- TV picture of strip
mination of per day of 1 hour ysis of plasma phase analytical © chart recorder,
changes in each. and urine systems to detex- Analysis of urine or
volatile meta- samples. mine if there are plasma collected in
bolites due to erganic metabelic space ilight,
spaceflight shifts due to
spaceflight
##25 Microbial P Experiment re- TBD T83D Nene Analyais and To determine po= Photos are taken for
growth charac- quires 120 hours, microscopic tential of applying 2 visual record of the
texaistics of low- Meezsurcments observations of low-GC te theore- medium. Periodie
G stabilized taken every 6 hra. cells & cell tical mierobial samples are taken for
water Immis-~ structures. techniques to turbidity & cell count
cible sub- cstablish a micro- determinations
strotes, biolegical applica~
. tions program.
#26 Specific A, D, Cne measurement TBD TBD Nonc Chemigcal anal- Determane source & TV picture of atrip

gite sampling
in Spacelab for
metabolic con«
tam. by in-flt.
gas-liguid
chromatography

per day of 1 hour
each,
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ysis of contam«
ination samples.

cause of cabin
atmosgpheric con-
taminants in
Spacelab,

chart recorder, and
narrative from crew.



4, BOUNDARY EXPERIMENTS

The experiments sclected from Tables 2.1 thru 3,3 for further defintion and

point design are those experiments designated as "Boundary' experiments.

The criteria for selecting the boundary experiments used to desigh the OEDSF
must reflect the philosophy and methodology of the overall concept. The study objective
is to determine the feasibility of desigqing an on-board dz;,ta support system which can
be utilized by a wide range of sensor L}{pes't'o\ provide a timely and cost effective approach
to the end-to-end data processing problem. Thé -niethodolo'gy is {o first select key
experiments and {o determine, in detail, the end—t?—end processing requirements of
each.” The design of the OEDSF will then evolve from the detailed requirements of
these exgeriments. However, processing the data from these houndary experiments
will require the application of specific algoritluns or technigues which may be subsets
of more generalized p;:ocessing funciions. By substifuting the .more general process
for the specific requirements it will be possible to not only meet the needs of tﬂe chosen
boundary experiment but the néeds of all experiments whose processing requirements
can be grouped under the same generalized processing function. Choosing the boundary

experiments is, therefore, a critical step in meeting the overall objectives of the study.

In order to assure the judici ous Belection of the boundary eXperuLcis &
set of necessary and sufficient criteria for choosing the expenments must be
formulated. The criteria are detailed in the following paragraphs. That they are
necessary is obvious in view of the methodology of the study. Their sufficiency- can

be seen.by correlating the OEDSF objectives with the selection eriteria as follows:

OEDSE Objectives Selection Criteria

Service Multiple Disciplinés Representafiveness.
Overzll processing requirementd.

Patisfy user nesds Overall processing requirements.
On-board processing.
Real-time reguirements,

Reduce the Amouwnt and Improve Data rates and data storage.
‘Quality of Data Collected, Stored and Overall processing requirements.
Processed - On-hoard processing.

Embody Growth Capacity Status of experiment development.

Overall processing reguirements,

Provide a Cost-Effective Approach Data rates and data storage.
{0 End-to~-Ind Processing Requirements Overall processing 1cqu1rements.
On-board processing..

b 2}



Obviously, the daia from a given experh_nent.must be amenable to on~board
processing. An indication of this will be given by the data rate .of the ex-periment
together wiih its overall processing requirements. The data rate will determine if
extensive on-hoard processing is feasible (i:ypically; this will be irue for low data rates)
or if the total volume of dala will be the major problem (requiring data compressiori :
or pre-processing). Tlie overall processing reqguirements will provide a more detailed
‘picture of what types of algorithms are needed and lielp to identify those which are

amernable to on-hoard processing.

In order to use the specific reguirements of a particular experiment as a model
for several sensors, the boundary experiment must be representative. The data and
associated processing should be typical of that for a broad category of sensors (e.g.,

interferometer, spectrometers, etfe.).

In: addition,.substan‘tial benefits should be derived from on-board processing
of a particular experiment's data. To determine the potential benefits, one must
identify those processing functions swhich are ideally suited 1o on-board processing
{e.g., exploitation of r_eal—time availabil‘i’cy of auxiliary data, duality assessment
of data, ete.). Obviously, most real-time processing which is required to assess

instrument operation or fo provide auxiliary data to other experiments can be done

most efficiently on-board.

Finally, aftler'considering the data rates, overall processing reguirements,
represenf.;ativeness, and on-board and real~-iime requirements of a poteniial houndary
experiment one must consider the status of the experiment's developraent. Sufficient
information must exist so that point-by-point designs ean be developed for the boundary
experimenis. The'?e specific designs will then serve as inputs for the design of a more

general and versatile on-board data support facility consistent with the methodology
of the study.

The seleclion crifteria are discussed below:
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1.

Crileria for Seleciion of Boundary Experiments

Daia Rates and Data Storage: Experiments which representi a large range of

data rates should be chosen., Such a selection will provide several boundary
points in texms of the data processing which can or must be considered in
designing a processing system. ¥For example, insiruments with data rates

.].BSS than 500 KBPS represent experiments for which considerable on-board
processing such as formatting, application of calibration daté., and partial or
complete data reduction can be accomplished. Data rates greater than 50 MBPS,
on the other hand, may require the applicalion of various data compression
techniques and partial pre~processing to reduce- the total accumulated volume

of data to a level which can be practically recorded or fransmitted.

Overall Processing Requirements: The end-to~end processing requirements

shenld fnvolve a level of complexity which will truly benefit from the features
offered by on-board processing. When the end~to-end processing requirements
of a particular experiment are viewed, it will be apparent that certain processing
funclions can be performed on-board. Typical candidate processing functions
include complex correction technigues, correlation of several parameters,
inversions or lencthy iterative calculaiions. If the end products of the experiment
can be obtained more efficiently (i.e., quicker, less cost, ete.) by performing )
such on~board precessing then the experiment will serve as a good boundarxy

experiment.

Representativeness: The data and its processing requirements should be

characteristic or representative of that from many e}-.q:weafimenis7 By considering
the point Ey point processing requirements of these gpecific experiments (e.g.,
radiometric calibration and coxrection, geometric correction, data quality
assessment, etc,) generalized processing algorithms can be designed to handle
the boundary experiments as well as ail experiments which requive the same or
similar processing funclions. Also, an experiment which by itself or when used

in consort with other experiments requires the processing and correlation of several
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types of data (e.g., digital, analog, video, ete.) provides the requirements

for designing a more versatile data support system.,

On-Board Processing: An experiment should have the potential for benefiting

from on-board processing. One of the prime objectives of the OEDSF is {o exploit
the real-time availability of ancillary data or the real-iime uti]i;ation of other-_
instrument data to perform on-boaxrd processing which w.\;ﬂl minimize the amount
and diversity of the data which must be transmitied cr remrn;ed to earth. Such
on-board pre~processing or processing of the data should have a significant

.inipact on the end-io-end processing: cosi, timeliness, or quality.

Real~Time Requirements: Ceriain experiments require or desire real-time

processing either for quick look and evaluation of instrument operation, or to use
the data in adjunct experiments. "I‘he real-lime requirements must be considered
as one of the "points" in the point-by-point design of a processing system., While
usually not a driving parameler in the overall design, the real-time needs rendez?
the experiment g prime candidate for selection if it also meets other boundary

criteria.

Status of Experiment Development: The experiment should be developed to the

state where it is possible fo characterize its data ouiput and define its data
processing requirements. It will then be possible to do a point~hy-point design
of a processor for the selected experiments followed by a generalization of the
dc?sign to be compatible with several experiments having the same basic require-

ments.

An additional consideration not explicitly stated as a eriferion was to obfain a mix
of variotus requirements and technologies, i.e., active, passive, spectral coverage

{visual, microwave),

Criteria 6, Status of Experiment Development, became a significant factor in that
several experiments, which otherwise were good candidates were not sufficiently
defined to provide the processing requirements to the depth needed in the next step.

As an example, the AMPS Level II Diagnostics experiments (Faraday Cup, Retardin



Potential Analyzer, Cold Plasma Probe) which salisiies most of the selection
criteria (and was originally seleéted) will not be sufficienily defined for the

purpose of this study for at least six months.

The experiments selected as houndary, toéether with the vationale for their
selection are showm in Tables 4~1a and 4-1b and discussed in the {ollowing,
paragraphs. The logical grouping of experiments (Task 1.2) was performed

as part of the selection process, i.e., ihe experiments were selected from
established payloads or were attributed {o logical payloads. The OBIPS and the

Electric Accelerator are parts of the proposed AMPS payload.

The ATS, the IRS, and the CIMATS are candidates for a SEOPS mission, and

are grouped as such.

The Microwave Radiometer/Scatierometer (RADSCAT) was selecled because of

the complexity of processing reduirements and o provide a representative of

the active microwave instruments family. The RADSCAT could be grouped either
with the AMPS payload or with the SEOPS payload. There is presently no micro-
wave instrument assigned to AMPS, Microwave instruments play significant roles
in Earth and Ocean Physics, Weather and Climate, Environmental Quality, and
Atmospheric Sciences. A typical utilization of a microwave device in an Atmospheric
experiment is described in a paper by Lewis J. Allison, et al "Tropical Cyclone
-Rainfall as Measured by the Nimbus 5 Electrically Scanning Microwave Radiometer"
Bulletin American Meteorological Society, Vol, 55, No., 9, September 1974. The
RADSCAT also readily fils the SEOPS concept and can be used 'as an Earth and
Ocean Physics Experiment as described in a report by Willlam J. Pierson, et al
"The Application of SeaSat—l‘; to Meteorology, '" The University Instifute of
Oceanography of the City University of New York for the SPOC group of NESS under
grant No, 04-4-168-11,

The life Sciences experiments selected are candidates for the SMS II package and

would be performed as a group.
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BOUMDARY EXPERIMENTS .

EXPERIMENT

REASON FOR SELECTION

POTENTIAL BENEFITS OF
ONBOARD PRQCESSING

ADVANCED
TECHNOLOGY
SCANNER
(ATS)

.,CORRELATION
INTERFEROMETER'

MEASUREMENTS
OF ATMOSPHERIC
TRACE SPECIES
{CIMATS)

INFRARED
SPECTROMETER
{IRS)

DATA AND PROCESSING IS TYPICAL OF IMAGING
VISIBLE/IR SPECTRUM SENSORS. VERY HIGH DATA
RATE ( 90 MBPS). RELATIVELY COMPLEX PRO-
{ CESSING, SOME OF WHICH |S MORE EFFECTIVELY
'DONE -ON-BOARD.

EXAMPLE OF DATA FROM & BROAD CATEGORY OF
"INTERFEROMETERS. REQUIRES LIMB INVERSION
"AND ITERATIVE CALCULATIONS, REQUIRES 2-4 MB

STORAGE PER GRBIT.

RELATIVELY LOW BIT RATE (3.4'KBPS), PERMITS

}EXTENSIVE REAL-TIME ON-BOARD PROCESSING.
REDUCED DATA CAN BE USED IN REAL-THVE BY

:OTHER SENSORS AS AUXILIARY CORRECTION DATA!

DATA TOTALLY PREPROCESSED/
CORRECTED, READY FOR
INFORMATION EXTRACTION;
DATA IMMEDIATELY USEFUL TO
RESOURCE MANAGER USER

TOTALLY PROCESSED DATA REDUCES
STORAGE REQUIREMENTS FROM

" > 108 BITS TO TABULATIONS

ELIMINATES NEED FOR ANCILLARY DATA
AND CORRELATION WITH SCIENCE DATA

PREPROCESSING CAN

SIGNIFICANTLY REDUCE COMPLEXITY
OF GROUND PROCESSING WRHICH
PRESENTLY UTILIZES LARGE COMPUTERS
FOR EXTENDED THME PERIODS

TABLE 4-1A
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OPTICAL BAND
IMAGE-AND
PHOTOMETER
SYSTEM
{oBIPS)

WILL SIGNIFICANTLY REDUCE THE QUANTITY OF DATA
RETURNED TO GRUOUND AND GREATLY REDUCE THE TIME

"BOTH TV AND DIGITAL DATA AS OUTPUTS, REQUIRES
HIGH DEGREE OF CREW INTERFACE (ON-BOARD REAL-
TIVIE TV DISPLAY). HIGHLY ACCURATE ATTITUDE
AND TIMING DATA MUST BE CORRELATED WITH
SCIENCE DATA BY INSERTION INTO THE VIDEO VIA A
CHARACTER GENERATOR (THIS MAY BE A GENERAL
REQUIREMENT FOR ALL VIDEO EXPERIMENTS). LARGE
PERCENTAGE QF TV DATA CONTAINS NO INFORMATION
AND CAN BE EDITED QUT OF MAIN DATA STREAM,

) _
29, BOUNDARY EXPERIMENTS (CON'D) .
2 .
ZRAY
o)
(el
w G
)
A7}

- ENTIAL BENEFITS OF
EXPERIMENT REASON FOR SELECTION S?VEO‘\ATRQ PROCEESTN G
ELECTRON éOMPLEX DISPLAY AND STORAGE REQHREMENTS ENABLES REAL-TIME CONTROL.
ACCELERATOR (ANALYSIS AND CRT DISPLAY OF 100 NS PULSE AND INTEBACTION WITH QPERATOR.

SHAPES]L. REQUIRES FAST DIGITIZATION OF REDUCTION OF STOBAGE OF

ANALOG DATA. REQUIRES INTERACTION WITH HIGH DATA RATE AND

OTHER INSTRUMENTS, ANCILLARY DATA.
MICROWAVE PROCESSING REQUIRES COVIPLEX UTILIZATION OF ELIMINATION OF LARGE
RADIOMETER/ CANCILLARY DATAWHICH 1S AVAILABLE ON-BDARD QUANTITIES OF ANCILLARY
SCATTEROMETER "IN REAL-TIME. EXPLOITATION OF THIS AVAILABILITY DATA AND TIME CONSLIMING
{RADSCAT) TO CALCULATE RADAR BACKSCATTER CROSSSECTIONS RE-CORRELATION ON GROUND,

DATA IMMEDIATELY USEFUL
TO EXPERIMENTER, ;

ELIMINATION OF USELESS DATA
WHICH MAY CONSTITUTE UP

TO 95% OF DATA COLLECTED
AT 8MHZ RATE.

TABLE 4-1B
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Advanced T'echnology Scanner (ATS)

The data and proces'sing‘frorp the ATS is typical of imaging
visible/IR ‘spectrum sensors.‘ The output consists of digital words re-
presenti:ng radiance values for specific spectral intervals and geodetic
locations. This raw data is 'in error', and must have both radiometric
and geometric coxrections a,pplgi.ed. Such corrections can be performed
most efficiently on-board by utilizing real-time calibration input para-
meters. In addition, the very high data rate {90 MBPS) points out the
need for such processing, together with some ty}pe of on-board data
quality assessment to insure that only useable data is recorded or trans-

mitted for complete analysis,

Infrared Spectrometer (IRS)

Nearly identical versions of the IRS experiment have been _
flown previously so that its data ﬁrocessﬁug requirements are well defined.
Radiance calibration and angular corrections can be performed efficiently
on-board utilizing the availability of reé.l—-tilne ancillary data, Analysis
of the corrected raw data can be performed on-~board to the extent nec-
essary for use by other sensors as auxiliary correction data, - The end-
to-end processing involves inversion of the radiative transfer equation

and evaluation of the iterative solution of the water vapor equation.

Correlation Interferometer Measurements of Atmospheric Trace Species
(CIMATS} ’

The data from the CIMATS experiment is representative of
a broad category of interferometers. The low bit rate (v 3 KBi)S) will permit
extensive on-board processing, Real-time ancillary data, together with
a data bank of correlation functions can be used to perform the necesfsary
corrections on the raw data and carry the required processing to the end
product. Processing of the corrected data will require limb inversion and

iterative calculations (e.g., solution of 10 equations'in 10 unknowns).

30



Microwave Radiometer /Scatterometer

Processing of the Microwave Radiometer/Scatterometer d .ta
requires complex utilization of ancillary da;.ta. which is available on-
board in real-time. Explo\itation of this availability to calculate radar
backscatter cross-sections will significantly reduce the q-uantitjr of data
returned to ground and greatly reduce the time required for end-to-end
ﬁrocessing, In addition, real-time proceséing is desired to determine
trend analyses of raw data{such as means and standard deviations)to

provide a rapid indication of proper instrument operation,

Electron Accelerator

The electron accelerator must be used in consort with
various detectors, _Conzsequently, precise timing between the accelerator
operation and the detecting instruments is required.” Real time data dis-~
plays and preliminary processing will be needed to select the accelerator

“program (i.e., pulse duration, pulse repetition rate, beam injection angle,
etc. )}, Capability for storage an—d recall of pulse shapes of several rapidly
varying parameters, which must be correlated in time, will be required.
This may necessitate the use of fast digitizers with selectable sampling

frequencies of up to 100 MHz,

Optical Band Image and Photometer System (OBIPS)

The experz:_ment consists of three s't‘lbsystems which have
both TV and digital data as outputs. A large percentage of the LV data
contains no information and can be editg':d ouf of the main data stream,
thereby redulcing the telemetry or recording.requirements. Highly
accurate attitude and timing data must be correlated with the science data
by insextion into the video via a character generator. Add.itional house~
keeping da_.té. is inserted in the vertical interval (i.e., during the vertical
retrace). This method of inserting ancillary data into the science data

may be a general requirement or desired capability for all video experiments.



Figure 4~1 indicales -th_e satisfaction of the seleclion crileria
by each experiment. A check mark indicales a medium to high value of the
criterion, A lack of a check mark is not necessarily a shorlcoming. For
example, the IRS has a low data rate which is an atiribute enabling significant
processing on-board, The selecied exper_iments as a group cover the matrix
well and individually score high in the two key areas of On-board Processing -

Potential, and Representativeness.

Tigure 4-2 depicts the spread of representativeness displayed
by the selected experiments in the categories of data rates, data storage, data
processing complexity, and sensor iypes. The basis of the histograms are

the characterized experiments tahulated in Tables 3-1 and 3-2,
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FICURE 4-2
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5.0 END-TO-END PROCESSING REQUIREMENTS

The end-to-end processing requirements for ea;h of the boundary ezperiments

were established in terwms of the functions and aléo&ithms required, It

must be noted that in all cases the requi;ements déscribea, and the‘flows of
processes, represent the preseng approach or the ;ontemplated approach based

————————

;hon“present ﬁetﬁodﬁ;_i:é; all processing on the ground.

During this effort, it was discovered éhat the Life Sciences Dirgctorate

at JSC is developing programs for onboard processing by a PDP8 for the
biomedical experiments selected. The Life Sciences experiments were eliminated
from further definition at this time for the following reasons:

~ The effort would be a duplication of the work being performed
by.the Life Sciences Directorate.

~, The data processing capabilities envelope defined by the other
5ix experiments will not be significantly different from that

which would be defined with the addition of these three experi-
-ments, ;

None' of the selected experiments héve been fully developed-for their Shuttle
application mode., Several experiments have been gperated im other con-
figurations either on spacecraft or séunding rockets. The information
available on the data processing for these configurations ﬁas utilized as

the basic input and modified for Shuttle sensors as indicated in conversaticns

with the experimenters.

Phis section contains the summaries of the Data Irocessing Requirements

and the Datz Processing Flow Diagrams for each of the boundary experiments.
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Deseriptions of the instruments and/or experiments are contained in the appendix

section.

Appendix A describes the Advanced Technology Scanner (ATS) and its processing
requirements, Information contained therein’was cbtained from the following

sources:

- Standard Earth Observations Package for Shuttle, Final Report
(draft), performed under contract WAS 9-14335,

-~ FEarth Observation -Satellite System Definition Study, Final
Report, performed under contract NAS5=20518.

~: Total Earth Resources System for the Shuttle Era (TERSSE),
Volume 9, performed under contract MAS 9-13401
Appendix B describes the Infrared Spectrometer (IRS) and its processing require-
ments. - The: IRS is identical tc the High Resolution Infrared Radiation Sounder
(HIRS) experiment on the Nimbus 6 spacecraft. The HIRS ig, in turn, an
improved Infrared Temperature Profile Radiometer (ITPR) instrument (17.bands
versus 7), and its data processing is essentially identical except for the
number of chawnnels. Information contained in the summary and in Appendix B
was obtained from the following:
- W. L. Smith, "Iterative Solution of the Radiative Transfer
Equation for the Temperature and Absorbing Gas FProfile of an
Atmosphere', Applied Optics, Vol. 9, No. %, Sept. 1970,
. W.L. Smith, etal, “Retrieval of Atmospheric Temperature Profiles
from Satellite Measurements for Dynamical Forecasting', Journal
of Applied Meteorology, Volume II, February 1972.

~ Section 3 of the Wimbus 6 User's Guide

- Nimbus 5 Scunder Data Processing System
Part I: Measurement Characteristics and Data Reduction Procedures.

~ SEOPS Final Report (draft).

- Communications with Dr. P.G. Abal, NESS, NOAA

Appendix € describes the Correlation Interferometry for the Measurement of Trace
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Species (CIMATS) experiment and its data processing requirements. Information
contained in the summary and in Appendix C was obtained. from the following sources:

- R.N. Granda et al, Carbon Monoxide Pollution Experiment, ATAA
paper Wo, 71-1120.

-~ Proposal for CIMATS, General Electric Proposal Wo. N-25002 to
Advanced Application Flight Experiment Program including references
listed at end of paragraph 5.3, ~

- Communications with Dr. H, Goldstein, GE.
Appendix D describes the Microwave Radiometer/Scattercmetar and its data processiné
fequirements. There is presently mno specified active microwave experiment’ for
ope;ation on the Shuttle; the RADSCAT was selected for completeness of boundary
conditions, The model RADSCAT chosen and described herxein is that which gas‘
used on Sgylab experimenls, The processes for data re@uction are generic to this
type of instrument and will be only slightly modified if a different utilization is

made of the RADSCAT, Information was obtained from the following sources:

- Willard J. Pierson, et al, "The Applications of SEASAT-A to
Meteorology™.

- NASA Documents PHO-TR524: Earth Resources Production Processing
Reqguiicments for EREP Electronics Sensors

- GE Document 76SD4207 Rev D, Vol. 1A: $-193 Microwave Radiometer/
Scatterometer/Altimeter Calibration Data Report Flight Hardware;
perfromed under contract NAS 9-11195

~ Thilco Document ERS-100-05: Radiometer/Scatterometer Design
Document

~ Communications with Dx. F. Jackson and Mr. R: Eisenberg, GE.

1
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_.. Appendix E desecribes the Electron Accelerator and iﬁé data processing

.requirements, Information contained in the summary and in Appendix E was

- ¢btained from the following sources:

- Informal document provided by Mr. G. Flanagan, Code EDS3,
NASA, JSC _
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- J. R. Winckler, et al: "Echo 2: A Study of Electron Beams
Injected into the Iigh Latitude Ionosphere from a Large Sounding
Rocket," Journal of Geophysical Research, Vol. 80, No. 16, .
June 1, 1975. oo

- R. W. McEntire, - .et al: "Electron Eche Experiment 1: Comparison
of Observed and Theoretical Motion of Artifically Injected ‘

Electrons in the Magnetosphere," Journal of Geophysical Research,
Vol 79, No, 16, June 1974.

- R, L. Arnoldy, et al: "Echo 2, Observations at Fort Churchill of
a 4-KeV Peak in Low Level Electron Precipitation," Journal of
Geophysical Research, Vol. 80, Mo. 16, June 1575,

- Communications with Dr, J. R. Winckler, University of Minn.

Appandix F describes the Optical Band Imager and Photometer System (OBIPS)
and its data processing reqﬁiremeﬂts. The OBLP3 Ls 2 new instrument which
has no heritage.’ A paper describing this experiment will be published by
Dr. T.'N. Davis in September 1975.- Information contaihed therein was
obtained from the following sources: .

~ . Informal Document provided by Mr. G. Flanagan, Code EDS,
HASA~JSC

=~ Communications with Dr. T. N. Davis, University cof Alaska.

-

Appendices G,H, and I contain copies of the SHMS II proposals for the selected
Life Sciences Experiments, and the data processing requirements summary.
The information contained on the ammpay sheets following each of these

appendices is based on communications with Dr. C. F. Sawin and Dr. E. Moseley,

NASA-J5C.
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ADVANCED TECHOLOGY SCANNER

Data and Processing

Data Bate & Format:

Duty Cycle:

DPrecessing Done by
Experiment Electronics:

Ancillary Data Required:

Applicalion of Aﬁcillary Daias

Preprocessing Desired:

Algorilhms Required for
Processing Data:

20

~ 89 MBPS,

8_hits/word.

3730 words/scan line.

Scan position indicators al heghming,
midpoint and end of scan (. 5 gsec accuracy).
Ancillary data is insexrted during non-video
portion ‘of scan.

Variable ~ defermined hy geographic location
for which information is desirved.
None.

Attitude and rate of attitude change.
Timing.

© Spacecraft ephemeris.

Radiomelrie correction data.
Would be desirahie to have information on
which geographic areas are cloud covered.

Usead to perform radiometric and geometric

corrections and o correlate images with
geographic postion. Cloud cover information
would be used to determine timne for faldng
data. .

Stripping and buffering of timing data, guality
assessment indicators, calibration data,
ground control point areas and ancillary data.

Radiometric corrections require table
lock~up of correction coefficients and
multiplication of measured values.

Geometric correction, requires n-th order
order polynomial (n typically 4 to 7) to
eliminate erosg~-track errors. Similax
correction is reguired for eliminalion of
along-track errors.



Processing Time Required:

Troubleshooting Aids:

40

Must provide correction for scenes where
Chligque Mevcator projection is required.

Extractive processing to perform signature
analysis and classification requires a
processing system similar to the General
Electric IMAGE 100,

TBD.

Monitoring of housekeeping parameters, |



SENSOR OUTPUT __

90 MGPS

ADVANCED TECHNOLOGY SCANNER

EPHEMERIDE

AND
ATTITUDE
DATA

DATA

RADIOMETRIC

AND GEOMETRIC

CORBECTION
FUNCTIONS

;

ATMOSPHERIC

GEOMETRIC Y

. \RADIOMETRIC : RADIOMETRIC &GEOMETR}C"(

> lCAL!BRATION ™ DESTR’PWG “ICORRECTION | |CORRECTION LCORRECTION

.1 suncaL DETECTORS GROUND GCP

5 *ggggﬁs gﬁi_._A DATA ] CORRELATION J
[

41

Y

GECMETRIC
RESAMPLER

THDDT

FOR
INFORMATION
EXTRACTION




ADVANCED TECHNOLOGY SCANNER COMMAND REQUIREMENTS

Primary Power ON 1
Redundant Power ON 1
Telemetry Power ON 1
Power OFF 1
Focus Forward 1
Focus Reverse 1
Electronic ‘Calibration ON 1
Radiation Calibration ON 1
Calibration OF¥ 1
Heater Control ON/OFF 2
Bands 1 through 7 Power ON T
All Bands OFF 1
V/H Setting 1
Bands 1 through 7 Gain Normal 7
Bands 1 through 7 Gain High 7
34
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LADVANCED TECHNOLOGY SCANNER TELEMETRY REQUIREMENTS

DIGITAL TELEMETRY SIGNALS

Primary Power Supply ON/OFF 1
Redundant Power Supply ON/ OFE 1
Telemelry Supply ON/OFTF 1
Electronic Calibration OI:I/OFF i
Radiation Calibration ON/OFF 1
Heater Controller ON/OFF 1
Band 1 to 7T Power ON/OFF ‘ 7
Band 1 to 7 Gain NORM/HIGH 1
Focus Limit ON/OFF 1

21

ANALOG TELEMETRY SIGNALS

Cooler Temperature 2
Structure Temperature Sensors 8
Band 1 to 7 Detector Bias - T
Heater Power 1
© Low Voltage Power Supply B
Input‘ Voltage 1
Miscellaneous 5

32
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INFRARED SPECTROMETER
Data and Processing

Data Rate and Format: . 3,39 KBPS
18 bhits/word
20 words/fscan element
42 active data blocks (one per scan element)
4 secondary data blocks {suring scan
mirxor retrace)

Duty Cycle: 100%

Processing Done By Serial A/D conversion of data and storage
Experiment Electronics: in data accumulator for subsequent readout,
Ancillary Data Required: Spacecrait latitude, longitude, altitude.
Application of Ancillary Data: For use in coordinating data obtained

specific geographic location.

Quick Look Processing To be supplied.
Required:
Preprocessing Desired: Generation of computer compatible tape.
Algorithms Used in Pro- The function for performing the radiance
cessing Data: calibration is given by:
By, Tpg)  [VOr-Vslr]
R(Vi)= i, BB ! S i

where R.('yi) = radiance for channel Y
corresponding to the ouiput, V(}i},

"The subscripts BR and 8 refer to black-
body and space values respeciively and
B(yi, TBB} is the planck radiance corres-

ponding to the blackbody temperature TBB'
Angular correction involves simple mul-
tiplication of measured radiance by a
constant for each nadir angle and each
spectral interval,

Determination of surface temperature
estimate requires comparison and aver-
aging of surface brightness temperature
measured in two spectral intervals for
each element of grid.

’a



Algorithms Used in Pro-
cessing Data: (Cont'd)

Processing Time Required:

Trouble Shooting Aids:

T(PS) = TO[PS)+ {"gmg’ WL}] %O (ws: WI.,)— -AJO (“TS: v‘rL):E

UN

45

+1

Surface temperature T(PS) is calculated
usings: -

PT(B,)

(Sce NOAA TM NESS 57 for details)
The method of éalculati_ng the clear column
radiance depends on the observed cloud con-

ditions, ({(See NOAA TM NESS 57 for details)

The etmospheric temperature profile is

. obtained from inversion of the radiative

transfer equation.

Atmospheric water vapor information is ob-~
tained through the iterative solution

REI R

1 .
S N _. 3r(P} 3B ap
( Ur) N,_. aP

© aU (P)

(®) = v @)

Refer to; Smith, W. L., "Iterative Solution
of the Radiative Transfer Equation for
Temperature and Absorbing Gas Profiles
of an Atmospheric, "' Applied Optics,

Vol. 9, No. 9, Septe. 1970, pp. 1993-1999,

To be supplied

Monitoring of selected housekeeping para-~
meters such as temperatures and voltages.



3.39 KBPS

INFRARED SPECTROMETER
DATA PROCESSING FLOW DiAG RANM

CALCULATE

CLEAR COLUMN (—&

DETERMINE
ATMOSPHERIC WATER

IRS _
ELECTRONICS

PERFORM
RADIANCE
CALIBRATION

]

T

NORMALIZE RADIANCE
VALUES TO RADIANCE FOR

ZERO MOLECULAR ABSORP-

TION AT NADIR ANGLE

CALIBRATION
FUNCTION
Bivi)

ZERO

ANGULAR
CORRECTION

LCOQEFFICIENTS

RADIANCE VAPOR INEGRMATION
Jﬂ _
CALCULATE CALCULATE ATMOS-
SURFACE . PHERIC TEMPERA-
TEMPERATURE TURE PROFILE
T A
DEFINE GRID AND SUB-
GRID VALUES OF SURFACE TERRAIN
TEMPERATURE ESTIMATES, EFFECTS
REFLECTIVITY AND

EMISSIVITY GF EARTH




INFRARED SPECTROMETER

Telemetry Reguirements

TIM FUNCTION SICNAL TYPE .SAMP SEC.
"FILTER/CHOPPER MOTOR ON/OFF DIG B 3/16
SCAW MOTOR ON/OFF DIic B 3/16
ELECTRONICS ON/OFF DIG B 3/16
FILTER/CHOPPLR MODE NORM/HIGH DIG B 3/16
CODLER CONE HEATER ON/QFF ‘ DIG B - 3/16
SCAN MODE OFF/ON DIG B 3/16
COOLER COVER ENABLE STOR/DEPLOY DIG B 3/16
COOLER COVER STOR/DEPLOY DIG B 3/16
PATCH HEATER ON/OFF : DIG B 3/16
FILTER WHEEL HEATER ON/OFF DIG B 3/16
PATCH POWER ALOC i/16
+15VBC ELECTRONICS POWER - ALOG 1/16
«15VDC ELECTRONICS POWER ALOG 1/16
+10VDC LOGIC POWER (UNREG) . ALOG 1/16
+5 VHC LOGIC POWER ALOG 1/16
~-15VDC TELEMETRY POWER ALOG 1/16
DETECTOR BIAS (LWL) ALOG 1/16
F/C MOTOR CURRFNT ALOG 1/16
SEAN MOTOR CURRENT ALOG 1/16
COOLER COVER POSITION ALOG 1/16
SCAN MIRROR TEMPERATURE AL.0OG 1/16
PRIISARY TELESCOPE MIRROR TEMP ALOG 1/16
SECONDARY TELESCOPE MIRROR TRRMP ALOG 1/16
¥/C HOUSING TEMP i ALOG i/16
F/C HOUSING TEMP. #2 _ALOS 1/16
F/C HOUSING TEMP, #3 ALOG /16
F/C TIOUSING TEMP. #4 ALOG 1/16
F/C MOTOR TEMP, ALOG 1/16
RADIANT CONE TEMP. ‘ALOG 1/16
RADIANT COOLER HOUSING TEMP, ALOG 1/16
PATCH TEMPERATURE ALOG 1/16
BASEPLATE TEMPERATURE ALOG 1/16
ELECTRONICS TEMPERATURE ALOG 1/16

ORr1G
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DWRAREDSPECTROMETER

COMMAND FUNCTIOHS

Filtgr/Chopper Motor ON
?ilteglChopper Motor OFF
Scan Motor Ok

Scan Motor OFF

Electronics o
Eleqtronics bFE
Filter/Chopper Mode High
Fiitcr/Chopper.Jode Normal
Cooler Cone Heater CH
Coolef Cone Heater OFF
Cooler Cover Enable, Store
Coolex bover ﬁnable,.seploy
Cooler Covexr Store

Goalér Cover Deploy

Patch Heater ON

Patch Heater OFF

Filger Wheel Heater-ON
Filter Wheel Heater OFF
Scan Mode OFf

Scan Mode ON
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CIMATS

DATA AND PROCESSING

Data Rate & Format:

Dui:yVCycle:
Processing Done By Experiment

Electronics:

Ancillary Pata Required:

Application of Ancillary Data:

Quick Look Processing Required:

Preprocessing Desired:

Algorithms Required For Processing
Data:

2904 bits{ sec.

12 bits/word, 242 words/frame
10 words housekeeping followed
by 232 words science data.

100%
None

5/ C position and attitude for all
spectral band measurements,
S/C location relative to Sun for
non-thermal IR band and for both
limnb measurement bands,

Position and attitude used to deter~
mine location of nadir measurements.
Location relative to Sun used for air -
mass calculations for non-thermal
IR band and {or both limb measure-
ments. )

Printout of housekeeping parameters
for use in interpreting and correcting
instrument behavior.

Computer compatible tape of data,

Multiplication of measured values by
predetermined correlation functions
for each of ten spectral bands. In-
volves multiplication of two L6 bit
numbers to 16 bit accuracy.

Perform air mass calculations for
non-thermal IR and for limb meas-
urements (simple multiplication)



Algorithms Reguired Fox
Processing Data: (Cont'd)

Processing Time Required:

Trouble Shooling Alds:

50

Invert limb measurements to get
zititude profile from colwnn density.
Solution of 10 linear equation . in

10 unknowns.

Less than 1 second/kilobit

Print out of housekeeping parameters.



CIMATS’
AT A PROCESSING FLOW DIAGRAM

CORRECTED
D/[x\;er FOR -
LIMB
APPLY CORRELATION FUNC- ‘
-S{Z%CEE%%@Q@J it A N APPROPRIATE TO EACH MEASUREMENTS %ﬁ‘g‘é‘f—,‘b‘g&ﬁn‘g
AND OCATION & ?;Eg%'\“ggggiﬁ\}ogmfgs MEASUREMENTS IN
RELATIVE TO SUN ; S EACH) 18 BOTH BANDS
' CORRECTED h
DATA FOR TN
NADIR
INTEGRATION OF MEASUREMENTS DENSITIES
CIMATS | EPREMERIS DATA : ‘ oF ,
£ ECTRONICS WITH SCIENCE & CALCULATE AIR MEASURED
. HOUSEKEEPiNG ‘ >~ MASS FOR NON- SPECIES
THERMAL IR BAND & T
1CONVERT TO ONE -
NVERT TO GET

AIR MASS:

' ALTITUDE PROFILE
EROM COLUMN
DENSITY

SPACECRAFT, ATTH
TUDE, POSITION
g LOCATION RELA-

TIVE TO THE SUN

SPECIE -
CONCENT’RAT!ON

COLUMN
DENSITY OR
CONCENTRAT!ON
OF SPECI

- VS.
ALTITUDE

VS.
;.OCL\T!ON
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CIMATS

COMMAND REQUIREMENTS

Primary Power ON
Redundant Power ON
Telemetlry Power ON
Primary Power OFF
Redundant Power OFF
Instrument Cali}:»ration ON
Tnstrument Calibration OFF
Scan Motor ON

Scan Motor OFF

Step Filter A

Step Filter B
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CIMATS

DIGITAL TELEMETRY SIGNALS

Primary Power Supply ON/OFF
Redundant Power Supply ON/OFFEF
Telemetry Supply ON/OFF
Instrument Calibration ON/OFF
Scan Motor ON/OFF

Step Filter Channel A

Step Filter Channel B
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MICROWAVE RADIOMETER/SCATTEROMETER

Data Rate & Format:

Duty Cycle:

Processing Presently Done

by Experiment Electronics:

Ancillary Data Required:

Data and Processing

54

Radiometer/Scatterometer - Sexial,

PCM, fully formatted 5-33 KBPS, BI¢-L,
digital MSB first 10 bits/word, 200 words/
frame, 4 sub-frames/frame.

Housekeeping - 60 10-bit analog words,
4 10-bit digital words, all sampled
once per frame (375 msec).

On previous mission it was < 30 minutes
per orbit. It is designed for more fre-
quent or higher duty cycle operation.

The Radiometer/Scatterometer

only measures refurn pulse signal power
{(P_) for a finite time and A/D converts
this for insertion into the data,

S/C ephemeris - time
~ latitude, longitude of
subsatellite point
- attitude control angles
and rates - 3 axes
- altitude and orbital
velocity
Ephemeris data is needed to compute
slant range to instantaneous measure-
ment cell and field-of-view coordinates
for that cell,

Opticnal method would be to compute
these in real time and include in sensor
data stream as well as use for cn-board
processing of P_ data to o-o(rada.r back-
scatter cross-section) data,



Application of Anciliary Data:

Quick Look Processing Reqguired:

Preprocessing Desiyeds

55

Algorithm for computing 00 has slant

range term, path loss term and antemna

integral {erm. Each of these uses the

anciilary data in their computation. Also,

data is meaningless unless cooxdinated -

with specific geodetic location of cell being

measured on ground. ¢ is given by:
3.4 P L2

o°. A7) R R 1

- ?\3 * P o

L

T icro &) E () A

where, R = slant range of the target
A = wavelength of microwave
energy .used
L = one way atmosphere loss term

Go (x) = antenma gain function
ix) = two-way antenna pattern function
A = area illuminated
P p = tfransmitted pulse signal power -
- P = return pulse signal power

Selected key housekeeping parameters
(digital or analog) such as TWT voliages
or digital sequence status bits give good
indications of nominal operafion.

Trend analysis of raw (digital count or

analog voliages) data such as means, standard
deviations would also provide rapid indicators
of proper operation.

Processing of certain selecied data sets
over Jmown targets of known characteristics
wouid also be useful.

Would ideally like to see output data as

fully computed values of ¢~ (radar back-
scatter cross—section) and TANT (radar
anterna temperature vs. latitude and
longitude of cell field-of-view with supporling
data of allitude range, time, sensor azimuth,
etc. Algorithms required are described in
PHO TR b24.



Algorithms Required for
Processing Dafax

Processing Time Required:

“Troubleshooting Aids:

- The desired parameter is the windspeed

u obtained by solving the following equation
for vz g, = Ku®,

Algorithms for solving this equation can
be found in "The Applications of SESAT-A
10 Meteoxology" by W. J. Eierson, V. Jdv
Cardene and J, A Greenwood,

TBD.,

Cextain selected housekeeping telemetry

(emalog and digital) points as well as
limited science data measurements.



CONTROL
DATA

s,

DATA TABLES
& CONSTANTS

—’_g;, CONVERT AMT

REMOVE SKEW -

“1AND REFORMAT

STRIPCHART

EVENT RE-

CORDER,
OSCILLO-
GRAPH

RADIOMETER/SCATTEROMETER
DATA PROCESSING FLOW DIAGRAM

EDIT, DECOM-
MUTATE, AND

TO GMT

MODE STATUS
PROCESSING

[

¥

TABULATIONS

RADIOMETER/
SCATTEROMETER
CALCULATION

ePHEMERIS CORRE-
LATION ENGINEER-
ING UNITS
CONVERSION

EFPHEMERIS
DATA
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RADIOMETER/SCATTEROME TER

Command Requirements

Radiometer "~ Power ON -
-  Power OFF

_Scatterometer - Power ON
- Power OFTF -

Sean Mode:
X-~-Track . Non-—Contmuoué . RIGHT
X~Track Non-Continuous LEFT
X-Track Non-Continuons L/R
X-Track _ Continuous
Tn~Track Non-~Continuous
m-Track Continious

Five Polarization Modes
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BLECTRON ACCELERATOR
DATA AND PRCCESSEHIG

Data Rate & Format: Acceleralor ~ Analeg 0-5 volt, 0.01 agcurac
500 samples/sec - voliage
500 samples/sec - current
50 samples/sec - housekeeping

TADS: Digital, 9 bit, 2 count. rate channels
each at 500 samples/sec

© ., Analog, -5 volt, ¢.41 volt sceurac

3 channels at 500 samples/

Analog, 0-5 voit, 9.01 volt accurac

10 samples/sec — houseke

Puty Cyele: . 1/2 nour/orhit

Processing presently done
by experiment electronics: Accelerator - none

TADS: Accumulate comnfs in chanmels and
form logs of high count rates,

Ancillary data required: Lcoelerator - 8/C position, veloeity, ori
and accelerator orientation,

TADS: Relative position with respect Lo
spacecyeaft.

Form merge tape containing data and pos
Must maintain correct timing between T
aceeleraior data.

Applicatioﬁ of Ancillary Date: On ground ~ {o determine echo displacer
from injeetion point as funciion of Latite
Longitude, fime, elc.

On hoard - t0 select accelerator progra
corientation,

GQuick Look Processing Reguired: Scope digplay or strip charl recoxd of
and count rates for use in selecting gun
Latitude and Longitude (with,. degree 1
also needed,

39



Preproceassing Desired: Science data - none,
Attitude/orbit ~ smoothed, once per second
sampic rate,

Algorithms Required {or

Processing Data: Calculation of echo displacement from injection
point only requires knowledge of relative posifion
of TAD and S/C.

Delermination of dxift velocify and bounce time
reguire correlation of injection fime and echo
deteclion time.

Model prediction involves solving equation of
motion for the veloeily vector of an eleciron
in a magnetic field. Solution to the eguation
of motion involves spherical harmonics and
Legendre polymomials. Solution requires a
few minutes onp 2 CDC CYBER 74,

Processing Time Required: ~ 20 seconds/megabit on a CDC CYBER 74 for
count rate data (this includes producing a high

resolution strip chart),.

Each accelerator’on’session will require a few
minutes caiculation for model predictions.

Troubleshooting Aids:. Accelerator-baitery voltages, filament heater
’ current, logic operation and housekeeping data.

TADS - check of telemetry system.
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ELECTRON ACCELERATOR
‘DATA PROCESSING FLOW DIAGRAM

TAD " [USE ANCILLARY DATA TO DETERMINE ECHO
POSITION , DISPLACEMENT FROM INJECTION POINT AND
RELATIVE [ ~|COUNT RATES AS A FUNCTION OF LATITUDE,
THROW To s/¢ , LONGITUDE, TIME AND DISPLACEMENT FROM
AWAY ' {NJECTION POINT
DETECTOR ONCE PER
(TAD) J? SECOND
¥
MERGE DATA FROM ACC. & -
TAD WITH POSITION, VELOCITY, 1-12{CCT CAL CULATE BGUNGE TIME, DRIFT
TIME, LATITUDE AND LONGITUDE.
ONCE PER
ELECTRON T SECOND
ACCELERATOR ¥
‘ S/C POSH- i ' SELE%EO S
TION, ORi- ACC. PRO- S MODE
? ESTATON ol |G Ano JEom R e
ACC. ORl- ORIEN- WITH CALCULATED
ENTATION TATION VALUES
SCOPE DIS-
PLAY OR .
STRIP CHART MODEL PREDIC- DETERMINE
——————" RECORD OF - TIONS VALIDITY OF
GUN CURRENT { ~ 6 MODELS} MODELS

& VOLTAGE
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ELECTRON ACCELERATOR
COMMAND REQUIREMENTS

"Commands' will be astronaut activated switches for:

ON/QOFT
Preogram Select
Accelerator Orientation

"I‘here‘ would be approximaiely 6 accelerator programs and there should
be less than 20 operations per orbit.

Telemetry Points’

Accelerator high voltage monitor
Accelerator emission current
Accelerator program/logic step
Accelerator housekeeping monifor (TBD)
TAD count rates and log count rates



OPTICAL BAND IMAGE AND PHOTOMETFER SYSTEM

( Subsystem 1 - Near IR Imagex )
T

Subsystem 2 - Ultraviolet Image

Y

Data and Processing

Data Rate & Format:

Duty Cycle:

"Processing Done by
Experiment Elecironics:

Aneillary Data Regunired:

Application of Ancillary Datas

Quick Look Processing Required:

Preprocessing Desired:

X

4 MHz analog video signal.

Variable - 10 minutes to major poxrtions
of orhit,

A1l of the video processing including
generation of sync and hlanking pulses

is done within the experiment elecironics

as is the incorporation into the video

signal of the internally generated house~
keeping data. Took angles must be calculated
externally.

Univegsal time.

Latitude, longitude and altitude of shuttle.
Astronomical lock angle.

Housekeeping data from associated
experimenis desirable, such as current
and voltage from electron accelerator.
Internal housekeeping data.

The world time, look angles and data from
associaled experiments can be incorporated
into the data through the character generator.
The remaining 4 KBPS should be ingerted
in the vertical interval.

Since OBIPS ig a multi-purpose experiment,
the use of ancillary data will be variable.

In general, these data define the conditions
pertaining to each image, i.e., the location
of the shuttle, the look angle, the filtering
that is used, etc.

The video signal is appropriate for quick
lock withoul further processing.

None. The video signal is useable without
further processing,



Algorithms Required for
Processing Data:

Processing Time Required:

Troubleshooting Aids:

64

All video pictures must be screened
eliminate those which do not contain
of interest. The capability to perfox
the editing on-board would significan
reduce the telemetry requirements.

Technigues of interpreting the video
will vary depending on the experimer

TBD

The videc¢ and included housekeeping

;should be adequate for troubleshootir



OPTICAL BAND IMAGE AND PHOTOMETER SYSTEM

Subsystem 1 - Near IR Imager
Subsystem 2 ~ Uliraviolet Imagexr

Command, Telemetry, and Storags Requirements
No ground based commands are anticipaled. The experiment operaters
will have conirel of several functions during the active peried. Iook

angles as a function of time will in some cases be computer controlled.

Real time dovwm link telemelry ~ Analog video (4 MHz) for 10 minutes
to major portion of orbil. )

Reguire storage of analog video {4 MHz) for one hour. There will be

-100% on-orhit darup with no returned data,

&5



OPTICAL BAND IMAGE.AND PHOTOMETER SYSTEM

{(Subsysiem 3 ~ Visible and Medr IR Photometer)

Data Rate & Forma{t:

Dufy Cycele:

Processing Done by
Experiment Electronics:

Ancillary Data Required:

Application of Ancillary Data:

Quick Lock Processing Reguired:

Preprocessing Desired:

Algorithms Required for
Processing Data:

Processing Time Reguired:

Troubleshooting Aids:

Maxinmwn of 156 KBPS, 8 bit/word.
Housekeeping ~ field of view, 1 word/sec.
~ filter temperature, 1 woxrd/sec,
- shutter, calibration lamp,
vollage, 1 word/scc.

10 minutes o majoxr portion of orbit.

None.,
,IBS!

The ancillary data defines the conditions
pertaining to each measurement.

Ideally, it weculd be possibla on-board and
on the ground to read the response of the
calibration source in addition to searching

the records for inlensities and look angles

corresponding to particular times.

None.

Depends on particular experiment.
Normally one would want to mexge the .
intensity oulput of the photometer with
information giving the look direction. The
photometer may be pointed or it may be
scanning, but basically one must identify
where the instrument was looking., Also,
the calibration data shouid be folded into
the data,

TBD.

Signal and housekeeping are adeguate for
troubleshooting.



OPTICAL BAND IMAGER AND PHOTOMETER 5YSTEM

Data Processing Flow Diagram

S/C Attitude

Calculate l z
Relative Sidereal Display
- Pointing of 7| Look Angle ‘J >l Monitors
Instrument
Time
Signal A
) d " "1 Vertical ,
Imager »i Character : y{ Interval > Video
Subsystem Generator Data Recorder
Insertion
5 Telemetry
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2,

OPTICAL BARD IMAGE AND PHCTOMETER SYSTEM
(Subsystem 3 -~ Visible and Near IR Photometer)

Command, Telemetry, and Storage Reguirements

The experiment operators will have control of all commands.

Average digitzl down link telemetry is 16 XBPS with resolution
of 1 millisecond. Telemetry will vary from 10 minutes to major
porfion of the orbit. .

Requires storage of digital dats at an averége rate of 16 KBPS
for one houwr. On-orvbit dump of 1066% of data is reguired,



6.0 ‘GROUPING OF EXPERIMENTS

The selected boundary experiments were grouped inteo two payloads.

The ATS, the IRS, and the CIMATS are candidates for SEOPS missions and were grouped

as a SEOPS payloadf

The Electron Accelerator and the OBIPS are AMPS pavloads instruments. The RADSCAT
was grouped'with these instruments to increase the scope of processing vequirements
of the paylecad and. to broaden the range of wepresentation, i.e., active microwave

instrument.

These instruments may be operated in conjunction with each other. TFor examples, the
ATS dat; ﬁéy be cofrected_for atmospheric effscts based on the processed output of
the IRS., The OBIPS‘ﬁay be operated to view phenoména initiated by the electron
accelerator. In general, thése interactions have not vet been defined and it is
premature to aSSume‘SPecific interactions; thus a group processing requirements can

be represented at this time as the sum of the individual experiments' requirements.

Fach set of réquirements will be feflected in the désign of the OEDSF, and means
for permitting subsequent interaction between the various processing capabilities

will be provided.

This approach will result in a2 more wversatile processor which will accomodate
future combinations of experiments, Tha sum of the requirements for each payload
are showm on Tables 6-1 and 6-2 together with the experiment(s) giving rise to the
process., Additionally, Command and Housekeeping functions as tabulated under

these headings will be provided by the DEDSF.
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AMPS GROUP PROCESSING REQUIRFMENTS SUMMARY

Electron_ Microwave
Accelerator & Radiometex/
Throw Away Scattero-~
Detector metex OBIPS
CCMMANDS
Execution X X X
éequ.er}cing X X X
Formatting X b4 X
HOUSEKEEPING ‘
Limit Checks X X b
Conversion p:4 X X
Monitoring X bl X
Display X X X
DATA
Correlation of Experiments X X
Instrument Calibration X X
Coo:_rdir;ate Transﬁormatipn ‘ X X
Annotation of Data X. X X
Ancillary Data Insertion X X X
Ancillary Data Processing X
Data Quality Assessmén’t— X X
Data Editing X X
"Data Compression X
- Data Recording X X =X
Generate CCT X X
Computational Processing X X
Model Validation X
Correlation with Geodetic Parameters b4



SEOPS GROUP PROCESSING REQUIREMENTS SUMMARY

ATS IRS CIMATS
COMMANDS ‘
" Execution X X x
Sequencing 4 = X
. .Formatting ’ X X X

HOUSEKEEPING

Limit Checks X X X

Conversion P4 X X

Monitoring X X p:4

Display X X X
DATA

Correlation of Experiments X X

Insirument Calibra'tion X X X

Annotation of Data _ p: 4 X X

Ancillary Data Insertion X X X

Radiometric Correction X

Geometiric Correction X

Nadir Angle Correction X b4

Data Quality Assessment X X X

Daia Editing X X X

Data Compression X

Generate CCT X X X

Data Recording X X X

Correlation with Geodetic P’.af.arx}eters X X x

Computational Processing X X X

Iterative ijocessing X

Signature Analysis X

Feature Reduction X

Clustexring
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ORIGINAT, PAGE, 19 APPENDIX A

ADVANCED TECINOLOGY SCANNER

The major contribution of a scanner in 2 StOPS mission is the ability

to image simultancously portiens of tha visual, rear-infrared and thermal-
infrared spectrum with good radLOn;zr%c ascuracy. The infrared region
inhé;ently.proéidcs considerable wurih observation information and can be
used to enhance spectral sijnative analysis within the visible chapnels.
The SECPS Scanner will be hsgd as a complement to other contemporary Earth
gbservatioﬁ pfograms (E0S, SEOS) that Qlll contain similar instruments in

that the SEOPS Scamner will provide higher resoluticon data and can be mission-~

dedicated for coverape and spectral band selection,

The development .status of the Advanced Technology Scanner is less mature
;han.thc other instruments being proposed for SEOPS. Three contractors
‘have propésad three inherently different scanning concepts for the EOS
mission-appiication;ané each contraétor ié presently testing breadboards
of the scanéing ilachanism and ether cri:i;al ccnponents: Both Honeywell
and Rughas have 5roduced space-qualified scanning radiometérs (5192 and
EXTS MSS r33pec§iyc1y} which are the basis for theix Advanced Technology

Scaoner designs., Therefore, beth the Image Plzne Conical Scanner (Honevwell)

and Object Plane Linear Scamner (Hughes) are being considered for the SEOPS

concept definition,

TMAGE PLANE CONICAL SCAMNLR

The principal aclements éf Lthe multispectral corical image plane scanner as
designed for the LGS application and_ad§pted for SEOPS are shown in the
isometric drawing presented as Figure' A~l:;‘-Radiation from the ground is

folded by the flat fold mirror to the spherical primary mirror.

A=l
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The image plance formed by the primary mivror is scanned sequentiaily by
six sets of scan mirrors along an arc thatbis 18 degreés off the nominal
optical axis of the primary. In object space, this corresponds to scanning
along a pbrtion of a cone with half angle of 18°. The total scan angle
(axc length) is equal to the 600 repetitioﬁ"a;gle between scan mirroxn pairs.
0f this GOO-scan angle, &80 of arc are used for ground scanning, resulting
in a scan efficien;y of 80%. The balance of the scan line (120) is used for
zevo reference, calibration, and transition from one mirror pair to the
next. The séaa mirrors seyrve to foléd the radiation onto the optical axis
cf the correcting optics which form a diffraction~limited image at the
entrance slit of the spectrometér. The spectrometer utilizes a dichroic
filter and prism to separate the visible and near-IR radiatiog {see
Figure A-2 )_beféfe bringing the radiation to a focus on arrays of
silicon and indium antimonide detectors, . The thermal ITOV is separated
spatially from the IFOV corresponding to the other spectral channels and
is sized at four times the size of the visible and near-IR IFOV to maintain
a reasonable MIF given the diffraction spot size at 10 um wavelength. The
thermal radiation is releyed to an arvay of {(HgCd)Te detectors through a
cooled bandpass interference filter, Signals from the various detectors
are amplified, conditioned, and digitized. Both the silicon and the InSb
detectors are of the high impedance type} therefore)the same cilrecuitry is
used for each chaunnnl of the six’high resolution spectral bands. The signal
AT ‘
processing electronies are modularized to the maximum extent possible using

integrated circuitry.

A block diagram of the scan wheel servo system is shown in Figure A-3

The rotational rate of the scan wheel is controlled by a phase~lecked loop
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which coemparas the square wave output of the optical shaft enceder with a

refercncq'frequeﬁby derived from a crystalrconfrollcd oscillator., A céunter
is uged to count down Irom tﬁe crystal frequency to the shaft.encoder
frequency, The counr-down ratio is determined by the épacgcraft velocity

to altirude (i) raﬁioi Breadboard tast; of the scan wheel and associated
SCYVO sys%em have demonstrated a scan accuracy of +0.15 IFOV in the scan
direction and 40,10 IFOV in the track (velscity vector) direcction for a

43 microradian 1FOV. ~Accordingly, grournd correction of the data to remove

scan non~unilermities will not be necessary.

Modifications for SEOPS

The ~ R conical image plane scanner, as designed for the EOS
application, is easily édapted to the SEOPS concept for use as the Advanced
Technology Scanner (ATS) on shuttle missions. The prinecipal medifications

required are: (1) the incorporaticn of an offset pointing mechanism to
- . \\ i
position the entrance fold mirrer for viewing zround swaths displaced from

\

nadir, (2) the addition of signal comditioning ‘electronics to interface

the znalog signals from the detectors with the digital tape recorder, (3) a
control module to siave the scan wheel rotational speed to the V/h of the shuttle,

{4) veplacement of the radiative cooler with a Joule Thompson cooler, and

(5) capability of changing spectral bands for different missions.

Offset Pointing

Offset pointing is incorporated into the ATS design by artieculating the
entrance fold mirror. A stepper motor and control legic position the mirror
up to +100 from the nominal position to allow offset pointing of up to

420 degrees.



The offset pointing requirement of the SLOPS appliFation intraduces distortion
_Anto the scanner data :.P a manner, however, which may be com;;c’nsated uging

straightéotwaqd logic with citﬁer on-board or ground proecessing. When

vicuing a swath centered on the nadiﬁ,rthe lineg-of-sight distance to the-
gropud is ‘constant and the ground trace is a portion of a circle, The

iﬁtroduc;¥on of offset pointing shows the éround trace as_shoﬁn in

Fisure A-4" This introduces‘a variation along the scan lire in £he ground
_resolution., Table A-~1 lists the percent variation in ground resolution

atk éhe bepinning and end of a scan line relative to the mid~point for several

offset pointing angics. A ﬁore pronounced effect of the offsct pointing is

a skewing of the ground "footprint” of the scammer. ¥or alinear, multiline

scanner the skewing takes the form of a non-symmetrical "bow tie' vhile for

"a conical scanner, offset pointimg results in a skewing of the scgment of

I
a circle that is the normal footprint. Table A-Z  1ists the difference
. N
in the ground radius to points at the beginning and end of a scan line
- ‘\ . . =

. . . i : . . ;
relative to the midpoint of the scan line., The difference is expressed in

. | .

terms of the number of ground resolution elements equal to the displacement

distance based on 15 meter resclution from 370 ¥m altitude,

The variation in ground trace with offset pointing angle is of little
consequence in the ultimate use of the diata acguired by the ATS since the
ground trace ié well defined by\the core angle, offset peinting angle, scan
angle, and veliicle altitude. Computer identiiication of ground features for
crop inventory, urban development, ete. can be done in any coordinate system.
For those situations where graphic presentation of ‘the data is required,

a row/column inversion techrique is used to allow the production of

ORIGINAL PAGE 18
OF POOR QUALITY,



Ground Trace
at Nadir

Ground Trace
for 20° Qffset

GROUND TRACE AT NADIR AND MAX OFFSET

Figure p-4
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Per ecent Variation in Ground Resolution as a Function

Of feet Point Beginning of End of Scan
Angle - Scan
0 - 0 0
10 : ~27 +2%
20 ~5% 5%
30 ~7% +8%

" TABLE_ a3 . -

Skewness of Ground Scan in Humber of IFQOV for 15 Meter
Resoiution from 370 Km Altitude .

Offset Fointing Beginning of End of Scan
Angle Scan
0’ 0 & 0
10 174 ) .. 221
20 -501 . © 704
30 ~1256 ’ 1745
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pictures on a linear film writer or reconciliation of data to an orthogonal
grid map. With reference to FiguréA-S ", the first j pixels of each of n
rows is read into a memory, the dat% is tnansfeffed from the memory to the
film writer a column at a time..:The procedure is repeated using successsive
groups of j pixels in each of the n rows until all data has been utilized.
The starting point of each lineg <4n the film writer is determined by the
1ocué of the ground trace. This procedure ﬁas been used to prod&ce imagery
from 5-192 multispgctral-scanner data with entirely satisfactory results.

1t should be noted that the success of this procedure is due to the high

degree of scan repeatability already demonstrated on the breadboard model.

Data Handling

The data formatting procedure 6f thé Advanced Tachﬁoiogy_Scanner is determined
by the characteristics of the high data raté tape recorder, Basad on
experience gained during the $-192 multispectral scannexr Skyladb program the
best data handling procedure is to record the raw data from the scanner
directly on tape with éach tape track corresponding to a scanner data

channel (i.e., a particuiar detector). Accordingly, the détector arrays are
configured to scan 20 lines in parailel for the six high resolution spectral
bands (gee Figure 4-6 Y and ﬁiva lines in ;;rallel for the low reéolution
thermal band, The electronics associated with the 125 J.itz chaonels are
moéified so that each data channel culminates in a serial digital output,

The encoded serial digital output, from each of the 120 high rvesolution channels .
is fed éirectly to one of the 120" primary tracks of the tape recorder, Five
:of the twelve spare tracks are utilized to record data from the five thermal
_ channels. Calibration and housekeeping data are injected in thé data stream
A

during the transition f£rom cne scan mirror pair to the next, providin%ﬂ?can

line by scan 1line check for radiometric stability.
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The one difficult interface between the ATS and the tape recorder is

matching the variable data rate of the ATg {a function of V/h) with the fixed
acceptance rate of the tape recoxder (2 x 1068PS per track at 100 IFS). The
dat; rate of the scanner is 5eterminedlby the nunber of pixels (ground
resolution elements) scanned per second, ‘the number of samples/éixel, and

the bits/sample. Figure A-7 presents the relationship between pixels per
second per channel {high resolution spectral bands) and shuttle altitude
based on a 43 microradian TFOV, 6200 pixels per swath width, and 80% scan
efficiency (providing a maximum ground resolution of 30 maters from the

highest expected Shuttle operating altitude).

If it is nou assumed that the scanncr is capable of detecting 0.5% differences
in reflectivity over the expected range of albedo , then a 10 bit wérd is
required to cncode the analog signal from the detector, It is shown in

Figure .7 that at one sample per pixel the bit rate per channgl is equal

to the maximum tape recorder track capability of 2 MBPS at an altitude.of

180 nm and decreases to 40% of this value at 400 nm, The minim:m haxdwére solution
to this problem is to sample 2t a constant rate using the tape recorder

clock to control the sampling and digitizing electronics, The overéampling
(more than one gample per pixel) that results at higher altitudes is removed
either with onboard or ground procesgsing. Data rate limitations at lower

orbit altitude may be circumvented through reduction in data requircnents
(reduced dynamic range, increased pixel size) over the entire operating

spectrum or through incorporation of an interchangeable spectrometer with
reduced spatial resolution for low altitude missions, "For these missions flown
at altitudes below 180 nautical miles the angular IFOV is increased by 40

per cent to 60 microradians., This increases the ground resolved distance at
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180 nm altitude from 14 to 20 meters .and reduces the data rate by a factor of
two. The change in resolution is accomplished by replacing the 43 prad
spactrometer assembly with a 60 Pfad assembly. Electronics associated wita
the spectrometer assembly effect the necessary change in scéle fac?or between

shuttle VYh and scan speed.

v/l Control

In order to maintain contiguous ground coverage for missions flown at
different alvitudes, it is necessary to charge the speed of the scan wheel.
With reference to Figure A-3  the countdown circuitry between the crystal
oscillator and the phase comparator is replaced by a programmable divider,
The countdown ratio is either preset prioF to launch or is continuously con-
trolled b§ a signal ;upplied from the Shiuttle fligbt—control computer. The
countdown ratio is included in the housekeeping rvecorded on the data tape.
This technidﬁe allous contiguous coverage frém elliptical és well as

cirecular oxrbits,

Spectral Coveragg

The scannex is'degigheﬁ te cover the spectral region from 0.4 micromveters to

{ .
1.75 micrometers and the the?mal atmospheric window (10.4 - 12.6p). The
conical scanner utilizes a spectrometer to effect spectral separation., It is
currently projected that the spectral bands will be determined by the geometry

1 .
of the solid state detector arrays located at the image plane of the spectrometer.

The ‘degirability of Eeing abie.to change the spectral bandpasses of the instru-

-

ment results in a configuration which allows quick modification of spectral

response between missions. The entire spectrometer including opties,

.
.

detectors, and pre-awplifiers forms a replaceable unit which is mated te the
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telescope by means of alignment pins and clamping bolts, While one unit is
being flown, a sccond unit is modified and aligned usiné the GSE alignment
hardware. Swall -changes in spectral band edge Ainnition are handled by
changing the mask in front of the silicsn array. Major changes requiré the
replacement of the array. The unit is compleéely aligned and checked out

prior..to installation in the ATS,

Performance of SEOPS Instrurent

-The fact that the ATS must operate over a vange of altitudes leads to a -’
range of instrument values.’ The principal in§trument parameters are pre-
sentéd in Table .3 for én altitude range of 185 to 740 kilometers.

Figure A-g" presents the relationships between altitude and ground |
resolukion, swath width, and scan wheel speed to facilitaté the determination
pf intermediate values of these parameters, -

The radiometric performance of the ALS is @eéérmiéed in part by the highar
data rate required at the lower operating ;ltitude.relative fo the EOS

application. The maximum data rate is twicé the EOS data rzte which results

in a reduction in instrument semsitivity by-a éaétor of two, -all other
ﬁarameters beirg equal {(integer scaling rather thgn root scaling being due to
the characteristics of the detecter/preamplifier at high frequencies),

Table -4 ‘summarizes the rédiometric performanc; of the ATS for a sun
.elevation angle of 7503nd an albedo of 20%. The signal-to-noise ratio is

sufficient to allow detection of 0.35% changes in reflectivity.

Interface Requirements

1. Mechanical ~ The outline drawing of Figure A-9 illustrates the

principal dimensions and the mounting points of the ATS for SLOPS. The
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ADVANCED TECHMOLOGY SCANNER‘?EREOHMANCE

Altitude Range

Angular TFOV (microradiang)
Groﬁnd Resolution (meters)
Swath width (kilometers)
Scan Wheal Speed (rﬁm)'
Secan Efficiency

Signal Bandwidth (kﬁzj
Data Rate (MBPS)

Clear Aperture (cmz)

ATS RADIOMETRIC PERFORMANCE

Noise Equivalent Radiance. RV
’ (microwatts/cm“sr)

Spectral Band

(micrometers)
G.42 - 0.52
0.52 ~ (.60
D.63 - .69
0.74 ~ 0.80
0.80 - 0.91
1.55 - 1.75
10.4 -~ 12.6

*
For an albedo of Z0% and sun elevation of 75°.

ke
“TEqual to 0.5°C NEAT.

Table 3_3'

L B30 - 740 R .
(180 - 400 M)

43

4 -°32°
87 - 195
260 - 107
80%
100
240
1340

Tabla .,

A-17

186
13
1z
11
10

8
13

PARAMETERS

185 - 330 XM
{100 ~ 180 NM)

60
11 ~ 28
47 - 87

350 - 175
 Bo%
100
240

95
75
55
LS
75
&6
1607

%
Ha
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CED TECHNOLOGY SCANNER

ADVAN

Figure A-9
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view angles are designed to accommodate a +20 offset pointing capability.
: : ' |
The estimated weight of the instrument is 173 Kg with the cehter%of

gravity located in the plane of the mounting ring. The scan wheel

{
rotating at 200 rpm produces an angular nomentum of approximately:
’ 3

2.4 frfib/sec which is compensated ta-w;thin 0.2 frfib/sec by a 3000 rpm

counter rotating mass,

Thermal - The optical quality oﬁ the ATS'is maintained by holding the
aluminum structure that constitutes the optical bench of the instrument
at a constant 28° +.5°C using a ne;ﬁork of temperature sensors and
thermostaticailymcontrolled strip heatérs. Heater power reguirements
(approximately 50 watts) are minimized by thermally isolaéing the insﬁrﬁ—
ment %rom the surrounding enviroument using multilayer insulatioé and low .

thermal conductivity matérials at the support interface.

The constant Lepperature requirement of the scanner dictates that the
- ] ) ’ - . 0
integrated thermal environment surrounding the ATS cannot exceed 27 C.

-

The avérage_power dissipated by the electronics is qui&e low- due to the
10%.dhty cycie of Lhe instrument; however, the peak power when oﬁefating
is aboué 200 watts, To prevent larpe thermal gradients from being
introduced into the optical structute- the electronics are thermally

isclated from the optical system. Heat generated by the electronics is

conducted to the SEOPS structure via copper straps.

The detectox arrays for spectral bands 6 and 7 require cryogenic cooling.
Both arrays are located in a common dewar and are cooled by a self

regulacing Joule-Thompson cooler. The cooler is supplied by an 11 litre

bottle of argon gas at a pressurao of 6000 psi located remote to the ATS.

UALITY; A=20



3. Llectrical
.Ihe electrical interfgcq between the ATS and the SEQOPS consists of, power
leads, rignal leads,and control Ieéds. The powel requirements are
deotailed in T;ble A-5 . The inéerface betueen the high data rate tape
rocorder and the ATS requires 125 Eviétcd shielded pairs to handle the
serial binary input to the data tracks and a channel for ghe tape

‘xrecorder clock to syanchronize the digital circuitxy of the ATS. The

electrical interface is sumwarized in Figure A-10.

Typical ground commands transmitted and required for normal cyezations
are given in Table A-6 " The vehicle shall supply a clock ¢izpnal for

data synchronization.

A typical telemetry complement would include apprbximately 21 digital
and 32 analog telemctry points: The digitel telemotry provides
verification for all conmand i;puts. Kominal output voltage is 5 wvolts,
Analog telem?try outputs are developed or processedisuch that the

normal output range is zero to +5 volts., Table A-7 ~ gives a typical

list of the telemetry functions monitored,

The operating sequence depends im part on the length of timc between
data runs. If data is being tzken once per orbit the thermal control
system is'l?ft on. The instrument is placed in a standby rode 10 minutes
prior to a data run. This allows the scan wheel to come up to spead and
synchronize. TIn the automabic sequence mode the‘iustrume#t shifts to
the ready'mode after a delay of eight minutes. Ip-thé ready mode,

power is\applied to all circuitry.l The-taking of data is controlled by

starting and stopping the high data rate tape recorder. Manual_overridés

of all controls are also provided.

A~21



Table a-5 ° Power Kequirements

Analog Elcctronics
pigital Electronics

gcan Wheel Drive
Housekecping Electronics

Thermal controel

Total Pouer including Heaters
Required Voltages
4 15V

+ 5V

+ 28V

A-22

78 watts
25 watts
12 watts max.
12 ﬁatts

50 watts max.

177 weax< S

88 watltts
27 watts

67 watts max.
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TABLE A6

ADVANCED TECHNOLOGY: SCANNIR

LCOMMAND REQUIREWENTS

PﬁQMmeerE
Redundent Pouzr ON
'_Tclemetry Pouer O
Power OFF
Focus Forward
Focus Reverse
Electronic Calibratiog o
Radiaticn Calibration OX
Calibration OFT
Heater Contrel ON/OFF
Bands ™ fﬁru 7 Power ON
11 Pasds OFF
Vv/h S%tting

i

Bands 1 thru 7 Gain Normal

Bands 1 thru 7 Gain igh
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TABLE A-7

ADVANCED TECIROLOCY SCANNER TULEMETRY RUQUIREMENTS

DYGITAL TELCHETRY SIGNALS

Primary Power Supply ON/OLF 1
_Redﬁndant Power Supply ON/JOEE 1
Telemetry Supply ON/OQFF . 1
Electronic Calibraticn ON/CTF 1
Radiation Calibration ON/OfF’ 1
Heat Controllexr.ON/OFF 1
Band 1 to 7 Power ON/OFF 7
.Band 1 to 7 Géin RORM/HIGH 7
Pocus Linit ON/OFF .l

ANAT.OG TELEMETRY SIGRALS

Cooler _ Temperature Sensors 2
Structure Temperature Semnsors 8
Band 7 Detector Bias 7
Heater Power’ 1
Power Supply boltage 8
Input Voltage L
Miscellameo;s =3
ORIGINAL PAGE IS 32
OF POOR QUALITY!
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Attitude Stabilitv - The scanncr takes data in a continuous vrather tha

"a snapshot fashion; therefore, the effecp of'raéidual rates is not to
particularly -smear' the image but to displace metrically the location o
cach indivi@ual pixel so tﬁat the_shape-of the reconstructeé image is
distorted. This can, with some incredse in expense and complexity, be

corrccted 'in the ground processing system if the residual rates (about =z

three axes) are rccorded and made available for ground processing.

The gpacecraflt attitude control stabilization requirvements for the scann

are based upon the scan parameters as 'defined bhelow (nominal 458 Ku

altitude) and the geometric accuracy requirements placed upon the system

performance by the data user.

SEOQOPS Scanner Scan Parameters
Angular rasolution (IFOV) = 43 prad
Dwell time pér IFOV = 7,14 psec ]
No., of:IFQV/scan line = 6200 elements
Time per scan line = 44.3 msec
Frame time for 6200 x 6200 elements = 13.75 sec

i1f the requirement is established for maintaining element-to-element
registration from the beginning to fthe end of one scan line, the erroc
is 7.75 prad or 0.1$ of an IFOV for a-scan time of 44.3 m sec and
assuming a Shuttle stabilization of 0.01 deg/sec (175 urad/sec). This

would appear to be an acceptable error.

However, if registration accuracy is to be maintained for a full frame o

6200 x 6200 elements with a total frame time of 13,8 seconds, the error
from beginning to end of frame can be as much as 2426'prad which isg
equivalent to 56 IFOV's. To maintain the frame end-to-cnd registratiom

accuracy to within 1 IFOV, the stabilization requirement would need to



to be 3.1 prad/sec or 1.8 x 10--!é écg/sec. This geometric accuracy
specification would definitely require either-an independently stabilized
platform for the scanner or measurcment and correction for the residua.
rate. :Lﬁxe recommended approach is to

utilize the data from the SLOPS gyro package and geometrica’ ly correct

" the imagery with either onbeard or ground processing.

CBJECT PLANE LINEAR SCANNER

The primary difference between the ohject planme linear scannex and the image

plane conical scanner is the technique utilized for implementation of the
crossTtrack scan, Given'the same basic requirements, such as insgtantancous
fielé of view, swath width, orbital altitudé, number of spectral channels,
and data rate limitation, the pérformance of the two scanners would be
comparable. The peéformancg differences woulé be determined by such
parameters as scan efficiency,.optical transmission efficiency, and detectory

electronics noise. Therefore, this section will be limited to a discussion

of the differences between the two scanner design approaches,

The design concept and mechanical configuration for the object plane linear
13

H .
scanner is shown pictorially in Figuie A-11 . The estimated weight for this

design is 180 Kg with a power requirement of 100 watts. The object plane

scanning is obt?ined by directing the gro&nd scene with an oscillating
scamner mirror éhrough a telescope and relay opties to a series of detectors
ilocated at the focal plane. Spectral definition is obtained by a series of
bandpass filters with spectral separation into the seven spectral bands

cbtained by spatial separation., Data is taken on each half cycle of the

scanning mirror oscillation by use of an image-motion-compensation dual mirro
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FIGURE A-1l

OBJECT PLANE LINEAR SCANNER
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arrangement located in the optical system. The non-linecar scan is monitored
- T

by an optical scan monitor defining start of scan, end of scan, and an

ingsertable mid-scan indication in the data,

The optical systen is compriscd of the scan mirror assembly, the telescope
assembly, and the aft optics asseibly, The scan mirror causes the IFOV to

N . s !
sweep acress the swath. It needs te scan only half of the angle of the full

field~of~view because of the angle~doubling effect that occurs at reflection.

The mechanism has a nearly symmetrical scan pattern; i.e., the wvest to east
forward scan and ecast to west roeverse scan are similar. The departure of the s
the ideal sawtooth shape must be known and repeatable in order to correct for ge

metric accuracy. The fact that the actual shape is different in the forward

and reverse directions adds complexity to the ground processing.

A scan monitor assecmbly is used te produce signals at start, center, and end
of scan, This system consists of a gallium arsenide laser diode emitter, an
wptical projection system, a scries of reflectors, and a pair of detectors.

1

|

The accuracy in measuring the scan position is 0.5 p sec which corresponds

}
to one-~tenth of an IFOV,

The telescope assemnly includes primary mirror, the secondary mirror, a
folding mirror for directing the beam into the aft optics assembly, and the -
telescope structure which provides stable, accurate suppoxrt of the optical
elements and the Image Motion Compensator (IMC). The THC mechapism must
produce an offset of the optical ba2em in the direction of the spacecraft travel
by an amount relatad to the IFOV, the telescope focal length, and the number
of detectors par array. The net cfifect is to compensate for the tilt in the

uncompensated ground scan pattern due to spacecraft motion (Figure A-12.,

ORIGINAL PAGE Ig
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Several requirements are placed on the mechanism chosen te provide IMC  such
as minimal change in optical path length and constant angle of incidence on
the detector plane, The design concept for the THMC uses two votating fiat
mirrors in the Eonvcrgcnt beam of energy loéafed near the imsge plane to
winimize the magnitude of the scanning motion, Tﬁese mirrors are driven

by a.func£ioﬁ generator and sevvo conirol to compensate for the spacecraft
th motion during each scan and resebting at the end of each scan in

preparation for the next,
The aft optics assembly contains a number of opticalfelectronic components,
These components must be accurately peositioned relative to one another and

to the telescope structure, and yct movable by.the two commandable focus

drives (if commandable drives are found necessary).

The focal plane configuration is designed such that the visible and near-IR
spectral bands are imaged directly coto individual silicon arrays. Filters
placed directly in front of thé arrays are used for spectral bandpags
selection. The diode elements provide éﬂe individual field stops for defining

the IFQV.

Energy for the infrared bands passas through a focus at respective IR mask
openings and is réimaged by a relay lens system, The detector elements provi:
the field stops. The relay accomplishes the transfer of energy from the

telescope plane to the location of the cooler and reduces the field stop size

so that detector area and noise can be reditced.

Each of the spectral bands is physically separated from each other in image ¢
(and therefore object space). Thus, they are not simultancous, and coincidemn

is achieved by the scanning motion and subsequent matching of samples.
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For -radiation calibration a lamp source is available and is reflected onte
the detectors by moving a small mirror into the ficld-of-view. Issuing:a

radiation calibration command causes the lamp to be powered by a constant

current supply.

The major séanﬂer design wodification reguired to the E0S design concept

.;n order to make the scanner compatible with SEOPS mission abjectivas
provides for a variable frequcﬁcy-scan mirror drive. With a fixed scan
angle and zero scan overlaﬁ, the scan mirror frequenmcy increases as orbital
altitﬁde decreases, This relationship is shown in Figure A-15 . Data rate
will also increase in the manner described in the previéus section, Thus,
the electronics and interface with the tape récorder would need to be designed
for the maximum_&éta rate (which occurs at the minimum altitude),and over-

sampling will occur’'at higher altitudes.

The increase in scan mirror frequency doeg not appear to present any mechanical

problems down to an operational altitude of approximately 200 n.m.

The only available data from Hughes is shown in Figure A-14 . These two case
indicate the frequency of approach to instability occurs at approximately 18 1
The baseline aperture is 40 em which lies bestween the 38 cm case and the

43 cm case shown, There is,therefore,confidence that this modification will

be straightforward.

For altitudes below 200 n, miles it would be possible to modify the focal
plane configuration to increase the IFOV por detector, thereby decreasing the
scan frequency requirement. TFor example, in order to maintain a maximum scan

mirror frequency of 18 Hz at a 100 n. milc altitude the IFOV would necd to
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be increased to approximately 70 prad as’compared to the nominal 35 prad.

This would still provide HiGH ground resclutiom,

The'other modificéﬁions required for SEOPS operation are similay to those
discussed for £he image plane conical scanner. The passive raéigtive cooley
need§ to be rcﬁlaceé with a solid cryogen, Joule-Thompson or closed cycle
cooler. Off-nadir poinking capability can be accomplished by rotating the
whole instrument about ;ts optical axis (see Figure 4-11 ). The capability
of adaptiné spectral bandpasses within the total detector response for speel
missions can be provided by changing the optical bandpass filters in the

focal plane configuration.
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ATS DATA PROCESSING

Data Editing and Quality Assessment

An assessment of the received data is necessary to identify regions of valid
data and détermining charac+eri;+ics for data cataloging and future processing
scheddiing. Parameters to be determined include data quality, (ile., bit error
ratel, cloua'coveé and failed detectors and other sensor problems related to Tape
area. In %ddifion, a reformaffing function must be performed o compensate for
The.muifipfexing's+ra+egfes'and various sensor configurations which produce a
serial data sfream that hds non-optimum pixel arrangemenfs. For example, the
output format must be band-to-band registered, specfrafiy inferteaved, and
~linearized (éii pixels along & straight lire in sedﬁenceY.

Radiometric and Geometric Correcticn

Ail ATS data will be subjected To radicmetric and geometric correction.

The radiemetric correETion process consists of The éemova[ of all sensor
characteristics sucé as detector banding and éensif!vify jnsfabiiity and data
handli&g'effec+s.

The geometric correction will provide X and Y correction fo an accuracy of
approximately !5 meters, and the image data will be gridded with respect to a
standard geographic projection (e.g., Space Oblique Mercator).

The ATS preproééssing will run as a two pass operation, as shown In Figure
A-15

The first pass through the Data Processing Subsystem is perforied at approx
mately real-time data rates and is primarily for the purpose of screening the da
and éxfrac%ing all tThe neceésary information to perform the radiometric and geo-

metric correction.
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_'Figure A-15, Standard Processing Functions

A functional flow diagram of the first pass preprocessing function is shown
in Figure A-16. The data stripping and timing modules perform basic functions
of stripping and buf%ering Timing date, quality assessment indicafors, calibratic
data, around conTro{ point areas, and ancillary data which has been inserted infx
the video stream on:The spacecraft. The ancillary data includes sun calibra%ion
data, predicted epgemeris, rate and-posi%ion attitude data, Timing updates, atigr

ment information and assessment information.

This data is ;ll that is necessary to radiometrically correct the data and
geometrically correct the data Tg 450 meter location accuracy. The ancilflary dad
assessment data, ground control point areas, and cataldoging information is storec
on g disc for all data on the video tape. Thé video data is reformatted, haé

praliminary radicmetric correction applied, and is presented on an image display

to allow an operator fo assist in data assessment and ground control point area
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sefection. An cutput HODT is not generated normally during *this bass but ons can

be produced at a slower processing rate if a quick look at the data is desired.

Pass 2 - Image Correction. The functicnal fiow of the second pass through the
data is depicted in Figure A-17. Duriﬂglfﬁe rewind of the video }apes in‘pre—
paration for the second pass, the control and evaluation module uses the results
of the first pass fo calculate geometric and radiomeiric correc%ion data based on
the ancillary data contained on the video tape, as wel! as the areas of valid data
To be procéssed. ‘Since the actual image correction of the data is-mere costiy and
slower to perform than is The.preprocessing, Throughput can be maximized by The
elimination of unuseable daTé and Tape geps.

sin x e g .
—— , bi~linear, or cosine as the

Resampling will be performed using
standard resampiing algorithm., Catatog film of fhe corrected data wili be gener-
ated as an off-line function independent of the stendard radiometric and gecmeiric

correction processor.

The hardware configuration for the processor is shown in Figure A-18. It

consists of the following elements:

General purpose computer and standard peripherals,

{

Special purpose processor,

H

Input data preprocessor equipment, and

- Standard equipment.

The general purpose computer is a PDP 11/45 with 64K words of memory. |t
utilizes the RSX-t! D multi~task operating system. All ground control location
calcuiations are performed in the computer but by the use of shuttle rate data
all but one of these ground confrol correlations are over a very small ares

(i.e., about 3 x 3 pixeis). The computer controls and sets up all The special
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hardware and performs all the calculations required to generate radiometfric and

geometric correction functions. The software programs are shown in Tabie A-8

Teble A~8. Software Programs °
Classification Program LisTing
Standard Soflware e RSX~11D Operating System
’ e PDP Disgnostic Software
o Subroutine Library Software
¢ Others ’
Special Purpose o Special Hardware Confrol Software
Processor -Control ¢ Special Hardware Initialization
& Initialization Software
Software e Data Stripping and Storage Software
Application o Radiometric Correction Funciion
Software .Calculation Software

¢ Geometric Correction Function
Calculaticn Software
e Ground Control Point Location

Software

The special purpose processor consists of a radiometric correction module, a

geometric correction and data reformatting module and an operation correction

modufe. The radiometric correction module uses

function generator fo perform sensor correction.

with the proper coefficients from a solid state

can hold up To 19,200 sets of correction tables.

reformatting module consists of an X-corrector,
Y-corrector. The X-corrector performs both the

scan resampling. The solid state buffer memory

a [6 breakpoint table look-up
The function generator is [oaded
shift register buffer. The buffer
The geomeiric correction and data
a solid state buffer memory and a
data reférmaT+ing and the along the

buffers the 200 lines of data re-

quired. The Y-corrector operates on the data in the buffer to provide two

dimensional correction for the scenes where mapping in Space Oblique Mercator or

another rotated projection Is required. The aperture correction moduie consists

~of a 5-line solid state memory buffer and a 5 x 5 programmable hardware correlation-
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filter. The special purpose processor for +he baseline configuration operates at

25 Mbps and processes up to 7 channels in paraiiel.

The input data processor consists of a sync/demux and mode control medule,
a data stripping and timing medule and a récorder control module. The sync/demux
module is a modification of existing hardware, The data stripping and Timing
module consists of the programmable line and elements counters, a solid state data
buffer, a computer infterface and a system clock. This module selects predefined
ground contro!l areas and sensor calibration data from The data stream, buffers the
d§+a and fransfers the data +a the PDP 12/45 general purpose computer for storage
on the Image Data Disk. The-recorder control module consists oé}fwo monitors wh}ch
frack the special purpose hardware input and output buffer registers, a difference
circuit and two driver amplifiers. Thgs module adjusts the tape speed of the input
and ou%puf controliers %o compensate for the different input and cutput data Eates

caused by the along-the-scan-~line pixel distortion.

The stendard equipment consists of a 120 Mbps Widebznd Video Tape Recorder,
a 40 Mbps High Density Digital Tape Recorder and a b!ack.and white 1000 line image
display monitor which can operate in a frame or moving window mode. In addition,
a CCT output capability will be provided so that direct output on CCT, or MDDT-to-

CCT conversion may be performed.

Exfractive Processing of ATS Data
Figure p-19 shows schémafically, a candidate configuration of the required

hardware for the extractive processing and analysis facility.

Corrected ATS data will be analyzed using multispectral fechniques (signature
analysis, classification, mensuration) for the three applications development
missions and for ‘the soil moisture mission. A typical system to perform this

function is the General Eiectric's IMAGE 100.
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The basic function of the IMAGE 100 interactive Multispectral Image Analysis
Sy§Tem is to extract fthematic information from multispectral imagery. I+ is
accompl ished via statistical measurement of the radiometric properties of the
multispectral imagery in conjunction wifa the openafoﬁ's visual and statistical
interpretation of data presented to him. The IMAGE |00's information exfrac%ion
capability is only as gogd‘as the operafér's comprehension of the total information
extraction process; a phofo-inférprefer/s+afis+ician user would be an ideal operafor

(assuming, of course, a complete grasp of the IMAGE 100 concepf).'
The definitions of some key image processing terms/concepts follows:

I Traiﬁing - The process of informing The system which object to
analyze, and tThe system process of identifying the spectral properties
of that objec+‘is‘cailed "fraining" ("Signature Extraction" is used

interchangeably).

2. Classification ~ When the speciral proﬁerTies of the object are found,

the IMAGE 100 System scans The total image (pixel-by-pixel) and de-
termines if the spectral properties of each pixel correlate with those
of the object of interest. This testing process is célled

-"classification".
3. Pixel - Picture element.

4, Theme - Class ‘type, binary map, bi-level map, alarm, classification
result, "Theme" is usually differentiated from "alarm" in the sense
that themes are stored while the alarm is generated in real time by

the set of spectral limits defining tThe original class.

5. Gray Level - A digital processing system quantizes or digitfizes a

continuous distribution of data values into discrete levels. When
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Response’

b

referring to radiometric values of an image the digitized levels are
called gray levels. This derives from the way a black and white
photograph of a single spectra!l image represents different radiometric

values as shades of gray.

6. Signature - A multlispeciral signature defines The characterlstics of
a given object or material as a function of its ref!éc+ance of electro-
magnetic radiation at a number of discrete wavelengths (visible and/or
non~visibie). !"ClusTer" is eften used synonomousl? (see Figure 5.1-20).
A multi-feature signature may include spatial or ofher‘paramefers in

addition to the spectral signature.

/— Vegetation

Soil

P N
- ge” o
. ’9¢‘> /” \\4‘\
= = 4 e )
3 e io
{ vV B G R Rear IH (Refl) Far IR {Thermaly i
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\’—’_W N A T 7
Visible
Light Infrared

Flgure A-20, Typicat Material Signatures
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12,

Training Site - A spatial area, usually consisting of & homogenecus

object or material type, which is used as the data base for de-

termining the object's spectral signature.

Histogram - A frequency distribution. In the IMAGE 100, gray levels
are plotted against pixel counts (enclosed within The fraining area

onlyl.

Parallelepiped - The set of gray levels describing a region in

spectral space. In two dimensions, 2 pairs of upper and Iower.gray
level limits describe a rectangle; in three dimensions, 3 pairs
describe a pafalleiepiped; in four dimensions, 4 pairs describe a
hyperparallelepiped. Offen used synonomously are the ferms "cell"

and “hypervolume",

Maximum Likalihood Rule - A statlistical decision criteria To assist

in the resolution of overlapping signatures; histogram comparisons

are The wasis of the criteria.

Preprocessor - As apb!ied to the IMAGE 100, this refers fo data pro-

cessing;of the raw multispectral imagery prior o signature exiraction

and classification.

General Purpose Transformation - This is a preprocessing functicn

which performs rotation of axis in spectral space. The transformation
has three modes of operation: 1) all axes are rotated 45 degrees,
2) all axes are rotated to align with machine calculated eigen

vectors, and 3), axes are rotated ¢ user specified angles.

Ground Truth - Data which have'been acquired via field Tesfs: high

resolution remcte sensors, etc., and used as conirol information by
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the user during tnhe information extraction process.

Channe! - Dimension, feature, wavelength, band, video axis, when used

as descriptors. Specifically, channel refers to a one dimensional set

< of gray levels which usually represent a single spectral image.

Cluster Display ~ The display of histogram data is in 2-dimensional

format; i.e., two bands are cross-plotfed in terms of {og base 2 of
the pixel counts confained within The cells. Scattergram is used

synonymously.

Cell - A cell is described. by N pairs of upper and lower density
Thresholds., For example, when N = |, a cel!l is defined between two
gray levels; when N = 2, a cell can be descr{bed as a rectangle In
signature space; when N = 3, 8 éell is a parallelepiped. A resolution
cefl is the smallest definable cell based on user-selected density
guantization intervals {i.e., the "effective quantization™). A one

dimensional resolution cell is identical fo one gray level.

The thematic exiraction process is achieved via the following techniques in

approximately the sequence as presented below:

I

The muitispectral image to be classified into themes is lcaded onto

the refresh device.

Preprocessing functions and display conirols. are selected and adjusted
for visual enhancement of area(s) of interest, Image enlargement or

magnification can also aid this visual discrimination process.

A training site is identified by use of the cursor. If a geo-
graphically contiguous fraining site has been selected, The cursor

is adjusted in both size and shape fo fit within the site boundary.
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tf t+ is non-contigucus, any number of cursored areas may be combined
by using the theme synthesizer function. Note that a single pixel may
be identified as the training site by selecting the cross-hair cursor

mode and by formatting the image in 2x format or greater.

%he training site signature is now extracted via the "l-dimensional"
training procedure. The hisTogrém is acquired for each diﬁension
individually; upper and lower limits are seleCTéd for each based on
user specifiea reJection fevels (i.e., percent of'areé under the
histogram curvel). This set of limits defines the multi-dimensional
parallelepiped which is the first cut approximation To the Training

site signature.

The classification of the entire image is immediately performed
folliowing completion of the one-dimensional signature acquisition.
The alarm is displayed on the CRT; errors of commission-and/or

omission are evaluated.

Step 5 mey be adequate for certain class types. [If not, the user may
enter, at his option, any combination of several different médes of
operation:

- One-dimensicna! histogram modifications

- lInteractive signature acquisition

- Multidimensional signature acquisition.

Or, he may choose to pick a different fraining site and repeat the
entire procedure. The new fraining site can be combined with the
original site or used alone. Previous thematic results can also be

used as training sites,
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7. Once the N-dimensional histogram has been developed, the user has
many options available to him to further exploit the data. They

Include:

t

Histogrem displays

1

Histogram thresholding

Cluster synthesis

1

Factor analysis

8. Signature Extension - Signature extension refers to the ability o
extend classification over large geographical areas based on relativ
small training sites. Special purpose "rationing" hardware in IMAGE

100 aids this signature extension function at display rates.

The three IMAGE 100 ratioing fTechniques selectable by the user are:

S,
L (ratio) (n
S,
J
l:_:- t
Si - 5,
'_“T*”_;LT (difference over sum) (2)
S. .+ S,
l; J
!
1
3
e (Normalization)
E' sit (3)
=1
Where i and j = 2 adjacent channels (i.e., | =j, j =14+ 1)
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Multipticative systematic errors are not present in any of the related signals.
The second technique, Equation 2, alsoc tends to reduce the additive errors and has

a computational advantage of beiné bounded (i.e., befween +1 and ~1).

The third technique, Equation 3, is referred o as normalization and is applied
when the systematic errors are approximately independent of wavelength; normaliza-

tion is also‘numerically bounded.
inferpretation of Photographic imagery

Photointerpretation is essentially a manual process, relying on the skill and
experience of a trained photointerpreter, with some machine assistance, to exiract

the desjired information.

The data processing requirements of the three applications developments of
The three applications development missions require photointerpretztion to perform
the following functions:
e Evaluate stereo pairs fo determine and map geographically lineaments
and other features.,
o Perform asrial and 11near_measuremén1§ on forest cores to determine
cores extent and tfree size.
o Evaluate phofoéraphic images for culfural and other indicators of

urban land use.

,These functions will be performed manually using such equipment as viewing
tables, a stereoplotter and coordinate digitizer and fiatbed piottes as aids in
interpretation and presentation of results., In addition, the extractive analysis
system (IMAGE 100) will have fthe capablility of accepting iﬁpufs from fiim d;gi—
tizers and the coordinate digitizers to permit registration and comparison of

photographic and ATS imagery.
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APPENDTX B
INFRARED SPECTROMETER

The Infrarg§,5rectrcmoter (IRS) is dcsigncd‘to obtain spatially iﬁdcpendeﬂt
IR radiances {chot are unbiased with respect to cloud condition) at sufficient
.s?ectrnl and spatial resolutions so gha; the data way be used for determining
the thernal structure of the earth's ‘atmosphere. .This ingtrumenl is a

modification of the sensor currently in operation on Nimbus F.

Basically, IRS is a filter wheel device which scans normal to the orbit planc
with a scan angle of 136.9° about the naéir for earth view. The optical
telescope {ocuses the received radiant energy onto two cooled detectors
(radiant cooled to IZCOK) and a photodiode which is used as a visible energy
channel. , Prior Lo reaching the detectors, tha energy is. spectrally scpa:ated
into long wave (LW), short wave (SW), and a visible corponent, clopped and
bandpass filtered. The thrce detecctors and 17 spectral bandpass filters-afe
used to define the follo%ing channals_(vélues are given in microns):

a) Long Wave Channels (i0§ \

- Seven (7) COp: 14.96, 14,71, 1#.4?, 14,23, 13,97,

13.64, 13,35
1

- One (1) window: 11.11

o2
- One (1) ozone: 8.16 ﬁz;€%5
.0
- One (1)-H,0 vapor: 6.71 Qp"?é‘:é
%

b) Short Wave Chamnels (6) ' ‘%\@{,\
e

- Five (5) CO2: 4.57, £.53, L.46, 4.41, &.24

= One (1) window: 3.70

c) Visible Chanrel (1)
- One (1) visible: 0.69

It is noted that the above channel definitions are nominal only and the

actual channel definition will be determined by the specific sclection of
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the filters usced with that instrument. Provisions are also made in IRS to ,
permit on-board calibrations. This is accompiished by periodically pointing
the IRS acquisition scan miéror at twa interhal targets (tenparature-ﬁontrc¢led
black bodies) and a view of ccld space.
An outline drawing of the IRS instrument is shown in Figure -1 .. %he

. f
optics are designed to view the carth with a 1.5° instantaneous ficld of
view (IFOV). Since the scan mirror stebror motor step is 1.8o between scan
elements, the satellite, for earth scan at a 600 nm circular orbic, will
vield a 42 scan element patternm per eaét*‘scan line as shown in Figuré. B-2
The internal logic is arranged suﬁh‘that after 20 earth scan lines, the scan
mirror is directed to view two internal tlack bodies g&d space for three

equivalent calibration scan lines (With the imstrument commanded to cali-~

bration inhibit, the input view will be a serics of repeated earth scan lines),
s U P |% ;

A high level block diagram of the IRS insrrurent is shown in Figure g.3 ..

. Input energy from the earth view is direcied onto the stepped scan mirror and
\ - .

»

] . ;
thence through a -telescope teo the three detecteors. During transit to the

detectors the energy is spectrally separsted and chopped. The outputs are
' :
then chopped, synchronous demodulated, and integrated as digtated by the data

scan prograamer, The data is then serially A/D converted and stored in the

data accumulator for subsequent readout,

The outpuf Bi phase (BL @) data stream contains among other information, mode

gtatus, time code, scan element aumber and parity .code.

SEOPS todifications

Sdventeen spectral channels were considered a full complement for definition

of atmospheric conditions from ground level to 2 mb, The seventeen filters


http:stcps.er

INFRARED SPECTROMETER

OUTLINE DRAWING

FIGURE B-1
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on tﬁc IRS can be changed in a laboratory without a complete realignment of
; .

the instrument, coffering possibilities of filter changes between flights to

support other user needs. A change in the system could permit a total of as

] . . . . . PP
many ‘as forty fdilters on a filter wheel with combinations of visiblc and

shortwave bands (.4 to 1.1p and.3 to 5p) tdlalling 20, and as many.as 20
longwave (6 to 15p), depending on the trade-off of spectral bandwidth and
radiant sensitivity. For this reduirement the data processing system would
need to be vevised, but the changes could be maintained within the general

framework of the LIRS,

The present IRS cooler subassembly is a modular unit separable from the main
frame. This subassembly contagns the two cooled détectors ;nd their passive
cooling structure. The only optic élemcnts are heat Blocking windows (Irtran
and Sapphire) on the first stage cooler (cone}. For the SEOPS configuration
this housing would become a vacuum enclosure with 2 new detector wount fgr
interiacing to the cryogenic cooling system. A typicél closed cycle system is
designed for similar applications and will be installed in the IRS cooler
module, The choice of cooling method, whether ééen cyele eryogenerator,
closed cycle, solid cryogen or dewar flask has not been made yet, and will

il

depend most on the realiability of perforwance, ease of recharging, and cost.

The Nimbus F power source is -24.,5 volts nominal and supplies three inputs to
the IRS (F/C power, scan power, and electronics power)., Since all of the IRS
input circuits are isolated from chassis, the switch to a positive input would

not be a problem.

An improved method of radiant energy chopping has been devised that eliminates

the need for a separate longwave chopper blade, This modification would



-

-

eliminate a gear set that drives the longwave cheopper and which has caused

degradation of system performance by its geér mesh noise (jitter), It will be
/ ~ L]

most noticeable as an improvement in shortwave signal quality.

Instruvent Performance

A listing of the present radiant sensitivity, HEaN, is given in Table B-1
with the anticipated scnsitivity for the SEOPS model, where liquid nitrogeg
cooling may be presumed, The iwmprovement in Ehe longwvave bands.is dramatic,
bringing the noise levels down to digitizing uncertainties (1.5'count). This
should provide highly acceptable sounding infermation. 1t also indicates
.that narrower spectral bands could be accommodated or the nuzmboer of bands

increased.

A study of the IRS fn Shuttle orbit indicates that the system should work very
%eil. At a nominal aititudenof 200 n. miles the 1.2° field of view interrogates
a 7.65 kﬁ diameter arca on'tﬁé‘earth at nadir. The 1.8° steps are centered

at 11.7 km at nadir, with the swath covering 600 n. miles (1120 km) of the
surface. The scan lines ére no, longer contiguous with FOV center distance of
28 km at nadir along the track., Even with this limitation the system would
provide excellent high fesolution sounding data to cerrelate with Nimbus or

TIROS5 sounders on polar corbits, Therefore, the scan pattern can remain

unchanged.

Interface Reauirements

1. HMechanical -~ The IRS configuration is shown in Figure 3-4, In pax-
ticular, the relative location of the scanning wirror assembly, cooling
panel, clear field-of-view requirements, sun shield, and mounting
oo -

locations are shown., A rvadiative cooler for maintaining the detectors at

R-7



Spectral_1

TABLE B-1

JIRS RADIANT SENST

TIVITY

NEAN {mw m * st~

boem)

Instantancous TFicld of View,

1.

2

o

Channel Band {cm )‘ Wwidth (em ™)
2 669.1 !
2 678.7 13.6
3 690.1 12.6
4 702.2 16.0
5 715.6 17.5
6 731.9 18.3
7 749.1 1€. 4
8 900.0 32.0
9 1223.8 . 63.4

10 1485.1 8C. 7
11 2190.1 22.4
12 2211.9 22.5
13 2242.5 22.9
14 2274.7 35.1
15 2357.2 22.1
16 2692.4 296.9
17 14443.0 892.2
Patch Temp
* 3 ALBEDO

B~8

SEQPS

. GO
.25
.16
.14
.10
.14
.14
.06
.08
.05
.0020
;. 0015
.0020
.00L15
L0015
.0010
.033*

80K

Nimbus

Orbit

.54
.40
.26
.40
.28
.30

.2

118K
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an operating temperature of 120°%K is showny however, this would be
replaced for SEOPS with either a closed eycle or solid cryogen cooler.

The key optical and mechanical parameters are shown in Table B-2

Figure 3.2-22 shows the view factor drawing in the lower left corner. A 104.1°
total view angle is required to permit vicwing of space for a referenée point.
The space look is 65.7° from nadir. At an altitude of 200 nm the horizon is
70.9° from nadiy, in which case the scen mirror would see the earth., Calibration
would then be limited to the use of the two internal tarpgets at 290°K and 255°K.

The system could be modified to see space by removing the 255°K target.,"-

A related problem is that of positioning the system on the Shuttle at a
location that pexmits viewing spacé. If a space look is not convenient .
or possible, the internal tafgets are sufficient for system calibration,
Reflective shields wmay need to 'be added to the system to §reveﬂt‘garth

and space vehicle heat input to the 255 K target.

Electrical ~ Figure B-5 shows the electrical block diagfam for the IRS
instruwent., As can be seen from this diagram, the outputs éf_ﬁhe three
detectors are fed through signal processing networks to the énél&g
multiﬁlexer. The output of the analog multiplexér is then converted to a

digital signal in the analog-to-digital converter and then stored in the

data accumulator.

The power input to the system is through three (3) pouwer input filters

designated Electronics, Filtér/Chopper, and Scan Motor input filters.

Also shown on the block diagram is the various telemétry outputs and

command inputs. The key IRS electrical parameters are given in Table B-3

B-10



TABLT RB-2

i ]
_IRS OPTICAL/MECHANICAL PARAMETERS

* OPTICAL
@ Spatial Resolution: 26 millirvadians
¢ Earth Scan Angle: i36.90 ref, Hadir ’
g lain Optics: 5.9 C.A., F{1.7
0 Detectors: LW HgCdTe (photoconductive)
S¥ Insb (photovoltaic)
Visible SivyD
¢ Chopping Fregquency: LW 900 + 50 Hx; Su/Vis. 390 + 10 Nz
e LW/SW Operating Temp: 120°9K
HECHANTCAL
¢ Size:r 52 % 20 x 45 cm
¢ Weight: 33 Kg R
¢ Uncomp, Angular liomentum: 0.CG1 fr, 1b, sec.
¢ Tenp. Range: +33C to +45°¢C
o Scan Mirrov Step: 1.8°
i ' . :
i i : ’ t” : : ' :
i v : : ‘ ) ! :
i, i i o : : ] . '
P 1 . i .- ! ll . :
S P . : i ; .
©, % - TARIE B-3 . : i : : :
L t ! . ; B 1 : i
§ l P ! ' : : E - :
... IRS EIECTRICAL PARAMETERS - ;
, i v o R [ . :
b .. ' ' i
@ Power: 23 watts avg. at 28 VDCliot including instantancous
peak while stepper motor steps)
e Overvoltagé: Survive contiruously - 20 to 34,3 volts DC
e Clock Signals Required: 400 Wiz
@ Data Rate: 2339.83 Bi ¢ Bits/sec.
o HNumber of Commands: 20
o Digital B Tim: 10 -
6 Analog Tlm: 23
ggleﬂm, PAGE'Ig
POOR QuaLyjy
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telemeﬁry functions as indicated in Tables B-&4 and B-3.

The IRS experiment can be operated in any ome of four (4) distinct modes

as follows:

{(a) Minimum Satellite

(b)

Thé purpose of this wmeode is to maintain the experiment in a
Ystandby! status while cdns&ming a minimum amount of electrical
power, The command status is as follows:

Filter/Chepper Motor OFT

Scan Motor OFF

Electronics Powex OFF

=Cooler Cone Heatex 6FF

Patch Heéater ON

Filter Wheel Heater ON

Coolexr cover can be either “stored" or Ydeployed."

Launch

The purpoze of this mode is to keep the scan motor and the
filter/chopper motor running during the launch to reduce the’
likelihood of brine}ling the meghénism bearings. The command status
is as 'follows:

Filter/Chopper Motor ON

Scan Motor ON

Electronics Power OFF

Cooler Cone Heater QFF

Cooler Cover "Stored"

Patéh Heater OFF

~ Filter Wheel Heater OFF

B~13



TABLE _ B-4

f:?

COLMAND FUHCTIONS

e

Filter/Chopper Motor ON
rilter/Chopper Motor OFF
Sean Motor ON

Scan Motor OFF
.plectronics O

Electronics orr
Filter/Chopper Mode High
Filter/Chopper Mode Normal
Cooler Cone HeateT o=
Cooler Cone Heaﬁe;‘orF
Cooler Cover Eﬁablé& Stere
Cooler Cover Eﬁbble,%Daploy
Cooler Cover Stoxe

Cooler Cover'Deblog

Patch ligcateT ol

Patch Heatef OFF

Filter Vheel Héater o
Filter Wheel Heater OFT
Scan Mode OFF

Scan Hode'ON

B-14



TLY FUBCTIon SLCMAL TYPL SAMP SEC,
FILTER/CHOPPER MOTOR ON/OCE DG ® 3716
SCAN MOTOR ON/OFY DG B 3/16
ELECTRUNICS Oi/OFF nic B 3/16
FILYLER/CHOPILR MODE NORM/ULGH DIG & 3/16
COOLER CORE BLATER ON/OFF DIG B 3/16
SCAR MODE OFF/OW DIG B 3/16
COULER COVER ENARLE STOR/DEPLOY DIG B 3/16
COOLER COVIR STOR/DLPLGY DIG B 3/16
PATCH UEAIER ONJOYF DIG B 3/14
FILTER VHLEL UEATER ON/OFF DIC b 3/16
PATCH POWER ALOG 1/16
F15VDC ELLCTRONICS TOWER A1.00 1716
«35VDC TLLCIROGICS POWER ALOG 1/16
+10VRC LOGLC POWER (UNREG) ALOG 1716
+5 VDG LOGIC PORER ALOG 1/16
-15VDC TLLEMETRY POWER ALOG 1/16
DETLCTICR BIAS (IWL) ALOG 1/16
/0 MOTOR CURRENT £1.03 . VAN
SCAR 1OTOR CURRENT ALOG 116
" COOLER COVLR POSITION ALCG 1/16
SCAN HMIRKROR TLHPLRATLRL ALOG 1/16
PRIMARY TRLUSCOPT MIRROR 1EWP ALOG 1/16
SLCOUDARY TELESCOPL MIRROR TEMD ALOG L1716
¥/C HOUSIRG TEWMP #1 ALOG 1/16
F/C NOUSIAG TIMP, 2 ALOG 1/16
F/C HOUSING TEMP, #3 ALOG 1/16
F/C HOUSTRG TEMP, 4 ALOG 1/1p
F/C JOU0R TEMP, ALOG 1/16
RADIAIT CONE TEMP, ALOG 1/16

RepIANY COOLLR HOUSING TIMP. ALOG 1716
VIO TEMPLRATURE ALOG 1716
BASTPLATE TEMPERATURE ALDG 1/16
DLLCIRONICS TEMPERATURE ALOG 1/16
O
2,
Op 4y,
20,42
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(¢} TPre-Conditioning

The purpose of this mode is ‘to permit the experiment to reach «
the desired operational temperatures for the varicus elements
priorx tg the actual data gathering seqguence. The command status
is as fellows:

Filter/Chopper Motor ON

Scan Motor ON

Electronics Paver OX

Cooler Cone éeater ox

Patch Heater ON

Coolex Cover.”Storcd”

Filter Wheel Heater OR

(d¢) Operate
This mode is used to gather seusor data from the {fully operational
experiment. This mode is the same as the pre-conditioning made
described above with the following exceptions:
'Cooler Cone Heater OFF

“Cooler Covef "Deploycd”

B-16



AFTERDIX C

CORRELATION INTERFEROMETRY FOR THE MEASUREMENT
OF ATMOSPHERIC TRACE SPECIES (CIMATS;

PURPOSE OF THE EXPERIMENT

The CIMATS experiment is designed to provide for the obtaining, from an
orbiting spacecraft, of measurements which w;ll furnish data on gaseous trace -
afmospheric constituent densities, The experiment is designed for the remote
measurement of the abundance of 2 number of these species.. Each of these gases
has different problems and hence different ﬁwasurement requirements., Ii is not
'suggested that any one experiment can provide all data needed for the solution of all |
problems of poilutants and cther minor species of the atmasphere or even that for
one species. However, CIMATS is capable of making a variely of measurements
helpful for these solutims, The approach suggested herein is to utilize an orbiting
platform for mapping glabal concentrations and determining the vertical profiles

via imb transmission.

The measurements of a wide variety of trace spebies in the atmosphere
inciuding those classified as pollulants are important for many current and future
studies., Varicus anthropogenic processes, such as the incomplete combustion of
fossil fuels used fo}r the production of heat and light so prevalent in our present
state .of industrialization, generate numerous species which tend to build up in the
. atmosphere, changing its composition and thus affecting numerous pr’oéesses ime-
portant to mankind. It should be noted, of course, that species classified as pollutants
occur naturally and are thus constituents of the natural atmosphere, but.are referred
to as pollutants when their concentrations are significantly, often drastically, in-
creased by introdimtion of Iarge amounts from anthropogenic scurces, The importance
of pdllutants and their mezsurement has been discussed in detail in many places
(Befs. 1, 2, 3, 4). The most important pollutants are NO, NO,, N,0, NHS, s0,, CO,

002, and 01{4.

CURRENT STATE OF KNOWLEDGE

Requirements for Pollutant Measurement

A number of attempts have been made to list requirements for pollutant

measurements, In general, these have been concermned with very localized grownd

c~1
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level concentrations - that is, those which are of most immediate importance to
sociely. Although the correlalion interferometer can contribute fo such measurements,
the proposed experiment relates to remote satellite-based measuremenis. Tor such
conditions, requirements for both tropospheric and stratospheric measurements have
been given by the RMOP report Ref, 5) and some of {hese are noted in Table ¢-1.

The concentrations of the various pollulants vary drasticallj from the unpoliuled levels
(some of which are only roughly Imown) to levels of the order of a hundred times that

of the background. Thus a wide range, as noted in the last columm of the table, must

be covered in any measurement.

I addition to the RMQOP requ’}rements, Table ¢-1. algo list the capabilities
of the correlation interferometer to make many of the desired measurements. It
should be noted that the instrument could be adapted to measure various other pollutants
and trace species - e.g., ozone, specific hydrocarbons, formaldehyde, nitric acid,
elc. - but it is felt that the most important use of the correlation interferometer in the
near future is for the measurement of those spec{es for which its capabilities are

" noted in Table ¢-1.

In order to oblain data on hoth iropospheric and stratospheric densities by
remote sensing techniques, two fypes of measurements are needed. One measurement
is that looking downward to obtain the contribution of the gas through the troposphere
to the ground by developing a map of the density of a column of the gas above the map
locations. The olher measurement is that which looks outward through the atmosphere
toward the sun to obtain information on the vertical profile of the gas concentration

in the stratosphere.

Capabilities of Tnstruments

Numercus technigues have been suggested for the remote measurement of

. poliutants. All the techniques involve the measurement of radiation to determine
either ils absorption or emission due to individual species, Most technigues operate
in the ix ureci region of the spectrum since there most of the species of interest have
distinctive spectra features, and further, the scattering in the atmosphere isnat a
majox factor above 21, Further, since in the measurement of polluiants, effecis

of the gases near the ground are most important, the techniques are best when

¢-2



‘TABLZ

-1 REQUIREMENTS FOR POLLUTANT MEASUREMENTS AND CIMATS CAPABILITIES

RMOP RMOP
Measurement CIMATS Measurement
Accuracy - Capzabilities Accuracy
Requirements (Trxoposphere) Raeguirements
For Gases In Sensi- Wave- ¥For Gascs In
Constituent Troposphere™ tivity  lemngth Stratosphore™
(Pphb) (pph) (1) {ppk)
C’Hd £00 100 2.35 200
CH,,0 2 ~2 3.5
CC 10 10 2.35 10
COZ 500 3000 2.0
HZO ) 20%
NHS 10 1 2.0
NQ 10 - 100 .
TTx
NO : ¢ 5,2 10
NO, ¥ 3.45 10
[4
NZO 2 2.9 50
x
SOZ 0.5 - 0.5 7.3 0.5
Re;crence 5.
2.5(1) = 2.5x 100

With Accurahe Temperature Pro;.llm

CIMATS
Capabilities
{Stratosphere)
Sengi- Wave-
tivity  length Suggested Range
. (ppb} (u) (atme ~crn. )
<100 2.35 2507 - 2.2(1)
.10 2. 35 lo 7(2) - 8n ?(O) B
<3 2,0 5,6(1) ~ 3.6(3)
0% 2.7 5.2{(1) ~ 3.4(4)
l 2-70 . 101("‘4) - 7 2('—2}
1 5.2 8.8(-5) - 3.2(-2)
2 3.45 8.8(-5) - 7.2(-1)
2 2.9 3.5(-2) - 3.6(0)
<X .
0.5 | 7.3 5,3(~5) ~ T.2(~3)



observing radiation below about 3.5 due to almospheric emission and olher effects
at greater wavelengths, Thus the oiathnm:a region for working is hetween 2 and 3.5,

although for some gases it is necessary to work at higher wavelengths.

There are several requirements for remote frace gas measurement techniques.
“These include specificity for gases of interest, sensitivity and range of measurement
speed of measurement, simplicity of operation, ability Lo make measurements of
- several gases, and instrument size, weight, and power. A number of optical technigues
‘were compared in a previous study (Ref. 6). While this was specifically intended {or
the application {0 CO measurementis the conclusions are qualitatively applicable to the
measurement of many other gases. The following signal to noise ratios were calculated

for instruments operating at 2.3 p.

Hadamaxd Spectromeler 1.7
Derivative Spectrometer 0.2
Correlaiion Spectromeicr 1.7
Gas-Filter 20.

Fluorescent Chopper 2.8
Interferometer-Spectrometer 2,4
Correlalion Interferometer 31.

The siglai to noise ratios indicale the capability of the technigue {o use weak

lines in measurements, This capability is desirable so that the gas burden has a
nearly linear effect on the signal and that a wide range of densities can be covéred.
These results indicate that a number of ‘techniques lack this capability. In addition
to this difficulty most techniques have other problems. Tor example, a high-resolution
interferometer-spectrometer has a long scan time resulting in poor temporal and

- spatial resolution, In addition it must be quite large and have a very high data rate.
The gas-filter instrument is dependent on the absence of overlapping lines and cannot
make a meaningful and accurate limb measurement because of Doppler shift. The

fluorescent chopper also has this latter problem.

Considering all aspects and requirements of the measurements, the correlation
" interferometer offers the best practical method for oblaining data (fo grouwnd level)

on a number of pollutanis,

G-4



THE CORRELATION INTERFEROMETER TECHNIQUE

Interferometry

The use of spectral techniques {or the remote measurement of concentrations
of trace atmospheric species is dependent on séparating the effects of the species
being measured from those of all olher species present in the optical path. In fechmigues
where a paxt of a épectrum is measured, the separation must be obtained by sﬁectral
resolution, Thus, some ssparable part of the spectrum must show an appreciable
effect of the species being measured and any significant effects of other species must
be such that they can be eliminated. I a different technique.is used, effects must
obviously siill be separable but the separation criferia is no longer spectral resolution
bul 2 type of resolution peculiar to that technique. Such a technique is interferometry.
In this techniqufa the separation is accorplished by a resolution of path differences.
While there is 2 relationship between speciral resolution and the resolulion of palh
differences, it is not always 2 simple relationship such as the reciprocal of the path

difference scanned.

. The instrument developed for this program is a correlation interferometer.
The following discussion will describe the basic theory of its operation in some detail,
A more detailed description of the theory of the technique and the feasibilify of its vse
-for the measuremenis of methane and carbon monoxide has been discussed elsewhere

(Ref. 7).

An intexferometer is shown in Figure ¢-1. The aséential elements are a
beam splitter and two mirrors, plus a detector to measure the radiation output. Light
_from the source is incident on the beam splitter, B. Atthe beam splitter it is
divided into two paths; one portion of the light goes to one mi_rror, Ml; the other
porlion of the light goes to the other mirros, 1\’.[2. The two portions recombine at
the beam splitter and the intensity of the recombined light is registered by the
detector, D. The intensity of the radiation received by the detector will depend on
the difference between the lengths of the paths traveled by the beams in the two arms.
The length of the path F—Bnml-B-D can be made different from that of the path
F~B~1\'£2—B—D. If the two optical paths are exactly the same, the path difference

C=3
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Figure ¢-1 Interferometer and Interferometer Output



(delay®) is zero, and there is 2 peak in intensity. For monochromatic radiation -
entering the instrument, if the path difference is increased by one-half the wavelength,
ihe intensity reaching the detector goes down essentially to zero. If the pa:th difference
is increased again to one wavelength, another peak occurs., This sinusoidal oscillation
gbout a2 mean level repeats at inlervals of oné wavelength as the path difference is.
scanned, For polychromatic radiation, the effect is the sum of many such sinuscids,
one for -each wadvelength. The instrument actually does a Fourier transformation of
the spectrum of the radiation entering. In most interferometers, ihe path diiference
ig changed hy shifling one of the mirrors, a-process which causes some unnecessary
glignraent problems. One of the features ofthe correlation ‘interferometey is that
tile problem of having to scan and maintain the position of the mirror accurately is
avoided by having fixed mirrors and tilting aplale of refractive material in one arm
of the interferometer. Many interferometers have such a refractive plate, but generally
' itisleftin a co.nstant position. Rotating the plate varies its optical thickness and has
the same effect as moving one of the mirrors baclx and forth without the alignment

problems,

Spectra, Intexferograms and '"Redolution'

The 1eldt10nsh1p bhetween the spectrum of the radlatlon and the intexferogram
of the radiation is given by the cosine Fourier transformation. The interferogram
signal, I, as a {unction of path difference, X, which results from the spectral input, S,

(a function of fréquency, v) is given ’by:

0

I =2 [ 1 (V) cos @TVE) dv.

S
H

If essentidlly all the information on any given species ‘(the major.effect of that
species on the interferogram)occurs over a small part-of ithe interferogram, only
that range of path difference need he scanned. The operation of the coxrrelation inter-
feromecter involves the ireatment of that part of the interferogram data fo obtain
species densities directly without the need to produce a spectrum by Fourier trans-

formation. With such an operation, the concept of speciral resolution loses meaning.

*The term. ''delay" refers o the difference in phase for radiation traversing the

two arms. This is relaled to the path differcnce by the velocity of light and the
frequency of the radiation,
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When the effects of the gases of interest are confirsed to a narrow spectral
region aﬁd the incoming radiation can be band-limiled by filters, the sampling theorem
gives another useful relalion between spectrum and inlerferogram, namely that the
interferogram need only be measurcd al points whose spacing is the reciprocal of the
spectfalband width., That is, the useful information is contained. in the modulation
envelot)e of the interﬁemgram‘ and that the rapidly fluctuating carrier-wave form is
redundant. In the correlation interferometer, the carrier is removed by heterodyning
the signal, using a k;cal oscillator. Eliminating the carrier and working with the
envelope greaily reduces the sampling accuracy required. By heterodyning the inter-
ferogram with a cogine or a sinusoidal variation, the inferferogram is reduced to its

essential variations.

The Measurement in the Presence of Interferents - Correlation

The optimum measurement thal can be meade is g‘iven by combing all intensities
of the various points of the part of the heterodyned interferogram of interest in a
manner related directly to the inlensity of the signal shape. That is, a weigﬁtiug function
or correlation function is generated and the measurement is the iﬁtegral of this correla-
tion function times the signal over the delay range which is-scanned. This integral is
direclly proportional to the optical thickness of the gas I;eing measured, When there
are no interferents, the signal-to-noise ratio in éuch a measurement can be shown
to be optimum when the correlation function looks exactly in shape like the interfero-
gram of the desired gas. Now consider that other gas species may affect the signal
received, The correlation fimetion is again vsed but is no longer matched exactly
to the desired gas signal shape. It is adjusted so that, when it is cross-correlated
with the interferents and the result is integrated over the range scanned, all the
positive correlation regibns are balanced exactly by the negative correlation regions
of the interﬁerez}t effects, so that the tolal area under the curve; i.e., the confribution
of the effect of interferents to the result of the measurement, comes out to zero.
This is done subjéct to the constraint that there is still as laxrge a positive correlation
between the correlation function and the desired gas as possible. The result of the
measurement is still proporiional to the desired gas buvden. In principle, if there
are a numnber of interferents of this sort, rejection of these interfercnts: can still be

achieved so long as we have at least as many independent points to describe our
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correlation function as we have gases which are affecting the radiation, Any of the
gases which affect the inferferogram may be taken as the desired gas and an appropriate’
correlation function generated. Then, the data can be used to give a separate measure-

ment of each gas, and, if necessary, this.may he done in parallel and in real time. .

The correlation function {o be used for the measurement of a specific gﬁs is
found by aeteminhlg several inlerferograms for various combinations of amounts of
the gases which are interferents, all with the same amounts {"the nominal amomt")
of the gas being measured, and one interferogram with a different amount of the
(the targetl amownt") gas being measured with one of the same interferexit combinations,

These interferograms are the calibration data,

In choosing the conditions for the calibration interferograms it is necessary

to include all the gases which affect an interferogram which would be produced by the
correlation interferometer over the delay range and with the optical range of densities
of these gases to be encountered in the measurements. It is better to make measure-
ments by interpolating between calibralion points than to exirapolate beyond a calibralion
point. It should be noted that it is not necessaxy to know the identity and the amounts

of interferent geises but only to be sure that they are present over the required range.

Of course, in calibrating, the identity and amounts of the gas to be measured must be -

known.,

In order fo calibrate for atmospheric gases the atmosphere itself provides a
suitable calibration situation, Thus it is possible to obtain conditions with a sufficient

‘amount of water as well as any wlknown interferents.

Advantages of Correlation Interferometry

One of the most significant advantages of {he correlation interferometer is its
ability o measu.re species densilies wilh high sensitivity and speciﬁcity using very
weak absorption bands, such as the ove}‘tone and combihation bands in the reflected-
solar region, (The very difficult CO measurements, in the presence of substantial
atmospheric interference, at 2.3 is an example.) TFor ihis reason, the correlation
interferometer is the only technique known to have the capabilify of monitoring the
concentration, the disiribulion, and the effects of many species in the atmosphere

near the carth's surface even in the presence of atmospheric temperature inversion.
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In addition, {he correlition interferomeier has a number of advaniages over
other dispersive and non-dispersive techniques. These, of course, include the
Jacquinot {throughput) advantage and the Fellgate (multiplex) advaniage, common
to all intérferometric techniques. (See Ref, 9 for a discussion.) Other advaritages

include:

Short time scan: A measurement time of a second is very short compared

with the time of scanning of an interferometer such as a Michelson inter-
ferometer which may be of the order of minutes since the scan may cover
up to 10 cm rather than about a millimeter as in the correlation intex-

ferometer.

Convenient outpul: 'The ouiput of Lthe correlailion interferometer may bhe

either one number for each species for each measurement period or, at
most, 64 points per interferogram which easily can be preocessed redl time,

thus eliminating data storage and exiensive data processing problems.

Compact and flexible ingtrumentaiion: The correlation interferometer

with associaicd electronis is small and, although complex in understanding,
is simple in operation, with a minimum of moving parts. Changes in

species !.o_:be covered are readily implemented.

Mapping and limb modes: The correlation interferometer is able to make
measurements both downward looking (and hence defermine effects through
the temperature inversion and to the ground) and limb-looking (to obtain

stratospheric verlical profile data),

If a comparison of the correlation interferometer is made with dispersive IR
techniques, it shbuld be noted that the major problem is that of light throughput of
the lattgr instruments; and, because for many lines there is serious overlapping -
indeed for lines of many bands which may be useful, practically all lires are

seriously overlapped - the resolution requirecj can be prohibitively high.

If a comparison is made with other techniques which accept moxe light than
the dispersive techniques, if can be said that effecis of interference are generally
much better minimized in the correlation interferometer technique. Other fechniques -

even those with so-called "infinite resclution”, such as those employing a gas-filled
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cell as a filter - are bothered by any overlapping lines transmitted to the instrument
gince the overlalpping parts of any lines of an interie\rent gas act to the ins'trument
as the gas itself. Allthough such overlapping affects the intexferogram obiained by
the correlation interferometer, the instrument is capable of overcoming such

effects in most cases.
THE SATELLITE AS A PLATTFORM.

Mapping Mode

The correlation inlexferometer is designed {o defermine the absorption of
the gas of interest, in 2 column between the source and the instrument. The measure-
ments.are to be made in {wo modes - mapping and limb., In the mapping mode, the
instrument's field of view is in the nadir direction from the platform to the earth's
surface measuring the radiation reaching the instroment, and hence the absorption,
as a function of time. The radiation measured is a combination of that from three
sources — solar radiation reflected from the earth's surface, earth radiation, and
radiation from atmospheric gases. The relative amounts of radiation from the three
sources depends.on the wavelength and on ground and atmospheric temperatures., At
wavelengths less than about 3.5, the feflected solar radiation predominates while
above about 3. 5u; earth radialion dominates over reflected solar radiation. When
earth radiation dominates over reflected solar radiation, atmospheric emissivity
may be great enough to dominate over the earth radiation. This is true in the case
where there is a temperaturé inversion 1§lyer. Such radiation is also important where
the atmospheric tempe::atui*es are nearly as great as that of the gromd, This results
in a lessening of the effect of low-altitude gases on the absorption and a reduclion of
the sengitivity of aﬁy optical absorption measurements to low-altitude gases. Thus,
it is better to work at wavelengths below 3.5u. Here a molecule neaxr the ground has
as much effect as one in the upper atmosphere. In the event higher wavelengths are
used, as they must be for some gases, it is necessary to use an accurate atmospheric
temperature profile and to assume a relative vertical distribution of the gas being
measured. With such information, absorption data can then be analyzed to produce
density dala. However, for use of radiation of wavelengths less than about 3.2 to 3.5,
the density figures can be immediately oblained from the instrument data. 1 should

be noted that the correlation interferbmetry technique for this appiication works well



with comparatively weak bands which lend to be overiones or combinations and to
occur at comparalively lower wavelengths than do most optical techniques. Thus,
this technique tends to avoid complications of other techniques and to be able {o
obiain importimt data on pollulant concentrations and disiributions near the earih's

surface.

;The most desirable spalial coverage and spatial resolution is determined
b;s; a balance between the instrument parameters and data requivements. The data
‘needs depend on the extent of sources, ihe lifetime of the gases, the densities of the
gases, and the relative amounts of the gases in clean and polluted regions. Since
the data required for ihe solution of different problems -rec;iuia:e different spatial
cdverages, the experiment is designed to produce data with a variety of spatial

rescolutions dependent on the platform and its altitude and on the £ore-optics employed.

The spatial resolution of the insirument is determined by the field of view.
For the correlation interferometer, the maximum symmetrical field of view is 7% in
diameler - this limit being determined by the difference in phase of the lightas a
function of the off-axis angle. From an altitude of 600 nautical miles this would give
a ground resolution of 73 miles. This, of course,-can be varied by choice of fore-

optics,

A2° field of view would give a spatial resclution of 21 nautical miles (39 km).
The field of view can veadily be made larger than this to suit the desired measurement
requirements, A 2° field of view would give élobal coverage in two months at the
eguator, while GO would accomplish this in twenty days. Regions away from the equator

would be covered more rapidly.

The scan time of the correlation interferometer is about oﬁe second in the
present operating model. The orbital motion of satelliles correspond to ground
speeds of the order of 4 miles/second. Thus a 21 x 21 mile field of view (20) is
displaced in the direction of vehicle flight by 4 miles, so that it takes about five seconds

to complelcly change the field of view.

A field of view 21 x 21 miles or larger square area is suitable for a satellite
flight. The spatial resolution and spatial coverage so obtained would be reasonable

for the test of the instrument and for'the obtention of significant pollutani density data,
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If faster data acquisition is desived for more rapid global coverage, the field of

view can easily be changed by degrading the resolution. This need not be a2 symmetrical
change. In order to increase coverage while preserving the iemporally~determined
resolution in the dirveclion of the vehicle motion, the field of view could be changed to

a rectangle with the long dimension transverse to the ground track (e.g., 29 x 60)

either by using anamorphic fore-oplics or by a%tering the shape of the interférorheter

field stop, or both.

The correlation interfefometer accounts for changes in albedo within the
field of view during a scan by means of a fast AGC channel. This continuously monitors
the average lighl level within the field and accordingly normalizes theimain channel
output. ‘Differences in albedo wilhin ihe instrument field of view are compensated‘fdr
by means of a field lens in the fore-optics. This leng disperses the contribution of each

element in the field of view uniformly over the field stop of the instrument,

Limb Mode

Operation of the insirument in the limb mode involves looking from orbit
through the earih’s limb at the sun. The path passes through the earth's limb at
tangential altitudes from ground level up through the earth's atmosphere. The lower
Iimit is determined i)y aerosols and water vapor confent. The upper limit is dependent
on the tolal density of the absorbing gas in the path. By obtaining column densities
with a variety of ta:ﬁgential altifudes and by inversion of the data, a vertical profile
of density will be obtained, The resolution atfainable in the verticle profile is, £0r-

a platform altitnde of 600 nautical miles (1100 lon), of the order of 7 k.

Orbit Consideralions

Since it is desirable to cover the entire globe in the mapping mode, the primary
ohjective, a bolar orbit is desirable, This limits the limb measurements o the polar
regions. The variation with latitude of siraiospheric pollutant concentrations is slight
for some pollutants while more significant for others, This, in general, is probably
not 2 serioug variation. It is considered morxe important fo obtain nearly global
gcoverage in the mapping measurements than to extend the limb measurements over

a larger latitude range.

¢c-13



Satzllite orbils such as that of the Nimbus satellites are highly inclined in
order to permit maxiimwn observation during daylighl. The sun nominally lies in
the orbilal plaﬁe at all times. This requires that the satellite oxrbit be wilhin 10 degrees
of the polar axis. Due fo the nearly polar natuxre of the orbit-and the limited variation
in angle between the plane of the ecliptic and iﬂe eavth’s axis, the limb transmission
expe'ﬂment can be performed only at laiifudes between the poles and the Arctic and ‘

Aniarciic circles, the axact localion depending on lime of year.

Asgsociated Dala Reguirements

In addition to the data acquired by the coryelation interferometer, certain
other data are required for reduction of CIMATS data. Suc_h data should be available
on 2 satellite. These include latitude and longitude, ali:itude,‘ sun angle, time, and
atmospheric temperature, The latitude and longitude is that of the point on the ground
directly under (nadir to) the spacecraft. The sun angle is needed for the lmb
measurements. From the location and the time, the angle of solar reflection on the

ground can be determined and ithe path length and geomelry can be calculaled,

In order to treat data for thost measurements which are in the thermal IR,
accurate temperature profile data are required‘ fo determine the-efiect of atmospherie
emission on the signal. No definite statement can be made on the accuracy of the
temperaiuore measurements since the effect of inacenracies on the calculated burden

- depends on the temperature profile and in the éase of a temperature inversion, even
complete ascuracy of the temperature profile cannot yield data on the conslituent
density below the fop of the inverson layer. ¥For a "slandard' {emperature profile
with ne inversion layer, accuracies of betler than 9° ére rec_luired and in some cases,

. (¢}
accuracies of I are needed.

In addiiion to the five {ypes of data noted above, data on the amount of
atmogphere in the pail and on ¢loud cover ave required for any inferpretation of
data, The CIMATS package includes another optical sensor., Thisis a radiomete}“
with a filler such thal the major absorbion is that of the v

-2\?2, and 4v —\)3

1 2
bands of 002‘ The intent of this measurement is to determine the amount of absorpiion
g0 as 1o give the amounl of 'C()2 in the path. Since for most regions the normal CO2

background mixing ralic can be assumed, the amount of 2imosphere through which
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the radiation has passed can be delermined. This amount of almosphere is dependent
on atmosphere pressure variations, and the altitude of reflections which is in tarn

dependent on the altitude (@bove sea level) of the ground and on the cloud cover.

Data Reductlion and Apalysis

The major dala which ave telemetered {rom the vehicle will be a 64 point
heterodyned interferogram. However, the data useful fo any user are the densities
of the pollutant, Thus the telemetered dala must be treated 1%0 obtain these densities.
The heterodyned interferograms must be multiplied by & correlation function as
described above. The correlation or weighting functions will have been previously
obtained in ground-based calibration. Thus the instrument with the associated
ground-based data (real time) reduction will provide densities of each of the pollutants
under examination. In addition to the interferogram dafa the associated data will

permit inlerpretation of the species densities,

The mapping mode provides a columm density of the gas of inlerest. In the
non-thermal nfrared where 2 molecule neay the ground has the same effect as a
molecule in the sfratosphere, any relative distribution can be assumed and the
concentration profile defermined. ¥ a constant mixing ratio is assumed the concenira-
~ tion at ground level is given hy:

Column density

Co T 2 x8cale height

In the thermal infrared where the temperature profile d-rastically aifectls the
net absorption, a molecule near the surface has much less effect on the signal than
does one at'higlix altitudes. A strong effort is made, therefore, to work absorption
bands out of this region. The inferpretation is much more difficult in such cases
and the accuracy, especially that of low altitude effects, is much worse. The analysis
of data in the thermal infrared with this technigue, just as with olther teclniques working
_in this region, involves fitting the data to an assumed relative mixing-ratio profile and
a temperature profile both of which must be accurate. An iterative procedure is
required to obtain agreement between the signal received and {he profiles. In most

cases-a variety of gas—conceniration profiles would fit the same measurement data.

For the limbh mode, a more complex model is needed (Ref. 10). The
atmosphere is divided into a number of layers, within each of which the comyposition
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is agsume to be uniform. At a given altilude, an inner shell or shells with an
altitude thickness of u scale height contributes about 7.0% of the optical thickness,
so that unfolding of the data to obtain an allitude concentration profile is not a

serious probiem.

Corroborative Measurements

Although data from CIMATS, along with supporting and housekeeping data
as descyibed above, are essentially sufficient to meet the objectives of the flight
mission, itis highly desirable to conduct corroborative measurements, especially

al an early stage of the {light mission, to validate the quality of the CIMATS daia,

Corroboralive measurementis can readily be ohtained from the ground by
spectrometric measurement viewing the sun through a column of atmosphere. An
ideal method to acecomplish this is to utilize a Fourier-transform specirometer

system currentiy being modified at NASA-Langley specifically for such measurements,

By propeﬂy locating the instrument in a relatively uniform, unpolluted area,
such that the atmosphere viewed by the ground spectral measurement is representative
of the atmosphere seen by the larger field of view of the CIMATS-satellite instroment,
valid 'compa'risons can be made. ' The ground location can, of course, be changed, as

desired.

In addition, specific areas of inferest can be monitored, as necessary by
;
airborne sampling and remotie sensing devices, as well as by ground-based spectral

measurements.

Physical Paramelers

The satellite instrument will weigh approximately 50 Ibs. and will consist
of the oplo-mechanical and electronic subsystems. The opto-mechanical subsystem
will weigh approximately 40 Ibs., occupy a volume of approximately 2 fts, and will
be made up of the Corning ULE frame and components, the thermoelectric cooled
detecior, the calibration cell, fhe telescope, and the retaining siruciure. ’.I‘he
clectronic subsystem will be packaged in 2 module of 6 x 6 x 6.5 Inch dimensions,
Power reguirements will be approximately 15-20 watts for the elcctronics plus

approximaiely 16 watls {or the def;ect_or thermoelectric cooler.
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PHENOMENA TO BE OBSERVED

The measurements to be made with the CIMATS instrument are the column
densifies of a number of the pollutants listed in Table ¢-1,  Until a gpecific flight
at a known date is selected, it is premature 1o select the species to be observed. I
such an opportunity were available at this time, the list would include those given in

Table c-2.

TABLE ¢-2
OPERATING CONDITIONS FOR THE CIMATS SENSOR

GAS DELAY RANGE (mm) FILTER (u)
CH, 2.7 -~ 4.0 2.3
co 2.7 - 4.0 2.3

co 2.7 - 4.0 2.0
1,8 2.7 - 4.0 2.0

.NO 2.6 - 4.0 5.28
N0y 8.3 ~ 10.9 3.45
M50 2.7 ~ 4.0 2.9

NH 2.7 - 4.0 2.0

S0, 7.0~ 9.5 7.3

- The column densities of these gases would be measured in both the mapping
and limb modes. As mentioned above, it is highly desirable to use bands appreciably *
below 3.5 since {his avoids the drastic errors introduced by atmospheric emission
and has no larpe errors due to atmospheric phencomena, the most serious suggested,
scatiering by aerosols, being, in the opinion 6f most experts no more than a few
percent at wavelengths of 24 or higher u:nless the atmosphere is guite hazy. Thus all
the gases listed except NO and SOz, and to a lesser extent NOZ’ would be out of the
thermal infraved. In the mapping mode, for most of the gases an aceuracy of less

than 10% exror would he expecled, with CO H20, and N20 having errors probably

2’
below 5%. For limb measurements, a 10% or betler accuracy can he expected

except for NO which would be expected to have an error of the oxder of 20 -.30%.

The column dengity data are obiained by direct treatment of the 64 points of

the inierferogram as described above.

C-17



REFERENCES

1.

8.

G.

0.

Robinson, E., and Rebbinsg, R.C.: "Sources, Abundance, and Fate of
Gaseous Alimospheric Polintants, ! Stanford Research Institute, Final Report
on Project PR-G755, Febh. 1967 and Supplemental Report, April 1871,

McCormac, B M., ed.: "Introduction to the Scientific Study of Afmospheric
Pollution, '* D. Riedel Publ. Co., Dordrechi-Holland, 1971.

Singer, S5.F., ed.: "Global Effects of Environmental Pollution, ' Springer~
Verlag, New York, N.Y., 1870, )

Stern, A.C,: "Air Pollulion,* Academic Press, New York, N.¥Y., 1968,

NASA Langley Research Center: "Remote Measurements of Pollution, "
NABA 5P-285, Aug. 1971,

Bortner, M. H., and Kummler, R.H.: "Potential Techniques for the Remote
Sensing of CO, " Report on AATE Contract NAS1-10139, Feb. 1971,

Boriner, M. H,, Alyea, F.N., Grenda, R.N., Levy, G,.M., and Liebling,
G.R.: "Analysis of the Feasibility of an Experiment.to Measure Carbon
Monoxide in the Atmosphere, " General Electric Co. Report on Contract
NAS1-10139, March 1973,

. Plyler, B.K., Benedict, W.8., and Silverman, 8.: J. Chem. Phys, 20,

176 (1952).

Bell, R.J.: "Introductory Fourier Transform Spectroscopy, " Academic
Press, New York, N,¥., 1972.

Venkateswaren, S,V,, Moore, J.G., and Xruger, A.J.: J. Geophys. Res.
66, 1751 (1961).

Cc-18


http:Experiment.to

APPENDIX D

MICROWAVE RADIOMETER AND SCATTEROMETER

A Background

The Radiometer/Scatterometer (RADSCAT) experiment was the first integrated
active and passive, microwave remote sensor to be flown in space., Its
objectives vere to assess the ability of microwave sensors Lo measure earth
physical sciences phenomena in order %o provide future remote sensors with
optimum performance tailored to a specific application. More specifically, the
radiometer/scatterometer (RADSCAT) portion of the experiment was designed to
acquire data and assess the feasibility of microwave techniques‘for sensing
wind veloeity and direction, sea surface roughness and wave patterns and

several other related phenomena.

* For purpeses of this discussion the succeeding sections will be
: .
. !
limited to the radiometer/scatterometer portions.

The radiometer operation is based on the principle of thermal emissions from
an object in the ﬁicrowave region. The thermal energy emitted by any object
above absolute zero {(0°K) may be modeled with the aid of the concept of .

emissivity; that is, if the object were a perfect “black body" its “brightness

]

temperature" Tp would be Tp =¢€To  where Ty

¢
To

brightness Lemp.
surface emissivity
phyeical temp.

it

if

In the case of the ocean's surface, the emissivity is a complex function of



frequen;y, polarization, angle of incidence, complex dielectric constant,
physical temperature and roughness. The first three parameters are fixed by
the system in-use while the next two do not, in general, vary grsatly over
small distances or in short time intervéls:- Thus the brightness temperature
responds mostly to changes in roughness which in turn is directly affected by

the wind. The radiometer is an extremely sensitive, stable receiver which

measures total noise power within a Einite brandwidth B according to

P = kI,;B
where T, is the "apparent antenna temperature" and is related to Ty, the
microwave brightness temperature by
Ty = Ty 6, ) G, (8,8) da 6,(8,0) = ant gain
function
e
Thus, every time the radiometer makes a meésurement, it .outputs a voltagé
proporticnal, to Ty, which in turn .can be related to Tpe
Included with the antenna temperature measurements are periodic
calibraté and baseline data points which serve to establish s&stem gain ﬁactor

and linearity.

The scattercometer is a radar which measures the amount of énergy.baékscattered
from a target instead of range to the targét. The measurement is accémplished
by trénsmit%ing fairly long (narrow band) microwave pulses and estimating the
return signal power (the term estinmate ié used here since ghe process isg
essentially of Gaussian statisties in presence of Gaussian additive noise) ..
through filtering and detection. Since different incidence angles produce
different Doppler frequency shifts on the return pulse and since the geometry

and configuration prohibit extremely high transmitter powers, it is also
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necessary to employ several filters and integrate several return pulses in
order to make an accurate measurement of Pg, the return signal power. Through
the process of periodic internal calibration sequences the instrument also
measures its own transmit power, Pp. T the ratio of Pp/Prp can thus be formed
L] o * -
it is possible to measure € - the normalized radar backscattering cross
. s
section. As in the case of radiometry's € , & is also a function of

frequency, angle of incidence and polarization as well as surface roughness,

The relationship between 0% and PR/Pq is derived from the familiar radar

‘equation
§° = f4Ts’)gR4° Pp 14
S Pr Jej (Y)F (Y da
A
where R = slanit range to the target

A= wavelength of microwave energy used
L. = one way atmospheric loss term

G%tﬂ= antenna gain function

¥(?9= two way auntenna pattern function

A = area illuminated

In this case,(fo also responds to ‘changes in surface winds as per the
following description. As the wind velocity increases above (approx) 2m/sec,
capillary waves are generated whose wavelength is on the order of a few
centimeters, These capillary waves increase in amplitude as the wind speed
increases, giving rise to a "rougher" ocean surface which in turn makes qa°
appear largar. The magnitude of this phenomenon is maximized when viewed
with enexrgy of the same wavelength as the capillary waves, that is X to Ku

band. At incidence angles hetween 95° and 55° it has been found that 5



and integration conmands and the data A/D conversion and formatting into the
PC@ data stream for recording on the EREF tape racorder. There were four basic
scan modes which had several aliowable sub modes depending on polarization,
initial‘scan—angle or radséat Seque£ce desired, The system was more complex
than would normally be required for an operational sensor because of its

experimental nature.

C. Data Outbut and Format

T#e Radiometer/Scatterometer data was formatted inte a 5.33 Kbps, bi phase
coded’ (M5B first) PCM data stream and recorded {(after multiplexing with several
other EREP cxperiments data and the master tim;.code) redundantly on 2 of the 2B
tracks of the EREP tape recorder at 7.5 IP3. When the

15 band multisp;ctral scanner was operated the tape speed automatically
changed to 60 IPS producing é momentary loss of data through distortion. The
output data frame consisted of 200 10 bit words arranged in & subframes of 50
each., TFrame time was 375 m sec, subframe time was 93.75 m sec (375/4) and
word time was L1.B77 m sec. The data frame was divided into 20 6 word blocks

(5 per subframe) which contained the essential science and status data. The
remaining words (80 per frame, 20 per subframe) were devoted to synch (3 words
per subframe) subframe ID (1 word per subframe) and analog houselkeeping
telemetry words (4 groups of 4 per subfra%e). Figure D~1 shows the basic data
frame. In any particular vadscat operating mode the 26 bit status word in

each 6 word measurement group would indicate what type of data was to be

found in the two science words ~ i.e., scat signal plus noise (VSiN) scat

noise (Vy), scat caln(Vc), rad ant tewmp (Bgp), rad cal (Epg) or rad

baseline (Egp).  If the measurements had not been A/D converted by the time

the associated roll gimbal angle was read into the group, then bit 17 of the
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increases generally according to a power law relation such as

g ¢ = xd vhere K = constant
u = wind speed
N = exponented 1- 1.5

as the wind speed increases, It has also been noticed that there is a
définite direction dependence at work here also - that is, the magnitude of ¢ ¥
varies as the relative angle between the wind direction and sensor viewing

azimuth is wvaried,

The Radiometer/Scatterometer was designed such that nearly simultaneous rad
and scat data were cobtained from the same point on the earth., In this fashion
it was felt that a more complete description of the physical phenomena could

be made and the complementary nature of the two techniques evaluated,

B. Sensor Operation

The Radiometer/Scatterometer was located outside of the habitable portion

of Skylab an@ requ’red three electrical interfaces - power, command and data.
The instrument waseoperate& by an astronaut ecrew member through switches
located on the Command and Display (C&D) panel. Several operating modes were
available for dat; collection depending on the position of the desired target
and whether altimetry or radscat data was required. The crew member would
select the desireg operating configuration, havinglcontrol over scan mode,
polarization, offsct angle and either altimeter or radscat operation and then
turn t%e instrument on, All operation from this point was automatically
controiled within the experiment by digital‘logic which generated the necessary
scan drive signals for the two axis controlled parabolic antenna, the mode

sequencing and timing signals, the transmitter pulses and FRF, the radiometer

eirciulator switching sequences, the scatterometer gaim selection, filtering
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status word would ba set to a ¢ indicating old data to be ignored. Also
included in the 20 bits were indicators of which-gain ehannel, Doppler filter
chanuel and polariszation the measurement had occﬁrred at. In this fashion

an individual @aa;urement'group centained 21l reqﬁired associated information
‘for processing plus had the attendant pitch and rcll gimbal angles also. This
was exitemely iméortant gince different scat readings (at different gains or
angles).were done with various Integration tiﬁes-which had to be accounted

for in the processing. The four possible radiometer integration times were
identified. through a combination of knowing the scan mode being operated and

the commanded angle in the mode sequence,

D, Processing Requirements

The basic algoriéﬁms required to convert the instrument science data into
values of Ty or G ° are not extremely complex and are both linear (or first
order) functions. Through analysis and simplified mcdels of the radiometer and
scétteIOmeter two_aléorithms were derived which required not only instantaneous
science word data’as inputs but various supporting information such as

physical temperatures (for determination of reference leoads in radiometer as
well as physical!temps of waveguide losses), status words to determine
integration times, filter gains and polarizations and, of course, the pitch

and roll gimbal angles for IFOV coordinate caleulation. TFigure D2 is a block

diagram of the functional processing requirements.



L, Corvection of science woxd for integrator dri
o (11) 5
Vj = Vj q (Tey 5 - (IT) x drift

Vj = ray reading from data

cor*ected reading

q = integrator offset factor
(IT)j= integration time
(TC) .= time comstant

drift = integrator drift factor

.3~ calculation

. (TT)
. v Loy Y LTC /s o Fsin o Cstn |

S N ;'I:)N Ty Gy J

PR KC * C ~

T

Pr  XRKgp- g 15V
t T el s o Eshi 4 Csin
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|-i

o b
€1 +3
Y

Kec,KR, Kr = waveqiida
cal losses

84N = S8ig plus moise meas.
N = Noise measure
C = Cal measure
F = Filter factor
G = Gain factor

3. Range, angle of incidence calculation frOm vecuor calculations in an earth
centered orbit geometry

4. Antenna Illumination Integral

g ¢ @ £ aa T 6l Ty 1 R? secet
A

B, = angle of incidence
R = slant range
5 Hy = nominal alt - 435 km
‘GO ']'_9 = ant integral constants supplied from

cal tape
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5. Radar Backscattering Cross Section ~¢°

3 B .ot
o _ ﬁéj[%r_li_ 0 Lily © Pp © es; Ll&? = loss const
Cf = P\ Eor S GO ) +E(W)dA A= wavelength
- A
The output data.required consisted of the following parameters:
TIME
. SCAN MODE
CHMD ANGLE

PITCHH ANGLE

ROLL. ANGLE

THCIDENCE ANGLE
(Vv or H)

TANT (V or y)

ALTITUDE

RANGE

IFOV LAT

IFOV 1LOW

SUBSAT LAT

SUBSAT LON

SAT PITCH

SAT ROLL

SAT YAW.

In addition, c&nversions of housekeeping telemetry values to engineering

units were required. These were accomplished through inputting the cal curves
into a c?l tape in a mﬁltiple order curve fit and then calculating the required
engineering unit given the telemetry valué as input data. This requirement’

does not appear in Figufe #2.

A similar situation exists for processing of radiometer data to obtain antemna
temperatures: Here, however, only %our integration t}mes are possible and less
Mode/angle/temp dependant correction needed‘éo bé done. However, due to the
statistical nature of the radiometer measurements it is necessary to obtain
stétistics {mean, etd dev) of the calibrate and baseline values. TFigure D-3
shows the réquired radiometer processing to caleulate the antemna temperatures,

The algorithms used herxe are shown below.
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Ty + 7T - -
TIART = ¥y T2 + (Kp .~ K3 = KT, + K5 Egp =~ Epy o
2 , B - Bop | (1 = T2l

TI‘T2 -~ reference load temps

~ physical temp of

™
o :
circulators

KI,KQ,KB,K&,Kﬁ = losg const

Ty = RQDT \xy \
%{Q,T) - correction for pol
leakage and phys temp
of antenns

The radiometer processing alsc makes use of several internal telemetry points

a8 does the scat apd therefore requires their processing and output.
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SCATTEROMETER PROCESSING
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RADIOMETER PROCESSING,
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APPENDIX E

ELECTRON ACCELERATCR

The electron accelerator will be used to study the excitation of neutral components
of the upper atmosphere zud of plasma compoments in the ionosphere. It will also
be used to map magnetic field lines of the earth, to determine the magnitude and

direction of the electric field in the ionosphere and to study the excitation of

plasma wave in the ionosphere,

GENERAL DESCRIPTION

Configuration. The Electron Accelerator is a modular subsystem of the AMPS Particle

Accelerator System. In this system spacecraft 28 VDC power is converted to 500 volts
by subsystem A and the 500 volts is utilized to charge a capacitor bank (subsystem B).
Power from the bank is further converted to 30 KV (max.) by subsystem C. The output
of this supply establishes the accelerating voltage for the electron accelerator,

The accelerator‘is in the form of a filament héated cathode electron source followed
by a géntrol grid, an acceleration region, diverging and converging lens electrodes
and final accelerating electrode. The beam emerges into a magnetic field region .

supplied by two sets of coils to provide steering and/or scamning. The accelerator

and its power supplies are pallet mounted.

Specifications.

Beam Energy: 1 - 30 KeV

Beam Energy Spread (QAE/E): £ 0.1

Beam Current: 0 -'7 AMPS

Operating Modes

a) DC

b) Pulsed - Rep. rate and pulse duration variable within .05 duty ecycle at

max. power.

=1
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¢) Modulated - amplitude ofloo%, frequency 0-10 MHz with .05 duty cycle at max.

power,
Beam Angular Divergency: jﬁo max,
Pitch Angle Variabilicy: 0-180° magnetic deflection plus wehicle orientation.
Power Input: Voltage(s): 28 VnC
Standby Power: 400 Watts
Average Power: 5 KW QR&;
. - O'P'PWAL P
Max. Power: 10 KW OO}E AGE’
QUy, - &8
Planned Epergy Consumption: 40 KiE/Day Max. .&ziﬁP

The dimensione and .weights of the accelerator and its associated driving system are

‘as rFolliows:

Systen Dimensions Volumes Weight
(meters) (m3) (kg)
Power Unit (A)* ~0.5%x 1.0 =x0.5 - 0,245 45
Capacitors (B)* 8.5 % 3.0x 1.5 2.0 LY}
Powar Unit (C)* 1.0 x 1.0 = 0.5 0.5 110
Rlectron Accel (EL, 2, 3) 3.0x 1.0x 1.0 3.0 40.5
Pulse Program Box (B4)*% - 0.1 4.5

OPERATION

Pointing Accuracy. The accuracy of pointing the axis of the electron accelerator

should be within 46 degrees.

Stability. The spacecraft stability should be 1 degree/sec or less.

Spacecraft Altitude. The altitude of the spacecraft should be known to within 1

degree,

*Note-Tf the Ton Accelerator MPD Arc and Bigh Voltage Plasma Gun are flown they share

some subsystems.
Pakre 2

"~ 1--nead in onerator's console.



Timeline of Operation. The Electron Accelerator will operate for a2 maximum of

4 hours per day. Standby operation weuld occur only during this four-hour periocd.

Complenentary Operatlon., The Llectron Accelerator will bé used in conjunction with

an assortment of particle detectors, electromagnetic wave receivers,” Lom probes,

T.V. and spectroradiometric instruments both for diagnostics of the beam.characteristics

in the vicinity of the accelerator and for the sensing of remote phenomena generated
by the electron beam. The beam diagnostic equipment must have its controls and data

output correlated very accurately in time with the accelerator time varying parameters.

Constraints. Operation of the azccelerator should take place im the ionosphere at a

minimim of 200 km altitude.

CHECKOUT AND TEST

Boresighting Requirements. Because the pointing accuracy is +6 degrees only a

méchanical alignment should be necessary.

Prelaunch Checkout. Low voltage subsystems would be activated and housekeeping para-

meters observed. Production of accelerated electrons would not be possible as a vecuum

4

environment is reqguired for this operation.

Preflight Calibration. Hone

lgjiight Calibration. Inflight ecalibration would be performed only if some or ail

of the AMPS Particle Accelerator Beam Diagmostics Group are also flown: The fvequency
and duration of calibration are TBD but would be performed at least once, at the

beginning of acceleratoxr opsration.



CONTROLS

The Electron Accelerator will be controlled from a console in the orbiter aft cre v
'Séatién. The accelerator design would require approximately 12 control functions
transmitted to the pallet mounéedASubsystems for operational contfol. Included in

.these are the following:

Subsystem ) Contreolled Parameter

Capaciter Bank Charge Current
High Voltage Switch (HVS1) (&4 position)
PPUL Output Voltage
PPUL Output Current
Control Grid Voltage
Contrel Grid Frequency
Cathode Heater .
Diverging Lens Voltage

" Converging Lens Voltage
%-Z Sweep Ceil Voltage
Y-Z Sweep Coil Voltage.
Control Console Powexr ON/OFF

T EHEHEEEEHOGO R

Details of implementing these controls are IBD. However, the design would probably
require analog control lines Irom the consocle to the accelerator subsystems capable
of supporting signal baundwidths up to 10 MHz. Several of the control functions will

need rapid time sequencing. This will be accomplished by a programmable pulse program

box. Details of the box are TRD.

DISPLAYS

Approximately 10-20 parameters relating to accelerator opexration will require displays.
Some are slowly varyi;g while others can oécur with repetition rates up to 10 MHz or
can be-transient {(one-shot) pulses with widths as short as 100 manoseconds. It w£11

be necessary to view the pulse shapes of a number of the rapidly varying parameters

correlated in time. TIn addition, some of these pulse shapes need to be permanently

stored as scientific data, Probably the best way to accomplish diSPIay-is with several

E-#



fast digitizers with selectable sampling frequency up to 100 MEz and storage of
the digitized pulse shapes id wemories for immediate recall to a CRT display (s).
The parametexs which reguire pulse shape dispiay are!

System Parameter

PPUIT OCutput Voltage
PPULL Output Current
Accelerated Current
Accelerating Voltage
Grid Current’

HMHEAEOQOQ

In addition to these parameters all operational and housekeeping parameters should
be sampled at.a lower rate and displayed, probably on a CRT with commandsble digital

format, It is estimated that there will be 10 to 20 such parameters.

DATA

Scientifig. The electron accelerator will generate slowly varying (approximately DC),
moéulatad (up to 10-MHz) and pulsed (as fast as 100 n sec widths paramecters. Scgientific
data storagc-w&ll require retaining the pulse shapes of §evera1 of the pulse parameters
or of sampling several cycles of the modulated parameters and storage of tﬁe shapes

of the parameters. TFor the rapidly varying parameters probably the best way to

handle the data is with fast digitizers with selectable sampling rates to 100 MHz

and storage of the digitized parameters associated memories (already mentioned in Dis
play secticn), before merging into the shuttle systems. There will be two such accel

erator scientific parametexrs. They are as follows:

‘System Parameler Bandwidth (MHz) Bit Rate (KBPS)
E Accel, Current : 10 2.5
E Accel., Voltage 1 . 2.5



Housekeeping. There are'yoth approximate D¢ and time varying parameters to be
stored and merged with the scientific data. The peak or average yalues of the
time varying parameters would be stoved. At the present time it is estimated

that rhere will be 15-20 of these parameters which should be sampled at .1/sec,

digitized to & bits for a total rate of approximately 16 bits/sec.

DEVELOPMENT STATUS

Forerunner Instruments. Electron accelérators up to 40 kev enargy have f£lown on

several rockets with successful results. Although the current capabilities of the
present accelerator are higher than the rocket accelerators, the systems involved
should be within the atate of the ayxt. In addition, the menual programming offered

by the capabilities of the shuttle systems, should add appreciably fo the successful

operation of the accelerator.

Problems. 7Two principal operational problems require attention. It must be insured
that vehicle neutralization is achieved during electron accelerator operation. Also

possible contamination cf the accelerator cathode during prelaunch operations and from.

shuttle contaminants during orbital operations require consideration,
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APPENDIX T
OFTICAL BAND IMAGE AND PHOTOMETER SYSTEM (OBLPS)

The objective is to obtain radiometrically quantitative monochromatic images of faint,
transient phenomena, such as natural azuroras and %rtificial auroras and glows
produ;ed by chemical tracers and other perturbation phenomena. The optical pass-
band of each photometer unit has a preselected W;velength interval whose center
corresponds to tﬁe wavelength of the band or line emitted by a particular molecular,
ionic or atomic species. Thus images are obtained of the distribution of particuvalar

excited species.

The pointing is dome either manually or by computer, Where the atmosphere is

perturbed so as to emit, the direction of the phenomenon is calculated and the units

are turned automatically in that directiom,

Two units have narrow fields of view and their objective is as photometers to
measure the radiance in a small region rather than as imaging sensors. Their
direction is controlled manually by observing the TV images of the wider field

5ens80ys.

The units are versatile and modular and can be adapted to a wide range of experi-

ments. Interchangeable filters and lenses are part of this versatility.

Configuration -~ The number of units is TRD, but tentatively there are 4.

A cover is necessary t? eliminate contamination of the optical surfaces. A door,

located between the lens and sunshade, slides open just before data taking.

Each unit has a sunshade which is collapsible to save space when the instrument is
not in use, It is large in order to provide baffling against off-field radiation.
An important case is viewing air glows above the horizon during daylight. This

requires high capability for off-axis rejection.



The lenses have different angular fields of view and are interchangeable between
missions. The apertures are large in-oxder that faint glows may be sensed. They

may be either mirrors, transmitting lenses or a combination.

To make the image monochromatic, interferénce filters, absorption filters or g
combination wmay be used. In some cases the imagery may be broadband. The filters
are interchangeable during a mission so that different species may be observed

for different experiments. A simple method of accomplishing this is with a turret

mount, if space permits.

Two deteckors é;e TV cameras and are ;nterchangeable for different missions.
Candidate cameras are the 40 mm Silican Intensifier Target and the microcharnnel
plate with charge coupled detector which is undeF'devalopment. The requirements
are high sensitivity, guantitative accuracy and good background suppression.

One of the cameras may be UV, depending upon tge mission. The detectors for the
photometers are photomultipliers, one of which may be UV.

All units are located on the pallet.

Specifications

Spectral Characteristics ~ The spectral chzracteristics of the instrument

are determined by the characteristics of the filter and photocathode. These are

selected for the particular experiment or mission.

Resolution and Sensitibity - The angualr resolution of the system is determined

by the focal length (and th;s the total field angle covered)'and the size and
resolution of the TV subsystem whHich should be capable of 200 TV lines at
a faceplate illumination of 10-6 meter~candles at 5400 A and the spectral
response definced by thé §-25 photocathode‘;urface, or alternatively a surface

of lower resolution and higher sensitivity, or one sensitive in the UV.



Tield of View - The field of view of the photometers vary from %0 to 2

with a variable field stop. The TV systems have fields of view from 5° to

1600, depending upon the choice of lenses.

The off-axis rejection must be as high.as possible in order to exclude spurious
radiation from lower levels for observagions at higher levels where the radia-
tion'is faint. This is especially important during daylight. A nominal
desired objective for a 10° field lens is 1070 rejection at the axis for radia-
tion 2° outside the field of view. If a 160° lens is used the -off-axis

rejection does not meet these specifications.

The geometry of the platform and gimbals permits an unobscured field over
a full hemisphere or 2 steradians. Booms in the field would cause a severe

flare problem during daylight.

) .

One configuration is photometers abk two different wavelengths, a TV with a
5° field and a TV with a 20° field. Another is both TV's with the same

field but at different wavelengths,

Data Collection Rate - The scan modes are; (1) a conventional TV raster at

30 frames per second, and (2) integration modes at 1/10, 1,2,4, and 8 seconds.

All units are synchronized to obtain temporal registration later.

Each TV has a bandwidth up to & MHz. The photometer have a bandwidth of 20 khz.

The 2 TV units and 2 photometers have a total of 8,040 khz.

_Power - Each TV unit requires 20 watts average at 28 volts and a maximum of
40 watts. For 2 units this requires an average of 40 watts. Tor 2 units this
requires an average of 40 watts and 80 watts maximum. The standby power is

18 watts. ZEach photomultiplier unit regquires 5 watts.



Physical Dimensions and Weight « The weight is estimated at 100 kg for 4

units without the steerable platform, however, the baffling shields to winimize

stray radiation, may cause the weight to be significantly greater.

The size of the camera unit, filter and lens is 0.2 x 0.2 x 1.3 meters. The

shield may be as large as .9 x .9 x 1.8 meters giving a total length of

3.1 meters.. It may be possible to fold up the shield when not in use in order

to save space.

_OPERATION

Pointing Reguirements ~ Pointing accuracy to 2° is required. However, the
attitude knowledge must be known to .02 degrees. This accuracy is necessary

for the analysis of injection experiments.

cra e . . . . - - . <0y .
Stabiliation and Tracking Requirements - Angualr rates less rthan 1 /minute

are required.

Timeline of Data Ccllection - Typically, the time and direction of a particular

phenomenon has been calculated previously and the instrument pointed toward
it. Just before data collection the protective cover or door is opened and the

calibration source put in place and turned on., It is turned off and removed.

- {A design which permits calibration without moving. anything may be feasible.)

1

The selection of the particular mode of operation is made and datg taking

starts. The location of the glow on the display shows the place where the narrow
field photometer should be pointed and the direction of the system is trimmed
manually to put the photometer on target. The end of the scientific data

is ended manually, for example, when the glow on the display disappears.

The calibration cycle is repeated and the door is closed.
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Complementary Operation - The OB1PS is operated to,observe the glow caused by

atmospheric experiments {(as well as passive operation), such as plasma injection,

chemical injection, artificial meteor production and accelerator operation.

Constraints - The sun cannot be viewed without damage to instrument, Daylight
reduces or eliminates the visibility of the phenomena, however, some daylight

observations are planned.

CHECKOUT AND TEST

Boresighting Requirements - Boresight between the photcmeters must be accurate to

0.01 degree, or the resolution of the photometer if it has a'greater angle, This
must be checked via the displays. The inpul teo the subsystems to perform this is
TBD. 1In addition, the orientation of the photometers with respect to the space-

craft attitude indication mwust be known to .02 degrees.

Prelaunch Checkout - Checkout can be accomplished with collimatoxs focused on

film images and observers looking at the TV displays for clarity.

Preflight Calibration - A calibration cyele is performed and the measured values

compared with a GSE standard source which is placed in froant of each subsystem.

Inflight Calibration -~ The calibrition cycle is performed. The source to be used

is TED,
CONTROLS
. Mode or Operation Number of Positions
1. Door open/close '2‘
2. Sunshield in position 2
3. Aperture control 10
4. TFTilter selection 3 to 10

5. Gain . 10



DISP

6. #ode of TV operation 6

7. ©Pointing NA
8. Calibrator position 2
9. Calibrator light on/off 2

LAYS

The

displays includc once video TV monitor for each system and one light each for door

open, sunshield position and calibrator position.

DATA
. 8cientific Data ~ The maximum video output is a bandwidth of & HMz for each unit,
for a total of 8 MHz. PFor some modes the actual data rate will be considerably less
In addition, the photometers have a digital bit rate of 40 kbits/sec.
Housekeeping Datra. - The following housekeeping parameters are recorded:
Temperature of each TV sensor, .accuracy one degree, range - 20 to 440°.
Pointing direction, accuracy .02 degrees.’
‘Time of the middle of every TV picture accurate to 0.003 second, at a maximum
rate of 30 timés per second.
Control settings of each item listed above
PROBLEMS

Design and Manufacturing - The primary problem areas are the TV sélection and

development, the pointing problem, the spacecraft location accuracy, the off-
axis rejection specification, and calibration. HNone of these should prevent oper-

ation but may require compromises. Considerable work on optimization and trade-~

offs is required,

The developmerit of TV semsors which go farther into the ultraviolet would give

added versatility and utility.



The most critical factor in determining the performance is the TV which

must be extremely sensitive and quantitative.

Operational - There are no critical operational problems. A boom or any part of

the spacecraft in the field of view will cause flare during daylight and

obliterate the images.

A possible solution to the problem of preventing the lower atmosphere from causing
flare during daylight is to use the spaceecraft to block the radiation reflected

from the earth and lowar atmosphere.

¥-7



OBIPS Data Handling Requirements

The toral QRBIPS data handling requirement for a particular mission depends upon
the number of subsystems flown. Requirements established in following sections
are preliminary and are likely to be changed.later. MHowever, these requirements

illustrate the general magnitude of the'data handling task.

DMAGING SUBSYSTEM DATA HANDLING

With world time and astonomical look angles- appearing within the raster the
peripheral data requirement is substantially reduced without serious degradation -
to the imaging data. It is reasonable at this stage to assume that the remain-
ing 4 kbps of peripheral data can be packed into the vertical interval thus
incoxporating all relevant data to the subsystem within one channel. There,
presently exists sufficient information bandwidth within the veritcal interval

to eésily accommodate "the vequired data.

If transmission (or recording). bandwidth requirements do not permit more than
one imaging system to operate at a time field switching may be‘employed to matrix
multiple cources to f£it the reguirements. This method is further enhanced

when all peripheral data is packed in the vertical interval giving each frame

the ability to stand alone while remaining completely referenced.



Imapging Subsystem

Video Dals
To include world time and look angles within raster via
character gencratlor,

Required bandwidth -~ 4 MUz

Peripheral Data . 8 bit words
Spacecralt position 480/sec "3.84 kbps
Housekeeping

Integration Mode
1 word/sec
Filter Selection

Camera Temperature 1 word/sec
Aperture . .04 kbps

Shutter 1 word/sec
Calibration Light 3 - .
Filter Temperature 1 word/sec
Source ID 1 word/sec
Video Requirement - Q:Mﬁz
Peripheral and Housekeeping ~ 3.88 kbps

PHOTOMETER SUBSYSTEM DATA HANDLING

- When operating at a typical dynomic range of 2.5:x 105 each
photometer will ‘generate roughly 8 kbps of raw data. If only one is
operating then the toéal data requirement including peripheral would be
roughly 20 kbps. With both operating the requirement increases to
roughly 30 kbps énssuming spacecraft position and world time nced not be
redundant). Time and position data requirements have been formulated

assuming readout cvery 0.01 sec. It is entirely feasible to reduce the



data requircement by packing the information into the raw photometer data

althouph this requires more signal processing onboard the spacecraft.

In order to handle the 5 x 106 dynamic range within the 8 bit

word format it Is necessary to generate 156,25 kbps of data with 50 psec

resolution. IFf, however, one can utilize the 16 bit word format the

data requirement drops to 16 kbps with 0.001 sec resolution. In this

case the subsystem data requirement would be reduced to roughly 28 kbps.

With both subsystems in operation the data requirement would be roughly

44 kbps.
Paramegggg‘
World Time
Spacecralt Position
a) Latitude
b) Longitude
¢) Altitude
Astronomical Look Angles
a) lst axis
b) 2nd axis
Filter Temperature
Camera Temperature
Field of Vicw
Wavelength

Photometer Subsysteom

Raw Data
Dynamic Range
5x ]06 {max)

2.5 % 105 (typ)

all above provide at least 0.001

Range
365 days

* B bit

Forma

156.2

T
5 kbps

8 kbps

Regolution

0.01 sec

0.001°
0.001°

0.1 knm

16 bit
Format

16 khps

16 kbps

sec Lime resolutlon.



Time (0.01 soe resolution) 600 words/sec 4.8 kbps
Spacecraft Position (0.01 sec time resolutien)
800 words/sec 6.4 kbps
Look Angles (0.2 sec time resolution) 20 wordsfsee .16 kbps
11.36 kbps
llousckeeping
Field of View 1 word/sec
Wavelength 2 words/sec
Fiiter Temperature 1 word/sec .04 kbps
Shutter
Calibration Lamp 2 word/sec
Voltage Supplies
ietoneier Subsvsiem
8 bit 16 bit
Raw Data Channel 8-156.26 kbps 16 kbps

Peripheral and llouse-
keeping 1i.4 kbps

Total requirement pexr subsystem

Dynamic 8 bit 16 bit
Rangoe Format Formal
max 167.65 kbps 27.4 kbps
typ 19.4 kbps  27.4 kbps
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APPERDIX €

TRANSIENT ANALYSIS OF CARDIOPULMONARY FUNCTION

SECTION I1I-~ TECHHICAL INFORMATION
I, OBJECTIVES:

The overall objective of the experiment is to obtain information un
the time course and magnitude of change of several cardiopulmonary
parameters, including heart rate, ventilation and oxygen censumpiion,
during step changes in exercise. A secondary objective is the development
of a computer analysis methodology compatible with the format of data
collection for the pulmonary blood {low experiment.

2. BACKGROUKD AMD JUSTIFICATION:

The time course of changes in various cardiopulmonary paramecters
during step changes in exercise in zero-g has not previously been analyzed.
During Skylab, steady-state heart rate, ventilation, oxygen consumption and
respiratory quotient were oblained inflight during exercise stress testing.
It is proposed that the transient changes in these parameters occuriring
after step changes in stress are physiologically significant and should
be evaluated.

Measurement of total blood volume and exercise cardiac output during
Skylab postflight tests revealed significant reductions in blood volume.
Reduced blood flow and stroke volume were observable in the jmmediate post-
flight period. These changes are presumed to be the resuit of increased
central blood volume inflight. It is possible that the increased central
blood volume encountered in zero-g will alter the transient response of heart
rate and respiraticn to exercise. Analysis-of transient changes in heart
rate, ventilation and oxygen consumption during step changes in exercise
pre- and postflight on Apollo 17 and Skylab 1/3 indicate some changes in -.
response to step changes in exercise stress as a resuit of prolonged exposure
to zero-g. The Space Shuttle will provide a Togical opportunity to inves-
tigate transient changes in cardiopulmonary parameters associated with
weightlessness.

Changes in the shert-term response to changes in exercise stress may
be related to the mechanism of other cardiovascular changes observed during
Skylab. This experiment represents a logical extension of investiga-
tions dope: in Skylab and will provide a more detailed examination of
cardiovascular mechanisms operable in zero-g as well as during readaptation
to the normogravic environment,

3. EXPERIMENT DESIGH:

The experimental exercise protocol for demonstration purposes will be
15 minutes of data collection comprised of 5 minutes each at rest, 75
watts exercise, and recovery. Gas exchange and heart rate will be
measured Continuously with 5-sec values of heart rate and per breath
vatues of ventilation and oxygen consumption stored by computer for future
analysis. This protocol is to be done daily, starting the 2nd day of



mission. These measurcments can be obtained in conjunction with the
pulmonary blood flow experiment,

Single fime constant transient responses are to be computed for ventila-
tion, oxygen consumption and heart raté for the change {rom rest to 75
vatts. Two time constants are to be obtained for the recovery period.

These time constants are to be obtained using a minimum mean squared
error criterion {error = actual-computed solution). Time constants

obtained on each test will be compared to determine variabiTity of the
measurement.



SECTION III - EXPERIMENT ENGINEERING REQUIREMEHTS
1. EXPERIMENT ENGTHEERING RECQUIREMENTS:

a. " “Equipment Description

1) The experiment hardware for the gas/volume analysis rack
is shown in Fig. 1. A respiratory mass spectrometer is located
at the top of the rack. This unit was specially modified from the
original Skylab configuration. HModifications included changing
the inlet leak design to permit brealh-by-bvreath analysis, and the
fabrication of a dual capillary inlet system with provision for
electronic switching between capiilaries. This additional flexibility
permits us to analyze breath cowposition waveforms at the mouth or to
batch sample at the exhalation spirometer. A complete control
panel is included to operate anc wmonitor ihe mass spectrcheter.
Spirometers for measuring expired and inspired gas volumes are lecated
below the mass spectrometer control panel. The. expiration spirometer
is a standard flight configuration M171 spirometer. The inspiration
spiromefer was specially constructed by the project engineer, Mr.
Lem, to have 7-1iters capacity 1ike the exhalation spirvometer. This
important modification permits one tc use.the spirometers for flow/

.volume Joops without the necessity of cross-contamination of subjects

that one encounters when only one spirometer is employed. The
remainder of the rack is devoicd to housing cuperiment gas supply
cyiinders, regulators, and a special computer switched gas sglectior
manifold. This device permits the computer to select calibration
gas mixtures or various brealhing mixtures according to their
utilization in the experiment protocol.

The experiment will also utilize a collins~type cycle ergometer
and a mini-gym isokinetic exerciser modified to provide for an
electrical output of the measured forces. The ergometer must be
tocated within 10 feet of the gas analysis rack. When not in use,
the mini-gym will be stowed in the storage rack.

The computer equipment configuraticn is shown in Fig. 2. The
system includes a central processing unit {PDP-8e), disc drive,
Analog to Digital converter, power controller and operators panel.
Digital input-output interfaces mounted inside the CPU, and a graphics
ferminal to be mounted in another rack. Software for this system
will provide for data acquisition, analysis, and display for this
and other proposed experiments. The operating system will provide
controllers for all input-output devices, and provision for experi-
ments which require 24-hour monitoring of experiment signals.
Software for other experiments will be stored on the disc, and any
one can be called and executed by a single key entry on the cperators
pancl. -The compuier will then be dedicated to thal experiment
until completion, however, the computer will continue to provide

R



24-hour monitoring as required. Data witl be acquired via A/D
converter and digital 1/0, reduced and presented on either a small
digital printer or the graphics terminal.

2) The equipment status is that of a sophistocated breadboard
that employs previously flown hardwarc together with some laboratory
developmont units,

3} Please refer to Fig..l. The proposed rack configuration for
the POP-8e minicomputer is shown in Fig. 2. The graphics terminal
and its electronics are located as shown in Fig. 3.

b, Interface Information

1) Ho specific location is required for this equipment.

2) Ho specific mounting requirements have been estab]msh“d
at the present time.

3) Utitity Reguircments:

: Electrical TR NAIES
Pover {watts) | o . Type, ater,
Iem Standoy{Mexamum | Voltave | Freouency | Pressure Liguid He, etc
Ergometer 500 115 VAC 60 Hz )
Fini-Gym- _ 100 ;-1 115 VAC 60 Hz
Computeﬁ l : ) - )
Rack 875 115 YAC 60 hz
Qas Anaayw -
sis Rack T 200 115 VAC 60 Kz
Storage/ A8
CRT chk 150 115 YAC| 60 Kz
4} H/A
5} N/A

¢c. Environmental Constraints

~1) The normal ]aborator& environment is satisfactory for
per{ormance of our demonstration. No specific Timitations have been
defined at the present time.

2} Mo known interference with other experiments {s anticipated

a -
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P,

Nata Hensurerenla

State lhe expeeted dats and measurement characleristics
the format specified below where applicable.
addilioml or different inforeation na nccessary.

{18D)

Include

! Equipment Iten Used 1
{ ' 2
i 3

Paromeler To Be Measured 1

2

3

" BXPECIZD VALUESS
QI PARAMETER

Units (Helers, G¥S, etc.)

Aversge

Range

 MEASUREVENT
CILARRCIERISTICS

CH s e 0 el o ot el S 8 5 ey S5

How Often
(Bz. Times Per Day)

Duration of Each

Total Tumber in Mission

Semple Rate (or CPS of interast)

" QUTPUT SIGHAL OF
THSTRUMEHT

- e Meavse

Freouency Range, Low
Yo High (CPS., 112)

fpplitude Range
(Eg. 0-5 Volis)

Instrucent Resolution
(% Fotal Scale)

_ Type . (Digital, Analog, or Bilevels)

CuTPyT
REQUIREMENTS

|
|

Wo. of Channels

Sampling Rate

(Times Per Sec., Tte.)

Telemetry (Real-Time or Delayed)

(Check 4.8 needed)

Recorder (Retufncd'Tapcs)

{Check if noedod)

i TIME IDBNTIFICATION
PHETIOD

(Spacecraft Clock or giher)

w_ﬁ;_&

&



SECTION IV = OPERATIONAL REQUIRLMENTS
1.7 EXPERIMENT OPERATION RUQUIREMENTS

2. Preflight Requirements:

The experiment will require two (2) preflight training
sessions in order to familiarize the crew with the equipment and
procedures. Additionally, three (3) sessions will be required {
collection of preflight baseliné data.

b, Inflight Regquircments:

1) AT crewmembers will participate in the experiments

2)  One experimental cxercise test will be accomplished
cach crewman on cach mission day beginning on mission day 2. T
approximate timeline for each test is as follows: '

a) 20 min for calibration and instrumentation of q
b) 5 min data collection at rest
¢) 5 min exercise at 75 watts and data collection

d) 5 min recovery and data collection

Each test-will reauire the participation of two crewnen, one 3
subject and one as the observer,

2, FLIGHT OPERATIONAL REQUIREMENTS

8D _
3. DATA SUPPORT REOUIREMENTS

a. Preflight:
NA
h. Inflight:
. TBD
€. 7Postf1ight{
8D
d. Analysis and-procéssing support:

18D
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TRANSIENT ANALYSIS OF CARDIOPULMONARY FUNCTION

Data and Processing

Data Rate and Format:

Duty Cycle:

Processing Done By Experiment:

Ancillary Data Reguired:

Application of Ancillary Data:

Quick L.ook Processing Required:

Preprocessing Desired:

Algorithms Required For
Processing Data:

Processing Time Required:

Troubleshooting Aids:

Specific Commands:

Specific Telemetry Points:

12 bits/word, 4, 000 words/test -
intermediate data.

Raw data - ECG, volume, % OQ., % C(
% N, work rate and time. )
Must store about 1500 words to calcul
iritermediate data.

7 analog housekeeping parameters.

2 hr. /day when used.
Could be used more often if necessar

Present computer ~ A/D conversions
control instrumentation, calculation :

display of intermediate data.

Cabin temperature, pressure, humid
and GMT.

To compute conversion factors requi

to reduce data,

Report format showing intermediate
data in tabular form.

Parameters: Heart rate, ventilation,
oxygen consumption, carbon dioxide
production, work rate and time.

Compute intermediate data from raw
data. Presently PDP-8e will be pro-
grammed to provide intermediate dat

N/A

Ground processing per + CPT;
10 min/test - UNIVAC 1108,

Report format listing intermediate pz
meters and selected telemetry (analo
and digital points as well as limited
science data measurernents.

TBD

TRBD
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SECTION IT -- TECHMICAL TMFORMATION

1. OBJECTIVES

& The general objective of the experiment is to assess the effect
of zero-g on the rate of heat transfer from the body,
. b. The specific objectives of the experiment are:

(1) To measure convective heat transfer coefficients under
operationzl conditions. Measurements during normal station keeping
operations and durwng centrolted work are required.

(2) To determine the cffect of sheeting of sweat in zero-g
on heat transfer, comfori and the onset of hidromeiosis.

2. JUSTIFICATION

If the effective wettedness of the skin is changed in zero-g,
the effectivéness of evéporative heat loss will be changed. Such
a change would have effects on thermal equilitrium and comfort. These
phenomena nust be investigated and understocd to assure proper life supﬁori
and habitability systems in future manned missions.

Maintaining a minimum 15 ft/min air motion in Skylab resulted in a
considerable power penalty. In addition, our estimation of thermal
comfort and tolerance is based on the heat transfer coefficients.

I the heat transfer coeff{cients are significantly changed, it
results in differences in the optimum and folerable thermal envivon-
ment,

3. BACKGROUND

2. Brief histery of related work:

Engineering investigations of convection in zero-g have been
concerned with heat transfer in Tiquid solid interfaces and with
minimizing convection in the high temperaturé application of sphere
formation. Historically, analytical estimations of heal transfer
coef‘wcxents for the-human body using shape approximations with
cy11nders and spheres have not been useful because of the Trregular
“shape and surface confirmation of the body.

At



b. Present development in the field:
A considerable amount of empirical work, as_well as the develop-
ment of mathematical models has been done in recent years in the area
of thermal eouilibrium. However, except for the heat balance studies
done during Apallo and Skylab extra yehicu1ér activities, no studies

“have been done on thermoreculation in space. Adeguate instrumentation
g F

is available to measure skin temperature, sweat rate, and related

envivonmiental factors vithout a great deal of development reguired.

4. CXPERIMENTAL DESIG

The effect of zero-g on heat transfer from the body has not been
an gperational problem on space Tlights through Skylab, However,
there is reason to believe that zero-g does cause changes in body heat
transfer that have not been defined. There is no free convection
in zero~g, Minfmum forced convection has been required for our zero-g
flights, but empirical heat transfer coefficients for the body for
low-Tevel forced convection need to be defined. Zero-g alse

- influcnces the ceoling effect of evaporation of sweat because sweat.

does neot drip ﬁff of the body. This could significantly effect heat
transfer during long periods of exercise or during sustained high
temperatury exposures, - o

The baseline cenvective heat transfer cocfficinet in sitting crovmen
working at a console and working on an ergometer will be measured
under conditions of operational air flow. To arrive at these values,
skin temperature sensors, heat flow semsors on the skin, air temperature
sensors, and air motien sensors will be monitored for a 30-minute time
period foy each determination. ’

Baseline sweat rates and rate of onset of hidromeiosis will be
measured on crewmen working on an ergometer for a 60-minute period.
Air temperature, wall temperature, humidity, and ergometer work rate
will be monitored during'this period. Af 15-minute intervals,
starch-iadine sweat prints will be faken from exposed skin and from
dry ventilated and saturated capsuies on the skin. At the same



intervals, accumulated sweat will be removed from the saturated
capsule, Total sweat rate will be oblained by body mass measurcments
before and afier the exercise.,



SECTION III - Expéfiment Enginecring Requirements

A, Equipment Bescription:

. 1. The hardwarc for the D70 to measure convective heat transfer
coeffic%enf wif1 consist of a havrness of 8 heat flow sensors and 8
theriistors. Heat flow will be measured froﬁ the skin at a measured
temperature to the environment the temperature'af which will be
measured by a separate therm#stor. The air velocity at a fixed distance
from each proble (6 in) wil Ee measured at the beginning and the end
o7 each test period. “The hatdwqre %Er the DTO to measure evaporative
heat transfer will consist of the skin tomperature sensors, a scale
sinulating the inflight BMMD, the air velocity measurement device,

a bgbyc]e‘ergometer, sweat capsules and fodine sweat priﬁt papers
and equipmént. If cﬁmp?ete data is to be'aééesséd in flight, & dissect]
microscope to count sweat gland indications on sweat prints will be
required, The sweat prints could be returned and counted postflight.
An analyiica}.scaie.wili be required to measure capsule sweat. The
swéat coﬁtainers could be returned and weighed postflight. The
equipment definition is in the conceptual stage, the components of
’thc glectronic system however are,avai1ab1e as off the shelf items.
2. Linearized interchangeable thermistors and a signal conditioq
are available from yellow springs instrument company. It is antici-
pated that a digiteck scanner (M636) will multiplex thermisto}
signals from and through the signal conditioner and then to a digite
panel meter for d%gital display and A to D conversion. Both an ana1
output ih the range of 0 to 1-5 volts and a digital 8-4-2-1 BCD oqﬁ

will be available to the computer.
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The heat f]ow SEnsors are available from tﬁemnonetics corpora~
tion the milivolt signal from these devices will be scanned with .he
‘digitgc scanner, amplificd and displayed on a digifaT panel meter with a
digital output. Both an aralog and a digital output from the heat
flow sensors will be available to the computer,

The air flow device is 2 battery powered device availadle in
the 1ab0raf0ry.

The sﬁeat gland printing equipment and the sweat capsules to
be used, are of a type that has been used by the PI and they wil) be
fabyic&ted in-house,

-3, 'a. Skin temperature sensor {8)

——— -
= e

= § ounces

b. Heat flow sensor {8) -

—t

= § ounces

¢, Elastic bands with pockets to hold senmsors in place {8)

F

S

- e . %= 8 gunces

- p=3



d.

sads
*

Scanner for bolth thermistors and heat flow

. ' / c.,.:’:
"""“"'-.—-‘-—!f
Heat flow sensor amplifier

TEp

Digital panel meter 62)

“

Air molion sensor

&
lo.75 % 998

(4)

8

—~——? T :I
/!11;!/.’1“1"’/!”/’/] !
Lo et ot et et

=

probes

9 1b..

= ¢ 1b.
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J. Suweat prints Lucite Cylinder

2 ounces

1.5" circle cut sweai absorpiion {30}

- 2 ounces

1.5" circle cut sweat print (50}

air tight screw top bottles for sweat print papers and {13)
sweat samples '

2 1b/13 botiles

Grid stamp and stamp pad - (1)
' 2 ounces

B. Interface information:

1. Equipment should be located near a console work station and
near the ergometer.

2. The electronics will be rack mounted. The sweat print and
co?leetion equipment will be Tocated in a draver.

3. Utitities Electrical Power watts Vo]taqe' Frequend

Thermistor signal conditioner 10 VA nj 60 cy’
Heat Tlow amplifier - TBD 117 60 cy
Scanner - _ 10 VA " 117 68 cy
Digital panel meters 4 Vi 117 60 cy
Air motion meter | Batteries 14 vis -
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4. Support eguipment:

a,

e.

Ergoéeter

Body_maés measurcment device .

Disecting ﬁicroscopé‘(desirable)

Small mass measurement device (desirable)

Operztional dewpoint measurement.

5, Data management will utilize the POP8 computer in common with

other experiments.

H-8
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SECTION IV - Operatioral Reguirements

A. Preflight Requirements:

Crew training - the crow must be trained in sensor application,
operation of instrumentation and sweat collection and sweat print

technique, Time required estimated as three 1-hour periods/crewman,

Prelaunch support:
1. Fresh expendables must be stowed.
a. .Batteries for air motion sensor
b. Sweat print paper
2. Taré weights of sweat collection botiles must be obtained
{unless SMMA is available onboard).

B. Inflight Requirements:

The experiment will consist of (3) detailed test objectives. Fach
will be repéated two times on each subject for a fotal of 12 test opera-
titns.

DT0 1 and DT0'2 will be measurement of the convective heat transfer
coefficient at a work station and on the ergometer at Jow work rates.

1. Experiment preparation will consist of donning shorts and
instrumentation (10-15 min), turning on instrumentation, selection
and set up of computer program and measurement of air flow rate at
eight locations and input of results in computer.

2. During the 30-minute test time the subject will conduct normal
activities of the consoié or padal at-a low power setting on the
ergongter,

Sop™ &y &
45
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3. Postflight requirements will consist. of removing the SCNSOTS
and stowing them and stowing the data..
DTO 3 will measure the effect of zero-g on cvaporative heat loss.
1. E%periment preparation:
-,a. Skin temperature sensors will be donned.
b. Sweat capsule will be donned ventilated -and unventilated.
c. With gloved hands, two of three sweat absorption papers
will be removed from bottle and placed in the unventilated sweat

capsd1e,ahd the capsule and the bottle containing one remaining paper

will be sealed.- (If SMMD is available onboard, three sweat coliection

bbttles_wﬁ]i be weighed prior to each performance of this DT0.)
"-d, The computer program will be sclected and set up.

e, Alr motion measurements will be mede and entered into the
computer.

’ f‘. Body weight measured,
2. Experiment cperation:

Thé subject will work at a moderate]& high workload on the
ergometer; at the end of 12 minutes will stop and the observer will
obtain a body weight, remove absorétive swéat collection papers
Trom unventilaled sweat capsule;mak@ sweal prints at an exposed
location and from the two sweat capsules,and veload the sweat collection
capsule from a fresh bottle. This sequence will be repeated at
27 minutes - 42 mlnates - and 58 minutes. At 60 minutes, air motion

measurements will be repeated and results entered into the computer.

H0
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3. Post-test operations:
a. The instrunentation will be removed cleaned and stowed.
‘b, IT a SKMP is aboard the three sweat coliection botties
will be weighed 1f not they will be stowed,
1c. If.a.diséecting microscope is aboard, the sweat prints wil}
. be'damped with a 2em? grid and active sweat glands counted for each
'priﬁt. If not the prints will be stowed.
d. The data will be stowed.
4. Routine maintemance
Sweat capsules will have to be washed after each use,

.C. Postflight reauirements:

- Y. "FF an SHMD and a:dissecting'microscope are not aveilable inflight,
swedt we%ghts and print counts will be obtained.
2. The sweat will be Teached from the'ﬁapers with a fixed quantity
of water an analyzed. -

B, Flight operational requirements:

"None

Data support regquirements:

{"1

1. Preflight - POPS
2. Inflight - PDP3
hpacecraft températute and humidity measurements. Photegrgphic
documentation of sheeting of sweat.
3. Postflight

Return of sweat samples,
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P opid Pag
‘iLITy Data Meonsnvementa
Stato the cxpected data and measurenent characteristicy in
the formab spevificd below vhere applicable. Include
additioml or diffcrent inform 1tmn as neceusary,
 Bouipment Thom Used 1 lemperature sensors
. SO ¥ . lleat flux sensors
b ‘ . 3 fir motion sensor
; .7 Parameter To Pz Measured 1 Temperature .
: ; ) -2 Rate of heat flow )
- -3 _Velocity
: . : ] ) i 2 3
_ FXPRCTZD VALUES Units (Helers, CMS, eto.)
OF PARGETER ' , ‘ )
_ Average ' 73, 93 125 BTUATS B30 fi/min
. Range 70 = 100°H10-40 BTUATE10-70 ft/min
VEASURDMENT e How Often :é}iﬁscion ?
CHARLCTERISTICS {8z, Times Per Day) n
i buration of Each a one minute channel 8 measuraments
: scan each O minutes 5 sec/measurenan
: Totel Thmber in Miscsion 450 /chamel befora and afier
: ] . . - gach run
; Sample Fale (or CP3 of interest)l scan/5 min- 102
QET‘?\?: ;?ECG‘ AL OF -Type (Digital, Analog, or Bilevels) 1 ,p. .0 2 HRne
. INSTRIBENT .
. equenﬂ-f Bange, Low ’ ) . .
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THE EFFYECT OF ZERO-G ON THERMOREGULATION

Data and Processing

Data Rate and Format: 12 bits/word, 2,000 words/test
Raw data ~ skin heat flow, skin tempera-
ture, ambient temperature, body weight,
sweat capsule weight and sweat prints,

Duty Cycle: 90 min/test, 6 tests/7-day mission,
Processing Done By Experiment A/D conversion of signals, signal con-
Electronics: ’ - ditioning, control of sample rate, cal-

culation and reduction of data,

Ancillary Data Required: Available air temperature and wall
temperafure in the experiment area.
Data to insure standard conditions of
pressure, gas composition and humidity.

GMT,

Application of Ancillary Data: To define test conditions,

Quick Look Processing Required‘: ~ Tabular presentation of reduced heat
flow data.

Parameters-Sweat counts, sweat weights
tabulated and sweat chemical analysis,

Preprocessing Desired: Heat flow and temperature levels will be
measured, heat transfer coefficients will
. be calculated, weighed and averaged for

the body,
Algorithms Reqguired For L L1
Processing Data: HF <+ (Ta - Tsk} = H coefficient .

H coefl X Al + H coefo AN = Body H coei

N
Processing Time Reduired: TBD
Troubleshooting Alds: Envirommental parameters.

Scan of heat flow sensors while off the maz
Anzlog data {rom all or selected sensors.
Selected houscekeeping data.

Specific Commands: To start multiplexor scans,

Specific Telemetry Points: TBD éz,{,:‘)?
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,THE EFFECT OF ZERO-G ON THERMOREGULATION

Data Processing Flow Diagram
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APPLEDIX 1

RESPLRATORY PHYSIOLOGY DEMONSTRATION-PULMONARY FUNCTION

SECTION II' -~ TLCHNICAL IRFORMATION
1, OBJECTIVES:

The prime .objective of the present program is to qualify man for
tong-duration space flight. Another objective is to document and
examine the physiological mechdnisms involved as the pulmonary sysiem
adapts to weightlessness and readapts to normal gravity upon return
to earth. A third objective is to define preflight and inflight’
screening requivements. A final objective is to provide beneficial
spin~-off from these research efforts in ovder to improve the quality
of pulmonary function evaluation in the normal clinical environment
on earth.

2. JUSTIFICATION:

It is known that the integrity and proper function of the body
are dependent upon adequate oxygen delivery to and carbon dioxide
reinoval from the body tissues. Thus, the primary function of the
pulmonary system is to arterialize the mixed venous blood through
elimination of carbon dioxide and addition of oxygen. This is
achieved by ventilation which in turn is a function of tidal volume,
respiratory frequency, and intrapulmonary distribution of the
respived air. Superimposed upon these gaseous factors are the egually
important considerations of pulmonary blood flow end distribution.

He believe that the measurements proposed herein comprise the minimun
number necessary to quantitate pulmonary function in zero-g, thereby
providing data to support our contention that man should be gqualified
for spacn flights of approximately 2 years duration.

3. BACKGROUND:

Our approach to the evaluation of pulmonary function in zero-g
is to develop a comprehensive program including basic research on
adaptive mechanisms while determining the reaquirements for crew
selection and inflight medical monitoring. This program represents
& logical extension of our knowledge obtained during rccent Skylab
investigations. Briefly, we cursorily esvaluated pulmonary furction
in flight during Skylab by two methods: 1} vital capacity measure-
ments, and 2) measurement of maximum sustained minute ventilation
(maximum exercise testing) and evaluation of ventilatory equivalents
(Ve/V5,) during rest and exercise. Although these measurements
proviggd only gross evaluation of pulmonary function, they were
sufficient to show that man can endure a 3-month-duration exposure
to zero-g without serious pulmonary impairment. However, this
exposure included strenuous physical exercise on a daily basis. Under
these conditions, we observed approximately a 10 percent decrease -
in vital capacity and exceptionally high sustained maximum ventilatory
rates. It must be remembered that these high ventilatory rates were
possible primarily because of the 5 psia ambient pressure.
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3) Please rcfer o fig. 1. The proposed rack configuration
for the PDP-8e mini-computer is shown in Fig, 2. The graphics terminal
and its electronics are located as shown in Fig. 3.

b. Interface Information

1) HNo specific Tocation is reguired for this equipment.

2} No specific mounting requivements have been established
at the present time.

3) Utility Requirements:

Electyicai - Gases Fluids
Pouwer (watts) Type, Hater,
Ttem Standby | Faximum | Yoltage | Frequency | Pressure | Liquid Ry, etc
Computer 0 875 115 VAC 60 Hz
Rack ‘ . : :
Gas 200 {115 VAC | 60 Hz
Analysis
Rack
Storage 166|115 VAC.| 60 Hz-
. CRT Reck -
4) WA
5) N/A

c. Environmental Copstraints -

1) The normal 1aboratory environment is satisfactory for
performance of our demonstration. No specific limitations have been
defined at the present time. ) )

2} No known interferenc? with other experiments is anticipatedJ



4, EXPERIMENTAM. DESIGH:

a., Experiment Concept: The overall approach to attain the af
mentioned objectives is a balanced program inciuding both extensiv
inhouse resecarch and selective outside contract efforts., The qual
cation of man for long-duration space flight will require extensiv
data on numerous subjecisduring -1engthy exposures to zero-g. The -
experiments necessary to obtain these data are presently being def
The measurements made during LS 1-1 provide a limited but definiti
data set that includes several common puimonary function measureme
This measurement set can be expanded by the addition of other hard
Specifically, we plan to develop a JSC Shuttle payload that will
include: 1) a gamma camera system for 133Xe ventilation/perfusion
studies; 2) total pulmonary resistance measurements; 3) flow-volum
loops (inspiratory and expivatory); 4) ear-oximeter monitor for
evaluation of arterial blood oxygen saturation; and §) foreign
gas blood flow measurement techniques.

Therefore, we intend to evaluate pulmonary physiology in t
weightless state by the complimentary efforts of inhouse ground-
based studies and f1ight studies. It should be emphasized that
additional outside investigators will be included insomuch as thei
efforts promise new inforimation. A by-product of these efforts
will be the determination of rcalfqtﬂc preflight screening measure
ments and standaras for- selection of Shuttle passengers and -]13“"’
crewmer.

b. Hethod and Procedures: This represents a Togical extensio
of_ the previousiy successful LS 1-1 pulmonary function demonstrati
1t s proposed that we integrate our demenstration system with, one
for exercise and blood flow measurements. The integrated sysiem w
utilize a laboratory mini-compuier -(PDP-8e} with extensive periphe
These peripherals will permit more interaction between the investi
gator and the subject and will provide the capability for more
graphics outpul at the conclusion of each test.

The hardware utilized for these measuremenits will be fotal
new both by item and in overall configuration. For example, we
propose to furnish a gas/volume analysis rack that will have stand
alone capabiiity. This rack will includé spirometers for measure-
ment of inspired and expired volumes and {lcw vates. It will cont
a Skylab configuration mass spectrometer that has been modified
to include a dual capiilary inlet system and a special control pan
as well as changes to wake it useful in a norma) sea-level air
pressure/composition gas environment. In addition, this gas analy
rack will contain various respiratory gas mixtures required for
pulmonary function tests and mass spectrometer calibration (Fig. 1
A second rack will house the POP-Be mini-computer and 7its peripher

7°3



Therefore, the proposed demonstration will include addition
of a flow/volume loop measurement, corc-equipment configuration gas
analysis and computer racks, and a more sophisticated data management
system. Emphasis will be on demonstrating the integration of
complementary physiological measurements in order to obtain the
greatest yield of scientific information: through utilization of core.

T4



SECTION ITI - EXPERIMEHT ENGINEERING REQUIREMENTS
1. EXPERIMENT ERGIRLERING REQUIREMENTS:

a. Fguipment Description

1) The experiment hardware for the gas/volume analysis
rack is shown in Fig. 1. A respiratory mass spectromeier is located
at the top of the rack., This unit was specially modified from the
original Skylab configuration: Modifications included changing
the inlet Teak design to permit breath-by-breath analysis, and the
fabrication of a duai capiilary inlet system with provision for
electronic switching between capillaries. This additional flexibility
permits us to analyze breath composition waveforms at the mouth
or to batch sample at the exhalation spirometer. A complete control
panel is included to operate and monitor the mass spectrometer.
Spirvometers for measuring expired and inspired gas volumes are located
below the mass spectrometer control panel., The expiration spirometer
is a standard fiight configuration M171 spircmeter. The inspiration
spirometer was specially constructed by the project engineer, Mr.
Lem, to have 7-l1iters capacity 1ike the exhalation spirvometer. This
important modification permits one to use the spirometers for flow/ -
voiume loops without the necessity of cross-contemination of subjects
that one encounters when only one spirometer is employed..- The
remainder of the rack is devoted to housing experiment gas supply
cylinders, reguiators, and a special computler switched gas scicciion
manifold. This device permits the computer to select calibration
gas mixtures or various breathing mixtures according to theirn
utilization in the experiment protocel.

The computer equipment configuration is shown in Fig. 2.
The system includes a central procaessing unit (PDP-Be), disc drive,
Anaiog to Digital converter, power-controller and operators panel.
Bigital input-cutput interfaces mounted inside the CPU, and a graphics
terminal to be mounted in another rack. Software for this system
will provide for data acquisition, snalysis, and display for this
and other proposed experiments. The operating system will provide
controllers for all input-output devices, and provision for experi-
ments which require 24-hour monitoring of experiment signals.
Software Tor other experiments will be stored on the Disc, and any
one can be called and executed by a singie key entry on the operators
panel. The computer will then be dedicated to that experiment
until completion, however, the ceomputer will continue to provide
Z4-hour monitoring as required. Data will be acquired via A/D

converter and digital I/0, reduced and presented on either a small

digital printer or the graphics terminal.

-2) The equipment status is that of a sophistocated breadboard
that empioys previocusly flown hardware together with some laboratory
development units.



3) Please refer to F{g. 1. Tne proposed rack configuration
for the PDP-8c mini-computer is shown in Tig. 2. The graphics terminal
and its electronics are located as shown in Fig. 3.

b. Interface Information
1} Ho specific location is required for this equipment.

2) No specific mounting requirements have been established
at the present time. )

3) Utitity Requirements:

Electrical - Gases Fiuids
Power (wattis) Type, Vater,
Item Standby | Faximum | Voltage |Frequency | Pressure | Liquid Mo, et
Computer 0 875 115 VAT 60 Hz
Rack : :
Gas . 200 115 VAC 60 Hz
Analysis : :
Rack
Storage 150 | 115 VAC.] 60 Hz
. CRT Rack .
4y WA
5} N/A

¢, Envirommental Constraints

1)} The normal laboratory environment is satisfactory-for
performance of our demonstration. HNo specific limitations have been
defined at the present time,

2) Ho known interferenc? with other experiments is anticipa{



Dn%n Fonrremenln (NOT APPLICABLE)

Btate the cypected dala and measurcment characteristics in
the formal speeilled below where applicable.  Inelude
sdditioml or different information ap nceessary.

e L TS

Equipment Itcm Used 1
2
3.

Paramcter To Be Heasured 1
2
3

v S =

L EXPRCTED VALUES Units (Meters, GHS, ete.)
OF PARAMETER - .
! Average

: ~ Range

MEASUREMSUT - How Often s
CIARACIBRYSTICS (Bg. Tsmes Per Day)

Duration of Each

]
! :
| - Total Yasber in Mission
1 - Y - -
l -
_ Sample Pate (or CPS of interest)
QUTPUT SIGHAL OF Type (Digitel, Anzlog, or Bilevels)'
INSTRUMENT - - o
’ Frequerney Range, Lou
to High (CPS., HZ), -

‘ ¥
a s e

fmplitude Range

- (Bg. 0-5 Volts)
Instrument Resolution
(4 Potal Scale)

OUTPUT Yo. of Channels
FEQUIREHBITS S

Sampling Rate )
(Times Per Sec., Btc.)

Tolemetry {Real-Time or Delayed)
{Check if nceded)

1' _Rscordcr (Rctu%ned'Tapes)

; . {Cheak 5.0 necdad)

i TINE JDENTIFICATION & her -

- LB TDEL T ({Spacecralt Clock or other) g

A
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SECTION IV - OPERATIOMAL REQUIREMEHTS
1. EXPERIMEHT OPERATION REQUIREMCNTS
a. Preflight Reguirements:

Crew training can be accomplished in two 4-hour Sessions,
Baseline data can be obtained during an additional ihree, l-hour
sessions.

Prelaunch support is required to move the egquipment racks
into {he building 36 mockup area and to provide all necessary
interfaces. A suitable vacuum pump will be required as was the case
for LS 1-1.

b. Inflight Requirements:

1) Experiment preparation - Equipwent should be turned on
1-hour pretest. Calibration of the KMS should require only 5§ win.

2} Experiment operations ~ Each subject protocol can be
accomplished within 5-10 min. The protocol should be performed
each 2 hr during the first 8-hr in flight (total-of 4 times) and
daily thereafter. Each crewman should be a subject for these
measureoments.

3} Post-operation tasks.- Close-out and cleanup §nciudes
cleaning of mouthpicce/valve assemblies and verifying that appropriate
equipment has been returned to the standby modes This should be
performed daily and may require 10 min.

4) Maintenance would be performed only in the cvent |
of a failure., Calibration is accomplished preceding each data
collection period (1.b.1. above).

c. Postflight Requirements:
Access to the computer .disc assémb1y will be required to
retrieve data.
2. FLIGHT OPERATIONAL REQUIREHE%JS
No specific requifements have been defined. However, it would

be_helpful if the crew were AOS during equipment activation and
calibration with appropriate air to ground voice communications.

I-8
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3. DATA SUPPORTiREQUIR[HEHTS
a. Preflight - None defined.
b. Inflight - Spacelab temperature and pressure.
¢. Postflight - Return of disc packs from PDP-Be to P.I.'s.

-d. Analysis and Processing Support < None reguired,
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RESPIRATORY PHYSIOLOGY DEMCNSTRATION - PULMONARY FUNCTION

Data and Processing

Data Rate and Format: 12 bits/word, 75 words/test -
10 analog housekeeping parameters

Duty Cycle: 2 hrf/day when used, The instrument
could be used more frequently if desired,

Processing Done By Experiment "~ A/D conversion of signals, control of

Electronics: experimentation, calculation of inter-

mediate and reduced data, display of
interrediate and reduced data,

Ancillary Data Reguired: Cabin temperature, pressure and gas
composition. ’
GMT,

Application of Ancillary Data: Necessary for a meaningful interpreta-

tion of the data,

Quick Look Processing Required: The present report format which prints
test results in tabular form is required.
Tt list s the test values for 14 parameters,
At presént, these values are stored both
on the disc and also are hard-copied via
a Tektronix CRT -hard copy device.

Preprocessing Desired: All data are totally reduced at present by
the PDP~8e computer associated with the
test system and must be transmitted to

ground,
Algorithms Required For N/A
Processing Data:
Processir;g Time Re‘quired: TBD
Troubleshooting Aids: Certain selected housekeeping, telemetzy

(analog and digital} points as well as limitd
science data measurements,

Specific Commands: TBD -

Specific Telemetry Foints: TBD
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RESPIRATORY PHYSIOLOGY DEMONSTRATION - PULMONAR'Y FUNCTION

Data Processing Flow Diagram
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