README for JPSS-1 ATMS Spectral Response Functions for Channel 17

1. Introduction
J1 ATMS Channel 17 is a double-sideband (DSB) channel.  There is one pass band in each of the upper and lower sidebands relative to the frequency of the continuous wave signal mixed with the received signal (twice the frequency of the W-band LO, nominally 165.5 GHz).

The Side Band Balance (SBB) Data, which is used to create the SRFs, was measured by injecting a continuous wave, frequency-stepped, RF signal of known frequency and power into the receiver front end, and measuring the ATMS output signal voltage with a scalar analyzer.  Thus, the SBB data is measured with respect to the actual RF frequency, and therefore no conversion from IF to RF frequencies is necessary. Like DSB channels 10-15, the RF input signal is generated by a frequency synthesizer, and is attenuated to make the signal strength compatible with the input dynamic range of the ATMS.  

Unlike channels 10-15, the channel 17 input is measured after the attenuator, and the input and output measurements are not made simultaneously.  Instead, swept frequency calibration runs, to measure the input voltage, are made before starting and after completing the runs to measure the output.  Further, across the frequency range of the test, the calibration (input) data points are measured at 81 frequencies, while the output data is measured at 801 frequencies.  The frequencies of the calibration measurements line up with the 1st, 11th, 21st, 31st,…, and 801st output measurements.  Therefore, interpolation of the calibration data to the frequencies of the output measurements is necessary.  
The SRF is generated by dividing the output by the interpolated calibration (input) data.  

The SBB test data was measured for both the A-side and B-side redundancy, but only at ambient lab temperature (23C for A-side and B-side).  Two back to back runs to measure the A-side output were performed, followed by one run to measure the B-side. All runs span both the lower and upper sidebands with no gaps in frequency.

2. Raw (SBB) Data

a. Files Provided
Five raw data files are provided in the zip file Raw Data CH17 Side A&B.zip.  They are listed below in ascending chronological order in which the data was measured.

Cal_Pre_SBB.csv—calibration data collection performed prior to channel (output) data collection
A17D_run1.csv—The first run of A-side output measurements
A17D_run2.csv—The second run of A-side output measurements
B17D.csv—The only run of the B-side output measurements
Cal_Post_SBB.csv—calibration data collection performed after channel data collection

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.  Line (row) 1 is the header.

The actual input power or output voltage data (depending on file) begins on line 2, and is given as frequency (GHz) in the first column and the measurement (voltage) in the second column.  The first point has a frequency of 163.55 GHz and the final point 167.55 GHz.  The 801 output data points have a separation of 0.005 GHz, while the 81 calibration points have a separation of 0.05 GHz.  Tables 1a and 1b show an example of the format and contents of the output and input (calibration) data files.

Table 1a:  Contents of the Output data file A17D_run1.csv as seen from Excel.
[image: ]
[image: ]

Table 1b: Contents of the Calibration data file Cal_Pre_SBB.csv as seen from Excel
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3. Required Computations

a.  Interpolation of the Calibration Data and Conversion to dBm
First, the calibration data must be interpolated to the frequencies of the output data. After experimenting with linear, piecewise cubic (“Pchip”) and spline interpolation in MatLab, we find linear interpolation sufficient.

After interpolation, the data is converted to dBm (i.e., dB with reference to one milliwatt)
The input and output data are in real numbers (not dB).  



b.  Conversion of the Output voltage to dBm.
The output voltage is first converted to millivolts, then to a power (W) by squaring, then into dBm:



We drop the +30 in the last equation, as this is what NG seems to have done in generating the plots of their SRFs (see figure 2a and 2b).  An overall scale factor (addition of a constant in dB) does not affect the shape of the SRF, and has no effect on the rescaling of the SRF that will take place when using it for computing RTM coefficients.

c.  Determination of the SRF
The input in dBm is subtracted from the output in dBm:


 
Figure 2a:  NGAS SRF for Side A Run 1
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Figure 2b:  GSFC SRF for Side A Run 1, using linear interpolation, at the same scale as the Figure 2a[image: ]



4. Goddard Space Flight Center Pre-Computed SRFs 
Goddard Space Flight Center (GSFC) ATMS Science Team has generated the SRFs (in dB) corresponding to the 3 sets of output measurement (2 A-side and 1 B-side).  These are included in the file 
JPSS-1_ATMS_GSFC_RF_SRFs_Chan_17_Nov_9_2017.csv.  
The calibration (input) data applied to the A-side is the linear interpolation of Cal_Pre_SBB.  The calibration data applied to the B-side is the linear interpolation of Cal_Post_SBB. Figure 3 shows the plot of the pre- and post-SBB calibration data.  They are within 0.02 dBm of each other over most of the range; where they deviate more than this is at the far right, which is well outside the upper pass band.  Therefore, we made no attempt to interpolate to the time of the A1, A2, and B output measurements. 

Figure 3: Comparison of the pre- and post-output measurement calibration data
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The accompanying Excel file has 4 columns, the first being frequency and the rest being SRFs for 
2. Side A Run 1 using linear interpolation of the Cal_Pre_SBB input data.
3. Side A Run 2 using MatLab linear interpolation of the Cal_Pre_SBB input data.
4. Side B using MatLab linear interpolation of the Cal_Post_SBB input data.

Figure 4 (next page) shows a comparison of the GSFC derived SRFs.  Note that the differences are small enough (<0.2 dB) that one could consider using just one of them (or the average of all 3) to represent both side A and Side B SRFs.

5. Use in Deriving RTM Coefficients
For the purpose of deriving RTM coefficients, all that must be done is to convert the RF SRF from dB back to real number relative power by using the inverse of 


and then scaling the segments of the SRF that are used so that the total integral over these segments is unity.
 
[bookmark: _GoBack]6.  Point of Contact
Any questions or comments regarding the raw data or sample RF SRFs should be directed to the GSFC ATMS Instrument Scientist, Dr. Ed Kim, edward.j.kim@nasa.gov. 

Figure 4:  Comparison of GSFC Derived SRFs Using Linear Interpolation of Calibration Data
[image: ]
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