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Introduction

The XRS data for GOES I-M is stored on CDs in binary format, so code to read XRS data from previous GOES could
not be used. The code for reading the GOES I-M data is based on code written by Lorne Matheson (and Dave Lewis
for the sellib files) to perform real-time XRS data processing. The code was extended by Pat Bornmann 1o extract
information not provided by the real-time code and to provide analysis of the XRS data specific to questions regarding fluxes during
offpointings. Pat also reviewed Lorne's code and added comments to the code where the operation was unclear.

The original real-time code was written in C for a UNIX machine and was successfully run on a Windows machine using Microsef's
Visual Studio to compile the code. The Visual Studio settings are available in files with the filename goesi_xrs_list and extensions
dsp, nch, opt, and plb. The library of support files known as sellib must be included.

The original c-code originally extracted some of the needed x-ray telemetry values and did not convert most of these to engineering
units. In particular, the x-ray fluxes were converted in separate code that was not designed to run in the needed manner (either as a
stand-alone program or as a module that could be called from the CD-reading program).

IDL was chosen as the language for analyzing the data, because of its facility with data arrays, analysis, and plotting. While it
should be possible to call ¢ code from IDL, it was easiest to use the ¢ code to write data to a file and read this new file from IDL.
The processing code includes finding times when XRS was offpointed and producing various plots.

The IDL code produces plots of all variables for the entire data file and plots when the SAS (Sun Angle Sensor) indicates the
instrument was not pointed directly at the sun. This is provided to give an overview of system status so that a guick glance will
show if a value changed significantly.

The ¢ code is run first to extract the raw binary data from CD'’s holding the archive data. The IDL code is run next to produce plots
of the data. The plots show all of the XRS-relevant data as a function of time for the entire 24-hour day and for just the times when
the instrument was offpointed, in calibration mode, or in slew mode. Plots are also produced of the XRS flux signal as a function of
SAS pointing direction. The code is automatic, so any date can be chosen for analysis. This code was run on data file 35718.5 (and
the following day) per recommendation from Lome Matheson. Indeed this date shows times of XRP off pointing whereas the
following day did not. Additional files were not processed due to lack of time for this project.

All of the code was documented as it was written and tested. Each file starts with a header section containing information about the
input and output variables, purpose and history of the code, and other pertinent information.” {The information is formatted so that
IDL's doc_library can be used to retrieve this information.} The IDL code also makes use of several routines in Pat's "library” of
standard routines that she has written,

Modifications and Additions to CD-reading code

— The code was corrected to start processing at the start of the data files

—  The code was corrected for the location of the XRS preamp data in the subcornm telemetry stream
{goesi_subcom.c)

~  Preprocessor-type option (EXACT SUBCOM) added code to provide the either exact subcommed values
(with non values when not subcommed) or to provide the most recent value provided (goesi_subcom.pro).

—  Added capabilities to return actual telemetered data values as well as values converted to engineering units
(goesi_subcom.pro)

—  Other minor changes so simplify the code, such as extracting repeated code fo separate routines,

—  Added capability to print telemetered values to a specified file (print_xrs.c) and set that file to be based on the
name of the original data file (xxx.c).

—  Added additional information to output, including the status bits as binary representations in ASCII {e.g. 1101
for four bits) (print_xrs.c)

—  Values sent to file can be either telemetered values or engineering values, depending on values of
preprocessor-type option (PR_TELEM) (print_xrs.c)

—  Added solar array current data and solar array status (stepping, tracking) to the output file (print_xrs.c)

—  Added code to send information sent to file to also be displayed on screen (could later remove or putitin a
preprocessor-type conditional) (print_xrs.c)
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—  Changed file output to be completely fixed format, so it can be read simply by reading values in different
columns (print_xrs.c)

— Reviewed code and added comments to document what code is doing and why. Based on conversations with
Lorne Matheson.

New IDL code

—  Wrote code to do all the processing and plotting with a single command {(deitdgoesi.pro)

—  Wrote code to read the ASCII files of telemetry data (rdgoesi.pro).

— Ported code to IDL to convert data to engineering units (parse_goesi.pro, cale_xrs_coef.pro, telem2eng.pro).

~  Simplified the code to convert to engineering units. Save conversions coefficients in arrays and loop through
for different conversion codes rather than repeat nearly identical code for each conversion. This, I believe,
makes it easy to modify the values to for other calibrations, and certainly assures that all the functional code is
identical. (I've verified calibrations for GOES-I but not the other spacecraft in the series I-M).
(goesi_vourve.pro)

—  Wrote code to plot time sequences of all data that could be important for XRS analysis. (plot_goesi.pro)

-~ Wrote code to process times when the XRS was in calibration mode or when the XRP (3{-Ray Positioner) was
in slew mode and plot the results (do_xrscal.pro, get xrpslew.pro, get_xrscal.pro).

-~ Wrote code to find times when the SAS indicated the XRS was not properly pointed plot the results
(do_xrscal.pro, get_xrpslew.pro, get_xrscal.pro, plot_cal.pro}.

-~ Converted code to IDL .(xrsi_conv.pre)} to convert XRS fluxes to engineering units. (This function was not
included in the original C code received from Lorme, which only read the telemetry from the archive data
files.) Changed this code fo process fluxes at all times, rather than return a nonvalue during offpointings,
since data is needed during offpointings.

—  Wrote code to display time series data during each slew, offpoint, or calibration interval. Plots include time-
series information and plots of values as a function of pointing angle., (plot_cal.pro, plot_xrsoffpro)

C Code Structure:
goesi_xrs_list.c the main code
files raw opens file containing raw telemetry
goesi_unpk converts byte frame to telemetry frames
goesi_wild_times checks record for evidence of tar- and pax-induced errors
goesi 28s finds DMS-induced 28-sec errors
goesi_frame chk checks that non-varying telemetered values did not change
print_xrs does processing specific for XRS
eclipse identifies eclipse times (see goesi_veclipse for comments)

goesi_subcom  extracts subcommed data
goesi_vcurve  converts telemetered fo engineering values

goesi_sattde gets Solar Array telemetry info

goesi_hrminsec time conversion used by several modules
goesi_read.h header file of structure definitions and prototypes
goesi_veclipse not used, looks like eclipse.c which is used. Documentary comments were added to this

one; these should merged into eclipse.c

IDL Code
doitdgoesi.pro
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rdgoesi.pro
get_filemame.pro from PLB' library of routines, interface to get a legitimate file to open

interp_path.pro  from PLB's library of routines, used to extract parts of file path (for creation of output
filename)

parse_goesi.pro parses raw-data array to structure variables
telem2eng.pro converts telemetry values to engineering values
goesi_vcurve.pro provides the conversion factors for the calibration curves
plot_struct.pro  plots then telemetered and engineering values side-by-side
plot_goesipro  plots all the xrs-related variables
plot_fwinZ.pro from PLB's library of routines. Opens a plot window that fits the portable PC.

waif_user from PLB's library of routines. Requires user response if plots displayed on screen.

do_xrscal.pro
get_xrpslew.pro gets the indices of data points where XRP was is slew mode
plot_goesi.pro  used to plot values at times XRP was in slew mode
plotg.pro creates a plot with the data range included in the plot title

plot_xrscal.pro  used to plot additional values during XRP slew times

do_xrpotf.pro
get xrpoffipro  locates all times when XRP/XRS are in the slew mode or in calibration mode and
plots the results
get_off.pro gets the indices of data points where pointing exceeds specified limits

no_strays.pro  used to eliminate isolated intervals that are too short
seqinfo.pro extracts temporal properties of intervals
gap_extend.pro wused fo extend intervals of offpoints
get xrscalpro  used to get the times when the XRS is in calibration mode
plot_xrsoff.pro  plots all values during time of calibraticn or slew

lim_range general routine that provides range values whether input is a single
+/- value or a 2-element range

wait_user is used by several routines to give user a chance to view plots displayed on the screen. Has no affect
when plot device is a postscript file.

Data-Interpreting code

gi_xrs_coefe
Xrsi_conv.c
cale_xrs coefc

XRSFluxCode
xrsi_conv.c

cale_xrs coeflc
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Additional Code

dopathdrdgoesi  sets the current working directory and IDL search path. Is run prior to doit4goesi. (Setting
path through the IDL preferences did not seem to work well for multiple projects.

patharrdlib is used by dopath4goesi. It provides the paths to PLB’s library of general IDL routines.

ps_start, /land  when run before doit4goesi, will capture all of the plots to a single postscript file. Should
close the postscript device with output plot)

output_plot is required to finish the postscript file started by ps_start and save the file to disk. On UNIX
machines it will also try to sent the plot to the printer.

xrsi_conv.pro  being developed to convert flux telemetry values to x-ray fluxes

plot_xrscal.pro not currently used. Developed to plot values during XRS calibration-offpointings

ISSUES:

The telemetry-to-flux conversions were checked for GOES-I and found match those provided by Panametrics. The
calibrations for the other spacecraft were not checked, but presumably, the components (thermistors, voltage monitors,
etc,) are of the same batch and are subject to the same conversions. The XRS fluxes are known to differ and the values
included are those according to Panametric's revised calibrations.

Eric Chipman produced a report dated 10/5/95 that examined the XRS angular response during PLT testing, He found
the "locations and responsivity of the secondary peaks are different by approximately 10%. Also, the flatness of the
predicted central responsivity maximum seems flatter than the data, which appears to show a subpeak near the north
part of this peak." He also says "the E/W width which is within 2.5% of the peak is actually closer to 0.6° than to the
design width of 1°." In the conclusions, he says "the West edge of the longwave FOV is different in detail from the
predictions."”

On-orbit verification of the XRS angular response will be complicated by the fact that the sun is not a point source.
Bornmann and Matheson 1990, A&A, 231,525, used a lunar eclipse to extract the XRS contribution from four emitting
regions that were significant contributors to the XRS flux at that time. Because there are no imaging solar x-ray
monitors that cover exactly the same flux response as XRS, full analysis will require assumptions about the distribution
of flux on the solar disk.

The thermal corrections are included in the code for calculating actual solar fluxes, but look like they will be a minor
effect because the temperature does not change much during the short time when the instrument is offpointed. Analysis
so far has focused on the variations of the telemetered (raw) data rather than solar fluxes in engineering vnits. The
temperature of the XRS preamp, in telemetry units, varied from 181 to 188, over the course of a day (file 35718.5).

Comments on Angular Response Analysis

1. The angular resolution of the Sun Angle Sensor (SAS) requires interpolation between SAS points to determine the
pointing as a function of time. SAS resolution is 0.016 degrees. Solar Diameter is 0.5 degrees. X-ray emitting
regions are around 100,000 km or about 0.03 degrees near disk center. XRS angular response is expected to vary
as follows, according to Panametrics plots: Flat at 100% response from -0.5 to 0.75 degrees for 1-8A on the E-W
axis, and linear variation from 95% at +/- 0.5 degrees to 100% on axis for the other cases. For both channels and
dlrectlons the response falls significantly beyond these limits.

2. XRS pointing varies during the day: Drift analysis done by Pat Bornmann for the SXI project showed E-W daily
drifts up to 10 acmin = 0.166 degrees in both E-W. and N-8 directions (GOES 8 October 19, 1995). The XRP,
which controls the XRS pointing is recentered once per day, without consideration of where in the drift pattern the
XRP is pointing at that time.

3. Solar X-ray Sources are distinct regions on the solar disk. Not a point source. Not a uniformly emitting disk.
Proportion of flux from each source depends on the solar active region and the wavelength, because the flux ratio
depends on the temperature of the regions and their emission measure. (See Bornmann and Matheson, 1990).
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Other Observations:

1. Temperature of the 3RS preamp and XRP remained fairly constant over a 24 hour period. Plots of the
XRP bearing temperature, XRP electronics temperature, and SAS temperature were pegged at zero, which
could mean they were not properly exiracted from the raw data or were not present in the raw data. This
is not ¢ritical for initial analysis of the angular response and has not been pursued.

2, Voltages also did not vary much for the XRS calibration, reference and chamber.

3. The solar array, primary buss current, and telemetry control current show a periodicity in the “noise.”
This may be related to activities with the GOES Imager and Sounder. These affects are not critical for the
initial analysis of the XRS’s angular response, and do not vary noticeable during slew times,

4, The amplitude of the telemetered Coarse E/W readings are larger than those of the XRP/SAS E/'W
readings. This seems to be counter-intnitive. The N/S coarse position quantizations are (.48 degrees, and
the SAS N/S and E/W quantization is 0.016 degrees,

References
Bornmamn, P. L. and Matheson, L. 1990, Astroromy and Astrophysics, 231, 525-535, “Solar Flare Plasma Properties
Derived from the Disk-Integrating GOES X-Ray Sensors during an Eclipse.”

Chipman, Eric (not noted on report), October 10, 1995, Report on test EF0408, "X-Ray Positioner (XRPE) Operation
XRS Field-of View Mapping"
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TEST NUMBER : EF0408
TEST NAME : X-Ray Positioner (XRPE) Operation
XRS Field-of-View Mapping
TEST PHASE ACT

TEST OBJECTIVE Operate the XRP through its range by ground
’ command, and verify each step in the

telemetry. The XRS Channel A and Channel B

: responges to solar X-ray flux are verified.

% The Sun tracking mode is initialized and

‘ tested. The near and extended fields-of-view
of both X-Ray channels are mapped, and the

loptimal SADA SAS and XRS SAS readings for

f#X-Ray sensitivity determined. The

- magnetometer output is monitored for evidence
of magnetic interference due to the XRS
sweeper and bucking magnets and stepper motor
magnet and/or solar array current. The
effects of XRP motion in the SLEW and TRACK
medes on spacecraft stability are determined.
Day 1639, Day 237, Day 285
3.5.2.8

DATE TEST PERFORMED
SPEC COMPLIANCE

TEST DESCRIPTION:

The XRPE is enabled and verified in the telemetry. With the SADA
coarse angle potentiometer reading at the calculated position of
the sun in spacecraft azimuth, the XRP is slewed from stow through
the sun to 23° north. It is then returned to the apparent position
of the sun, and commanded to TRACK mode. The SADA is then slewed
over a total of 90° centered on the sun to determine the near
optimum E/W pointing angle as monitored by the SADA SAS, as well as
mapping the extended E/W field of view. This optimum angle is
verified by stepping the solar array through small angles about the
optimum. Then the XRP is stepped through its N-S range to map the
N/S field of view at that E/W position. This mapping is repeated
for SADA E/W SAS angles of +0.25° and +0.5°., For XRS N/S SAS
angles of 0 deg, #0.25° and +0.5°, the SADA is slewed 20 deg
centered on the sun. The XRS field of view for both channels is
thereby mapped in two dimensions.

Simultaneously, the magnetometer is active and the wmagnetometer
data is searched for evidence of magnetometer susceptibility to the
XRS sweeper and bucking magnets and XRP stepper magnet, as changes
in dipole orientation occur. In addition, magnetic signatures are
acquired in the slew mode to minimize the effect of ambient field
drift and at four local times in order to characterize the magnetic
signature over 360° of solar array rotation without rotating the
solar array into eclipse. This phase should be coordinated with
[ corresponding steps in PLT EF0404.

Since the X-Ray flux during active periods is quite variable, X-Ray
data from another GOES spacecraft is desirable to normalize angular
response of the XRS to fixed X-Ray flux levels in order to
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