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1 Program FFTL2

FFTL2 processes the STAFF/DWP FFT data to obtain either calibrated high resolution data, or uncalibrated data in the same format. The input data may be either the raw STAFF housekeeping (HK) and science (SCI) files, or the DSD file output from TED. Additionally the corresponding spacecraft housekeeping file may be read to determine the times of the Sun Reference Pulses, and hence the spin phase of the FFT data. 

Command: fftl2 options
where options may include:

-h staff_hk_file
The STAFF HK file in the format specified in the DDDID.

-n staff_sci_file
The STAFF normal science file in the format specified in the DDDID. If used, both -h and -n must be present, but they can be in any order.

-d dsd_file 

The DSD file as output by TED. Use of -d excludes the use of -h and -n.

-p spacecraft_hk_file
The spacecraft HK file in the format specified in the DDDID. If present, the times of the Sun Reference Pulses will be read from this file. If absent, then if -h and -n are specified and correlator data is present in the science file, the times of the Sun Reference Pulses will be obtained from the correlator data.  If no Sun Reference Pulse data is available, then no processing dependent on spin phase can be performed. This includes suppression of data subject to the de-spin bug, calibration of gain differences between the spin plane receivers, and transforming data from spinning to non-spinning co-ordinates.

-c calibration file
The FFT calibration file. If no calibration file (or the null calibration file) is specified, the level 2 data will be uncalibrated.

-o output_file
The name of the file the level 2 data will be written to. If no output file is specified, none is produced, although the data is otherwise processed normally, and related information is written to standard output.

-s start_time
-e end_time
The start and end times of the data to be processed specified as hh:mm:dd. Any data with a time of day less than start_time will be skipped. The program will exit after processing the first record with a time of day greater than end_time. This is generally not useful on files that span more than one day. Data selection is based on the time tags of the raw data files if -h and -n are used (not the processed science data packet times).

-v verbosity
An integer controlling the amount of information written to standard output as the program runs. It may be the sum of any of the following values:

1: write a message each time a Sun Reference Pulse is processed.

2: write time information for each FFT packet.

4: write the spectral matrix summed over all frequencies for each FFT packet.

8: write a message each time a STAFF HK packet is processed.

16: write error messages relating to the decommutation of STAFF science data. (Otherwise these errors are silently ignored, unless fatal.)

32: write a message each time a packet is skipped as a result of the -a -b or -l options.

64: write a message each time a packet is skipped because of mixed gains.

-a min_spike_count:max_spike_count
Specify the range of master clock counts for data packets that should be skipped because of the reset pulse spike. The master clock count measures time since the reset pulse in 1.111ms units. This function can be disabled by specifying -a 0:0, and is disabled by default. See also the -l option.

-b min_bug_phase:max_bug_phase
Specify the range of spin phases for data packets that should be skipped because of the de-spin bug, or the Sun Pulse spike. The spin phase is specified in segments of 1/4096 of a spin. The default is 2038:2048, and is applicable to the de-spin bug. A range of 0:400 is suitable for the Sun Pulse spike. This is only needed for data recorded before 2004-02-17. This function can be disabled by specifying -b 0:0.

-l power_limit
Specify the power limit above which data should be skipped. The power is measured in the 60Hz band for the two spin plane components (By and Bz), and is in decibels relative to the average over the previous 10 seconds. The default is no data skipped. A value of 6.0 is effective to remove the Reset Pulse spike.

-r rotation_to_sr2
The amount of rotation in degrees required to rotate from de-spun antenna co-ordinates to SR2 co-ordinates. It is believed the correct value is 107.25 degrees, comprising 105 degrees due to the geometrical positions of the STAFF antenna and Sun Sensor, and 2.25 degrees due to an offset in the onboard de-spin. This value is the default in FFTL2 versions 1.06 onwards, so -r only needs to be used if a different value is required.

-t transform_to_co-ordinates
This option controls the co-ordinate system of the level 2 data. Any of the following integer values may be used. The resulting co-ordinates depends on whether onboard de-spin is active and whether Sun Reference Pulse information is available.

-t value
Onboard de-spin
Sun Reference
Output co-ordinates
Code in L2 header word 19.

-3
off

antenna rotated by parameter to -r
3


on

de-spun antenna (no change)
1

-2
off

antenna (no change)
0


on

SR2
2

-1
off

antenna (no change)
0


on

de-spun antenna (no change)
1

0
off

antenna (no change)
0


on
no
de-spun antenna (no change)
1



yes
antenna
0

1
off
no
antenna (no change)
0



yes
de-spun antenna
1


on

de-spun antenna (no change)
1

2
off
no
antenna (no change)
0



yes
SR2
2


on

SR2
2

3
off

antenna rotated by parameter to -r
3


on
no
de-spun antenna (no change)
1



yes
antenna rotated by parameter to -r
3

The default is -2, that is data acquired with onboard de-spin off remains in antenna co-ordinates, whereas data acquired with de-spin on will be transformed to SR2. Note that at the standard 1 second time interval, transforms from spinning to non-spinning co-ordinate systems are not very accurate, due to the fact that the integration time is a significant fraction of a spin. 

The program is supplied as C source in four files fftl2.c fftl2.h tlmproc.c tlmproc.h. It has been tested on a PC running Windows 98, compiled using Microsoft visual C++ version 6, and on a Sun workstation running Solaris, compiled using gcc.

On the PC the command to compile the program is: cl fftl2.c tlmproc.c

On the Sun workstation the command is: gcc -o fftl2 -lm fftl2.c tlmproc.c

2 Level 2 data format

The file contains a series of records each comprising a header followed by an array of data. The data and header are written in the standard endianity of the machine creating the file. If the file is moved to a machine using different endianity, the software reading the file must swap the bytes if needed (see note 1 below).

The header contains 24 integers described below. Each integer is 16 bits (eg. a C 'short').

Word
Description
Notes

0
Fixed tag word identifying level 2 file, ascii 'L' * 256 + '2' that is 0x4c32.
1

1
FFTL2 version as 100 * major version + minor version.


2
Reserved for spacecraft ID, presently 0.


3
Reserved for ground station ID, presently 0.


4
Source instrument, FFT = 1.
2

5
Reserved for diagnostics word, presently 0.


6
Size of data field in bytes, 27 * 9 * 4 for low resolution mode.


7
Time tag, year (4 digits).
3

8
Time tag, month (January = 1 .. December = 12).
3

9
Time tag, day of month (1..31).
3

10
Time tag, hour.
3

11
Time tag, minute.
3

12
Time tag, seconds.
3

13
Time tag, milli-seconds.
3

14
Size of each item in the data field (float = 4 for FFT low and high resolution data)


15
Unused, presently 0.


16
FFT mode, low resolution = 1, high resolution = 2.
2

17
Time interval covered by spectrum in milli-seconds.


18
Spin phase at centre of spectrum in segments of 1/4096 of a spin (0.. 4095), or -1 if not known.
5

19
Output co-ordinate system, 0 = antenna, 1 = de-spun antenna, 2 = SR2, 3 = rotated antenna (only for ground tests).


20
Calibration file version number, 0 if no calibration file.


21
FFT mode word from raw data.
4

22
Number of specified elements of spectral matrix, 9 for low resolution mode.


23
Number of frequencies, 27 for low resolution mode.


Notes

1. The tag word may be used to determine if the file was created on a machine using a different endianity (byte order) to the machine reading the file. If the tag word reads 0x4c32, the endianity is the same and the header and data may be read directly. If the tag word reads 0x324c then the machines have different endianity. In this case the two bytes in each header word must be swapped and the order of the bytes in each data item must be reversed. This assumes that the two machines use the same basic float format, which is true for Sun and PC. If the tag word has any other value, then either it is not a FFT level 2 file, or the file has become corrupted.

2. The files created by the current version (1.06) of FFTL2 will have these values. However, to allow for future expansion of the format it is recommended that if a header with other values is encountered, the program reading the file should silently skip the number of bytes specified in word 6, and read another header. In particular, it is possible that later versions may use other values to insert text format data descriptions or caveats.

3. The time tag marks the time of the centre of the time interval covered by the spectra.

4. This word copied from the raw data will not normally be needed by programs using the level 2 data.

5. If the spin phase is not known (-1) this also implies that other processing based on spin phase has not taken place. That is:

· Data subject to the bug in the onboard de-spin algorithm will not be suppressed.

· Calibration to physical units does not allow for any difference in the gain or phase of the two spin plane receivers (in the current version this gain difference calibration is never done in any case).

· FFTL2 cannot transform the data from a spinning to a non-spinning co-ordinate system, or visa versa. In this case the output co-ordinate system reported in word 19 may differ from that requested.

Data field

In the low resolution mode the data field contains 27 groups of 9 floats specifying the diagonal and top half of the spectral matrix for each frequency channel. If required, the lower half may be obtained by taking the complex conjugate of the corresponding terms in the top half.

The file contains:

Px1
Py1
Pz1
Cxy1.re
Cxy1.im
Cyz1.re
Cyz1.im
Cxz1.re
Cxz1.im

Px2
Py2
Pz2
Cxy2.re
Cxy2.im
Cyz2.re
Cyz2.im
Cxz2.re
Cxz2.im

...
...
...
...
...
...
...
...
...

These values should be inserted into each spectral matrix as follows (where (Cxy)* is the complex conjugate of Cxy, etc.):

Px
Cxy
Cxz

(Cxy)*
Py
Cyz

(Cxz)*
(Cyz)*
Pz

In antenna or de-spun antenna co-ordinates, the x axis is always the spin axis. When the data is not de-spun (header word 19 = 0), the y,z axes are the spin plane electrical axes of the antenna. When the co-ordinate system is ‘de-spun antenna’, the y,z axes are stationary in space and aligned with the antenna axes at a time approximately 25ms before the Sun Reference Pulse.

In SR2 co-ordinates the z (O3) axis is the spin axis, the x (O1) axis is orthogonal to the z axis and in the plane defined by the z axis and the direction of the sun, whilst the y (O2) axis is the orthogonal to the other two. The following code shows what is done in the SR2 and other cases:

        if (coords == 2) for (i = 0; i < 27; i++) {

            /* For v1.03 onwards, for SR2 only

               we permute the axes so O3 (z) is spin azis */

            outdata[0] = l2data[i].Py;

            outdata[1] = l2data[i].Pz;

            outdata[2] = l2data[i].Px;

            outdata[3] = l2data[i].Cyz.x;

            outdata[4] = l2data[i].Cyz.y;

            outdata[5] = l2data[i].Cxz.x;

            outdata[6] = -l2data[i].Cxz.y;

            outdata[7] = l2data[i].Cxy.x;

            outdata[8] = -l2data[i].Cxy.y;

            fwrite (outdata, sizeof outdata, 1, Out_file);

        }

        else for (i = 0; i < 27; i++) {

            outdata[0] = l2data[i].Px;

            outdata[1] = l2data[i].Py;

            outdata[2] = l2data[i].Pz;

            outdata[3] = l2data[i].Cxy.x;

            outdata[4] = l2data[i].Cxy.y;

            outdata[5] = l2data[i].Cyz.x;

            outdata[6] = l2data[i].Cyz.y;

            outdata[7] = l2data[i].Cxz.x;

            outdata[8] = l2data[i].Cxz.y;

            fwrite (outdata, sizeof outdata, 1, Out_file);

        }

Each value is the power spectral density in ‘nT squared per Hertz’ (or ‘V squared per Hertz’ if no calibration file was provided). For the cross-spectral terms the magnitude is not placed in the telemetry. The value in the level 2 data is determined from the square root of the product of the corresponding power spectra, assuming the signals are perfectly coherent.

The nominal centre frequencies of each channel are given in the table below. Note that these frequencies are NOT the exact frequency of maximum gain, or weighted average frequency of each channel. For the lowest frequency channel in particular (20Hz nominal centre frequency), the gain of the receiver changes rapidly with frequency and this causes the actual centre frequency to be displaced upward from the nominal value, to around 30 Hz. The precise values have not yet been determined.

Band
Centre Freq. (Hz)
Band
Centre Freq. (Hz)
Band
Centre Freq. (Hz)

1
20
10
200
19
910

2
40
11
230
20
1080

3
60
12
270
21
1290

4
80
13
320
22
1540

5
100
14
380
23
1830

6
120
15
450
24
2180

7
140
16
540
25
2590

8
160
17
640
26
3080

9
180
18
760
27
3670

In high resolution mode, the data field will contain 199 floats giving the sum of the power spectra for the three components, for frequencies from 20Hz to 3980Hz inclusive. (The current version of FFTL2 cannot process high resolution data.)

3 Calibration files

The calibration files specify the transfer function of the analog parts of the experiment, including antenna, pre-amplifier and anti-alias filter. It is specified in V/nT for each of the 27 frequencies.

Two calibration files are presently available.

TC1_CT_STAFFT_20010101_V000.cal is a null calibration file, with a version number of 0, and the transfer function set to 1 V/nT at all frequencies. Its only purpose is to verify the format and the software for reading it. When using this file, FFTL2 should work exactly the same as it does when no calibration file is used.

TC1_CT_STAFFT_20030601_V001.cal is a preliminary calibration file for the Double Star STAFF/DWP flight units. It was determined from the antenna and pre-amplifier calibration performed at Chambon le Foret, and laboratory measurements on the DWP.

The headers of the calibration files follow the standard Cluster WEC calibration file format. The data comprises 27 lines of 6 columns specifying the complex transfer functions for the three axes of the antenna. The two spin plane axes are specified as sum and difference functions, as is done for Cluster STAFF SA.

Additional columns may be added in future to specify the antenna noise level and/or channel centre frequencies. The current version of FFTL2 will ignore extra columns. Future versions must default any data assigned to columns that are not present.

4 Test data

Only minimal testing of the software has been performed so far, but it is being released now so it can be used for the test of the Ground Data System in December 2003, and for development of software to process the level 2 data.

4.1 readl2.c

This is a very simple program to read the L2 data and list it to standard output in text format. It includes a test for the endianity of the data.

4.2 Extract from DWP calibration data

This data was acquired with onboard de-spin off. The signal was a 1 kHz, 1V peak to peak sine wave applied to all three (x, y, z) DWP inputs in parallel, for the first 4 minutes and no signal there after.

Only data up to 10:25:00 was processed in this test. The same data was processed from raw TM files and from DSD files.

Input files:

03281018.vc0
STAFF HK file in DDDID format

03281018.vc2
STAFF science file in DDDID format

03281018.1
FFT data in DSD format (from TLMDECOM, an alternative to TED)

Commands:

fftl2 -h 03281018.vc0 -n 03281018.vc2 -e 10:25:00 -o 03281018_l2v102_def.dat

fftl2 -d 03281018.1 -o 03281018_l2v102_dsd.dat

Output files:

03281018_l2v102_def.dat

03281018_l2v102_dsd.dat

The two files are identical except for the milli-second word of  the time tag in one record. Apparently the code for processing the raw TM time tags in TLMDECOM and FFTL2 can occasionally produce slightly different answers. Inspection of these files using READL2 shows the expected result for the test signal.

4.3 Test using simulated signals from spinning antenna

In this test, equipment was used that simulated the signals expected from a spinning antenna. The signal was 1kHz, applied to y and z only. There was no signal applied to the x (spin axis) input. During the period of the test, the simulated azimuth of the signal was changed from +30 to -30 degrees in 5 degree steps (in de-spun antenna co-ordinates).

Input files:

02211459.vc0 
STAFF HK file in DDDID format

02211459.vc2 
STAFF science file in DDDID format

Commands:

fftl2 -h 02211459.vc0 -n 02211459.vc2 -o 02211459_l2v102_def.dat

fftl2 -h 02211459.vc0 -n 02211459.vc2 -v 4 >02211459_l2v102.txt

Output files:

02211459_l2v102_def.dat

The level 2 output file

02211459_l2v102.txt

The standard output from FFTL2 with -v 4

The second file contains the spectral matrix summed over all frequency channels and listed in text format. This was imported to Excel and the azimuth of the signal in the spin plane calculated and plotted. The result is shown below and appears to be correct. The individual one second measurements and spin averages are shown. The accuracy seems reasonable considering the 0.376 dB average precision of the TM data.

[image: image1.wmf]FFTL2 test with SpinSynth 02211459, +30 to -30 degrees (despun ant) rotated to SR2
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4.4 avl2.c

This is a simple program to read the L2 data, average all the spectra, then list the average to standard output in text format. 

4.5 Processing of calibration files

Experiment EGSE files 05151727.vc0 and 05151727.vc2 were processed using TLMDECOM with options /s=17:37:00 /e=17:38:00 to get DSD file 05171727.1 covering only the 0dB section of the random cal.

The DSD file was processed using FFTL2 without cal and again using calibration file TC1_CT_STAFFT_20030601_V001.cal, to get L2 files 05151727_l2v102_dsd.dat and 05151727_l2v102_calv1.dat. These were then processed using AVL2 to get averaged spectra plotted below using Excel.
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[image: image3.wmf]STAFF/DWP FM random cal 0dB, 2003-05-15 (CAL v 001)

-45.00

-43.00

-41.00

-39.00

-37.00

-35.00

-33.00

-31.00

-29.00

-27.00

-25.00

10

100

1000

10000

Frequency (Hz)

PSD (dD nT2/Hz)

-10.00

-8.00

-6.00

-4.00

-2.00

0.00

2.00

4.00

6.00

8.00

10.00

Phase (degrees)

Px(dB)

Py(dB)

Pz(dB)

Phxy

Phyz

Phxz


The deviations from a horizontal line do not necessarily indicate an error in the calibration process. The response of the receiver to the internal calibration is not necessarily the same as to an external field.

4.6 Other tests

The FFTL2 source and the data in test 4.2 were transferred to a Sun workstation, and the software compiled and run there. The level 2 files were transferred back to the PC. Using READL2 to convert the files to text format, they were compared with the same files processed on the PC. The output from READL2 was identical in each case. Note that Sun and PC have different endianity so the binary files cannot be compared directly.

There are no spacecraft HK files for these tests, but FFTL2 has been used to read the spacecraft HK file 040615SH.NA1 from EDDS. It is read without reported errors, but no other checks have been made on the results.

FFTL2 has been used to read the files 040615WH.NA1 and 040615WN.NA1 from EDDS. They are read without reported errors, but no other checks have been made on the results.

4.7 Skipping interference spikes

FFTL2 v 1.06 has three options that allow data packets containing strong interference to be skipped.

-b skips data based on spin phase,

-a skips data based on time since the reset pulse,

-l skips data based on the spin plan signal power at 60 Hz.

The first figure (040213_fft_x.dat) shows all data included, whilst the second (040213_fft.dat) shows the result of using -b 0:400 to remove data effected by the Sun Pulse spike, and -l 1.5 to remove most of the remaining impulsive interference. The appearance of the data is substantially improved, but at the expense of loosing almost half of it.
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5 Revision history

V1.02
First issue.

V1.03
For SR2 co-ordinate system, the axes are permuted so Z is the spin axis.

Data subject to de-spin bug (or any other data at specified spin phase) can be skipped. New -b option controls this.

V1.04
-s and -e now work on DSD files.

Extra columns in calibration files will be ignored.

V1.05


V1.06
Check packet sizes - skipping incorrect packets.

SR2 rotation default set to 107.25 degrees.

New -a option to suppress Reset Pulse Spike based on time.

SRP times from Correlator data supports >1 acf/spin.

Time tag processing extrapolates before start of HK file.

Remaining 'decom' errors suppressed unless -v 16.

New -l option to suppress spikes based on power limit.

