[image: image1.png]




TITLE: Anti-Aliasing Filter
RFA CODE:  FGM-2

REQUESTED BY:  Dr. James Slavin

SPECIFIC REQUEST:  The FGM Team should review the impact of not including a simple analog anti-aliasing filter that rolls off the instrument response to signals above a frequency of 10 to 20 Hz in consultation with the EFI and SCM teams. We recommend that the results and conclusion of the review be completed soon and no later than CDR..

SUPPORTING RATIONALE: THEMIS FGM design does not include an anti-aliasing filter to reduce sensitivity to signals above the instrument's Nyquist frequency nor is any digital filtering being performed in the IDPU.
RESPONSE 

The anti-aliasing filter for EFI and SCM waves measurements have been now implemented in the DFB. The filter is tuned to the chosen cadence for transmission during the different transmission modes (slow survey, fast survey, particle and wave burst). The plan is to chose the same filter type for both EFI and SCM.

The FGM data was being filtered with simple filters within the FGE unit. However, the complexity of the filter is limited. The team had to pick between downsampling (no filtering) and simple averaging on consecutive or overlapping centers, as a means of controlling the rollover frequency. Other filtering means (e.g., filtering in the DCB board) were deemed complex. A discussion on this point appears at the end of this response.

The choice of the rollover frequency has to do with science needs. The minimum science objectives have to do with timing the onset of the current disruption and reconnection process. The most crucial baseline science objectives of THEMIS are in the range of cross-field current instabilities in the current disruption region. Based on simulations at 10% of the local low hybrid frequency, i.e., <6Hz range for the typical range of P3, P4, P5 orbits. Probes P1 and P2 care about DC fields but not about waves, in principle. Baseline science also deals with higher frequency modes at all probes; those are obtained from the SCM and EFI instruments, which are appropriately filtered in the DFB (as pointed out above). Nonetheless, the low frequency range is very important to the THEMIS science and thus has received significant attention.

Most of the THEMIS P3,P4,P5 FGM science takes place near apogee, where FGM data are typically in particle burst or wave burst mode. These modes encompass 10% of the orbit and collect data at higher frequencies (32 samples/s) and should be filtered appropriately. Slow survey data (55% of the time around perigee) are obtained as spin-fits. Fast survey data are obtained at 4 samples/s (typical) and can vary between 4 and 128 samples/s. There are several points to consider when discussing fast survey data:

1) Fast survey data are to be used for covering most of the minimum science objectives without the need of burst data. This is met even by spin-fit data in survey mode. At 4samples/s fast survey provides the capability of ground-processing of data for validating spin-fits. However, spin-fit validation is hampered by distortion of the average field during the 0.25s period over which the samples are averaged. If averages are taken, then <|B|> is no longer equal to |<B>| due to such distortions. In that case spin-fits break down.

2) Fast survey data extend spin-fit science (0.333Hz) up to 2Hz. The highest frequency for which the data is useable is, however, reduced due to the presence of the anti-aliasing filter. This is very important for low frequencies where the prime science of THEMIS lies. The presence of a spin tone near the sample frequency was evaluated in appendix 1. It was shown that spin-tone distortions to the phase (mostly) are significant when rollover frequency is 4Hz (even from consecutive sample averaging).

3) FGM noise is reduced by averaging.

4) The averaging process should retain the capability of inter-calibration between FGM and SCM signals.

The above considerations lead to the following policy for fast survey data:

1) FGM will filter its data at 16, 32, 64 and 128samples/s with running (boxcar) average without overlap.

2) Lower sampling rates will be obtained by downsampling data obtained from 16samples/s averages.

3) The FGE will retain the capability of boxcar average without overlap down to rates of 4Samples/s, as well as the option of no averaging at all (i.e., downsampling of 128sample/s data).

The above policy is a compromise between noise reduction and signal distortion. It also maintains the capability of direct comparisons between SCM and FGM data in the range 1-16Hz, and a very straightforward merging of low and high cadence data obtained from fast survey and burst data into a single-rate database for nominal science analyses. This is a simple implementation which meets the science needs.

APPENDIX 1. Filter responses using different boxcar averages. Effect on linearly polarized wave at 0.1Hz and 0.2Hz, which is decomposed into two circularly polarized waves above and below the spin frequency. Different filtering (distortion) results from anti-aliasing filter properties.

PAGE 4= Amplitude Response, With Overlap

PAGE 5= Phase Response, With Overlap

PAGE 6= Amplitude Response, No Overlap

PAGE 7= Phase Response, No Overlap

Extended Title: FGE filter characteristics when calculating basic arithmetic averaging in the FPGA from 128 Hz down to 1, 4, 16 and 32 Hz. First two pages amplitude and phase response with 50 % overlapping and the other two without overlapping. The yellow line in the table marks the spin frequency. Blue and green lines

show how a 0.1 and 0.2 Hz left and right handed polarized signal is differently filtered. The error is already rather big for the 4 Hz output (especially phase error). A compromise is that we filter down to 32 Hz and do pure data decimation without filter for lower output data rates.
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