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1 Goal

For the FSW and Load Chop observing modes (both for pointed and mapping modes), it is highly
recommended to have a reference spectra measured at a reference position. In the double difference
method, those spectra are then smoothed to reduce the extra noise from that reference measurement
(the reference spectra is indeed observed with a shorter integration time, and as a consequence has a
higher noise for the same spectral resolution).

The goal of this study is then to investigate what is the optimal smoothing that could be applied to
the reference spectra in order to improve the S/N in the final observation for the user.
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2 Context

The smoothing treatment appears not to be in synchronization from the uplink and the downlink
side :

- Uplink, smoothing width taken from tabulated values

- bands 1-2, 1I0MHz
- band 3, 15 MHz
- bands 4-7, 30 MHz

The ideal off time is then calculated from the formula:
- if smoothing width > goal resolution

toff = ton ¥ \ (goal_resolution/smoothing width)

- otherwise

toff = ton

- Downlink
We include here Martin Melchior’s explanation on what is done in the downlink.
Currently, the numbers for the width as computed in downlink are:

width = number of on scans / number of off scans

This is not to be interpreted as a MHz quantity but rather as a number of pixels quantity.
The default mode for the MkOffSmooth task is Gaussian. There, weights that represent the
smoothing kernel are given by:

weight(i) ~ exp(-(i-(n-1)/2)*2 / (2*width*width))

These weights are then used compute the weighted average flux values - the frequency scale does
not enter the calculation.

The width of the window considered for the smoothing (again in number of pixels) is defined
through :
n = ((int)Math.floor(3.717 * width)) * 2 + 1

For the Box smoothing, the window width is just taken as the width itself (with all weights equal to
1/width). Note that for the Gaussian smoothing the weights at the border of the corresponding Box
smoothing window are still large:

~exp(-0.5 * (width/2/width)"2) = exp(-1/8)=0.88

So, the width computed somehow from the number of on and off scans should be translated
differently to the width of the Gaussian kernel.

In the case the default width calculated from the Non/Norr 1s 18:

this would correspond to ~10MHz for WBS (~0.55MHz channel width).

Expressing that rather as a FWHM quantity,

FWHM = 2*Delta = 2 * sqrt(2*In(2)) * width ~ 1.55 * width = 28 pixels or 15.5 MHz.
So, sigma = width/1.55 is the parameter for the Gaussian kernel.
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3 Description of the test procedure

A sample of different observations was selected:
- 33 Load Chop Ref (bands 1a, 1b, 4a, 4b, 6a, 6b, 7b)
- 17 Frequency Switch Ref (bands 1a, 1b, 3a, 3b, 4a, 4b, 5a, 6b, 7b)
- 16 OTF - Load Chop Ref (bands 1a, 1b, 2a, 2b, 3a, 4a, 4b, 6a, 7b)
- 9 OTF - Frequency Switch Ref (bands 3b, 4a, 4b, 6b, 7b)

The idea was to select the data from WBS-H at level 0.5 and reprocess up to level 2 with a different
mkOffSmooth.

The Gaussian smoothing widths (in pixels) selected were:

[1,2,3,4,5,6,8,10,15,20,30,40,50]

For point modes, the final level 2 spectra rms is computed in a selected part of the IF and we then
estimate the best smoothing width to achieve the lowest rms.

For Mapping modes, 4 different points in the maps were looked at. If the map has a size of nl x n2,
then we looked at the points [1;1], [n1/3,n2/3], [n1/2;n2/2] and [n1,n2].

The following tables summarize for the different observing modes the results. The tabulated
smoothed width used by uplink is indicated. The current default width from the downlink is shown.
The width as calculated from the sequencer parameters is also indicated. The best width (in pixel
quantities for Gaussian filter) is estimated and also the current degradation in rms if we compare the
best possible achievable rms with the current default result of the pipeline.

The study has been performed with HIPE 5.0 user release and a modified version of the HIFI

pipeline taking into account SPR HIFI-3854 (change of place for the doFluxHotCold procedure for
Load Chop modes).
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4 Results

The following subsections show the results of the tests for the different studied observing modes.
The best smoothing width is determined by two criteria:
- best noise (rms) in the selected parts of the IF,

- no degradation of the whole spectra shape, i.e. none artificial features generated by the
smoothing.

For some cases, the best smoothing width does not significantly improve the rms, but nevertheless
improve the baseline.
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4.1 Load Chop pointed observations

Obsid

1342190830
1342198314
1342198316
1342198329
1342203754
1342205274
1342190841
1342210046
1342206122
1342206390
1342201773
1342203927
1342204690
1342201766
1342201767
1342203955
1342190777
1342190778
1342192667
1342199275
1342194765
1342194768
1342194772
1342197155
1342198362
1342198364
1342198366

Band

1a

_ Alternative HIFI no.:  LAB/HIFUTR/2011-xxx
Calibration Schemes: Inst. no.: HIFl-Instrument
smoothing width Issue: Issue 1.0
Date: 2011-01-11
Category: ?
tiotal tint tint Default width Width from Best width Ao,y
(s) ON OFF pipeline sequencer( Tabulated (Gaussian (best/default)
(s) (s) (Gaussian pixels) MHz) width (MHz) pixels)
1236 128 104 1 75 10 4-5 12 %
585 40 18 2 16 10 5 14 %
585 40 18 2 16 10 5 14 %
585 40 18 2 16 10 5 12 %
585 40 18 2 10 5 6 %
585 40 18 2 10 5 14 %
1636 176 104 2 22 10 4 3 %
2715 238 126 2 30 4 13 %
2402 210 90 2 30 6 23 %
1254 200 72 %) 30 10 26 %
444 62 12 5) 30 10 13 %
1056 198 54 4 30 10 12 %
597 148 56 %) 30 10 7%
2353 210 112 2 30 6 15 %
2353 210 112 2 30 10 28 %
2353 210 112 2 30 10 19 %
2920 532 196 %) 46 30 8-10 4 %
2920 532 196 %) 46 30 10 8 %
917 144 48 %) 56 30 10 2%
1615 296 104 %) 51 30 10 5%
923 148 52 %) 51 30 10-15 7 %
923 148 52 %) 51 30 10 5%
923 148 52 %) 51 30 10-15 4 %
1041 160 60 %) 49 30 10 10 %
1041 168 60 %) 49 30 10 15 %
1627 280 96 %) 53 30 10 6 %
1311 228 78 %) 54 30 10-15 8 %
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Obsid

1342198368
1342198375
1342198385
1342198394
1342210176
1342210302

Band

7b
7b
7b
7b
7b
7b

Alternative

Calibration Schemes:

HIFIl no.: LAB/HIFI/TR/2011-xxx
Inst. no.: HIFIl-Instrument

smoothing width Issue: Issue 1.0

Date: 2011-01-11

Category: ?
tiotal tint tint Default width Width from Best width Ao,y

(s) ON OFF pipeline sequencer( Tabulated (Gaussian (best/default)
(s) (s) (Gaussian pixels) MHz) width (MHz) pixels)

1041 168 60 %) 49 30 10-15 13 %
1615 296 104 %) 51 30 10 7%
1623 280 96 %) 53 30 10-15 5%
1627 280 96 %) 53 30 10 8 %
2668 476 168 %) 30 10-15 6 %
1619 280 96 %) 30 10-15 10 %
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Fig.1: 1342206390 band 4b observation with default width applied (width=3, left) compared to a larger smoothing width (width=10, right). The noise
performance is better by a factor of 26%.
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Fig.2: 1342206390 band 4b observation with a larger smoothing width (width=15) applied. The noise performance is better than with a width of 10,
but there are strong additional features everywhere.
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Fig.3: 1342190778 band 7b observation with default width applied (width=3, left) compared to a larger smoothing width (width=10, right). The noise
performance is better by a factor of 8%.
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4.2 FSW pointed observations

Obsid

1342198317
1342201693
1342201668
1342201670
1342201720
1342201722
1342192252
1342194695
1342194696
1342194698
1342195027
1342195029
1342192236
1342201586
1342192608
1342192568
1342190769

Band

1a
1a
1b
1b
3a
3a
3b
3b
3b
3b
4a
4a
4b
4b
5a
6b
7b

_ Alternative HIFI no.: LAB/HIFVTR/2011-xxx
Calibration Schemes: Inst. no.: HIFl-Instrument
smoothing width Issue: Issue 1.0
Date: 2011-01-11
Category: ?
Default width
tiotal tint tint pipeline Width from Best width Ao,y
(s) ON OFF (Gaussian sequencer(M Tabulated (Gaussian (best/default)

(s) (s) pixels) Hz) width (MHz) pixels)
1950 140 80 2 17 10 5-6 0 %
819 42 24 2 10 6 21 %
1200 64 48 1 10 5-6 23 %
1184 64 48 1 10 6 25 %
583 48 24 2 15 6-8 20 %
810 84 36 2 15 6-8 15 %
1963 180 108 2 31 15 6 2 %
1971 180 108 2 31 15 5-6 7 %
1963 180 108 2 31 15 5-6 6 %
1947 126 108 1 31 15 6-8 30 %
1188 120 48 3 57 30 6-8 3%
435 36 12 3 57 30 &) 0 %
4329 396 18 2 37 30 5 2%
1551 154 70 2 30 6-8 4%
732 36 24 2 66 30 6-8 31 %
644 78 18 4 72 30 6-8 7 %

3729 440 132 3 70 30 spurs
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Fig.4: 1342192608 band 5a observation with default width applied (width=2, left) compared to a larger smoothing width (width=6, right). The noise
performance is better by a factor of 31%.
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4.3 OTF Load Chop maps
Default
width
map size tiotal tint tint pipeline Width from Best width Ao
Obsid Band  (width x map map (s) ON OFF (pixels sequencer  Tabulated (pixels (best/default)

height) rows/col type angle (s) (s) gaussian) (MHz) width (MHz) Gaussian)
1342190831 1a 4x4 11x11 0 0 5094 1188 192 6 3 10 6 0 %
1342190842 1b 0.8x0.8 3x3 0 0 1492 216 84 3 12 10 3 0 %
1342192230 1b 1.5x0 5x1 | 0 4834 462 288 2 7 10 3-5 2%
1342190734 2a 1.2x1.2 5x5 0 0 6109 450 288 2 7 10 5-6 3%
1342190849 2b 1.5x1 4x5 o 145 572 40 6 7 1 10 6-8 <1%
1342190906 3a 2.5x0 10x2(7) / 145 1396 196 30 7 10 15 6-8 <1%
1342204733 3a 14x12 54x63 0 90 17816 6344 106 60 15 6-8 50 %
1342204505 4a 2.0x0.8 14x5 o 0 2485 520 132 4 30 6-8 1%
1342192263 4b 2.5x0 6x4 \ 76 2466 320 50 6 6 30 6 0 %
1342204691 6a 0.6x0.6 8x6 0 0 2860 600 176 3 30 6-8 1%
1342204693 6a 3.4x2.0 29x18 o 0 7356 1728 204 8 30 8-10 0 %
1342205893 6a 2.9x10 81x25 o 90 4178 2400 44 55 30 6-8 0 %
1342190783 7b 1.5x1.5 19x19 0 225 11674 2520 310 8 1 30 5-8 <1%
1342190786 7b 1x1 11x10 o 0 6817 1440 256 6 35 30 1-10 <1%
1342203241 7b 1x1 12x11 0 0 2860 576 112 9 30 (9 0 %
1342204525 7b 2.8x2 37x35 o 320 5894 1120 210 o 30 (9 0 %
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Fig.5: 1342190831 band 1a observation with default width applied (width=6, left) compared to a larger smoothing width (width=15, right). The noise
performance is not better and there are strong additional features everywhere.
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4.4 OTF FSW maps

Obsid

1342192251
1342190893
1342192235
1342190763
1342190767
1342197936
1342197938
1342199672
1342199676

Band

3b
4a
4b
6b
7b
7b
7b
7b
7b

Alternative

Calibration Schemes:

HIFIl no.: LAB/HIFI/TR/2011-xxx
Inst. no.: HIFIl-Instrument

smoothing width Issue: Issue 1.0
Date: 2011-01-11
Category: ?
tiotal tint tint Default width Width from Best width
map lines/r map map (s) ON OFF pipeline (pixels sequencer Tabulated (pixels
size ows type angle (s) (s) gaussian) (MHz) width (MHz) Gaussian)
2.1x0 11x2 / 340 7501 1260 108 12 1 15 10-15
2.5x0 11x2 / 145 1556 180 32 6 5 30 5-6
0.8x0.8 5x5 ] 0 3679 720 160 (9 25 30 4-5
0.3x0.3 1x1 0 0 8636 612 416 1 15 30 1-2
1.5x1.5 15x15 ] 22.5 11402 2100 364 6 1 30 6
0.8x0.8 12x9 0 0 1678 220 12 18 63 30 8-10
0.8x0.8  14x13 0 0 1685 220 12 18 63 30 15-18
0.8x0.8  14x12 0 0 1685 220 12 18 63 30 15-18
0.8x0.8 11x9 0 0 1678 220 12 18 63 30 15-18
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5 Conclusions

Any possible correlation/link between the best smoothing width and the following parameters has
been investigated without any success:

rms of the level 0 spectra

- total integration time

- ON or OFF integration time

- ON/OFF integration time ratio
- width from sequencer

- tabulated width

- any relevant housekeeping data.

In addition, for the maps, no correlation has been found with the map size, number of rows or
columns, map shape.

As a conclusion, and only based on what has been observed, the best smoothing widths
recommended for each observing mode and each band are (whatever is the ton/torr):

1. Load Chop pointed observations

- bands 1a, 1b, 2a, 2b, 3a, 3b, 4a and 4b: width=5 (improvement by a factor of 3-
26%)

- bands 6a, 6b, 7a and 7b: width =10 (improvement by a factor of 2-15%)
2. FSW pointed observations

For all bands: width= 6 (improvement by a factor up to 30 %)
3. OTF Load Chop

Except for one case, no big rms improvment. Nevertheless, a width of 5-6 could be
a good compromise.

4. OTF FSW

The default width is the best choice.
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