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1.0 INTRODUCTION

The Space Data Analysis Laboratory (SDAL) of Boston College has been
contracted by the Analysis and Simulation Branch (SUA) of the Air Force
Geophysics Laboratory (AFGL) to develop mathematical and computer techniques
necessary for the analysis of digital information from payloads flown aboard
Air Force Satellites. The data analysis efforts require an integrated
and systematic approach in order to incorporate the mathematical procedures
associated with individual payloads while taking into account vehicle

attitude and ephemeris parameters.

The prime efforts during the period covered by this report were asso-
ciated with Satellites S3-1, S3-2, S3-3 and the SCATHA program.

In order to satisfy data analysis requirements, a data processing
system (DPS) was developed and implemented for satellite S3-1. This system
was adapted for use with the S3-2 and S3-3 vehicles. The system will be
modified and adapted in order to satisfy requirements associated with the

SCATHA program.

The S3-1 effort involved the creation of the final geophysical data
bases for a Cold Cathode Ionization Density Gauge (IDG), the Miniature
Electrostatic Accelerometer (MESA) and two mass spectrometers (MSI and MSIV).
This cffort entailed the completion of standard processing and the process-
ing of data from problem orbits. Efforts were also expended on the selective
processing of data from the Piezoelectric Accelerometer and from another ion
density gauge. In addition, data compaction aimed toward the creation of a
unified history file for this vehicle was of importance. Analysis efforis
were involved in the development of software to integrate the appropriate

data bases and produce history displays of selected parameters.

The S3-2 efforts dealt with the following experiments: Electrostatic
Analyzer, Fluxgate Magnetometer, Piezoelectric Accelerometer, Cold Cathode
[onization Density Gauge and the MSIV mass spectrometer. The main emphasis
was placcd on the development of analysis to be used in the systematic pro-
cessing of the data and the translation of the analysis into efficient
computer software. Selected data has been processed for the probes mentioned.
Creation and maintenance of the raw data files, the B§L files (magnetic and

ephemeris data), Geophysical Support Files (neutral atmospheric model data)




and output module (OM) files (coefficients necessary for the computation of

vehicle attitude) was an on-going effort.

| For satellite S3-3, the principal responsibility of the SDAL lies in
§ the development of the compacted raw data bases for the AFGL probes and the

creation and maintenance of the BGL and OM files.

For the SCATHA project which is part of an Air Force program to investi-
i gate spacecraft charging at high altitudes, preliminary investigations were
conducted into data analysis requirements in order to begin the adaptation
of the S3 DPS for the SCATHA effort.

2.0 S3 SATELLITES

2.1 Vehicle Operations and Spacecraft Telemetry

The S3-1, S3-2 and S3-3 satellites were made of the same basic structural

frame and the telemetry systems for all three vehicles were identical.

Spacecraft operations for the three vehicles were, however, different.

The AFGL probes flown aboard the S3-1 vehicle were operated primarily
during the perigee portion of orbits. This data was, in general, tape
recorded and played back to Satellite Control Facility (SCF) remote tracking
stations (RTS). Other operational modes allowed for the acquisition of full
orbit and real time data but the perigee data was considered to be prime.
For normal operations, data was recorded on every other orbit although in-
creased coverage was obtained during periods of special interest, e.g.,
geomagnetic storms. Data from this vehicle was transmitted through approxi-
mately 2700 orbits.

The S3-2 spacecraft is still operational and has exceeded 10,000 orbits.

The AFGL probes aboard the vehicle were categorized into two classes labeled
Group I and Group II. The group I payloads were designed primarily for high
latitude studies. The group II experiments were similar to probes flown
aboard satellite S3-1 and, thus, the prime data was that of the perigee region.
Vehicle operations allowed for the tape recording and playback of data from
group I only, group Il only or shared orbits in which data was acquired from
both the group I and group II payloads. Real time acquisitions were also
available for this vehicle.

TSy morw
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The S3-3 satellite which is still operational obtains data over a longer
orbital period than either of the other two S3 vehicles. The prime data
for this vehicle is tape recorded and played back to SCF RTS. Real time

data is also available for this vehicle.

As previously mentioned, the telemetry system used for all three vehicles
was identical.

The satellite pulse code modulation (PCM) ata is telemetered to SCF
remote tracking stations by Bi-@-L modulation of the carrier. The PCM data
is transmitted at two data rates. Real time data is telemetered at 16,384
bits per second (bps). Tape recorder playbacks occur at 131,072 bps. Thus,
the tape recorder playback to real time transmittal ratio is 8 to 1. Real
time PCM data is transmitted by phase modulation in the reverse order from

the real time data transmissions.

The satellite PCM systems consist of a 128 word main frame. Each data
word is composed of eight bits and thus each main frame consists of 1,024
bits. Data is read out at a rate of 16 main frames per second with each
main frame containing 24 subcom frames (sc) and five sub-subcom frames (ssc)
in the sub frames. Thus a master frame (one read out from each word

occurs over 256 main frames.

The processor provides an analog-to-digital converter which produces
the eight bit digital values for all analog measurements providing an accuracy
of + .2% *+ 1/2 LSB. Included in this figure are all error contributions from
the processor input, at sampling time, to the processor output. The voltage
range for encoding is 0 to 5.12 VDC.

The PCM processor generates the satellite time word (STW). The STW
consists of 28 bits and allows for an accumulation through 194 days. The
four least significant bits of the STW serve as a subcom identifier while
least significant bits S through 8 identify the sub-subcom frame. The

synchronization pattern is contained in main frame words 126, 127 and 128.

2.2 Data Processing Systems

Due to the volume of data to be processed, the complexity of the pro-

cessing requirements and the necessity of taking a systematic approach to
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the data processing task, a data processing system (DPS) was developed and
implemented for S3-1. The DPS allowed for maximum data flow, flexibility

of implementation and adaptability to future vehicles. In fact, the $3-1
DPS was generalized for use with the S3-2 and S3-3 spacecrafts. The program
interfaces and general data flow are identical in the DPS for all three

vehicles although versions of some programs exist for each spacecraft.

In order to understand the effort involved in the creation of the
geophysical unit data bases and unified history file, a brief description of
the data processing system is now presented. The processing may be thought
of as occurring in two phases. Figure 1 is a flow diagram of Phase I of the
DPS while Figure 2 represents the Phase II program interfaces. For vehicles
§3-1 and S3-2, both phases are implemented. For satellite S3-3, only Phase I

is required.

In Phase I, all files to be input into the individual experiment data
processing routines are created. These files consist of the raw experiment
data files, magnetic parameter and ephemeris files, atmospheric model files
and files containing the coefficients to be used in determining vehicle
attitude. In Phase II, the individual experiment processing routines are
executed and geophysical unit data bases for each spacecraft revolution are
created. For satellite S3-1, in addition to these geophysical unit data
bases, a unified history file containing reduced data from all probes is to
be created. Through history file usage, reduced geophysical unit correla-
tions may be made for all probes which are simultaneously studying the same
atmospheric phenomena. Moreover, the unified history file results in

compaction of the data to one flexible file.

The PCM data transmitted from the vehicle is recorded on tape at various
SCF remote tracking stations. These tapes are, in turn, sent to the Space
and Missile Test Center (SAMIEC) for digitization and storage onto 9 track
tape.

The file name used by SAMTEC for this digital data is the Standard
Telemetry Format (STF). The STF for each orbit consists of a file descriptor
record (FDR), data index records (DIR), data index continuation records (DIC),
data records (DR), end of data records (ED) and end of real records (ER).
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The FDR contains parameters related to the particular orbit on the STF tape,
such as, analog tape number, date of orbit and date of digitization. DIR
and DIC records exist for the purpose of defining word locations within

DR's for both clock correlation factors and all word designations from the
telemetry data. Data records for the telemetry data always begin with sub-
com frame 1, but the first data frame on each STF tape is random relative

to the sub sub-com frame. Sync and spare words are deleted in the digitiza-
tion process. Thus, in general, the DIR and DIC information will not be
consistent from one STF tape to another. The ED records signal the end of
information for the time correlation and telemetry information for each STF
tape. ER is the signal for end of reel operations. The set of data
products received at AFGL/SUA for each orbit processed through the SAMTEC
digitization system is the STF tape, its associated scan listing and a

deck of cards for attitude determination. The scan listing contains orbit
number, start and stop times of the digitized signal and satellite time
words (STW) at which digital dropout occurred. The card deck, generated

in conjunction with the STF creation, results from a computer routine
called the Estimation Module (EM). The cards contain sets of coefficients

to be used in the computation of vehicle attitude.

Another item used in the DPS is the Satellite Control Facility tape
recorder log. Copies of this log are also received by AFGL/SUA.

With these items provided by sources external to AFGL, the first phase

of the DPS is ready for implementation.

A card image file of the SCF tape recorder log, called the Orbit/GMT
file, is created. This file contains the orbit number, date and start and
stop times of each tape recorder orbit. For S3-1 and Group II operations
for S3-2, prime data occurred for the AFGL probes in the perigee region of
cach orbit but satellite turn-on normally occurred prior to an extending
beyond the perigee region. In order to determine the areas of each pass
containing the prime data, a computer routine was written to input the orbit/
GMI' file and to interrogate ephemeris files. Outputs from the perigee
selector routine consist of the orbit number, date and start and stop time

of the perigee sections. These parameters are stored on a file which can

be displayed but which is also used as input to routines written to construct




the experiment raw data files and their associated model and magnetic
parameter files. The use of the perigee information file plays a key role
in data compaction for the BL and GSF files for S3-1 and S3-2 Group II
operations. The orbit/GMI file plays a similar role for S3-2 Group I data
as well as the S$3-3 data.

When the STF, scan listing and EM deck are received at AFGL/SUA, the
tape number and pertinent orbit information are entered into a cross-
reference log, the scan listing is filed and the card deck, called the
output module (OM), is prepared for loading onto a monthly OM file. Since
the SAMTEC digitization process is not done chronologically by orbit number,
the systematic approach taken in the storage of these cards is to create
one file for each month of vehicle lifetime. A cross-reference listing of

file and orbit number is produced whenever OM data is added to any file.

Since the STF contains data from the full PCM data stream, a computer
routine was written to create raw data files for each experiment. This routine
is called the unpack/edit/quality check (UEQ) routine. This routine uses as
input the STF tape and pertinent information from the perigee file, if appli-
cable, such as the prime data area. Perigee file usage is required only on
S$3-1 and S3-2. The UEQ then extracts all necessary information from the FDR,
DIR and DIC; unpacks data records according to DIR and DIC specifications;
quality checks time code information and sub-com frame numbers; determines
occurrences of signal loss; edits out bad data frames; calculates GMT from the
STW information; performs averages of specific designations as necessary; and
creates a raw data file for each experiment in a format which optimizes data
storage and retrieval. Permanent storage of output files is, of necessity,
accomplished through the use of off-line devices. A version of the UEQ exists

for each of the S3 vehicles.

The SCF sends tracking data to AFGL/SUA and this data is, in turn, used
by SUA to produce ephemeris files. These files created by SUA cover periods
of one month at a time with data provided in 1 minute intervals. Parameters
contained on the SUA ephemeris file include altitude, longitude, geocentric
and geodetic latitude, vehicle velocity in component form and local time.
Since the data on the file covers a full one month period, it can be com-

pacted by selecting out only the areas for which telemetry data was acquired.




Since all processing routines for the individual probes require ephemeris

as well as magnetic parameters, the ephemeris compaction and combination
ephemeris and magnetic file (B&L file) is created in the next step of the
processing system. An existing routine was modified for use with these
satellites. The modified routine, called the B&L program, uses as input the
monthly ephemeris file and the pertinent parameters from the perigce file
(or orbit/GMT file) to create a BEL file for the prime data of each orbit.
One B&L tape is created for each month of the lifetime of the satellites.
Among the quantities stored on the B&L file for each orbit are all pertinent
ephemeris parameters, magnetic field components, total field, L-Shell and
geomagnetic longitude, latitude and local time. Data occurs at 60 second
increments for each pass. A modular subroutine was written for the extraction
of any or all of the quantities on the B§L file at any time during an orbit.

Versions of the BGL routine exist for each of the three satellites.

An INDICES file was created for the lifetime of satellite S3-1 and is
being maintained and updated for S3-2 and S3-3. This file contains all geo-
physical indices necessary for the interpretation of geophysical unit measure-
ments and for the calculation of model atmospheric parameters. Among the
10.7 CM solar flux, Ap, DST index,
calcium plage indices, solar flare indices and solar declination. A modular

parameters contained on this file are Kp, F

routine, GPARAM, was written to interrogate this file and to allow for the
determination of any of the above quantities for any orbit during the lifetime

of a vehicle.

Most of the AFGL probes flown aboard S3-1 and the Group II probes from
§3-2 perform neutral atmospheric measurements. The processing requirements
for these probes include the knowledge of selected atmospheric neutral model
parameters. To this end, the Geophysical Support File (GSF) is created.
The GSF contains parameters such as exospheric temperature, temperature at
altitude, mass density and number density for various constituents. The
routine used to create the GSF is called the GSFC and it uses an SUA supplied
subroutine to perform the actual model computations. Inputs to the GSFC are
the B&L file and the INDICES file. Thus, the GSF are creatcd un a one tape
per month basis with file and orbit numbers matching those of the B&L file.

A




File formats for the B§L, GSF and INDICES file are included in the
appendix.

Programs to be executed in the second phase of the DPS require raw data

files, B&L files, OM files and in some cases GSF files.

Software developed in both phases of the DPS was written in modular
fashion in order that multi-purpose routines could be used wherever elements

of commonality exist in the processing requirements.

The processing routines developed for Phase II of the DPS create the
geophysical unit data bases. These routines also create listings and displays

of the geophysical unit parameters along with selected.

2.3 S3-1 Data Base

As mentioned in the introduction, the data bases for the probes flown
aboard this spacecraft have been nearly completed. The addition of data from
a small percentage of problem orbits will complete these data bases. A brief
description of each of the S3-1 probes for which data bases were created is

included in this section.

Satellite deceleration due to aerodynamic drag was measured by the MESA
accelerometer and from the aerodynamic drag, neutral atmospheric density was
derived. The sensing element of the instrument consists of an electrostati-
cally suspended proof mass which is electrostatically force rebalanced along
its sensitive axis. A digital output which represents the pulse rate and
which is proportional to the applied acceleration is obtained from the re-

storing voltages. The probe is capable of operating in two sensitivity

ranges. Range A provides low sensitivity measurements. The normal operational
mode for the instrument was range B.

The MSI is an RF quadrupole mass spectrometer designed to provide
atmospheric species measurements between 14 and 44 amu. Density measurements
for O, 02, NZ’ NO and Ar were obtained. The experiment was not synchronized
to the PCM encoder and the instrument output was therefore free running with
respect to the data stream. Probe operation consisted of two modes, each

of approximately 12 seconds duration. One 12-second mode consisted of four

é 10




scans of masses from 14 through 44 amu. While in the second mode, only NZ’
(28 amu) was examined.

The main output for the Cold Cathode Ionization Density Gauge is gauge
current which was sampled at 16 points per second. The gauge current values
were modulated by satellite spin with the maximum amplitude of the signal
occurring at the minimum attack angle (the angle between the instrument's
look angle and the velocity vector). The instrument was designed to provide

atmospheric neutral density measurements and spatial and temporal variations.

The MSIV instrument was composed of an RF quadrupole mass spectrometer
and a velocity mass spectrometer to measure atmospheric composition and
species density of masses between 1 and 44 amu. The instrument was designed
for operation in five different modes with mode switching occurring only by
command to the spacecraft. Operation of the instrument was synchronized to
the PCM encoder for each of the five modes. The spectra measurement from the
instrument was a 24 bit digital output. Through the various modes, outputs

were provided for ion, neutral high and neutral retarded measurements.

The processing and analysis techniques (including functional flow diagrams)
used in the creation of the data bases for the individual probes were included

in a previous report (AFGL-TR-76-0121, Delorey).

The general structure of the data base for each probe is the same. By
keeping all files of the same general form, data retrieval and display can
be effected through the use of multi-purpose routines. Data from each orbit
is contained on a physical file consisting of a header record followed by
data records which include the appropriate geophysical unit measurements and
selected positional parameters. Information stored in both the header and
data records is structured by frame. Two integer count words precede the
information in each physical record. These count words represent the number

of words in a data frame and the number of data frames in the record.

The MESA data base contains atmospheric neutral density measurements along
with GMT, selected ephemeris and magnetic parameters and model density. Data
is contained in the file for each orbit at two rates. One data set yields 2
density measurements per vehicle spin cycle (vehicle spin rate was 5t1 rpm).

The other data set contains measurements in 2 km increments. The header record

11




for each orbit contains standard information such as acquisition orbit number,
date of orbit, and data taking interval but coefficients to least squares
polynomial fits are also included. Density measurements were fit as functions

of altitude for the downleg and upleg portions of each orbit.

The MSI data base, which has been completed, follows the same general
structure defined above. The header record contains standard information
pertinent to the particular orbit. The data records provide density measure-
ments (in number density) for selected constituents and the corresponding
positional parameters. The data rate is one frame per 12 second scan mode.
This converts to approximately one data set every other vehicle spin cycle.
Computer software was developed in order to fit and hence compact the
downleg and upleg data sets for each constituent. The fits were performed

to number density as a function of altitude.

The Cold Cathode Ionization Density gauge data base is constructed in
a manner analagous to the MESA data base. The data records include gauge
pressure, ambient pressure, atmospheric neutral density and selected model,
ephemeris and magnetic parameters. Data storage occurs at a rate of one
frame per vehicle spin cycle. Fitting techniques were applied to the
downleg and upleg portions of the density data. The coefficients, from
which density versus altitude may be computed, are stored in the header

record.

The main data bases created for the MSIV instrument were for the prime
operational mode of the experiment-mode 1. In this mode, both ion and
neutral high measurements were performed. Thus, there are two data bases
for the MSIV; one for ions and one for neutral highs. The header records
for each contain standard orbit related parameters such as date of acquisi-
tion, orbit number and GMT of the acquisition. The data records for the
ion data base contain currents for masses 14, 16, 28, 30 and 32 in addition
to sclected magnetic and ephemeris parameters. These currents are readily
convertable into number density. The data records in the neutral high data
base were created in a manner analagous to the ions. These records contain
currents for masses 14, 16, 28, 30 and 32. The data rate at which storage

occurred for both data bases was one frame per vehicle spin cycle. Computer

12
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software has been developed for the fitting of the upleg and downleg portions
of each orbit with the resultant coefficients having density versus altitude

applications.

The data bases for the individual probes are used to study structure
within individual orbits and to perform analyses on small or large segments
of the data. The creation of these data bases has yielded a tremendous
compaction of the data. Approximately 1500 STF tapes were originally
received and the geophysical unit data bases for all probes now reside on
approximately 15 tapes. Thus, the compaction ratio is 100:1. A data base
list routine was developed whereby selected parameters relevant to each
acquisition and the file location for each probe within the data base are
displayed. The geophysical index Kp is also displayed on the listing. A
sample of the data base printout and the formats for the individual data

bases are included in the appendix.

The concept of the unified history file was developed to provide a
flexible data base from which studies of long term effects could be per-
formed. This data base which is presently being put into final form will
contain coefficients to fits which will allow the computation of geophysical
unit parameters from each of the individual data bases. Note that these
coefficients already exist in the header records of each orbit for the
MESA and ion density gauge. Further, as already mentioned, software was
developed to produce the coefficients for the mass spectrometers. Similar
techniques were employed to produce coefficients for selected model param-
cters. Thus, the coefficients can be used to obtain geophysical unit or
model data. Ephemeris and magnetic parameters are also selectable from
the unified history file. The geophysical indices associated with each orbit

are also retrievable. A display of the geophysical indices over the lifetime

of the vehicle is included as Figure 3. The indices are displayes as a function
of date. Displays have been created for some of the probes reflecting mass

density at fixed altitude with additional grids for Kp, CM solar flux and

F
10.7
latitude and local time of perigee. Additional constraints can easily be placed
on data selection to, for instance, extract only orbits which fall into specific
Kp ranges. The coefficients are the key element in extracting the geophysical

unit measurements. One further advantageous feature of the unified history file

13
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is that of data compaction. It is estimated that, when in final form, this
entire file will be contained on one tape. Thus, the final data compaction

ratio from STF to unified history file will be 1500:1.

2.4 S3-2 Experiments, Analysis and Software

For the S3-2 spacecraft which is still in orbit, geophysical unit data
bases arc being developed for the Fluxgate Magnetometer, Electrostatic
Analyzer, MSIV and Cold Cathode Density Gauge (IDG). The data for the

Piezoelectric accelerometer is selectively processed.

Data base development implies the continuance of UEQ executions and the

creation of B§L, GSF, OM and indices files in a systematic manner.

This section contains a brief description of each experiment and the

analysis and computer software which were developed.

2.4.1 Cold Cathode Ion Density Gauge

The S3-2 cold cathode ion density gauge flown was designed to provide
atmospheric neutral density measurements and spatial and temporal variations.
Basically, the output signal from the probe is modulated by the spin of the
vehicle with the maximum response occurring when the angle between the intru-
ment and the satellite velocity vector is at a minimum. Gauge current is the
direct measurement of the instrument. The current is converted to pressure and
then, through analysis techniques analagous to those developed for S3-1,

atmospheric neutral density is computed.

Instrument readouts and data rates are summarized below:

Gauge Current 16 pps
Range Indicator 16 pps
High Voltage 1 pps
Electronics Temperature .0625 pps
Gauge Temperature .0625 pps

Due to the higher perigee of this vehicle, as compared to S3-1, many of
the anlysis techniques developed for S3-1 required tailoring for application

to this spacecraft. The basic instrument readouts were quite similar to those
of S3-1.
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The functional flow of data through the main processing routine is sum-
marized below.

The frames of raw telemetry data are input through the use of a modular
input routine. Instrument range, gauge current and gauge pressure are then

calculated on a point-for-point basis. Instrument attack angles are then
calculated for all pressure values through the OM module and OM file. The

data is then separated into the decreasing and increasing attack angle portions
of the ram cycle. The instrument sampling function, R (S,D,a), is computed.
Gauge pressure is fit as a function of the R (S,D,a) for the separated portions
of the spin cycle. The data fitting is accomplished through a modular
polynomial routine. Slopes of the fitted curves are extracted and corrected
pressures are calculated for the into and out of ram portions of the satellite
rotation and these pressures are then averaged and atmospheric neutral density
is computed. All necessary ephemeris parameters are then extracted from the
B&L file and atmospheric neutral density is calculated. Selected model
atmospheric parameters are extracted from the Geophysical Support File. These

parameters include mass density, pressure and temperature at altitude.

Each progiam execution results in the creation of listings, plots and the
data base. The parameters listed and plotted are quite similar to those
resulting from S3-1 program exeuctions. The data base for each orbit consists
of a header record and data records contain the computed geophysical unit,

ephemeris, magnetic and model parameters.

2.4.2 Mass Spectrometer (MSIV)

The mass spectrometer flown aboard the S3-2 satellite was similar to the
MSIV flown on satellite S3-1. The probe was made up of an RF quadrupole mass

spectrometer in combination with a velocity mass spectrometer. The probe

was designed to measure atmospheric composition and species density. Species
studied were between 1 and 44 amu with both neutral and ion measurements of
0, NZ’ NO, N, H and ”e provided. The operation of this MSIV experiment was
synchronized to the PCM encoder and five commandable modes of operation were
possible. The prime output from the probe was a 24 bit digital readout.

Instrument readouts and associated data rates are summarized below:

It is possible that the gain values (G) in Table VI will be modified
after some of the data is reduced and spectral radiance features in each

of the four gain channels are compared.
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24 bit digital spectra 64 pps
RF Monitor 64 pps

Beam ( EMR) Monitor 4 pps
Pressure Monitor 8 pps
Ratio (VR) Monitor 8 pps
DC Monitor 8 pps
Commutator 1 pps
Mode Monitor 1 pps
High Voltage (HV) Monitor 2 pps

The probe could be operated in 5 modes. Mode 1 was capable of providing
a combination of neutral high (NH) and ion measurements or be operated in an
ions only mode. Mode 2 provided a combination of neutral high and neutral
retarded measurements. In mode 3, the data set consisted of NH only. Mode 4

and mode 5 were primarily diagnostic.

For all modes, the RF monitor indicated the mass being sampled. The 24
bit digital spectra output contained a range bit and the number of counts
measured by the multiplier. A maximum of two output ranges was possible. A
one readout lag was programmed between the RF monitor and the spectra output
(the spectra lagged the RF monitor by one readout) but the lag sporadically
extended to 2 readouts. The experiment timing cycle was 1 second for modes 1,
2 and 3; 2 seconds for mode 4 and 8 seconds for mode 5. In modes 1, 2 and 3
there were four readouts for each mass, thus producing a peak shape. Several

monitors were also included as instrument outputs.

The main emphasis has been placed on the processing of the mode 1 data.
In this mode, the instrument can be commanded to perform ion/neutral high or
ion data only measurements. The mode monitor voltage is used to discern the
measurcment type. In ion only mode, data processing and analysis are performed
on masses 14, 30, 28, 16, 1 and 4. In the ion/NH mode, ion measurements are
performed on masses 14, 30, 28 and 16 while neutral high masses examined are
1, 4, 7, 14, 30, 28 and 16.

The functional flow of data through the mode 1 routine may be summarized

as follows. The instrument mode is determined first. Then, the instrument

17




range is extracted and the corresponding multiplier counts converted to

current. Attack angles corresponding to the currents are computed using the
OM module.

For ion data, the peaks are translated to ram using a function dependent
only on attack angle and the four seconds of data closest to ram are scanned
and one group of ion readouts is selected for analysis based on criteria
involving current amplitude. Ratio monitor (RA) data associated with ion
readouts is converted to current and translated to ram. Magnetic pitch angle
is calculated and pertinent positional parameters such as longitude, geodetic
and geomagnetic latitude, local time and magnetic field are computed from
information contained on the B§L file. A number of ratios involving individual

currents, summed currents and the R, are then computed.

A

For neutral high data, statistical techniques are employed in the data
selection. The four readouts around each mass peak are examined, and after

removing the two extrema, the remaining points are averaged. This procedure

is employed for each mass in the four frames of data closest to ram. Once an
average current value is obtained for each mass in those four frames, the
currents are translated to ram by use of the neutral high sampling function.
Statistical checks are then performed and one current for each mass is

selected.

Each program execution results in plots, listings and data base storage.
The plots and listings of the reduced geophysical unit parameters and
associated magnetic and ephemeris information are similar to the S$3-1 outputs.
The data bases for both the ion and neutral high values are created in a

structure similar to the S3-1 files.

2.4.3 Piezoelectric Accelerometer

The triaxial piezoelectric accelerometer flown aboard the spacecraft
provides atmosphere neutral density measurements. Satellite deceleration,
due to aerodynamic drag, is measured along the three mutually orthogonal
axes. Instrument outputs are analog signals (0OV to 5V) with readouts for
three sensitivity levels along each axis. The telemetry words and data rates

are summarized below:
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| X-axis range 3 4 pps
| X-axis range 2 1 pps
X-axis range 1 1 pps
3 Y-axis range 3 1 pps
Y-axis range 2 1 pps
Y-axis range 1 1 pps
Z-axis range 3 1 pps
! Z-axis range 2 1 pps
: Z-axis range 1 1 pps
Temperature .0625 pps

The processing of data from this probe is done selectively. Mathematical and
computer techniques developed for the reduction and analysis of accelerometer
data from previous spacecrafts were adapted and modified for use with S3-2

piezoelectric accelerometer.

Filtering techniques are required in the processing of this accelerometer
data. The computer routine filters the signal in order to determine the
portion of data due to atmospheric drag. A power spectral analysis of the
data revealed the existence of two and sometimes three peaks. A numerical
notch filter was designed to remove the extraneous signal. Once filtered,
atmospheric neutral density measurements are computed. Plots and listings
of the mass density measurements as functions of GMT and other ephemeris,

magnetic and model atmosphere parameters are output by the routine.

2.4.4 Fluxgate Magnetometer

The fluxgate magnetometers flown aboard the S3-2 spacecraft were designed
to measure the 3 components of magnetic field to a resolution of 5 y. The
full scale range for each axis (0V + 5V) corresponds tc 600 y (.02V corres-
ponds to 4.8 Y).

Fach axis has a neutralizing winding current of 10 ma/gauss so that a known

biasing field may be applied (to each axis) to keep the magmetometers on scale.

When the voltage level of a fluxgate axis reaches 0.1 or 4.9V the range
switch provides current increments of 0.1 ma to the neutralizing coil (0.1 ma

corresponds to 1000 y). These current increments, applied in the proper




; direction, keep the magnetometer from saturating. There are 128 different

| current levels available to each axis which correspond to steps of 1000 Yy
ranging from -64000 Yy to +63000 y. The current being applied to any axis is

1 determined by the range switching coarse and fine outputs for that axis. For

the coarse outputs, there are eight telemetry levels from 0 + 5V in steps of

0.71V (seven steps). For fine outputs, there are 16 levels between 0 -+ 5V.

The 15 steps are in increments of .-3V. The zero current step for coarse is

at 2.84V and for fine is at OV. The current steps for each axis vary from -64

to +63 and the step level may be determined by the expression
16N + M
where
N,M are integers determined by

coarse volts - 2.84
val

fine volts
- 33

N

M =

Saturation levels for any range switch axis are determined by a coarse-fine
voltage pair of (0.0,0.0) or (5.0,5.0).

Instrument outputs and associated data rates are as follows:

X-magnetometer 32 pps
Y-magnetometer 32 pps
Z-magnetometer 32 pps
X-axis range switch-fine 16 pps
Y-axis range switch-fine 16 pps
Z-axis range switch-fine 16 pps
X-axis range switch-coarse 2 pps
Y-axis range switch-coarse 2 pps
Z-axis range switch-coarse 2 pps
Sensor temperature 1 pps
Electronics temperature 1 pps
Range switch temperature 1 pps
20




All outputs are analog. The data for this payload is processed in two phases
due to the high sensitivity of the instruments; differing readout rates for
the fine, coarse and magnetometer designations; and the uncertainty of the

alignment for the boom mounted sensor axes.

The first phase, called the preprocessing, is performed in order to
create a data base of raw magnetometer readings (in gammas). Corrections for
erratic fine and coarse readouts are performed in this routine. A more de-
tailed description of the analysis efforts involved in the preprocessing is
contained in a previous report (AFGL-TR-77-0103, Delorey). Plots, listings,
and the raw magnetic field data base result from each execution of the

preprocess routine.

The final processor uses the raw magnetometer data base and B&L files
as input. Data is processed only in areas where the absolute value of the
latitude exceeds 45°. The steps performed in this routine include the

following:

i) Digital filtering of the X, y and z magnetic field measurements

to produce smoothed signals.

ii) Computation of a correction to the n, angle (caused by the twisting
of the boom-mounted sensor axes). This angular correction is not
constant for each orbit and is, thus, expressed as a function of

time.

iii) Calculate model magnetic field components and total field in the

spacecraft coordinate frame of reference.

iv) Transform the spacecraft principal axis measurements into the
coordinate frame of reference used to express the model field

parameters.

v) In the model field coordinate system, difference the measured

and model x,y,z and total field.

vi) Compute an average curve from the x-axis data (principal axis
system) at the extrema values of the signal and subtract from

this curve the transformed y model field component.
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vii) Plot and list the computed parameters along with associated

ephemeris and magnetic information.

viii) Create a final data base in the same generalized structure as for

other S3 probes.

2.4.5 Electrostatic Analyzer

The S3-2 electrostatic analyzer was designed to perform a 32 channel
differential energy analysis of electrons between approximately 1 kev and
16 kev by means of electric field deflection through a parallel plate system.
A channeltron electron multiplier is used to detect the selected electrons
which are counted in a 10 bit binary counter with an additional overflow bit
indicator. An inflight calibration source and test pulse generator are
included within the instrument to assure the accumulation of one count during

each data interval.

A 5 bit up/down counter programs the deflection voltage in a 64 step
; to 111112 then back to 00000 in 64
steps. The 10 bit data counters, 1 bit overflow indicator and 5 bit up/down

sequence. The counter steps from 00000

control counter are read out as a single 16 bit word at the uniform rate of
64 samples/second. The five bit control counter is incremented every other
readout ; therefore, a complete 64 step sequence (32 up, 32 down) is completed

every 2 seconds.

There are 10 analog monitors which provide outputs used to ascertain
proper instrument performance. Monitors 26-11-9 and 26-11-10 will assume

different levels for each energy channel.

For the overflow bit, the normal value is 1. An overflow is indicated by

a 0 value.

Instrument outputs and associated data rates are as follows:

ESA output (16 bit digital) 64
+5v monitor
+15v monitor
-5v monitor

+10v reference monitor

s N NN

+28v monitor




Temperature monitor
+3kv monitor
+3kv input current monitor

-10kv input current monitor

o 0 0 00 =~

-10kv reference input monitor

Computer software has been developed to create an ESA data base and to

perform analyses upon the data base. This processing occurs in two phases.

In the first phase, science data is produced and a data base is created
for later use in the analysis phase. The basic functions of this software

may be summarized as follows:

The 16 bit digital readout is decoded and the accumulated counts are
extracted; the readouts are ordered into 2 second data frames; areas of
digitization dropout are dummy filled and flagged in order to maintain a
consistent file structure; magnetic and ephemeris parameters are merged;
average energy, average flux and total flux are computed on a sweep by sweep
basis; plots listings and the data base are created. For each orbit, the
listings are broken down into three sections: GMT and the raw counts readout
by the instrument with areas of data dropout flagged; the housekeeping
monitors converted to voltage and one minute averages of the monitors; GMT,
magnetic pitch angle, average energy, average flux and total flux. Displays
gencrated by the routine are segmented to produce one set of plots for each
hemisphere. Each set of plots represents average energy, average flux, total
flux and magnetic pitch angle as functions of GMI. Additional axes yield
annotation for altitude, geodetic latitude, longitude, magnetic local time,
invariant latitude and geomagnetic latitude. The data base consists of a
header record followed by data records structured to allow easy input to
analysis routines. Data records contain GMI, ephemeris and magnetic param-
cters and counts. The counts are always stored such that energy level 00000

2
begins the frame.

Two analysis routines have been written to access the ESA data base; the
first produces displays of spectra (flux versus energy) for individual

sweeps while the second routine is used to sort data into selectable bins and

perform averages and statistical evaluations.




The basic functions of the second routine may be summarized as follows:
the data from the data base is input to the routine and the orbit is immedi-
ately separated into the sunlight and shaded portions since the data is to
be treated separately for the two cases; the data is then sorted into pre-
defined latitude bins with starting, ending and incremental values optional;
for each latitude bin, the counts are converted to flux and the flux values
are sorted into energy bins of optional width; for each energy level, the
average flux and statistical error is computed; flux data is sorted into
predefined magnetic pitch angle bins (of optional width) for each energy bin
and average flux statistical error and average energy are computed; finally,
for each magnetic pitch angle bin, average energy, total energy flux and total
flux are computed. Formulae used in this routine were detailed in a previous
report (AFGL-TR-77-0103, Delorey).

3.0 SCATHA SATELLITE

In this section, an overview of the SCATHA project, telemetry systems

and agency file concecpts are discussed.

3.1 Overview

The P78-2 spacecraft is part of an Air Force project to investigate Space
Charging at High Altitude (SCATHA). The vehicle will be launched into a near
synchronous orbit. On-orbit data will be controlled by the Satellite Control
Facility and its remote tracking stations. The duration of the mission is

scheduled for 12 months.

The vehicle is\scheduled for launch from the Eastern Test Range in 1979.
The space vehicle (SV) will initially be placed in a c}rcular parking orbit
from which it will be placed into a transfer orbit at the first ascending
node. At apogee after 3 1/2 revolutions in the transfer orbit, the vehicle
will be placed into its near synchronous final %rbit with 3‘2.5 degree
inclination. The approximate apogee and perigee in fiﬁal orbit are 23100 nmi
and 15038 nmi, respectively. This orbit will result in a nominal longitudinal
drift of 6 degrees per day. The orbital orientation is such that the vehicle . 1
will experience a sequence of altitudes near synchronous altitude at local

midnight during the vernal eclipse season.
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The vehicle is expected to acquire up to 24 hours of data per day for the
1 year period. The payloads to be flown aboard the vehicle were designed to
provide data related to charging, discharging and plasma interaction phenome-
nae. In particular, investigations will be made on different particle types
and cnergy ranges; magnetic field intensities of both the environment and
those generated by the SV; the effects of charging and discharging on space-
craft materials; the interaction of the charging and discharging phenomenae

with SV operation and the techniques for controlling the SV charge condition. i

3.2 Telemetry

The P78-2 telemetry system provides for the transmission of PCM and FM
data. There are two primary encoders, an auxiliary encoder and two tape

recorders aboard the vehicle.

The characteristics of the primary encoder may be summarized as follows:

128 words/mainframe

8 bits/word

1024 bits/mainframe

8 mainframes/seconds

8192 bits/second

128 mainframes/masterframe

16 seconds/masterframe.

The auxiliary encoder may be characterized in summary form as follows:

64 words/mainframe
8 bits/word

512 bits/mainframe
1 mainframe/second
512 bits/second
. 4 mainframes/masterframe

4 seconds/masterframe.

The broadband analog data from the vehicle will provide high rate
information for several experiments. Five modes were defined for brecadband

operat ions but only one mode may be operated at any time.

25




3.3 Agency Tapes

A new concept, called the agency tape (AT), will be used by SAMTEC in the
digitization of data for the SCATHA satellite. This new type of file replaces
the STF used for the S3-1, S3-2 and S3-3 satellites. The actual file structure
has resulted from meetings between SUA, SDAL and SAMTEC personnel. Rather than
digitizing the entire PCM mainframe, an agency tape is created for each experi-
ment which contains only the specific designations requested. Each orbit on
the AT will have at least four types of records; header record, scan record,
cvent rccord and telemetry records. The header record contains information
specific to the vehicle and orbit such as orbit number, date of orbit, GMT at
the start and end of the pass. The scan record will contain information per-
taining to areas of digitization dropout. The event record is specific to each
agency tape type. It may contain information from the telemetry stream obtained

in the first pass of the 2 pass SAMTEC system.

The telemetry records contain GMT and the digital values for the specified
designations.

One of the preliminary efforts of the SDAL with respect to this vehicle has
been to aid the SUA analysts in defining agency tape information. From the
overview section it is seen that coverage of up to 24 hours per day may be ex-
pected. Thus, it is obvious that efficient storage of the PCM data into the
data records is imperative. The structure which was defined results in signi-

ficant data compaction yet allows for compatibility with S3 system techniques.

It is suggested that each record contain masterframes of data with each
masterframe starting at the mainframe containing subcommutator frame 0. By
storing masterframes, as opposed to mainframes, on each physical record, a
maximum of information may be stored on each magnetic tape. Further, by storing
each masterframe in a consistent manner (starting at subcommutator level zero),
the necessity of having individual processing routines search each file to find
word locations of subcommutated data is removed. This will help in minimizing
the computer coding in these routines. The more important factor, however, is
data storage. [stimates were made using the preliminary telemetry lists from
two of the AFGL probes aboard the vehicle and these estimates were used to
conclude that a full day (24 hours) of data could be stored on each agency tape.
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APPENDIX A

B%L FILE FORMAT




!-l!l-'ll!-'!I!llllllllll-llll!lﬂlllllﬂlﬂ-"""

0.2

ro

10

11

13

14
15

F 16

17

18

19

20

21

B&L-File Header Record

Word Count

Group Count (1)

Satellite name

Modified Julian date at start of pass
Month of year at start of pass

Day of month at start of pass

Year (last two digits of 19»x)
Coefficients used in mag. field calculations
Epoch year of coefficients

Date coefficients initially updated to
Start time of pass (GMT) seconds

End time of pass (GMT) seconds

Time increment (seconds)

Indicator for magfield package
0. = INVAR/FIELDG, 1. SHELLG/FELDG

Error value for INVAR

Semi-major axis (km)

Eccentricity

Inclination

Right ascension of ascending mode
Argument of perigee

Time of perigee (GMT) sec - neg + N/A

Altitude of perigee (km)
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% B§L-File Header Record (Cont.)

.1 22 Longitude of perigee (+E)

' 23 Latitude of Perigee (geodetic)
24 Local time of perigee - seconds
25 Time of apogee (neg -+ no apogee)
26 Altitude of apogee (km)

E 2.7 Longitude of apogee (+E)
28 Latitude of apogee (geodetic)
29 Local time of apogee -~ seconds
30 Start time of vehicle in sun1 (neg > N/A)
31 End time of vehicle in sun, (neg = N/A)
32 Start time of vehicle in shade1 (neg > N/A)
33 End time of vehicle in shade1 (neg + N/A)
34 Start time of vehicle in sun2 (neg = N/A)
35 End time of vehicle in sun, (neg = N/A)
36 Start time of vehicle in shade2 (neg + N/A)
37 End time of vehicle in shade2 (neg > N/A)
38 Longitude at start of pass
39 Longitude at end of pass
40 Latitude (geodetic) at start of pass
41 Latitude (geodetic) at end of pass
42 Altitude at start of pass
43 Altitude at end of pass
44 Rev no.

45-50 Vacant f




Pr—————

B&L - File Data Records
5{ 0.1 Word count
; 0.2 Group count
! 1 Modi fied Julian Date
2 Calendar month
3 Calendar day
4 Calendar year
5 Hour of day
6 Minute of hour
7 Second of minute
8 GMT in seconds
9 x coordinate of position vector (km)
10 y coordinate of position vector (km)
11 z coordinate of position vector (km)
12 x coordinate of velocity vector (km/sec)
13 y coordinate of velocity vector (km/sec)
14 z coordinate of velocity vector (km/sec)
15 Satellite altitude (km)
16 Distance of satellite from center of earth (km)
17 Satellite velocity (km/sec)
18 Geocentric latitude (390°)
19 Geodetic latitude (90°)
20 Satellite longitude (+E)
21 Geomagnet ic local time (seconds)
22 Local time (seconds)

30
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B§L - File Data Records (Cont.)

23 x coordinate of magnetic field (geodetic) in gamma's

24 y coordinate of magnetic field (geodetic) in gamma's

25 z coordinate of magnetic field (geodetic) in gamma's

26 Geomagnetic coordinate - B

27 Geomagnetic coordinate - L

28 Geomagnetic latitude

29 Geomagnetic longitude

30 Magnetic inclination

31 Magnetic declination

32 Invariant latitude

33 Corrected geomagnetic latitude

34 Corrected geomagnetic longitude

35 Local corrected magnetic time

36 Solar zenith angle

37 Solar longitude

38 Solar right ascension

39 Solar declination |
40 Mean anomaly |
41-50 Vacant |
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APPENDIX B

GSF FILE FORMAT




(GSF) Geophysical Support File Header Record

cbC FORMAT
0.1 I
0.2 I
1 A
2 F
3 F
4 F
5 F
6 F
7 F
8 B
9 F
10 F
11 F
12 F
13 F
14 F
15 F
16 F
17 F
18 F
19 F
20 F
21 F

DESCRIPTION

Word count

Group count

Satellite name

Modified Julian date

Month of year at start of pass
Day of month at start of pass
Year of month at start of pass
Time at start of pass-GMT (Sec)
Time at end of pass-GMT (Sec)
Time increment

Semi Major axis at start of pass
Eccentricity at start of pass
Inclination at start of pass
Right ascension of ascending node
Argument of perigee

Time of perigee-GMT Sec (neg -+ N/A)
Altitude of perigee (km)
Longitude of perigee (+E)
Latitude (geodetic) of perigee
Local time of perigee (Sec)

Time of apogee-GMT Sec (neg + N/A)
Altitude of apogee (km)

Longitude of apogee (+E)

33
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(GSF) Geophysical Support File Header Record (Cont.)

cne FORMAT DESCRIPTION
22 F Latitude of apogee (geodetic)
23 F Local time of apogee (sec)
24 F Start time of vehicle in sun (neg > N/A)
| 25 F End time of vehicle in sun, (neg ~ N/A)
i 26 F Start time of vehicle in shade1 (neg > N/A)
E 27 F End time of vehicle in shade1 (neg > N/A)
E 28 F Start time of vehicle in sunz(neg + N/A) |
29 F End time of vehicle in sun, (neg + N/A)
30 F Start time of vehicle in shade2 (neg + N/A)
31 F End time of vehicle in shade2 (neg + N/A)
32 F F10.7 cm solar flux (F10.7)
33 F F (3 month average)
34 F Kp value
35 F Ap value
36 F Longitude (+E) at start of pass |
37 F Longitude (+E) at end of pass ‘
38 F Latitude (geodetic) at start of pass ‘
39 F Latitude (geodetic) at end of pass
40 F Altitude at start of pass
41 F Altitude at end of pass
42 F Rev no. (f)
43-50 F Vacant
34




APPENDIX C

INDICES FILE FORMAT




Indices File Format

WORD NO. FORMAT DESCRIPTION
i " 1 F Month of year
2 F Day of month
‘v 3 F Year (last 2 digits of 19xx)
4-11 F Kp values (8)
12 F F10.7 cm solar flux
13 F Solar declination
14 F A
P
15 F Relative sunspot number
16 F Daily solar index
17 F Calcium plage

18-41 F Hourly Dst index




APPENDIX D

MESA ACCELEROMETER DATA BASE

CESNERR LA e




Header Record:

o o

e 0 g O B L N =N

N N o NN D NN N = e e et b s P et
N SN SsE LN = O O NN RN = O

MESA Accelerometer Data Base

No. of words in header record (45)
Integer (1)

Satellite Name

Month of year at start of pass

Day of month at start of pass

Year (last 2 digits of 19xx)

Time at start of pass (GMI sec)

Time at end of pass (GMT sec)

Time of perigee (GMT sec)

Altitude at perigee (km)

Geocentric longitude at perigee (Degrees, +E)
Geodetic latitude at perigee

Local time of perigee (sec)

Start time of vehicle in sun (neg N/A)
End time of vehicle in sun (neg N/A)
Start time of vehicle in shade (neg N/A)
End time of vehicle in shade (neg N/A)
Start time of vehicle in sun) (neg N/A)

End time of vehicle in sun) (neg N/A)

Start time of vehicle in shade, (neg N/A)
End time of vehicle in shade; (neg N/A)
F1g9.7 cm solar flux e
F (3 month average)

K

P
Orbit Number
a9
aj Downleg data coefficients to fit
32 4 i ‘
15 + logp = L a.z
az i=0 1 i
3 = density, z - altitude !
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29
30
31
32
33
34
35

37
38
39
40
41
42
43
44
45

MESA Accelerometer Data Base

Upleg data -~ coefficients to fit

4 :
15 + logp = & biz1
i=0

Constants used in bias correcting data

Vacant
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MESA Accelerometer Qutput Data Base - Data Records

Output values are for ram points only

0.1 Number of words in a group (20)
z 0.2 Number of groups in a logical record (25)
¥ Time (GMT seconds)
2 Altitude
| 3 Geodetic latitude

4 Geocentric longitude

) Geomagnetic latitude

6 Geomagnetic longitude

7 Local time (sec)

8 Drag

9 p calculated

10 p model

11 Ratio (p meas/p model)

12 Attack Angle

13 L-Shell

14 Orbit normal angle

15 Temperature and bias corrected counts
16 Drag coefficient

17 Geocentric latitude

18 Vacant

19 Vacant

20 Vacant

The ram point outputs for the full pass comprise the first part of
the MESA data base.

The second part of the data base is made up of points from the
curve fit in 2 km intervals between 250 km and perigee. Perigee
i point is added.

The two portions of the file are separated by IND = 1, JGRP - 1,
DATA = 0.0.
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For the fitted data

o o
O ® NG VT A LN N =N -

—
(=]

Word Count (10)
Group Count (50)

GMT

ALT

Geodetic latitude
Geocentric longitude
Geomagnetic latitude
Geomagnetic longitude
p (from fit)

p model

Rat io

Local time




APPENDIX E

MSI DATA BASE
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MSI Data Base - Header Record

0.1
0.2

© 00 N OV s WL N

S T S T T o S e e = R o)
© W o N O AW N= O

Word Count (20)

Group Count (1)

Experiment (MSI)

Orbit Number

Month of Year

Day of month of orbit

Year (last two digits of 19xx)

Start time of orbit (GMT-sec)

End time of orbit (GMT-sec)

Start time of vehicle in sun-GMT sec (<0-N/A)
End time of vehicle in sun-GMT sec (<0-N/A)

Start time of vehicle in shade - GMT sec (<O0*N/A)

End time of vehicle in shade - GMT sec (<0-N/A)
R (average R for orbit)

GMT (sec) of perigee

Altitude (km) of perigee

longitude (+E) of perigee

Latitude of perigee

local time of perigee (sec)

T (average sphere temp for orbit)

Vacant

Vacant
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12
13
14
15
16
17
18
19
20
21
22
23
24

25

MSI Data Base Data Records

Word Count (50)

Group Count (10)

Time (GMT sec) ram
Altitude (km)

Geodetic latitude
Longitude

Invariant latitude
L-shell

Geomagnetic latitude
Magnetic local time (sec)
Velocity (km/sec)

114 (current for mass 14)

%4 (attack angle of current for amu 14; + into ram, - out

of ram)

I16

%6

I18

%8

I,g

%28

I30

%30

I35

%32

T34

%34

T40

%0
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26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

MSI Data Base - Data Records (Cont.)

Np (Np + IN)
p (p= kENiMi)

Time (sit mode 70° into ram) (T+70)

Altitude

a at T+70

I28+70

N2g+70
Time (sit - ram) (TR)
Alt at TR

a at TR

I28 ram

N28 ram
Time (sit mode - 70° out of ram) (T

Alt at T .o

a at T_70

Ir8-70

N;s-70

Vacant

Vacant

-70




APPENDIX F

MSIV ION DATA BASE
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MSIV Ion Data Base Header Record

Word Count (23)

Group Count (1)
Experiment (MSIV)
Orbit Number

Month of year of orbit
Day of month of orbit
Year (last 2 digits of 19xx)

Start time of orbit (GMI-sec)

End time of orbit (GMT-sec)

Start time of vehicle in sun (<0->N/A)
End time of vehicle in sun (<0>N/A)
Start time of vehicle in shade (<0-N/A)
End time of vehicle in shade (<0>N/A)
GMT of perigee (sec)

Altitude of perigee (km)

Longitude (+E) of perigee

Geodetic latitude of perigee

Geomagnetic latitude of perigee
Invariant latitude of perigee

Local time of perigee

Magnetic local time of perigee

Corrected magnetic local time of perigee
Commutatorj
Commutator)
Commutatorsy

from first 8 frames
Commut atory of data in pass
Commutatorsg
Commutatorg
Commutatory

Commutatorg

48

st i

T T SV P T




MSIV Ion Data Base Header Record (Cont.)

Commutator)
Commutator)
Commutator3
Commut atory
Commutatorsg
Commutatorg
Commutatory
Commutatorg
Vacant

Vacant

From last 8 frames
of data in pass
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i MSIV Ion Data Base Data Records
EV
0.1 Word Count (39)
0.2 Group Count (13)

1 Time of start of selected frame (GMT seconds)

2 Altitude (km)

3 Geodetic latitude
E 4 Geomagnetic latitude

5 Invariant latitude

6 L-Shell

7 Longitude (+E)

8 Magnetic local time (sec)

9 Corrected magnetic local time (sec)

10 Local time (sec)

11 114 (corrected to ram)

12 I16 (corrected to ram)

13 128 (corrected to ram)

14 130 (corrected to ram)

15 132 (corrected to ram)

16 %4 at time of I14 (a = attack angle)

17 016 at time of 116

18 Ay at time of 128

19 a30 at time of 130

20 Qzy at time of 132

2! 814 at time of I14 (f = pit:h angle)

22 816 at time of I]‘

23 628 at time of 128

24 830 at time of 130

25 832 at time of 132

50
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20
27
28
29
30
31
32
33
34

35

38

39

MSIV Ion Data Base Data Records (Cont.)

)Ili (where Ii are corrected currents)
RAl (where RA has been translated to ram)
O.RAI

RA; (translated to ram)

GRAZ

RA3 (translated to ram)

O'RA:(,

TI,

TI,

TIz

TI4

Beam Monitor

1

Beam Monitor2

High Voltage Monitor
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APPENDIX G

ION DENSITY GAUGE DATA BASE
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Data Base Storage: Ion Density Gauge

Header Record

0.1

0.2

10
11
12
13
14
15
16
17
18
19

20

e e i i

Word Count (35)

Group Count (1)

Orbit No.

Month of orbit

Day of orbit

Year of orbit (last two digits of 19xx)
Kp for orbit

F10.7 cm flux for orbit

Start time of orbit (GMT sec)
End time of orbit (GMT sec)
Start time of vehicle in sun
End time of vehicle in sun

Start time of vehicle in shade

End time of vehicle in shade

Perigee time (GMT sec)
Perigee altitude (km)

Perigee longitude (+E)

Perigee latitude
Local time of perigee (sec) 1
\

Electronics temperature (average)

Gauge temperature (representative value)
TGE (calculated Tg)
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Data Base Storage: Ion Density Gauge (Cont.)

21 ag ‘w Coefficients to least square fit for downleg
22 a, where
23 a 4 :
2
> log. = I az' ~15
24 a P jeo 1!
3
25 a, p = density; z = altitude z < 350 km
26 b0 3 Coefficients for up leg data fit A
27 b & i
1 Coefficients for up leg data fit
!
E 28 b2 } 4 :
| 29 b logp = .E bi z- - 15
3 i=o0
o b4 4 z < 350 km
31 Gauge Number {value = 4 for -4, -6, value = S for -5, -7}
32 Eccentricity
33 Inclination
34 F10 7 flux (3 month average)
35 Vacant |
i
] 54

T




oo

0.2

10

11

12

13

14

15

16

17

Data Records - Ion Density Gauge Data Base

Word Count (21)

Group Count (24)

Time (ram) (GMT sec)

Altitude (km)

Longitude (+E)

Latitude (Geodetic)

Magnetic latitude

Local time (seconds)

I (current at 40° going into ram)

Pg (pressure at 40° going into ram)

R (S, D, @) (R factor at 40° going into ram)
I (current at 40° going out of ram)

Pg (pressure at 40° going out of ram)

R (S, D, a) (R factor at 40° out of ram)
Pressure into ram (from fit)

Pressure out of ram (from fit)

Average pressure (average of 13, 14 above)
Measured density p

Model density (J '71)

Model temperature (J '71)

Model pressure (J '71)

High Voltage

Vacant

Words 1-21 repeat 23 times
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APPENDIX H

MSIV NEUTRAL HIGH DATA BASE




MSIV Neutral High (NH)

Header Record

0.1

0.2

10

11

12

13

14

15

16

7

18

19

20

Word Count (38)

Group Count (1)

Experiment (MSIV - NH)

Orbit Number

Month of year of orbit

Day of month of orbit

Year (last two digits of 19xx)

Start time of orbit (GMT sec)

End time of orbit (GMT sec)

Start time of vehicle in sun (<0 = >N/A)
End time of vehicle in sun (<0 = >N/A)
Start time of vehilce in shade (<0 = >N/A)
End time of vehicle in shade (<0 = >N/A)
GMT of perigee (sec)

Altitude of perigee (km)

Longitude (+E) of perigee

Geodetic latitude of perigee

Geomagnetic latitude of perigee
Invariant latitude of perigee

Local time of perigee

Magnetic local time of perigee

Corrected magnetic local time of perigee
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21

22

23

24

25

26

27

28

31

32

33

34

35

37

MSIV Neutral High (NH) (Cont.)

Commutator
Commutator
Commutator
Commutator
Commutator
Commutator
Commutator
Commutator
Commutator
Commutator
Commutator
Commutator
Commut at or
Commutator
Commutator

Commutator

Vacant

j

From first 8 frames of data in
the pass

From last 8 frames of data in

the pass
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22
23
24
25
26

Data Records - MSIV Neutral High Data Base

Word Count (72)

Group Count) (<7)

GMT at point closest to ram (sec)
Alti tude

Geodetic

Longitude (+E)

Invariant latitude

L-shell

Geomagnetic latitude
Magnetic local time /
Corrected magnetic local time
Velocity (km/sec)

Pitch Angle

Ty ram

Ty ram

Ty wake

I wake

T, ram

I ram

T2 wake

12 wake

T4 ram

I4 ram

T4 wake

14 wake

T14 ram

I14 ram

T14 wake

SR—




1 Data Records -~ MSIV Neutral High Data Base (Cont.)
i 32 Tog ram
| 33 I2g ram
t 34 Tog wake
35 128 wake
36 T3p ram
37 I3p0 ram
k 38 T3p wake
39 130 wake
40 T32 ram
41 I32 ram
42 T3y wake
43 I32 wake
44 T4p ram
45 I40 ram
46 T4p wake
47 I40 wake
48 T44 ram
49 144 ram
50 T44 wake
51 I44 wake
52 a; of ram Iy (+ = into ram; - = away from ram)
53 a2 of ram I (+ = into ram; - = away from ram)
54 ag4 of ram I4 (+ = into ram; - = away from ram)
55 aj4 of ram Ij4 (+ = into ram; - = away from ram)
56 aje of ram I (+ = into ram; - = away from ram)
57 azg of ram Izg (+ = into ram; - = away from ram)
58 azp of ram I3p (+ = into ram; - = away from ram)
59 @32 of ram I3 (+ = into ram; - = away from ram)
60 a4p of ram I49 (+ = into ram; - = away from ram)
61 agq4 of ram I44 (+ = into ram; - = away from ram)
60




62

63

64

65

66

67

68

69

70

71

72

Data Records - MSIV Neutral High Data Base (Cont.)

Ratio monitor 4
Ratio monitor S
Ratio monitor 6
Ratio monitor 7
Ratio monitor 8
Beam monitor3z

Beam monitory

High Voltage Monitor
Vacant

Vacant

Vacant

61
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S$3-1 DATA BASE LIST (Sample)
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