README for JPSS-1 ATMS Spectral Response Functions 
for Channels 10-15

1. Introduction
ATMS Channels 10-15 are double-sideband channels, i.e., there are pass bands contained in both the lower and upper sidebands relative to the frequency of the local oscillator (LO) that is provided to the mixer (nominally 57290.344 MHz).  Channels 10 and 11 have a single pass band in each of the upper and lower sidebands. Channel 10 would be a single pass band centered on the LO frequency, except for the notch, ~20 MHz wide, centered on the LO frequency, that is filtered out.  Channel 11’s two pass bands are centered near +/-217 MHz from the LO frequency.  Channels 12-15 have two pass bands in each sideband, centered symmetrically (at a distance of 48, 22, 10, 5 and 3 MHz) about the LO frequency +/-322 MHz. Thus, channels 12-15 have a total of 4 pass bands.

The Side Band Balance (SBB) Data, which is used to create the Spectral Response Functions (SRFs), was measured by injecting a continuous wave, frequency-stepped, RF signal of known frequency and voltage into the receiver front end, and measuring the ATMS output signal with a scalar analyzer.  Thus, the SBB data is measured with respect to the actual RF frequency, and therefore, unlike channels 3-9, no conversion from IF to RF frequencies is necessary.  The RF signal is generated by a frequency synthesizer, and is attenuated to make the signal strength compatible with the input dynamic range of the ATMS.  The attenuator was a straight 70.0 dB attenuator, with flat frequency response. 

The SRF for a given channel is generated by dividing the output by the input.  Since the input is measured before the attenuator, the points on the SRF are artificially too small by 70 dB.  In order to have a properly scaled SRF, 70 dB should therefore be added to this ratio.  However, adding a constant 70 dB to all SRF points makes no difference for the use of the SRF in determining RTM coefficients, because the SRF will be normalized again for that purpose, so that area under the SRF equals 1.

The SBB test data was measured for both the A-side (“primary”) and B-side (“redundant”) redundancy configurations, but only at ambient lab temperature (V-shelf temperature of 22.9 C for A-side, and 22.5 C for B-side).  This is within a few Kelvin of the expected operational V-shelf temperature on-orbit, for the nominal ATMS cold plate temperature.

2.  Raw (SBB) Data 
Supplied are two ZIP files containing the raw SBB data files:
CH10-CH15 Side A SBB.zip for the A-side;
CH10-CH15 Side B SBB.zip for the B-side.
For each channel/sideband/redundancy configuration, the RF input to ATMS and the ATMS output (both in Volts) are in separate files; these must be combined to create the SRF.

a. File Naming Convention for the SBB Data Files
Lower Band denotes the lower RF frequency band (below the nominal LO frequency of 57.290344 GHz)
Upper band denotes the upper RF frequency band (above the nominal LO frequency)
CH Detector voltage is the output signal (1)
Input detector voltage is the input signal (2)

Channels 10 and 11:  The SBB data was taken in one continuous RF sweep over the upper and lower sidebands.  Therefore files are not divided into upper and lower sidebands.  Their naming convention is:
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There are 4 files per channel:  {A-side, B-side} x {Input, Output}

Examples: ACH10D2.csv is the Side-A Channel 10 input data.
     BCH11D1.csv is the Side-B Channel 11 output data. 

Channels 12-15:  The SBB data was taken in two separate RF frequency sweeps, one for the lower sideband and one for the upper sideband.  The files are divided between the lower and upper sidebands.  Their naming convention is:
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Thus, for each channel, there are 8 files: {A-side, B-side} x {lower, upper} x {Input, Output}.

Examples:  ACH12LD2.csv is the Side-A Channel 12 Lower Sideband input data.
      BCH15UD1.csv is the Side-B Channel 15 Upper Sideband output data.

b. Format of the SBB Files
As the raw SBB data files are “comma separated value” files (true .CSV, not Mac or MS-DOS oriented), they can be read on any machine.  Figure 1 shows the contents and format of a .csv file, as read into Excel.  Lines (rows) 1-8 are the header, occupying only column A; line 7 gives, in this order, the start and stop frequencies (Hz) and the number of points (801 in all cases). 

The headers have minor issues.   For all the A-side files (ACH…csv), except for ACH15UD1 and ACH15UD2, the second line is “NAME BCH…” while it should be “NAME ACH…”  For the B-side files for channels 10 and 11, the second line is “NAME CH…” while it should be NAME BCH…”  The NAME is correct for the other files.  For this reason, it is imperative that the actual filename be used to determine whether one is looking at A- or B-side data, and not the second row “NAME” in the file.

Note also that line 4 “COMMENT” does not reflect A- or B-side, but rather “A” for the output, and “B” for the input.

The actual input or output voltage data (depending on file) begins on line 12, and extends to line 812, giving 801 data points.  Only the first column (A) contains valid information.  Ignore any data or zeros in subsequent columns.  

Note that Excel chooses to format the frequency values in scientific notation using only two decimal places, while in fact the values are stored in up to 10 decimal places in the .CSV files; if using Excel, one must then reformat numbers in scientific notation with 10 decimal places to read the values correctly from the spreadsheet rows.

Figure 1:  Contents of the data file ACH10D1.csv as seen from Excel.
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[bookmark: _GoBack]3. Computation of Spectral Response Functions from the SBB Data
The frequencies do not appear in the raw data files, and must be computed.  The frequency increment is .  The subtraction of one in the denominator occurs because for N points there are N-1 intervals.  The datum on line 12 is for the start frequency, and the datum on line 812 is for the end frequency.

The input and output data are in real numbers (not dB).  To compute the SRF, at each frequency the output is divided by the input, converted to power dB, and then the attenuator value is added:



with Atten(f) equal to 70dB for all frequencies, all channels.   

For the purpose of deriving RTM coefficients the SRFs must be converted from dB to relative power (Prel), by using the inverse of 



and then scaling the segments of the SRF that are used so that the total integral of Prel over these segments is unity.

4. Goddard Space Flight Center Pre-Computed SRFs and Derived Pass Band Characteristics
Goddard Space Flight Center (GSFC) ATMS Science Team has generated the SRFs (in dB) for each channel/sideband/redundancy combination.  These SRFs are contained in the ZIP folder:
GSFC_Chan10-15_SRFs_version_1p0. 
These sample SRFs have been thoroughly checked, and can be used directly; or, for those who like to perform their own computations, they can be used as a check of the results.

The naming convention for the files in this ZIP folder is:
Channels 10-11:  GSFC_J1_2016_ATMS_SRF_CHXY_v1p0
X=channel number (10 or 11) 
Y=”A” for A-side (primary LO)
Y=”B” for B-side (redundant LO)

Channels 12-15:  GSFC_J1_2016_ATMS_SRF_CHXYZ_v1p0
X=channel number (12, 13, 14, or 15) 
Y=”L” for lower sideband, or ”U” for upper sideband
Z=”A” for A-side (primary LO), or ”B” for B-side (redundant LO)

Thus, there are two files for each of channels 10-11, and 4 files for each of channels 12-15.

Also supplied by GSFC Science Team is an Excel file, outside of the ZIP folder, called
J1_ATMS_SRF_Ch10-15_GSFC_Analysis_Jun_30_2017.xlsx.  It contains the detailed characteristics of the derived SRFs (peak gain and frequency, gain averaged over the pass band, center frequency, and bandwidth for each pass band) as well as a table of Sideband Balance results for each channel/redundancy configuration.   The algorithm for computing these parameters is included at the bottom of the single sheet in the Excel file.

5.  Point of Contact
Any questions or comments regarding the raw IF or sample RF SRFs should be directed to the GSFC ATMS Instrument Scientist, Dr. Ed Kim, edward.j.kim@nasa.gov.
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