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1 .0 I NTRODUCT ION

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 ana lys is of d igital information from payloads flown aboard
Air Force Satellites. The data analysis e fforts 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 process ing
system (DPS) was developed and implemented for satellite S3-l. This system

was adapted for use with the S3-2 and S3-3 vehicles. The system will be

modif ied and adapted in order to satisfy requi rements assoc iated with the
SCATIIA 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 (tv~ I and !s~ IV) .
This effort entailed the completion of standard processing and the process-

ing of data from problem orbits . Efforts were also expended on the selective

process ing 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 efforts

were involved in the development of software to integrate the appropriate
data bases and produce hi story displays of selected parameters .

The S3-2 efforts dea lt with the following experiments: Electrostatic

Analyzer , Fluxgate Magnetometer, Piezoelectric Accelerometer, Cold Cathode

Ion i zat ion Density Gauge and the t~6IV mass spectrometer. The main emphasis

was placed on the development of analysis to be used in the systematic p ro-

cessing of the data and the translation of the analysis into efficient

computer software. Selected data has been processed for the probes mentioned.

Creat ion and maintenance of the raw data files, the B~L fi les (magnetic and
ephemeris data), Geophysical Support Files (neutral atmospheric model data)
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and output module (OM) files (coefficients necessary for the computat ion 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-

gate spacec raft charging at high altitudes , preliminary investigations were
con ducted into data analysis requiremen ts in orde r to beg in the adaptation
of the S3 DI’S for the SCATHA effort.

2.0 S3 SATELLITES

2. 1 Vehicle Operations and Spacecraft Telemetry

The S3-l , 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 operat ions for the three vehicles were, ho wever , different.

The AFGL probes flown aboard the S3-l vehicle were operated prinari ly
dur ing the perigee portion of orbits. This data was , in genera l , 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 ope rat ions , data was recorded on every other orbit although in-
cre ased coverage was obta ined 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 I ! .  The group I payloads were designed pr imar i ly  for h igh
lat itude studies. The group II  experiments were s imilar  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 play back of data from
group I on ly ,  group II  only or shared orbits in which data was acquired from
both th e group I and group II payloads . Real time acquisition s were also
avai lable  for thi s vehicle.
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The S3-3 satellite which is still operational obtain s 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 telemet ry system used for a l l  three vehicles

was ident ica l .

The s a t e l l i t e  pulse code modulation ( PCM) ata is telemetered to SCF
remote tracking stations by Bi-Ø-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 t ime data t ransmissions.

The s a t e l l i t e  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-sub com frames (ssc)
in the sub frames. Thus a master frame (one read out from each word

occurs over 256 main frames.

The procec-sor provides an analog-to-digital converter which produces
the ei ght bi t  d i g i t a l  values for a l l  analog measurements providing an accuracy
of ± .2 % ± 1/2 LSB. Include d in thi s figure are all error contributions from
the processor input , at sampling t ime , to the processor output . The voltage
range for encoding is 0 to 5.12 VDC.

The PCM processo r generates the satel l i te  t ime word (SN) . The SN
consists of 28 bi ts  and al lows for an accumulation through 194 days . The
four least s ign i f i can t  bits of the SN serve as a subcom ident i f ier  while
least sign i f icant  b i t s  5 through 8 identify the sub-subcom frame . The
synchronizat i on 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 p ro-
cessing requirements and the necessity of taking a systematic approach to

3
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the data processing task , a data processing system ( DPS ) was developed and
implemented for S3-1. The DI’S allowed for maximum dat a flow , f l ex ib i l i t y
of implementat ion and adaptability to future vehicles . In fact , the S3-l

DI’S was generalized for use with the S3-2 and S3-3 spacecrafts. The program

interfaces and genera l data flow are identical in the  DI’S for a l l  three
vehic les  al though versions of some programs exist  for each spacecraft .

In orde r to understand the e f fo r t  involved in the creation of the

geophysical unit dat a bases and unif ied h is tory  f i l e , 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 w h i l e  Figure 2 represents the Phase I I  program interfaces .  For vehicles
S3-I and S3-2 , both phases are implemented. For s a t e l l i t e  S3-3 , only Phase I
is requi red.

En Phase I , a l l  fi l es to be input into the ind iv idua l  experiment data
processing routines are created. These f i les  consist of the raw experiment
data f iles , magnetic parameter and ephemeri s f i les , atmospheri c mode l f i les
and f i l e s  contain ing the  coefficients to be used in determining vehicle
a t t i t u d e . In Phase I I , the individua l experiment processing routines are
executed and geophys ica l  unit data bases for each spacecraf t revolution are
created. For s a t e l l i t e  S3-l , in addit ion to these geophysical  unit data
bases , a u n i f i ed h is t o ry f i le  containing  reduced dat a from all probes is to
be created. Throug h his tory f i l e  usage , reduced geophysical unit  correla-
t ions may be made for a l l  probes which are s imultaneously studying the same
atmosp her ic  phenomena. l~breove r , the un i f ied h istory f i le resul ts in
compaction of th e  data to one f lexible  f i l e .

The PCM data t r a n s m i t t e d  from the veh ic le  is recorded on tape at various
SCF remote t r ack ing  stat ions . These tape s are , in turn , sent to the Space
and Missi le  Test Center (SAMTEC) for digiti zation and storage onto 9 t rack
tape .

The file name used by SAMI’EC 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 cont inuation reco rds (DIC) ,
data records ( DR) , end of data records (ED) and end of real records (ER) .

4 
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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 wo rd locat ions within
DR ’ s for both clock correlation factors and all word designations from the
telemetry data. Data records for the telemetry data always begin wi th  sub-
corn frame 1, but the fi rst dat a frame on each STF tape is random relat ive
to the sub sub-corn frame . Syn c and spare words are deleted in the digitiza-
t ion process . Thus , in genera l , the DIR and DIC info rmation w i l l  not be

Consistent from one STF tape to another. The ED records signa l the end of

in fo rmation for the t ime corre lat ion and telemet ry info rmation for each STF
tape . ER is the si gnal for end of ree l operations . The set of data
products received at AFGL / SLJA for each orbit processed through the SAMTEC
di gi t i z a t i o n  system is the STF tape , its associated scan listing and a

deck of cards for attitude determinat ion. The scan listing contains orbit

number , start and stop times of the digitized signal and satel l i te  t ime
words (SN) at which d ig i ta l  dropout occurred. The card deck s generated
in conjunct ion w i t h  the  STF creation , results from a computer routine
called the Est imat ion ~bdule (EM) . The cards cont ain sets of coeff icients
to be used in the computat ion of vehicle  a t t i tude .

Another item used in the DPS is the Sa te l l i t e  Con t ro l Faci l ity  tape
recorde r log. Copies of thi s log are also received by AFGL/SUA .

With  these i t ems  provided by sources external to AFGL , the first phase
of the DPS is ready for implementat ion.

A card image f i l e  of the SCF tape recorder log,  called the Orbit/GMr
f i l e , is created. This f i l e  contains the orbit number , date and start and
stop times of each tape recorder orbit .  For S3-1 and Group I I  operations
for S3-2 , prime dat a occurred for the AFGL probes in the perigee region of
each orbit but s a t e l l i t e  turn-on normally occurred prior to an extending
beyo n d 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/
GMT file and to interrogate ephemeris f i les. Outputs from the perigee
selector ro utine 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 construct7
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the experiment raw data files and their associated model and magnetic

parameter fil es. The use of the perigee information file plays a key role
— in dat a compaction for the B~ L and GSF files for S3-l and 53-2 Group II

operat ions.  The orhit/G~ff file plays a similar role for S3-2 Group I data

as well as the S3-3 data.

Whe n the STF , scan listing and EM deck are received at AFGL/SIJA, the

tape number and pertinent orbit information are entered into a cross-

reference log, the scan l isting is fi led and the card deck , cal led the
output modul e (OM), is prepared for loading onto a monthly OM file. Since

the SAt’fl’EC d ig i t i za t i on p rocess is not done chronologically by orbit n umber ,
the systematic  approach tak en in the storage of these cards is to create
one f i l e  for each month of vehicle l i fe t ime. A cross-reference listing of

file and orbit number is produced whenever ON data is added to any f i l e .

Since the STF contains data from the full I-~CM data stream, a computer
routine was wri t ten  to create raw data files for each experiment . This routine
is cal led the unpack/ edi t/ qual i ty  check (IIEQ) routine. This rout ine uses as
input the STF tape and pertinent information from the perigee f i le , if appli-
cable , such as the prime data area. Perigee fi le usage is required only on
S3-l and S3-2. The IJEQ then extracts all necessary information from the FDR ,

DIR and DIC; unpacks data records according to DIR and DIC specifications ;

quality checks time code in formation and sub-corn frame numbers ; determines

occurrences of signal loss ; edits out bad data frames; calculates GM!’ from the

SN informati on ; performs averages of specifi c designations as necessary ; and

creates a raw data  f i l e  for each experiment in a format which optimizes data
storage and re t r ieval .  Permanent storage of output fi l es is , of necessity,
accomplished through the use of off-line devices. A version of the UEQ exists
for each of the S3 veh icles.

The SCF sends t racking data to AFGL/S 1JA and this data is , in turn , used
by SIJA 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

con ta ined on the SUA ephemeris fi le include al titu de , longitude , geocentri c
and geodeti c la t itude , 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 select ing out only the areas for which telemetry data was acquired.8



n ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~

- 

~~~~~

- -

Since all processing routines for the individua l probes require ephemeri s
as well as magnetic parameters , the ephemeris compaction and combinat ion

ephemeris and magnetic file (B~L file) is created in the next step of the

processing system. An existing routine was modi fied for use with these

satellites . The modified rout ine , cal led the B~ L program , uses as input the

monthly ephemeri s file and the pertinent parameters from the perigee fi le
(or orbit/GM!’ file) to creat e a B~ L file for the prime data of each orbit.
One B~ L tape is created for each month of the lifetime of the satellites .

Amon g the quantities stored on the B~ L file for each orbit are all pertinent

epheme ris pa rameters , magn et ic  f ie ld  component s , total f ie ld , L-Shell and
geomagnetic longitude , lat itude and local t ime . Dat a occurs at 60 secon d
increments for each pass. A modular  subroutine was wri t ten for the ext raction
of any or all of the quantities on the B~L file at any time during an orbit.

Versions of the 81~L rout ine exist for each of the three satellites.

An INDICES file was created for the l ifetime of satellite S3- l and is

being maintained and updated for S3-2 and S3-3. This file conta ins all geo-

physical indices necessary for the interpretation of geophysical unit measure-

ments and for the calculation of model atmospheric parameters . Among the

parameters contained on this file are Kp, F10 ~ 
CM solar f lux , Ap, DST index ,

calcium plage indices , so lar f l are ind i ces and solar  decl ination. A modular
routine , GPARAM, was written to interrogate this file and to allow for the

~~termination of any of the above quantities for any orbit during the lifetime

of a vehicle.

~bst of the AFCL probes flown aboard S3-l and the Group II probes from
S3-2 perfo rm neut ra l atmo spheric measurements. The processing requi rements
for these probes include the knowledge of selected atmospheric neutral model

parameters . To this end , the Geophysical Support File (GSF) is created.
The GSF conta ins parameters such as exospher ic temperature , temperature at
altitude , mass dens ity 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 6SF are creat~ d on a one tape
per month basis with file and orbit numbers matching those of the B~L file.

9 



File formats for the B~ L , GSF and INDICES f i le  are included in the
appendix.

Programs to be executed in the second phase of the DI’S require raw data
fi les , B~ L fi l es , ON files and in some cases 6SF files .

Software developed in both phases of the DI’S was written in modular

fashion in order that multi-purpose routines could be used wherever elements

of commonali ty ex ist in the process ing requirements.

- • 

The processing routines developed for Phase II of the DI’S create the

geophysical unit data bases. These routines also create listings and displays

of the geophys ical uni t parameters alon g w ith selected .

2.3 S3-1 Data Base

As mentioned in the introduct ion, the data bases for the probes flown
aboard this spacecraft have been nearly completed. The addition of data from

a small percentage of probl em orbits will complete these data bases. A brief

descr iption of each of the S3-l 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 dens ity was
derived. The sensing element of the instrument consists of an elect rostati-

cal ly suspende d proo f mass wh ich is electrostati cally 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 operat ing in two sensitivity

ranges . Range A provides low sensitivity measurements . The normal operational

mode for the inst rument was range B.

The M!I is an RF quadrupole mass spec trometer des igned to provide
atmospheric species measurements between 14 and 44 amu . Density measurements

for 0, 02, N2, 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 operat ion consisted of two modes, each
of approximately 12 seconds duration. One 12-second mode consisted of four

• 10
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scans of masses from 14 through 44 ainu. While in the second mode , only N2,
(28 amu) was examin ed.

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 amplitud e 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

atmospher ic neutral dens ity measurem en ts and spatial and temporal variat ions.

The MSIV inst rument was composed of an RF quadrupole mass spectrometer

and a velocity mass spectrometer to measure atmospheric compo s it ion and
speci es dens ity of masses between 1 and 44 amu. The instrument was des igned
for operation in five di fferent modes with mode switching occurring only by

command to the spacecraft Operat ion 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 hi gh 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-76-0l21 , Delorey) .

The general structure of the data base for each probe is the same. By

keep ing all files of the same general form, data retrieval and display can
be e ffected 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 wh ich inc l ude the appropr iate geophysical unit measurements and
selected positional parameters . Informat ion stored in both the header and

data records is structured by frame. Two integer count words precede the

informat ion in each physical  record. These coun t words represent the numbe r
of wo rds in a data frame and the number of data frames in the record.

The MESA data base contains atmospheric neutral density measurements along
with C~1T, selected ephemeris and magnetic parameters and model density. Data

is conta ined in the fi le for each orbit at two rates. One data set yields 2
density measurements per vehicle spin cycle (vehicle spin rate was 5±1 rpm).

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

11
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• for each orbit contain s standard information such as acquisition orbit number,

date of orbit , and data taking interval but coefficients to least squares

polynomial fits arc also included. Density measurements were fit as functions

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

The MSI data base , which has been completed , follows the same gen eral
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

downieg 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 ~~IV instrument were for the prime

ope rat ional mode of the experiment-mode 1. In this mode , both ion and

neut ra l hi gh measurements were performed. Thus, there are two data bases
for the M!IV; one for ions and one for neutra l highs. The header records

for each contain standard orbit related parameters such as date of acquisi-

t ion , orbit number and GM!’ of the acquisition . The data records for the

ion data base contain currents for masses 14, 16, 28, 30 and 32 in addition

to selected magnetic and ephemeris parameters. Th~ese currents are readily
convc rtable into number density . The data records in the neutral hi gh data

base were created in a manner ana lagous 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 t~-ie upleg and downieg portions

of each orbit with the resultant coefficients having density versus altitude

app! ications .

The data bases for the individual probes are used to study structure
wit h in ind i vidual orb its 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 geophys ica l unit data bases for all probes now res ide on
approximately 15 tapes . Thus, the compaction ratio is 100:1. A data base

l ist routine was developed whereby selected parameters re levant to each
acquisition and the file location for each probe within the data base are

displ ayed. The geophys ical index Kp is also displayed on the listing. A

sample of the dat a base printout and the formats for the indivi dual data

bases are included in the appendix.

Th e concept of the un i f ied histo ry f ile wa s de velope d to pro vide a
flex ible data base from which studies of long term effects could be per-

formed. This data base which is present ly being put into final form will

contain coefficients to fits which will allow the computation of geophys ical
uni t  parameters from each of the ind ividual data bases . Note tha t these
coefficients already exist in the header records of each orbit for the

MESA and ion density gauge. Further, as already menti oned , software was
developed to produce the coefficients for the mass spectrometers . Similar

techni ques were employed to produce coefficients for selected model param-

eters . Thus , the coefficients can be used to obtain geophysical  un it or
model data. Ephemer is and magnetic parameters are also selectable from

the unified history file. The geophysical indices asso ciated w ith 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

dens i ty at fixed alti tude wi th additional grids for Kp, F107 
CM solar flux and

latitude and local time of perigee . Additional cons traints 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 conta ined 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 , geophys ical un it data
bases are being developed for the Fluxgate Magnetometer, Elect rostatic

Analyz er , l~~IV and Cold Cathode Density Gauge (IDG). The data for the

Piezoelect ric accelerometer is select ively processed.

Data base development implies the continuance of IJEQ executions and the

creation of B~L, 6SF, OM and indices files in a systematic manner.

This section contains a brief description of each experiment and the

analys is 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 spat ial and temporal variations.

Basically, the output signal from the probe is modulated by the spin of the

veh ic l e  wi th  the maximum response occurring when the angle between the intro-
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-l ,

atmospheric neutral density is computed.

Instrumen t readout s and data rates are summarized below:

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

Due to the higher perigee of this vehicle , as compared to S3-l , many of
the anlysis techniques developed for S3-l required tailoring for appl ication
to this spacecra ft. The basic instrument readouts were quite similar to those
of S3-1.

15 
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i’he functional flow of data through the main processing routine is sum-
marized below .

— The f rames of raw telemet ry data are input through the use of a modular
input rout ine.  Instrument range , gauge current and gauge pressure are then
calcula ted on a point - for-point basis. Instrument attack angles are then
calculated for a l l  pressure va lues through the OM module and OM file. The
data is t hen separated into t he  decreasing and increasing attack angle port ions
of the ram cycle. The instru men t sampl ing function , R (S , D ,ct) , is computed.
Gauge pressure is f i t  as a function of the R (S , D ,c*) 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 ca lcu la ted  for the in to  and out of rain portions of the sa te l l i t e
ro t a t ion  and t hese pressures are then averaged and at mospheric neut ral densi ty
is computed. All necessary ephemeris parameters are then ext racted from the

B~ L f i l e  and atmospheri c neut ra l densi ty is calculated.  Selected model
atmospheri c parameters are ext racted from the Geo phys ica l  Support Fi le .  These
parameters inc l ude mass densi ty,  pressure and temperature at a l t i tude .

Each progi ”in execut ion results in the creat i on of l i s t ings , plots and the
data base. The parameters l isted and plotted are qui te  s imi la r  to those
result ing from S3- I program exeuctions. The data base for each orbit consists
of a header record and data records contain the computed geophysical unit ,
ephemeri s , magnetic and model parameters .

2.4.2 Mass Spect rometer (?.~ IV)

The mass spect rometer flown aboard the S3-2 sa te l l i te  was s imi lar  to the

~~ IV flown on s a t e l l i t e  S 3 — l .  The probe was made up of an RF quadrupole mass
spectrometer in combination with a velocity mass spect rometer. The probe
was desi gned to mea sure atmosp heri c composition and species densi ty.  Species
studied were between I and 44 ann wi th both neutral and ion measurements of

0, N2, NO , N , 11 and H provided. The operation of this ~~ IV experiment was
synchron ized to the PCM encoder and five conmiandable modes of operat ion 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 modi fied

after some of the data i s reduced and spectral radiance features in each
of the four gain channels are compared.

16

• .1 ~~~~~~~~~~~ —

II__ — • — •— -- - - -  — _----- - -~~~~~~~ - -  —~~1~~~~~- — -~ - -—  . - —--- —— —  - --



24 bit digital spectra 64 pps
RF Monitor 64 pps

Beam ( EMR) Monitor 4 pps
Pressure Monitor 8 pps

Ratio (V R) Monitor 8 pps

DC Monitor 8 pps
Commutator 1 pps

Mode Monitor 1 pps

h i g h  Voltage (HV) Mon i to r  2 pps

The probe could be operated in 5 modes . Mode 1 was capable of providing
a comb ination of neutral hig h (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 dat a set consisted of NH only. Mode 4
and mode 5 were pr imari ly  diagnost ic .

For a l l  mo des , the RF monitor indicated the mass being sampled. The 24
bit  dig i tal  spectra output contained a range bit and the number of counts

measured by the m u l t i p l i e r .  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.

I n th is mode , the inst rument can be commanded to perform ion/neutral high or
ion data only measurements. The mode monitor voltage is used to discern the
measuremen t type. In ion on ly mo de , 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 instrumen t mode is determined fi rst. Then , the instrument

I • - -  _  _  _



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

on l y on att ack an gle 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 ampl itude . Rat io 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
A are then computed.

For neutral hi gh 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 avera ged. 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 neut ral high sampl ing function.

Stati stical checks are then performed and one current for each mass is
selected.

Each program execut ion results in plots , listings and data base storage.

The plots and listings of the reduced geophys ical unit parameters and
associated magnetic and ephemeri s informat ion ~re similar to the S3-l 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 triax ial piezoelectric accelerometer flown aboard the spacecraft
provides atmosphere neutral density measuremen ts. Satellite deceleration ,

due to aerodynamic drag, is measured along the three mutually orthogonal

axes. Instrument output s are analog signals (OV to SV) with readouts for

three sensitivity levels along each axis. The telemetry words and data rates

are summa ri zed below :

18
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X-axis range 3 4 pps

X-axis range 2 1 pps

X-axis range 1 1 pps

Y-axis range 3 1 pps

Y-axis range 2 1 pps

Y-ax is range 1 1 pps

Z-axis range 3 1 pps
• Z-axis range 2 1 pps

Z-ax is range 1 1 pps

Temperature .0625 pps

The process ing of data from this probe i s done selectively. Mathematical and
computer techniques developed for the reduction and analysis of accelerome ter
data from previous spacecrafts were adapted and modified for use with S3-2

piezoelect ric 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 atmosphe ric drag. A power spe ctral 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 neut ral density measurements are computed. Plots and listings

of the mass density measurements as functions of GMT and other ephemeris ,

magneti c and model atmosphere parameters are output by the routine .

2.4.4 Fluxgate Magnetometer

The fl uxgate 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 sc ale range for each ax is (OV -
~ 5V) corre sponds tc ±600 y (.02V corres-

ponds to 4.8 y).

Fa c h ax i s has a neutral i z ing winding current of 10 ma/gauss so that a known
biasing field may be appl ied (to each axis) to keep the magnetometers on scale.

When the voltage leve l of a fluxgate axis reaches 0.1 or 4.9V the range

switch provides current increments of 0.1 ma to the neutral iz ing coil (0.1 ma
corresponds to 1000 y). These current increments , appl ied in the proper

19
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direction , keep the magnetometer from saturating. There are 128 different

current l evels available to each axis which correspond to steps of 1000 y

rang ing from -64000 y to +63000 y. The current being applied to any axis is

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 inc rement s 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

16 N + M

where

N,M are integers determined by

N 
coarse volts - 2.84

71

P4 - fine volts
33

Sat uration 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 assoc iated data rates are as fol lows :

magnetometer 32 pps
Y-magnetoineter 32 pps
Z-magn etometer 32 pps

X- axis range swi tch- f ine  16 pps

Y-axis  range swi tch- f ine  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 swi cch 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 desi gnations ; and the uncertainty of the
alignment for the boom mounted sensor axes.

The fi rst 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 thi s 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) . Plo ts , 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

l a t i t ude  exceeds 45 0~~ The steps performed in this routine include the

following:

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

• to produce smoothed s ign als .

ii) Computation of a correction to the 
~2 

angle (caused by the twisting

of the boom-mounted sensor axes). This ar~gular 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 spacecraf t principal axis measurements into the
coordinate frame of reference used to express the model field

parameters .

v) In the model field coordinate sys tem, diffe rence the measured
and mode l x ,y,z and total field.

vi) Compute an average curve from the x-axis data (principal axis

system) at the ext rema 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

di fferential energy analysis of electrons between approximately 1 key and

lb key by means of elec tric field deflec tion through a parallel  plate system.

A channeltron electron m u l t i p l i e r  is used to detect the selected electrons

which are counted in a 10 bit binary counter with an additional overflow bit

indicator .  An in f l ight cal ibrat ion source and test pulse generator are

included wi th in  the inst rument to assure the accumulation of one count during

each dat a in te rva l .

A S bit up/down counter programs the deflection voltage in a 64 step

sequen ce. The counter steps from 000002 to 11111 2 then back to 00000 in 64

steps. The 10 bit data counters, 1 bit overflow indicator and 5 bit up/down
cont rol 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 ; there fore , a compl ete 64 step sequence (32 up, 32 down) is completed
every 2 seconds.

There are 10 analog monitors which provide outputs used to ascertain

prope r ins t rument  perfo rmance. Monitors 26-11-9 and 26-11-10 will assume

d i f f e rent 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 dig ital) 64
+5v monitor 2

+l5v monitor 2

-5v mon itor 2

+lOv reference monitor 4

+28v monitor 1
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Temperat ure monitor 1

+3kv monitor 8

+3kv input current moni to r  8

-10kv input current monitor 8

-10kv reference input monitor 8

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

per fo nu  analyses upon the data base . This processing occurs in  two phases.

In the f i r s t  phase , science data is produced and a data base is created

f o r  l.itcr use in the ana lys i s  phase.  The basic  func t ions  of th i s  software
may he summari:ed as follows:

The lb hit di gita l readout is decoded and the accumulated counts are

extracted; the readout s are ordered into ~! second data frames ; areas of

di gitizat ion dropout arc dummy filled and flagged in order to main ta in  a
consistent fi le structure ; magnetic and ephemeris pa rameters are merged ;
average ene rgy , average flux and tot al flux are computed on a sweep by sweep

basis; plots listings and the dat a base are created. For each orbit , the

listings arc broken down into three sections : G~fl’ and the raw counts readout

by the instrumen t with areas of data dropout flagged; the housekeeping
moni to r s  conve rted t o  vo l t age  and one minute  averages of the moni tors ; GM1’ ,
magnetic pitch ang le , average energy , average flux and t o t a l  fl ux . Di sp l ays
generated by the rout i ne are segmented to produce one set of plo ts for each
hemi sp here . Each set of plots represents average energy , ave rage f l ux , total

flux and magnetic p itch ang l e as func t ions  of c~MT. Addi t iona l  axes y i e l d
annotat ion for ai titude , 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 CMI’, ephemeris and magnetic param-

eters and counts. The counts are always stored such that energy level 00000
2

bc~ iris the frame.

Two analysis routines have been written to access the ESA data base; the

fi rst produces d i sp l ays  of spectra ( f l u x  versus energy ) for individua l
sweeps while the second routine is used to sort data into selectable bins and

perform averages and statistical evaluations .

23

-— — - -- - - -~~~~~~— ~~~~~~~~~~~~~~~~~~~~~~



__

The bas ic functi ons of the second routine may be summarized as follows :
the data from the data base is input to the routine and the orbit i s immedi-
a te ly  separated in to  the sun l ight and shaded portions since the data i s  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 conve rted to f lux  and the f lux  values
are sorted into ene rgy bins of optional w idth; 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 s ta t i s t ica l  er ror  and average energy are computed; finally,
for each magnetic pitch angle bin , average energy , total energy fl ux 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 , telemet ry systems

and agency file conccpts are discussed.

3.1 Overv iew

The P78-2 spacecraft is part of an Air Force project to invest igate Space

Charging at High Altitude (SCATHA). The vehicle will be launched into a near
synchronous orbit. On-orbit data will be controlled by the Sate~ 1ite Control

F a c i l i t y  and i ts remote t r ack ing  s tat ions.  The duration of the miss ion 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 circular parking orbit

from wh i ch 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 vehicl e
will be placed into its near synchronous finalk,rbit with a~2.5 degree

inclination . The approximate apogee and perigee in final orbit are 23100 nmi
and 15038 nmi , respectively. This orbit will result in a nominal longitudinal

drift of 6 degrees per day . The orbital orientat ion is such that the vehicle

will experience a sequence of altitudes near synchronous altitude at local

midn i ght dur ing the verna l eclipse season .
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The veh icle is expe cted to acquire up to 24 hours of data per day f’~r 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-
nac. In particular , investi gations will be made on different particle types

and energy 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 .

3.2 Telemetry

The P78 -2 te lemetry  system provides for the t ransmission of PCM and FM
data .  There are two primary encoders , an auxiliary encoder and two tape
recorde rs aboard the vehicle .

The characteristi cs 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 main frames/ master frame
16 seconds/master frame .

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

64 words/mainframe

8 bits/word

512 bits/mainframe

1 mainframe/second
5 12 bits/second
4 ma inframes/mast erframe
4 seconds/mas terf rame.

The broadband analog data from the vehicle will provide high rate
informati on for several expe riments. Five modes were defined for broadband
operat ions but only one mode may be operated at any time .

25
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3. 3 Ag~~cy Tapes

A new conce pt , called the agency tape (AT), w ill be used by SAMTEC in the
dig itizat ion of data for the SCATHA satellite. This new type of file replaces

the STE used for the S3- l , S3-2 and S3-3 satellites . The actual file structure

has resulted from meetings between SUA , SDAL and SAMFEC personnel. Rather than

digitizing the entire PCM mainframe , an agency tape is created for each experi-

ment which contain s on ly the specific designations requested. Each orbit on

the AT will have at least four types of records ; header record , scan record ,
event record and telemet ry records. The header record contains information
specific to the vehic le  and orbit  such as orbit n umbe r , date of orbit , CMI 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 SAMFEC system.

The telemetry records contain CMI’ and the dig i t a l  values for the specified
designations.

One of the preliminary efforts of the SDAL with respect to this vehicle has

been to aid the SIJA analysts in defining agency tape informat ion. 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 compact ion 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 subconunutator frame 0. By

storing masterframes , as opposed to mainframes , on each phys ical 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 indivi dual processing routines search each file to find

word locat ions of subcommut ated data is removed. This will help in minimizing

the compute r coding in these routines . The more important factor, however, is

data storage . Estimates 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.

26
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APPENDIX A

B’~L FILE FORMAT
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Bt~L-File Header Record

0. 1 Word Count I -

0.2  Group Count ( 1)

1 Sa te l l i t e  name A

2 Modified Julian date at start of pass F

3 Month of year at start of pass F

4 Day of month at start of pass F

5 Year (last two digits of I9~x) F

6,7 Coefficients used in mag. f i e l d  cal cu la t ions  A

8 Epoch year of coefficients F

9 Date coefficients initiall y updated to F

10 Start time of pass (GMT) seconds F

11 End t ime of pass (CMI) seconds F

12 T ime inc rement (seconds) F

13 Indica tor  for mag field package
0. INVAR / F IELD G , 1. = SUELLG/FELDG F

14 Error va lue for INVAR F

15 Semi -major axis (km) F

16 Eccentricity F

17 I n c l i n a t i on F

18 Ri ght ascension of ascending mode F

19 Argument of perigee F

20 Time of peri gee ( CMI’) sec - neg F

21 Al t i tude  of peri gee (km) F

28 
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B~L-File Header Record (Cont.)

22 Longitude of perigee (+E)

23 Lat itude of Perigee (geodetic)

24 Local tine of perigee - seconds

25 Time of apogee (neg + no apogee)

26 Altitude of apogee (km)

27 Longitude of apogee (+E)

28 Latit ude of apogee (geodeti c)

29 Local time of apogee - seconds

30 Start t ime of vehicle in sun
1 

(neg + N/A)

31 End time of vehicle in sun
1 

(neg -+ N/A)

32 Start time of vehicle in shade
1 

(neg + N/A)

33 End time of vehicle in shade
1 

(neg -
~ N/A)

34 Start time of vehicle in sun2 
(neg + N/A)

35 End time of vehicle in sun
2 

(neg + N/A)

36 Start time of vehicle in shade
2 (neg • N/A)

37 End t ime  of vehicle in shade 2 (neg -
~ N/A)

38 Longitude at start of pass

39 Lon gitude at end of pass

40 Latitude (geodetic) at start of pass

4 1 Latit ude (geodetic) at end of pass

42 Al t i tude  at start of pass

43 Altitude at end of pass

44 Rev no.

45-50 Vacant

29



B~ L - Fi le Data Reco rds

0.1 Word count

0.2 Group count

1 t~bdified Julian Date

2 Calendar month

3 Calendar day

4 Calendar year

5 Hour of day

6 Minute of hour

7 Second of minute

8 CMI’ in seconds

9 x coordinate of position vector (km)

10 y coo rdinate of position vector (km)

11 z coo rdinate 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 altit ude (km)

16 Distance of satellite from center of earth (km)

17 Satell ite veloc ity (km/sec)

18 Geocent ric lati tude (±90 0 )

19 Geodetic lat i tude (±90 °)

20 Satellite longitude (+E)

21 Geomagnetic local time (seconds)

22 Local time (seconds)

‘ 1  30 L
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BI~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 Magneti c declinat ion

32 Invariant latitude

33 Corre cted geomagnetic latitude

34 Corrected geomagnetic longitude

35 Local corrected magnetic time

36 Solar zenith angle

37 Sol ar long itude

38 Solar ri ght ascension

39 Solar declination

40 Mean anomaly

41-50 Va cant

31
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GSF FILE FORMAT
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(GSF) Geophysical Support File Header Record

CDC FORMAT DESCRIPTION

0.1 1 Word count

0.2 1 Group count

1 A Satell ite name

2 F Modified Julian date

3 F Month of year at start of pass

4 F Day of month at start of pass

5 F Year of month at start of pass

6 F Time at start of pass-GM!’ (Sec)

7 F Time at end of pass-GM!’ (Sec)

8 F Time increment

9 F Semi Major ax is at start of pass

10 F Eccentricity at start of pass

11 F Inclination at start of pass

12 F Right ascension of ascending node

13 F Argument of peri gee

14 F Time of perigee-GM!’ Sec (neg + N/A)

15 F Altitude of perigee (km )

16 F Longitude of perigee (+E)

17 F Latitude (geodeti c) of perigee

18 F Local time of perigee (Sec)

19 F Time of apogee-GM!’ Sec (neg + N/A)

20 F Al t i tude  of apogee (km)

21 F Longitude of apogee (+E)

33



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

CDC FORMAT DES CR1 PT ION

22 F Latitude of apogee (geodetic)

23 F Local time of apogee (sec)

24 F Start time of vehic le in sun
1 (neg • N/A)

25 F End time of vehicle in sun
1 
(neg • N/A)

26 F Start time of vehicle in shade
1 

(neg • N/A)

27 F End time of vehicle in shade
1 (neg • N/A)

28 F Start time of vehicle in sun
2(neg + N/A)

29 F End t ime of vehicle in sun7 (meg -~ N/A)

30 F Start time of vehicle in shade
2 

(neg • N /A)

31 F End t ime of vehicle in shade
2 (neg • N/A)

32 F Fl0.7 cm solar flux (F
107)

33 F F (3 month average)

34 F K value

35 F A value

36 F Longitude (+E) at start of pass

37 F Longitude (+E) at end of pass

38 F Latitude (geodeti c) at start of pass

39 F Latit ude (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
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INDICES FILE FORMAT
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Indices Fi le  Format

WORD NO. FORMAT DESCRIPT I ON

1 F Month of year

2 F Day of month

3 F Year (l ast 2 di gits of l9xx)

4-Il F 1( values (8)

12 F F107 cm solar flux

13 F Solar decl ination

14 F A
p

1 5 F Relat ive sunspo t number

16 F Daily solar index

17 F Calcium plage

18-41 F Hourly D
5~ 

inde x

37
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MESA Accele rometer Data Base

Header Record :

0.1 No. of words in header record (45)

0.2 Integer (1)

1 Satellite Name
2 Month of year at start of pass
3 Day of month at start of pass
4 Year (last 2 digits of l9xx)

S Time at start of pass (GM!’ sec)

6 Time at end of pass (GM!’ sec)

7 Time of perigee (GM’!’ sec)
8 Altitude at perigee (km)
9 Geocent ric longitude at perigee (Degrees , +E)

10 Geodetic lat itude at perigee

11 Local time of perigee (sec)

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

l~ End time of vehicle in sun (neg N/A)
14 Start time of vehicle in shade (meg N/A)
15 End time of vehicle in shade (neg N/A)
16 Start time of vehicle in sun2 (neg N/A)

17 End t ime of vehicle in sun2 (neg N /A )
18 Start t ime of vehicle in shade2 (neg N/A)

19 End time of veh icle in sh ade2 (neg N /A)
20 F 107 cm solar flux
21 F (3 month average)

22

23 Orbit Number

24

25 aj ~ Downleg data coefficients to fit
26 a2 4 .( 15 + logp = L a.z’27 a~z I - 1

28 a4 
J = density, z - altitude

39
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MESA Accelerometer Data Base

29 b0
30 b1 Upleg dat a - coefficients to fit
31 b2 4
32 b 15 + logp = E b

1
z’

1=0
33 b4
34

35 C 1 Constants used in bias correcting data
36 T2
37 T2
38

39

40

41 Vacant

42

43

44

45

40



MESA Accelerometer Output Data Base - Data Records
Output values are for ram points only

0. 1 N umber of words in a group (20)
0.2 Number of groups in a logica l record (25)

1 Time (GM’!’ seconds)

2 Altitude

3 Geodetic latitude

4 Geocen tric long itude
5 Geomagnetic latitude

6 Geomagnetic long itude

7 Local time (sec)

8 Drag
9 r calculated

10 p model

11 Ratio (p meas/p model)

12 Attack Angl e

13 L-Shell

14 Orb it normal angle
15 Temperature and bias corrected counts

16 Drag coeff icient
17 Geocentric latitude

18 Vacan t
19 Vacant
20 Vacant

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

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

The two portions of the file are separated by IND = I , JGR P - 1,
DATA = 0.0.

41
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For the f i t ted data

0.1 Wo rd Coun t (10)
0.2 Group Count (50)

1 CMI

2 ALT
3 Geodetic latitude
4 Geocen t ri c longitude
5 Geomagnet i~ lat itude
6 Geomagnet ic longitude
7 p (from fit)

8 p mode l
9 Rat io

10 Local time

42 
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P.~~I Dat a Base - Heade r Record

0. 1 Word Count (20)
0.2 Group Co~tit (1)

1 Experiment (t.~ I)
2 Orbit Number

3 t ’bnth of Year
4 Day of month of orbit

5 Yea r (last two digits of lgxx)
6 Start time of orbit ( GP.f!’-sec)
7 End time of orbit (Q.ff-sec)

8 Start t ime of vehicle in sun -GM!’ sec (<0-~N/A)
9 End t ime of vehicle in sun-GM!’ sec ((O-~N/A)
10 Start tine of vehicle in shade - GMT sec (<0-~N/A)
11 End time of vehicle in shade - GM’!’ sec (<0- N/A)
12 R (average R for orbit)
13 GM!’ (sec) of peri gee
14 Altitude (k m) of peri gee
15 Longitude (+E) of perigee
16 Latit ude of perigee
17 Local t ime of perigee (sec)
18 T (average sphere temp for orbit)
19 Vacant
20 Vacant

44
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t~€ I  Data Base Data Records

0. 1 Word Count (50)
0.2 Group Count (10)

1 Time (GM!’ sec) ram
2 Altitude (km)

3 Geodetic lat it ude
4 Longitude

5 Invariant lat itude
6 L-shell
7 Geomagnetic lat itude
8 Magnetic local time (5Cc)
9 Velocity (ka/sec)

10 114 (current for mass 14)

~14 
(attack angle of current for aniu 14; + into ran, - out

of ram)
12 

~16

13 a16

14 
~l8

15 a
18

16 128

17 a
28

18 1
30

19 a
30

20 1
32

21 a
32

22 1
34

23 a34
24 140

25 a40

45
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M!I Data Base - Data Records ( Cont.)

26 144

27 a
4

28 N
16

29 N
28

30 N
40

31 N14
32 NT (NT + EN

~
)

33 p (p = kEN1M.)
34 Time (s it mode 70° into ram) (T~ 70)

35 Altitude

36 aat l
+ 70

37 ~~~~~

38 N
28~70

39 Time (s it - ram)

40 Alt at T
R

41 a a t T
R

42 I
28 ram

43 N28 ram
44 Time (sit mo de - 70° out of ram) (T 7Q)

45 Al t at T
70

46 a a t T
70

47 
~28-70

48 N2 8 7 0

49 Vacant

50 Vacant

_ _ _ _ _  
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~~IV Ion Data Base Header Record

0, 1 Word Count (23)

0.2 Group Count (1)

1 Experiment ( t’61V)
2 Orbit Number

3 Month of year of orbit
4 Day of month of orb it
5 Year (last 2 di git s of l9xx)
6 Start time of orbit (GM!’-sec)
7 End t ime of orbit (Ct.ff-sec)

8 Start time of vehicle in sun (<0-~N/A)
• 

9 End t ime of vehicle in sun (<0-~N/A)
10 Sta rt time of vehicle in shade (<0- N/A)
11 End time of vehicle in shade (<0-iN/A)

12 GM!’ of perigee (sec)

13 Altitude of perigee (km)

14 Long itude (+E) of peri gee

15 Geodetic latitude of perigee
16 Geoma gnetic lat itude of perigee
17 Invariant lat itude of perigee
18 Local t ime of peri gee
19 Ma gneti c local time of perigee
20 Corre cted magne tic local time of perigee
21 commutatorl

22 Commutator2
23 Commutator3 from fi rst 8 frames
24 Comlnutator4 of data in pass

25 Commutators

26 Commutator6

27 Conunutator7
28 Conuautatorg

48



~~IV Ion Data Base Header Record (Cont.)

29 Commutatori

30 Commutator2

31 Commutator3

32 Commutator4 From last 8 frames
of data in pass33 Commutator5

34 Commutator6

35 Commutator7

36 Commutator8

37 Vacant

38 Vacant

49
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tv~ IV Ion Data Base Data Records

0.1 Word Coun t (39)

0.2 Group Count (13)
1 Time of start of selected frame (GM!’ seconds)

2 Al t i tude (km)
3 Geodetic lat itude

4 Geomagnetic latitude

S Invariant lat itude

6 L-Shell

7 Longitude (+E)

8 Magn etic local time (sec)

9 Corre cted magnetic local time (sec)
10 Local t ime (sec)
11 114 (corrected to ram)

12 1
16 (corre cted to ram)

• 1 3  1 28 (corrected to ram)

14 ‘30 (corre cted to ram)

15 132 (corrected to ram)

16 a14 at time of ‘14 (a = attack angle)

17 a
16 at time of l

16

18 a
28 at time of ~28

19 a30 at t ime of 13Q

20 ct32 at time of ~32

21 814 at time of 114 (~~~ = pi t h angle)

22 616 at time of

23 828 at t ime of ‘28
24 830 at time of 130

25 832 at time of 132

50
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~~1V Ion Data Base Data Records (Cont.)

26 } 1.  (where I. are corrected currents)

27 RA
1 

(where RA has been translated to ram)

28

29 RA2 (translated to ram)

30 ap~ 2
31 RA

3 
(translated to ram)

32 ap~ 3
33 TI1

34 TI 2

35 113

36 TI 4

37 Beam Monitor
1

38 Beam Monitor
2

39 High Voltage Monitor
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Data Base Storage : Ion Density Gauge

Heade r Reco rd

0.1 Word Count (35)

0.2 Group Count (1)

1 Orbit No.

2 Month of orbit

3 Day of orbit

4 Year of orbit (last two digits of l9xx)

5 K for orb it
p

6 F1 0 7  cm f lux fo r orbit

7 Start t ime of orbit (GM!’ sec)

8 End t ime of orbit ( GM!’ sec)

9 Start t ime of vehicle in sun

10 End t ime of vehicle in sun

11 Start t ime  of vehicle in shade

12 End t ime of veh icle in shade

13 Perigee time (GM!’ sec)

14 Perigee al titude (km)

15 Perigee longitude (+E)

16 Perigee lat itude

17 Loca l t ime of perigee (sec)

18 Elect ronics temperature (average)

19 Gauge tempe rature (representative value)

20 TGE (calculated Tg)

_ _ _ _  _ _ _ __ _  _  -~~--4



Dat a Base Storage : Ion Density Gauge (Cont.)

21 a0 
“

~~ Coeffi c ients to least square fit  for downieg

22 a 1 where

23 a
2 4

log = 1 a.z ..15
24 a3 ~ i=o l

25 a 4 p = density; z = altitude z < 350 km

26 b0 Coefficients for up leg data f i t

27 b
1 coefficients for up leg data fit

28 b
2 4

29 b logp = 
•

E b
1 

z’ - 15
3 1 0

30 b
4 z < 3 S O km

31 Gauge Number {,value 4 fo r -4 , -6 , value = S for -5 , -
~~J

32 Eccentricity

33 Inclin ation

34 F 1 0 7  f lu x (3 mon th average)

35 Vacant
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Data Records - Ion Density Gauge Data Base

0. 1 Word Count (2 1)

0.2 Group Count (24)

1 Time (ram) (GM’!’ sec)

2 Altitude (km)

3 Longitude (+E)

4 Latitude (Geodetic)

5 Magnetic latitude

6 Local time (seconds)

7 I (curren t at 40° going into ram)

8 Pg (pressure at 40° going into ram)

9 R (S , D, a) (R factor at 40° going into ram)

10 I (current at 40° going out of ram)

11 Pg (pressure at 40 ° going out of ran)

12 R (S , D , a) (R facto r at 40 ° out of ram)

13 Pressure into ram ( from fi t)

14 Pressure out of ran (from fit)

15 Average pressure (average of 13, 14 above)

16 Measure d density p

17 Mode l densi ty (J ‘71)

18 Mode l tem perature (J ‘71)

19 Mode l pressure (J ‘71)

20 Hi gh Vol tage

21 Vacant

Words 1-21 repeat 23 times
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APPENDI X H

t.61V NEUTRAL HI(11 DATA BASE
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?v~ IV Neutral Hi gh (NH )

Header Record

0.1 Word Count (38)

0.2 Group Count (1)

1 Experiment (~~ IV - NH)

2 Orbit Number

3 Month of year of orbit

4 Day of month of orbit

5 Year (last two di gits of l9xx)

6 Start time of orbit (GM!’ sec)

7 End time of orbit (GM!’ sec)

8 Start time of vehicle in sun (<0 = >N/A)

9 End time of vehicle in sun (<0 = >N/ A)

10 Start time of vehilce in shade ((0 = >N/A)

11 End time of vehicle in shade (<0 = >N/A)

12 GM’!’ of perigee (sec)

13 Altitude of per igee (k m)

14 Longitude (+E) of perigee

15 Geodetic lat it ude of perigee

16 Geoma gnetic lat itude of perigee

17 in variant lat itude of perigee

18 Local time of perigee

19 Magnetic local time of perigee

20 Corrected magnetic local time of perigee
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1.EIV Neutral High (NH ) (Cont.)

21 Commutator 1

22 Commutator 2

23 Commutator 3

24 Commutator 4 From first 8 frames of data in

25 Commutator 5 the pass

26 Commutator 6

27 Commutator 7

28 Commutator 8

29 Commutator 1

30 Commutator 2

31 Commutator 3

32 Commutator 4
From last 8 frames of data in

33 Commutator ~ the pas s
34 Commutator 6

35 Commutator 7

36 Commut ator 8 -

37 Vacant
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Data Records - t61V Neutral High Data Base

0.1 Word Count (72)
0.2 Group Count) (<7)

1 GM!’ at point closest to ram (5cc)

2 Altitude

3 Geodetic

4 Longitude (+E)

5 Invariant lat itude
6 L-shell

7 Geomagnetic latitude
8 Magne tic local time
9 Corrected magnetic local t ime

10 Velocity (km /sec )
11 Pitch Angle

12 11 ram

13 11 ram

14 T 1 wake
IS 1: 1 wake

16 12 ram

17 12 ram

18 12 wake

19 12 wake
20 14 ram
21 14 ram
22 T4 wake
23 14 wake
24 T 14 ram
25 114 ram

26 T14 wake
27 114 wake
28 Tl6 ram
29 Il6 ram
30 116 wake
31 116 wake



-~ ~~~~~~~~~~

Data R ecords - ~~IV Neutral High Data Base (Cont.)

32 T28 raln
33 I 2g ram

• 
34 T28 wake

35 128 wake

36 T30 ram

37 
~3O 

ran

38 T30 wake

39 130 wake

40 T32 ran

4 1 132 ram

42 T32 wak e

43 132 wake

44 T40 ram
45 ~4O ram
46 T40 wake
47 140 wake
48 T44 ram

49 144 ram
50 T44 wake
51 144 wak e
52 a1 of ram I~ 

(i  = into tam ; - = away from ran)
53 a~ of ram 12 (+ = into ram ; - = away from ram)
54 a~ of ram 14 (+ = into ram; - = away from ran)
55 a14 of ram 114 (+ = into ram; - = away from ran)
56 a16 of ram 116 (+ = into ran ; - away from ran )

57 a28 of ran ~28 (~~~ = into ran; - = away from ran)

58 a30 of ram 130 (+ = into ram; - = away from ram)
59 ~32 of ram 132 (+ = into ran; - = away from ram)
60 a~rj of ram 140 (+ = into ran ; - = away from ran)
61 ~44 of ram 144 (+ = into ram; - = away from ram)

I

• 

60



Data Records - ~~IV Neutral High Data Base (cont.)

62 Ratio moni tor 4

63 Ratio monitor S

64 Ratio monitor 6

65 Ratio monitor 7

66 Ratio monitor 8

67 Beam monitor3

68 Beam mon itor4

69 High Voltage Monitor

70 Vacant

71 Vacan t

72 Vacant

61
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S3-j DATA BASE LIST (Sample)
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