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Preface

The algorithms in this document are in part still under development. The majority of
them have been tested and proven to work correctly in a mildly structured atmosphere,
however, section 8.3 (algorithm A313), which derives the apparent quantities, requires
further verification in the case of waves. Wave detection criteria have been included to
flag images influenced by the presence of atmospheric waves.

«. The Characterization Data Base (CDB) contains instrument calibration data and derived
b on g&fﬁ”:f;values which are required by several of the algorithms described in this document.
J#7 2887 Atmospheric data are corrected using the CDB, therefore, any errors in the CDB values
Lalivy T will translate to errors in the derived values from thgsSPPPS. It is important to consider
~——the-impact-of systematic errors introduced by uncertainties in the CDB when using
WINDII data.

The Algorithm Team is under the authority of the WINDII Science Team and has been
given the responsibility to define and test the algorithms required for the Scientific Pro-
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INTRODUCTION

This document is a description of the algorithms needed to process the WINDII data.
Processing is done on a daily basis and on raw data files that span one 24 hour period.
The algorithms are set up to operate on measurements in sequence. One measurement is
composed of a background image and 8 phase images. Frequent calibration measure-
ments are also processed and used by the atmospheric measurements. Hence these data
would be processed first and the results stored for later use.

A standard notation has been used to describe the image data. A given image is divided
into two fields of view with rows and columns in each. This is indicated by subscripts
hij with h indexing the field of view, i/ indexing the horizontal row and j indexing the
vertical column. Each image in a measurement is indexed with k. Hence the intensity in
field of view h at bin location (iy) and in image or phase step k is denoted as I, Each

algorithm normally operates on the full image set of one measurement.

Instrumental effects are described primarily in the Characterization Data Base (CDB). A
standard bin is used in the CDB which may not be the same size as a given measurement
bin. In all cases the measurement bin is to be an integral multiple of CDB bins. This
allows the CDB bins to be combined to provide the instrumental effects at the measure-
ment binning. C 08 bins ave qiven iddex sabseripts hpg
wf«.av‘g h:pm/ 3 13:- Yow WJ{. % < .'.’c"i hvm W -

Error estimates and error propagation are all taken to be first order and are based on the
form:

For a function x = flu,v, w, ...) the variance is given by
e ) ()

c =0 |—] +to |—] +o. | —| +
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Deviations from these basic assumptions will be noted in the individual algorithms.
However, if no difference is noted then it can be assumed that the basic relations hold.
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Part 1
Al-Telemetry Depacking
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CHAPTER 1

All - Quality checks

The level 0 quality data is checked for bad data, telemetry drop outs, or missing data.
Useable data do not exist during these times and thus no data can be catalogued under
these conditions. An error report is generated in the log files.

/lmﬁ
C- CPMEO‘\M/ W‘t’fﬂo .A_D:/t Tkg'—‘ﬁ/@-
i Hee qu‘u\ur\( c&i‘fu)koﬂ(.
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CHAPTER 2

A12 - Depack data

The level O telemetry data from WINDII is read and the header information is used to
depack, or decommutate the different types of measurements. For observational data,
three files are created with atmospheric and background measurements in one, frequent
phase measurements in another, and frequent dark current measurements in the third. A
measurement log file is created giving a detailed list of all the measurements. The data
files are used by subsequent steps. (inelude-file-strueturestty
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CHAPTER 3

A13 - Catalogue data

e

The depacking function also separates the infrequent calibration data, memory dump
data, and engineering data. These data are catalogued and are not processed any further

" by the SDPPS. Also a time grid which matches the current day’s data, is created for later
use. The creation of these files is reported in the log files.

| P\
\ Alveclovy )
'-7? L J

_,i..r"ﬂ, ol . | A

4

SDPPS Algorithms: Issue 3.0, March 15, 1993 10



Part II
A?2 - Data Calibration
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CHAPTER 4

A21 - Remove instrumental effects

4.1 A211 - Subtract dark current

4.1.1 A2111: Initialize bin flags

CTI D |
The bad bin map in the Characterization Data Base (CDB) is searched and bins in the
measurement are flagged with a ‘0" value if any bad bins are present. Otherwise the flag
is initialized to a ‘1" value indicating a good bin.

INPUT:

The input parameters are:

® Ntop - CDB bin number on vertical axis of the first bin of the window.

*  Nbot - CDB bin number on vertical axis of the last bin of the window.

® Nrht - CDB bin number on horizontal axis of the first bin of the window.
¢ Nift - CDB bin number on horizontal axis of the last bin of the window.

¢ N;-Number of measurement bins in the vertical in the window.
* N;-Number of measurement bins in the horizontal in the window.
* N, - Number of images in the observation, calibration or background measurement.

* BBmapy,,, - Bad Bin map from the CDB. (0 for bad, 1 for good)
T Mo, Bin sttty (eng)
4% 7QUIPUT. h

-
The output parameters are:

e,

Mo,
% *  Flagsy;jx - Flags mapping the good and bad measurement bins.

fu
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A21 - Remove instrumental effects

=)

HYPOTHESIS OF APPLICABILITY:

The CDB window is always the full operating area of the detector and the CDB bins are
always 5 pixels in the horizontal by 1 pixel in the vertical. Each measurement bin is
always an integral number of CDB bins. The measurement window may be located any-
where on the detector area. The top, bottom, left and right sides of the measurement
window are defined in terms of the CDB bins.

| IC
Applied to all measurement and calibration images.

TRANSFORMATION EQUATION:

All flags and counters are integer values and so the division operations which define Np,
Ng, i and j are true integer divisions with no remainder. The flag value indicating a bad
bin is always ‘0" and a good bin is ‘1"

Flags 1 V h, i, jand k. (EQ 4.1)

N, -N_ +1 ==
: N, = "”‘% ﬁp J (EQ 4.2)
- S,ww :

hijk =

WO
If:_thr+] W

.-ﬂm R = = . (EQ 4.3)

. N

L4 ’

‘1 Flagsm.jk = Ftagshljk X BBmapth vV hand k.
‘ forp = Ntop to Nbot and g = Nrht to NIft (EQ 4.9)
\p}ﬁ where:

e (p - 131 mp] +1 (EQ 4.5)

1
M“b‘% MA{/ . - Tinex+ »
o j = [q _:WJ +1 (EQ 4.6)

i ) i\“ WX %{Mw 1‘\ q
\ ;*""" l].ook for saturation in image . /LMG/V{‘) ;;,—f){ .A*\-’—?,,_ﬂ. »

#/ * Setflags _ g { ﬁ‘*‘“‘ e

ol ﬂf e /q J&V thow /’j
4.1.2 A2112: Dark current from frequent calibration %W" Vd
/
Y
TIO : ".".‘,Jw{;-a'éj\ /fww_,a 7 &/
A linear interpolation in time is made between the dark current measurements' made 'é -
during frequent calibrations before and after the measurement image that is to be cor- _ 7 a;ﬁ"
rected. The dark current monitor from the same frequent calibrations is also interpolated ‘7“ .
and the dark current mask is adjusted using the dark current monitor for the current P M el

image. The adjustment is made only if the difference between the image dark current <+« 4;’ )
monitor and the interpolated monitor value exceeds some predefined limit.

13
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A21 - Remove instrumental effects

ATooe .

INPUT:
The input parameters are:

. IM,,.. - measurement image bin values from depacking function.
ijk

* DG,(1;) - dark current map obtained at time t; during the last frequent calibration
prior to the measurement image.

. DCk,j(rzj - dark current map obtained at t, in the first frequent calibration following
the measurement image.

* BB, -Badbin map for the dark current monitor (from CDB).

. dcmqk - four values of dark current monitor for each measurement image. (g=1to 4
and k=1 to Nk)

* dem(1y), - four values of the dark current monitor for the last frequent calibration
before the measurement.

* dem(ty), - four values of the dark current monitor for the first frequent calibration
following the measurement.

* ;- time of the first frequent calibration.

* I, -time of the second frequent calibration.
* 1, - time of the measurement image.
* DTH - Dark current threshold level (from CDB).

* a,. -Dark current bias value or analog to digital converter bias value (from

CDIJ;)Q. P\I‘M CORX

®  dy.m - Dark current bias value for the dark current monitor pixels (from CDB).

QUTPUT:
The output parameters are:

* DCAyj - dark current map corresponding to the time of the measurement image
adjusted for the dark current monitor (index & indicates the phase image).

* I, - measurement image corrected for dark current bias.

hijk

Assumes that the dark current varies linearly with time between frequent calibrations.

1A PP LITY:

Can be carried out only if the binning for the dark current is the same as that of the mea-
surement image. Also assumes that frequent calibrations are available both before and
after the measurement image. Where this is not so, a single dark current measurement is
used and a quality flag is set. The procedure is critically dependent on the choice of
threshold, initially set to DTH = 3 counts. This value can be adjusted with experience in
orbit. If the process proves unnecessary, the threshold can simply be set to a high value.
Normally frequent calibrations are done cvery@nmutes If no frequent calibration is
available within@nmutes then the Wmmme&md-

-g-to-the atmospheric mcasuremen;gs—used. mane o AT Lens ,é: m

NoA b 5
CalohoXion oo ANoiohod,
L&j,ﬁ-(, y,
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A21 - Remove instrumental effects

»LGV Qacfi M Lot W%Uu’ff il Has /’«Z/x‘/f—tb MW

oA JoR.
'

TRANSFORMATION EQUATION:
Combine the CDB dark current bias values to obtain average value for measurement
bins. (See A2113 below for CDB bin conversion)

a =
e,

= average of aDCh Y(p,q) in (i,j) (EQ 4.7)
7q

Average the dark current monitor values accounting for bad bins.

4
Let N = %" BB s, (EQ 4.8)
g=1
4
1
dem, = K’ Z dcmquBqu (EQ 4.9)
g=1
4
1
dem (1)) = % Z dc‘m(tl)qBBdcmq (EQ 4.10)
g=1
4

1
dem (1) = — d t,) BB EQ 4.11
m(t) = o3 dem (1)) BB, ( )

Calculate the interpolated dark current for each measurement bin. This applies to both
the atmospheric measurements and the frequent phase measurements.

Cerns-x A
u‘? ,ﬁ =14
GOM . //? DCMk = Dcn;j(’x) + !—2_“ x [Dch;j(’z) —DCM}(;])] (EQ 4.12)

e

Calculate the interpolated dark current monitor value. This is applied to both the atmo-
spheric and frequent phase measurements.

I —IJ

demiy, = dem (1)) + [dem (£y) —a‘cm(tl)] (EQ 4.13)
| R §

2 ]

If |demi, - dcmkl > DTH (counts) then the dark current map is corrected as follows:

dcmk—adcm
DCAMJ.k = (Dijjk~aDC i (EQ 4.14)

hij dcmik —ay.

otherwise /M—W @
N X e

am;j—kfz)‘c’;:k -ap. (EQ 4.15)

hij

e value of demy, will be much larger than the value of demiy, in the case of the images

/ of the frequent phase calibration. This is because the integration time of the frequent

I‘I\“'-‘,l ! et ﬁ? N W :
& II\\ Dc’ W M\aﬁ\ /

‘,‘ e _
15 | 'SDPPS Algorithms:
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A21 - Remove instrumental effects

e

F ﬁ v
P2\

4.1.3

>
(o Tomamitione

w A

#ﬁ4f/‘l$’tﬂl 1 '

phase calibration is much longer than the integration time of the dark current image.
Therefore the difference in dark current due to the difference in integration time is
reflected in the ratio in 4.14 and this corrects the dark current map to the appropriate
value for the frequent phase.

Remove the dark current bias from the measurment data.

Iye, =1y ~4pc

hijk M.hij.i hij
A2113: CDB bin conversion

FUNCTIONAL DESCRIPTION:
The responsivity conversion factors and the filter transmittances for the CDB bins

(EQ 4.16)

within the current specified measurement bin are averaged to produce the values for the

current measurement binning.

INPUT:

The input parameters are:

¢ Ntop - CDB bin number on vertical axis of the first bin of the window.

® Nbot - CDB bin number on vertical axis of the last bin of the window.

®  Nrht - CDB bin number on horizontal axis of the first bin of the window.

* NIift - CDB bin number on horizontal axis of the last bin of the window.

® N;- Number of measurement bins or rows in the vertical in the window.

. Nj - Number of measurement bins or columns in the horizontal in the window.

* CR),, - CDB responsivity data (in counts/Rayleigh-sec) for the appropriate filter
and aperture (open or closed), for the CDB binning.

* CAjppg . CBypy and CCy,, - CDB responsivity linearity correction factors, for the

CDB binning. (these are ‘white light” values, that is they are not wavelength depen-

dent)

*  CTjp,- CDB filter transmittance value for the emission line and filter of the mea-

surement, for the CDB binning. Transmittance is normalized to unity at the filter
peak.

OUTPUT:
The output parameters are:

* MRy, - responsivity conversion consistent with the binning of the current measure-

ment image.

*  MAy;; MBy;; and MCy; - responsivity linearity correction factors consistent with the

binning of the current measurement image

* MT); - filter transmittance consistent with the binning of the current measurement

image.

SDPPS Algorithms: Issue 3.0, March 15, 1993
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A21 - Remove instrumental effects

HYPOTHESIS OF APPLICABILITY:
Assumes that the responsivity and transmittance of a bin can be obtained from the
responsivities and transmittances of the pixels within it simply by averaging.

CRITERIA OF APPLICABILITY:
Generally applicable.

TRANSFORMATION EQUATION;

The indecies are all integers and so the division operations which define i and j are true
integer divisions with no remainder. Index p increases from Ntop to Nbot and index g

from Nrht to Nift.
Nbor = Ntop + 1 NIft = Nrht + 1
LetN, = ——————and N, = ——————
N, N, (EQ 4.17)
then NBC = Np X Nq
MR, = ZZCthq Y(p,q) in (i,j). (EQ 4.18)
P q
where
- Nt
e [POPJ +1 (EQ 4.19)
N
P
~Nrh
- [‘f = ! ‘J +1 (EQ 4.20)

q

; ; !
The same equation applies to MA;j, MBy;; and MCy;;, using 5 to average over the
measurement bin. Similarly for the transmittances: BC

] . P
MT,; = 5—=3 2 CTypy V(P @) in (i)) (EQ 4.21)
BC
Pogq

with 7 and j as above.

4.1.4 A2114: Responsivity linearity

FUNCTIONAL DESCRIPTION:
The dimensionless correction factor is provided by a third order polynomial in the signal
level.

INPUT:

The input parameters are:

e ] - Dark current bias corrected signal level (in counts)

MCI: ik

*  DCAy;j - Dark current for measurement bins.

17 SDPPS Algorithms: Issue 3.0, March 15, 1993



A21 - Remove instrumental effects

4.1.5

MA i, MBy;; and MCy; - values computed in A2113 for the linearity polynomial
given below.

OUTPUT:

The output parameters are:

¢ L, - linearity correction factor for intensity.
hijk

® L, -linearity correction factor for dark current. itemize
hijk

HYPOTHESIS OF APPLICABILITY:

Assumes that the signal light level corresponding to a bin can be obtained from the
responsivity that characterizes that bin, multiplied by a dimensionless linearity polyno-
mial.

CRITERIA OF APPLICABILITY:

If the CCD proves to be accurately linear, this processing step will be bypassed. Or it
may turn out that A, B and C may be represented by constants for the whole CCD.
Switches should be provided to allow for these possibilities. Alternatively it may be nec-
essary to apply the linearity correction only to signals in a given range. These questions
will be answered after the instrument is characterized.

TRANSFORMATION EQUATION:
- 9 r 2 - 3
le = l+MAhU,>< [IMC;.,—,._J +MBhUx L"MCA,;J +Mchl.jx LIMC,,.,J (EQ 4.22)
s A ~ 2 3
Ly =1+MA, x[DCA,.]+MB, x [DCA, 1°+MC,.x [DCA,.]° (EQ4.23)

hijk

A2115: Subtract dark current

FUNCTIONAL DESCRIPTION:
The dark current obtained from A2112 is subtracted from the measurement image.

INPUT:
The input parameters are:

L]

DCA j - dark current map obtained from function A2112.

Iy - measurement image values from function A2112.
“ higk

L, and L, -linearity factors from A2114.

hijk

1

hijk

Convert - electron to count conversion factor (from CDB).

* DRE - estimated digitization + readout + electronic noise contribution to variance
(from CDB).

OUTPUT:

The output parameters are:

SDPPS Algorithms: Issue 3.0, March 15, 1993 18



A21 - Remove instrumental effects

4.1.6

¥ i - measurement image corrected for dark current.

DCthk

Fe, Initial error variance estimate (incounts).
hijk

HYPOTHESIS OF APPLICABILITY:
Asin A2111 and A2112.

CRITERIA OF APPLICABILITY:
Requires that a dark current image was obtained from A2112.

TRANSFORMATION EQUATION:
Before subtracting the dark current check to make sure that the frequent dark current
matches the atmospheric measurement in terms of binning and exposure time.

I
MC, DCAhijk
Ipc =  r (EQ 4.24)
hijk L L
Ihij.k Dhijk
s [uc * 2] DRE (EQ 4.25)
o = + .

DC, .y Convert

A2116: Set bin flag indicating clipping

EUNCTIONAL DESCRIPTION:

The dark current corrected data are compared with the noise level of the dark image to
determine whether the phase waveform has been clipped. Clipping occurs when the
intensity of the observed line is weak and the measured data points are close to the noise
level. Certain points on the waveform are then lost in the noise and are not valid data.
Also since the dark current has been subtracted it is possible for the corrected signal to
be negative. This function is intended to check for these bad data points. If clipping is
detected a flag is set which is used in the apparent quantity calculation to reject affected
data points.

The input parameters are:
*  Flagsp;y - flags indicating the goodness of the bin data (see A2111).

* [,. -measurementimage values corrected for dark current.

hijk
* o,- average standard deviation of dark current (from CDB).
OUTPUT:

The output parameters are:

* Flagsy; - quality flags which indicate the goodness of the bin data.

19
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A21 - Remove instrumental effects

4.2

HYPOTHESI BILITY:

When low light levels are measured the phase waveform may be clipped for certain
phase steps. If the data are not rejected from the calculation of the apparent quantities
then large distortions will occur. The clipping results from the subtraction of a dark cur-
rent from a signal of comparable magnitude. It is not possible to estimate, even for neg-
ative values, the actual modulation depth. Hence it is better to flag the data and not use
them in the fit.

CRITERIA OF APPLICABILITY:
Applied to all images.

TRANSFORMATION EQUATION:
Each bin is checked against o, as the indicator for clipping.
It/

<o, then flags 0 (EQ 4.26)

DC, hijk =

Note:

The variance of the dark current in each field of view stored in the CDB is computed
from dark current images as follows. It is not expected that this calculation is needed for
each dark current image as part of the SDPPS. If a representative value stored in the
CDB proves to be unreliable then this calculation will need to be done for each different
window and bin combination. The window and bin size will change with each filter
group. The following is the definition of o, .

N =NxN, (EQ 4.27)
N. N,
TR D
DCA, = N >3 DC,, (EQ 4.28)
i=lj=1
N, N
2 1 — 2
5= N1 Z Z (DCy;;- DCA}) (EQ 4.29)
i=ilj=il

where DCy,; is the dark current image.

A212 - Convert from counts to rayleighs

421

A2121: Convert counts to rayleighs

FUNCTIONAL DESCRIPTION:
The signal level in rayleighs is computed from the signal level in counts, knowing the
exposure time, the responsivity value and the linearity factor.

NPUTS:
The input parameters are:
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P ) ?
( Lavtdic S

. . K ~ J
* I~ -Dark current corrected signal level (in counts) from A2115 %\,,-,-\)O.jizv- -
hijk ;
2 A AN :“ “,v’/}\
* o} -Initial error variance estimate (in counts) from A2115. "

Rijk

® Iy €Xposure time in seconds.

MR- responsivities for the measurement bins, from A2113. (in counts/rayleigh)
QUTPUT:
The output parameters are:

* gy, - signal level (in rayleighs),

. U?:R - Initial error variance estimate of signal level (in rayleighs).

hijk

Y ABI
Generally applicable.

CRITERIA OF APPLICABILITY:
This process is applied to all observation images.

TRANSFORMATION EQUATION:

! T (EQ 4.30)
CRyj 1 x MR, .. '
i hij
2
gl UDCJuj.t
B = T (EQ 4.31)
Wik (1 xMR,.)?
exp hij
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CHAPTER §

A22 - Remove observatory effect

5.1 A221 - Determine altitude of the bins

5.1.1 A2211: Determine ECI coordinates of line of sight

FEUNCTIONAL DESCRIPTION:

~ This transformation gives as a function of bin location in the CCD the Earth Centred
Inertial (ECI) coordinates of its cofresponding line of sight. The OA_SAT_ATT Orbit/
Adttitude service routine is used in this function.

INPUT:

The input parameters are:

* See functions A22111 to A22114.
OUTPUT:

The output parameters are:

e See functions A22111 to A22114.
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—

5.1.1.1

ES E c

4
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A22111: Determine bin centroid in FOV frame

FUNCTIONAL DESCRIPTION:
The bin centroid is calculated for each bin in the FOV in units of CCD pixels. The loca-
tion of the upper window in the split filter (5) is determined in absolute location on the

CCD and then is transformed to the correct altitude range in the next algorithm,
A22112.

INPUT:
The input parameters are:
*  NVB - Number of pixels in the vertical column in measurement bin.
* NHB - Number of pixels in the horizontal in measurement bin.
¢ NVW - Number of pixels in the veritcal column in the window.
e e
*  NHW - Number of pixels in the horizontal in the window.

e NVfov - Number of pixels in the vertical column in the field of view. (from the
CDB)

*  NHfov - Number of pixels in the horizontal in the field of view. (from the CDB)
* NVO - Number of pixels in the veritcal window offset.

¢  NHQO - Number of pixels in the horizontal window offset.

*  NWS - Number of pixels in the window separation.

® N;- Number of measurement bins in the vertical window.

. Nj - Number of measurement bins in the horizontal.

*  Niop - Pixel row, from the top of the CCD, of the top of the measurement window.

OUTPUT:
The output parameters are:

*  XCy;; - Bin centroid horizontal coordinate.

*  YCy;- Bin centroid veritcal coordinate.

HYPOTHESIS OF APPLICABILITY:
Assumes all the window and bin information is available from the measurement header.
Both fields of view have the same window dimensions and there is no change in window

dimension during the time of one measurement. ]&&grg&s a split wgldwm win-

. . - . -“h - 4
dows in each FOV have the same bin dimensions wmdf‘fw dimensions.

RI P
The split field filter 5 produces two windows in each field of view. The upper window is
the background and the lower is the OH measurement. This routine should be called
once for each of the upper and lower windows to produce two sets of XC and YC. The

24
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depacking function separates out the background and measurements and so treats filter
5A and 5B as two different images. The Ntop parameter is computed for each of 5A and

5B windows.

TRANSFORMATION EQUATION:

NVW NHW
Check that N, = ——— and that N. = —— . Also if there is a split window then the
Y NVB /' NHB

window separation NWS must be accounted for in the calculation of the bin Nrop. (See

figure 5.1)

Each field of view is defined separately as follows:

XC,,; = (j=0.5) x NHB + NHfov - NHO ~ NHW (EQ 5.1)
YC ;= (i-05) x NVB+Ntop - | (EQ 5.2)
XC,, = (j-0.5) x NHB+NHO (EQ 5.3)
YC,,; = (i=05) x NVB+Ntop~ | (EQ 5.4)
The value of Ntop, as computed in the depacking function, is:
For the normal case (including filter SA):
Ntop = NVced - NVO - NVW + 1
For the case of filter 5B:
Ntop = NVeed - NVO - 2NVW - NWS + 1
where NVeed = 256 is the total number of pixels in the CCD in the vertical.
SDPFS Algorithms: Issue 3.0, March 15, 1993 25



A22 - Remove observatory effect

Figure 5.1: Bin and window location in the two fields of view (FOV) as seen from the image side.
CCD Top
Highest
(I.N-Hfav) (1,1) (1, Nwa) j (L,1) Altitude
- = <+ @ of Window
FOV 1 FOV 2
J:Vi 1,8|11,7116]1,5) 1411311211 1811,7116]1,5]14]13]1,2|L,1
)
Al 2,1 2,1 Yi
iy 3,1 3,1
.dd.
' 4.1 4,1
NY{C
‘g 'Y
OA@® nNws
* NHW > NHB
v >
18]17]16[1.5)14]13]1.2{11 T 1.8l ,7{16f1.5]14]13]12] 1.1 t NVB
N 21| N 21
Hj« v <+ NHO
(o] 3w 3,1
41 l 4 Léwist
b Altitude
c1 NVO 2 NVO of Window,
CCD Bottom
® o ® —® %
(NV,,,. NHfov) NV 1) (NVj,. NHp,) NV, 1)
Bin and pixel numbers are ordered in the same way as (i,j) pairs. C1 and C2 are the
boresight locations in each FOV and OA as the axis of the imaging optics.
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Figure 5.2: Numbering convention used for pixels
160 159 158 2 10
............................... m . 0 ccp Top
; 1
2
FOV 1 FOV 2
i 132
OA —+— 133
; 134
i 254
_+_ : 255
............................ 4] :5,CCD Botom
160 159 158 81 80 79 1 0 81 80 79 210
Cl 160 159 2

The boresights and optical axis are located at pixel coordinates, C1(255,80), C2(255,80)
in each FOV and OA(133,160) i FOV2 or OA(133,0) in FOV1.

L}
5.1.1.2 A22112: Determine coordinates of line of sight in IPF

NA PTION:
Calculate the line of sight passing through a given point in the Instrument Pointing
Frame (IPF) using the instrument angular field of view. This function uses the optical
distortion measured in the instrument characterization to correct the flat field approxi-
mation for the position of a pixel in the reference frame. The image plane is first
assumed to be flat with no distortion and the (X,Y) position of a given bin is trans-
formed to angular position. The relative increase or decrease in angular position due to
distortion is next calculated. The flat field angles may then be adjusted and the IPF
directions calculated. Filter #5 is split using a wedge prism. This deflects the image to
the upper half of the CCD detector and adds its own distortion. Hence this special case
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is treated separately. In order to determine the correct pointing information the upper
image in the split filter is transformed to the instrument pointing frame with its own
transformation matrix.

INPUT:
The input parameters are:

*  XCp; - Bin centroid horizontal coordinate.

;- - Bin centroid vertical coordinate.
* YC;-B troid vertical dinat

®* Aa - Angle,in radians, in horizontal of one FOV (nominal value is 0.06981 rad or
4°) (from the CDB)

®* AB- Angle,in radians, in vertical of one FOV (nominal value is 0.10472 rad or 6°)
(from the CDB)

*  NHfov - Total number of pixels in horizontal in FOV (from the CDB)

*  NVfov - Total number of pixels in vertical in FOV (from the CDB)

*  XOA,YOA, - The (X,Y) location, in pixels, of the imaging optical axis for each
field of view. (from the CDB)

* Ay bais cais - Coefficients from CDB to describe optical distortion. (referenced to
the imaging optical axis)

* awy bwy owy;s - Coefficients from CDB to describe optical distortion with
wedge in filter 5. (referenced to the imaging optical axis)

* da,, 8B, 8a5,,8p5, - Offset angles, from the CDB, to translate windows in each fov
to the optical axis so that rotation due to prism missalignment may be corrected.
There is a unique set used to translate filter 5B windows.

® BS, - Transform matrix for rotating bin position into IPF for each boresight in the
normal case. (These are 2X2 matrices)

* OAa,, OAB, - Offset angles needed to translate the window or bin centroid from the

optical axis reference frame to the boresight reference frame after distortion and
rotation corrections.

OUTPUT:
The output parameters are:

*  UIPFyj(c) - Array of direction cosines of the line of sight of the bin centroids.

oT PPLIC

The angle subtended by a pixel is defined by the total angular field of view divided by
the number of pixels in the field of view. The angle measure is radians. The angular
FOV and the pixel dimensions for each FOV are assumed to be available from the CDB.
It is assumed that the optical distortion is symmetric about the optical axis of the imag-
ing optics. Hence the distortion correction is first made in a reference frame attached to
the imaging optical axis at point (XOA,Y0OA). The tilt of the Michelson may introduce
some small asymmetry, however, the characterization of the instrument is required to
verify this. Until this is done the symmetrical assumption will be used. Since the angles

28
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used are referenced to the imaging optical axis the parameters Ao, AB, Qg5 Pais» Caisr
aw s, bwy;, and cwy;, are independent of field of view.

CRITERIA OF APPLICABILITY:

This function accounts for optical distortion within the field of view. This can be mea-
sured on the ground before flight, however, it cannot be measured directly in flight.
Consequently once in orbit the two functions A22112 and A22113 cannot easily be sep-
arated. Any on orbit alignment measurements will measure the product of A22112 and
A22113. However, if we assume that the optical distortion does not change after launch
then a shift in the instrument pointing frame will cause a change only in F, (A22113).
Hence we can adjust F, and not change A22112 parameters. This also has the advantage

that only two transformation matrices need be saved in the CDB rather than one for each
CDB bin,

Note that the definition of NVfov and AB must be consistent and that the pixel coordi-
nates used for YOA and YC must be the same. This will avoid any problems with the dif-
ference between NVeed = 256 and NVfov = 240.

TRANSFORMATION EQUATION:

See the definition of the UARS and instrument reference frames for definition of the
angles. The distortion parameters calculate a relative increase or decrease in the angular
position of a pixel based on the angular distance from the imaging optical axis.

XOAk—XCM
00,.. = | —— | x At (EQ 5.5)
NHfov

YOA, - YC, .
S T PV (EQ 5.6)

ﬁoh’j - [ NVfov

Use the small angle approximation to calculate the angular distance from the imaging

optical axis (XOA,YOA),
Y0, = ,faoi!.j+ Br)ilj (EQ5.7)

If normal case (not filter 5) Then

~

DIS, . = ay, +by, (Yo,.) +c,. (vo,,)" (EQ 5.8)
Else (upper window of split filter 5)

DI, = aw, +bw (y0,,) +cwy (Yo,.) (EQ 5.9)

Correct the flat field estimates of the angular position of the bin centroid for optical dis-
tortion.

i = DISMJ. X 0o, (EQ 5.10)

SDPPS Algorithms: Issue 3.0, March 15, 1993 29



A22 - Remove observatory effect

Fail

]

Bhi} = DI.S'ij ﬁohij (EQ 5.11)

Translate each FOV window to the imaging optical axis so that the windows may be
rotated to account for any missalingment due to the prism edge.

If normal case (not filter 5) Then

al

i = +8a, (EQ 5.12)
Blhij = Bh;‘j"'éﬁh (EQ 5.13)

Else (upper window of split filter 5)

al

hij = Oyt 805, (EQ 5.14)

Bly, = By, +3B5, (EQ 5.15)

hij

Rotate the windows by angle 8, using a single rotation matrix for each field of view.

=BE x| ™ (EQ 5.16)

where the 2x2 matrix, B3} has 6 form:
s the
| .‘)‘i‘l

cosﬂh —sinﬂh
BY, = (EQ 5.17)
sinE)lII —cnsGh

Now the location of the bin centroid has been corrected for distortion and rotation in the
imaging optical axis reference frame. The last step is to translate to the boresight refer-
ence frame. This is done using CDB parameters as follows.

a3

hij OAah—G.ZW (EQ 5.18)
[33,“1. = OABh+{32}”.j (EQ 5.19)

The bin centroids have been located in the boresight reference frame so now the direc-

tion cosines may be computed.
( [ 2 2
cos ’\/0"3“_,' +B3,.. (EQ 5.20)

U]PFMJ.(Z) =
U[PFMj(x) = UIPFM(z) x tan (63MJ.) (EQ 5.21)
UIPF,;(y) = UIPF, (2) x tan (a3, ) (EQ 5.22)
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5.1.1.4

A22113: Determine OMF coordinates

EUNCTIONAL DESCRIPTION;

The vector in the Instrument Pointing Frame (IPF) is transformed to the vector in the

Operational MACS Frame (OMF) according to the GPB transformation matrix F),.
J$

INPUT: IPF 4o sWMEF

The input parameters are:

. UIPF,,,J(c) Array of direction cosines in the IPE.

E*——Fﬁw -EDB-transformation-matrix-from-1PF-to- OMFE—

The output parameters are:

¢ VOMEFy;(c) - Direction cosine array in OMF coordinates.

HYPOTHESIS OF APPLICABILITY:
Two transformation matrices are defined in the CDB, one for each field of view. Each

matrix £, is a 3X3 matrix with the general form: ) ;
Aas = \f‘-asj.‘ 7% .

c )

v . E‘.g;_;_ﬁigh(‘z' ¢ A ppresis
T PN T . PP :

| cosa, sinf3, cosy, — sina, siny, - coso, sinf, siny, — sine, cosy, cosa, cosP,
F, =Cl"}< sina, sinf, cosy, + cosa, siny, - sina, sinp, siny, + coso, cosy, sino, cosP,

—cos B, cosy, cosf, siny, sinfB,

where index A indicates the field of view;'d;,' is the elevation angle, p ,; is the azimuth
angle,y, 1s the skew angle and T is the missalignment matrix (3x3) transforming the
Instrument Reference Frame (IRF) to the Opcratmnal Macs Frame (OMF) 7Aoo

‘“‘ e ’L}’/Qf A y‘é C ; 4; P ;1/‘ Lo ~#4 | I r?“'—“:«r ;*rr'ﬂ
CRITERIA OF APPLICABILITY: 4 /
None.
M Tl
VOMFkij = th U]PFhij (EQ 5.23)

A22114: Determine coordinates in the ECI frame

FUNCTIONAL DESCRIPTION:

‘This transformation gives the Earth Centred Inertial (ECI) coordinates of the line of
sight. The OA_SAT_ATT Orbit/Attitude service routine is used to obtain the transfor-
mation from Operational MACS frame (OMF) coordinates to ECI coordinates.

INPUT:
The input parameters are:

*  UT} - Universal time of the measurement for each image.
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5.1.2

* TYPA - Type of raw attitude data to be used (see OA_SAT_ATT).
* VER - Version of orbit data for calculation (see OA_SAT_ATT).
*  VOMFyc) - Direction cosine array in OMF coordinates.

OUTPUT:

The output parameters are:

*  VECIy;{c) - Direction cosine array in ECI coordintes for line of sight for each bin
in each FOV.

PO IS O IC
The Orbit/Attitude service routine OA_SAT_ATT is called to obtain the transform from
the OMF frame to the ECI frame. This transform may be used for all the bin line of sight
vectors in the measurement image. Each phase image in a given measurement is taken at
a different time, therefore, this routine needs to be called for each phase step.

1 OF Bl
None.

TR M U
Call the OA_SAT_ATT service routine and obtain the 3X3 matrix ABC which is the
transformation matrix from OMF to ECI for each phase image, k. Then,

VECI,,, = (ABC), x VOMF, (EQ5.24)

A2212: Determine tangent point altitude

UNCTIONAL D IPTION:

Orbit/Attitude service routines are used to obtain the tangent point altitude of each bin
centroid. These altitudes are saved for each field of view and for each phase step. The
velocity of the space craft projected along the line of sight and the velocity of the rota-
tion of the earth on a latitude circle at the tangent point are also calculated for use in the
extraction algorithms.

INPUT:
The input parameters are:
b .
*  UTy - Universal time of the measurementf pp © 0¥ Lot €
*  VECly;(c) - Line of sight unit vector in ECI coordinates for each bin.

¢ VER - Version of orbit data for calculations.

uTP
The output parameters are:

Zyjx - Geodetic tangent point altitude for each bin.

32
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513

HYPOTHESIS OF APPLICABILITY;

In order to locate the measurement in the atmosphere, it is assumed that the bin centroid
line of sight tangent point is representative of the measurement for that bin. Two Orbit_
Attitude service routines are called, OA_SAT_ORB and OA_LIMB_CALC.

IC Y:
None.

SFO o]
Call OA_SAT_ORB with UT} and VER set for the given image. Psat(3), the ECI posi-
tion of the satellite, and Vsat(3), the ECI velocity vector of the space craft, are returned.

Call OA_LIMB_CALC with UT}, Psat and VECI},;;. for each bin, then:

Z

hik = GEOD_LAT for each bin (EQ 5.25)

where GEOD_ALT is the geodetic altitude returned from the service routine.

A2213: Obtain reference tangent point for image

FU NA

Orbit/Attitude service routines are used to obtain the tangent point altitude, latitude and
longitude for the reference column for the measurement. This reference column is used
for the combination of the fields of view in A34.

INPUT:

The input parameters are:

¢ NVB - Number of pixels in the vertical in measurement bin.

e N, Nj - Number of rows and columns in the measurement.

* N, - Number of phase images in the measurement (4 or 8).

¢ NVW - Number of pixels in the vertical in the window.

e NHW - Number of pixels in the horizontal in the window.

*  Ntop - Number of pixels in the vertical to the top of the window. (from the CDB)

s NHfov - Number of pixels in the horizontal in the full field of view. (from the CDB)

e NVQO - Number of pixels in the vertical window offset.(from bottom of image)

*  NHO - Number of pixels in the horizontal window offset.

*  UT, - Universal time of the measurement for each phase image.

*  VECIy - Direction cosine array in ECI coordintes for line of sight for each bin in
each FOV. '

*  Zpij - Geodetic tangent point altitude for each bin.

The output parameters are:

e ZR,; - Reference geodetic tangent point altitude for each FOV.
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® &R, - Reference longitude of tangent point.

* 3R, - Reference geodetic latitude of tangent point.

* TR, - Reference angle of vector w.r.t. North.

* AZR, - Altitude overlap interval used in field combination.

* ACR, -Longitude overlap interval used in field combination.

* ASR, - Latitude overlap interval used in field combination.

P ILI
The middle image of a series of phase images that compose one measurement is used as
the reference image. Image number 3 and image number 5 for the two cases of the 4
point and & point measurements respectively are used since the time assigned to the
image will be the time at the start of the integration time. Since an average value for the
apparent quantities is calculated in the extraction algorithms it is assumed that a single
geo-reference point may be used to characterize the measurement. The point in the mid-
dle of each FOV and at the bin corresponding to the peak in the volume emission profile
is chosen as the reference point. Since the volume emission profile is not known at this
point a column of geo-reference data is computed and then scanned in A34 along with
the volume emission rate profile to find the single reference bin. Previous functions as
well as Orbit/Attitude service functions are required.

CRITERIA OF APPLICABILITY:
A reference point is assigned to atmospheric measurements only and not to background
measurements.

OR ION:
First locate the pixels in the image reference column:

For each field of view (h=1, h=2) and with k = 3 for N, =4 or k =5 for N}=8:

N,

Setj = -2—1 (integer division) and for each i in the vertical column compute the bin cen-

troids:

NHW
XC, = NHfov-NHO - = (EQ 5.26)
YC,; = (i-0.5) x NVB +Niop - | (EQ 5.27)
NHW

Xc, = — +NHO (EQ 5.28)
YC,, = (i-0.5) x NVB +Ntop - | (EQ 5.29)
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——.-—,;}
Call OA_LIMB_CALC with UTy,, P, g and VECI), ; sy and
Call OA_LIMB_CALC with UTQM. P‘mr“d and VECIh,i,j,end
From the return values from the last two subroutine calls and from the input tangent alti-
! tudes calculate: ' f L \
LONG
j“)@ R'h: | min (2 m""‘f:f . s Long } ~ iR (LONQ&"}“’! y = el cot 6\} {‘
) Sretheell Sﬁu?z ol é AQRh = ILONG_;mrr B LONGend‘L o~ (EQ 5.34)
[ 4 ‘. r
A BR, = | win (GEob_LAT (rED_LATo g ot ¢ é}ﬂ AToX (cé E0D- Lot cutn ) GLoO_LAT,,
= h i Lt P Sl b b "L, {8EOD_LAT,,,, ~GEOD_LAT,, | (EQ 5.35)
y o
— AZR, = \Zy, ;. stare = Zn i l,_,,smr1|2+ 125 i o™ T =1 end (EQ 6:36)

Call functions A22112 through A22114 to obtain VECI,(3) for the reference column.
(This is different from the VECI,,,-jk which are input to the routine. These inputs are used
below.)

Call OA_SAT_ORB with UTk set for image k =3 if 4 point or for image k=5 if 8 point
measurement. Psat(3), the ECI position of the satellite, and Vsai(3), the ECI velocity
vector of the space craft, are returned.

Call OA_LIMB_CALC with UTy, Psat and VECIy, for each FOV, then:

ZR,, = GEOD_ALT, (EQ 5.30)
LR,; = LONG, (EQ 5.31)
9R,, = GEOD_LAT, (EQ 5.32)
TR,, = LOOK_ANGLE, (EQ 5.33)

where the right hand side of the above are returned from the service routine for each bin
in the vertical column.

The overlap interval is determined from the spatial extent of the measurement based on
the location of the first and last images in a measurement. The time of image k=1 is
UT; or UT,,, = UT,. The time of the last image is for k = 4 or k = 8 depending on

whether a 4 or 8 point measurement has been taken. That is UT,,z= UT, or UTs.

Call OA_SAT_ORB with UT,,,, and return P_,

start

Call OA_SAT_ORB with UT,,; and return P__,

end

With i = é (integer division),  set as above, start = 1 and end =4 or 8 as before,
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Notes:

N
—_\ . . . . : 2 ;s ;
— 1. The pointat i = ~3—l is used to obtain the overlap interval since this is approxi-

mately the expected region of the peak. The overlap interval does not change much
from the bottom to the top of the reference column.

2. The Orbit Attitude service routines return values between 0° and 360° for the longi-
tude. It is possible for the longitude to switch between 0 and 360 during the time of a
measurement. The value of ACR, must be checked and corrected for this discontinu-
ity.

3. The latitude changes very slowly at the poles and so the overlap interval will be very

small. It may be necessary to define a minimum interval which would be derived
from the other latitude intervals. This still needs to be confirmed.

5.2 A222 - Determine instrument phase

5.2.1 A2221: Derive projected velocities

TION:
Orbit/Attitude service routines are used to obtain the velocity vector for the satellite.
The velocity of the space craft projected along the line of sight and the velocity of the
rotation of the earth on a latitude circle at the tangent point are also calculated for use in
the extraction algorithms.

INPUT:
The input parameters are:

\\.
) o+ = )
Q\,‘:ﬁ\ r.»’\. B (k_i av z,..’.
: ; ; : o DS Aren L ¢
e UTh- Universal time of the measurement ‘ ;

|/ F "'“jf'! e (D *  VECIy(c) - Line of sight unit vector in ECI coordinates for each bin;‘f k=2 on ?} .
hosb V) !
*1 e VER - Version of orbit data for calculations.

OUTPUT:

The output parameters are:

*  vpsp;j - Projected space craft velocity along line of sight. (m sh

® wvrey,; - Velocity of earth rotation at tangent point on a latitude circle for each bin.
(m .s"l)

HY 1

In order to locate the measurement in the atmosphere, it is assumed that the bin centroid
line of sight tangent point is representative of the measurement for that bin. It is

s 0 assumed that the projected velocities will not change from the first image to the last
- gﬁ}tf _ ju%g:;fa measurement by a significant amount. Hence only the projected velocities for
\f’“k the image will be calculated. Two Orbit/Attitude service routines are called,

OA_SAT_ORB and OA_LIMB_CALC.
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o

w

a¥

n

5.2.2

CRITE 0] ITY:
None.
TRANSFORMATION EQUATION;

Call OA_SAT_ORB with UT,and VER set for the given image. Psat(3), the ECI position
of the satellite, and Vsar(3), the ECI velocity vector of the space craft, are returned. This
is done for &=+ only, hence-the-tndex on-VECHij1—

PSy; = Vsar( ) x VECI (vector scalar product) (EQ 5.37)

hij
Call OA_LIMB_CALC with UZK‘, Psat and VECI; kfor each bin, then:

The rotation of the earth induces a phase change comparable to the atmospheric wind
phase. To account for this we must calculate the velocity of rotation at the tangent point
along a latitude circle which is projected along the line of sight. From OA_LIMB_-
CALC we have:

z, = JLIMB(X)Z+L!MB(Y)2+LIMB(Z)2 (EQ 5.38)
8 = GEOD_LAT (EQ 5.39)
I = LOOK_ANGLE (EQ 5.40)
@ = angular rotation velocity of the Earth (EQ 5.41)
Then,
¥rey,.= W Zcos 9sinT (EQ 5.42)

A2222 : Calculate velocity phases

FUNCTIONAL DESCRIPTION:

The projected spacecraft velocity along each line of sight and the projected Earth rota-
tion velocity calculated in function A2221 are used to compute the velocity phase com-
ponent of the total phase in a measurement.

INPUT:
The input parameters are:

* k., - Wavelength of atmospheric line (in pm).

A, - Optical path difference (OPD) for given wavelength (in pm). (one value per
wavelength in CDB)

(7]
(a—ij - Derivative of the OPD for same wavelength as OPD (in pm). (one value per

wavelength in CDB)

vpsy;; - Velocity of the satellite projected along the line of sight for the given bin
(in m s°1). (from A2221)
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. vre,_,yjﬁ-m\{flocity of Earth’s rotation projected along the line of sight for the given bin
(i{i m s"—}’). (from A2221)

=" "’, B4
r
OUTPUT:
The output parameters are:
- . (Dvhu - Phase due to projected velocitx:.g S
* A~ Corrected optical path difference.
YP Si PLI IL
The atmospheric line measured by the interferometer is Doppler shifted by the motion
of the spacecraft. This shift is seen as an effective change in the optical path difference
or a change in the order of interference by as much as 3000 units.
CR IAO CA i
Applied to all atmospheric doppler measurements.
T (o] E ION:
¢ (BA)T
A?\ = [A:\._)‘o a—k | (EQ 5.43)
2m (vps,, +tvre,,)
Qv, .. = A;x i < range [0, 2x] (EQ 5.44)
Y chy
5.2.3 A2223: Calculate zero wind phase
FUNCTIONAL DESCRIPTION:
The zero wind phase is derived from the calibration phase and a relative phase differ-
ence, measured on the ground, which is read in from the CDB.
INPUT:
The input parameters are:
o, e (1 °T- Time of the current measurement (for first image).
* ®,.,, -Relative phase difference from the CDB. (one value per wavelength)
hpq
* (- OPD neutral variation (from the CDB). This value depends on the filter or
G o 1 1
wavelength and is given by C, = ZnCi {l_ - ;‘—] ;
(NS}
* ®l.,, -Calibration phase with same binning as measurement and the most recent
hij
calibration prior to the measurement.
-
— / . iQTi - Time of the ®1 calibration measurement.
* ®2.,, -Calibration phase with same binning as measurement and the closest cali-
hij
bration after the measurement.
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~
—_ . UZ;- Time of the ®2 calibration measurement.
OUTPUT:
The output parameters are:
* @, -Zerowind phase in radians.
hij
HYPOTHESIS OF APPLICABI
The relative phase difference which is stored in the CDB is (tbg - d)f) where the ‘G’
stands for ground measurement and the ‘0" and ‘1’ are the atmospheric line and the cal-
ibration line respectively. It is assumed that there is no optical path difference variation
and that the path difference is constant between ground and space.
PP l
Applied to all atmospheric doppler measurements.
NSF TIO UATI
Check the measurement type and search for the frequent calibrations which bracket to
the measurement. The filter groups should matc.h giving the same win 4}; and bm sizes o Vi
for the cahbrau n and measuyrement. ade s’ > M‘” oy
P’&é} /bl 1!2}'\ 124 E’W . <la «—*MUT_Q&H— %1
“Get the relative phase difference from the CDB. The CDB binning must be Convertcd to ~
the measurement binning by averaging the CDB values in a manner similar to A2121.
7

/

/

Before calculating the zero wind phase check that the frequent phase calibration data

malchc;\ the bmmng and filter number of the atmospheric measurement. /I's‘g?,( (ate

/ L" Ac?ua.c‘\' as e Mé/(’-gim Ao IALAMLUABL 4.4,«,710;,‘
E owu:(', - 0o gAasa san CLB,
M A M«f O cppuyy = averageof Dopy Y (p,q)in i (EQ 5.45)
Pa
) - A
(P‘ \.M\"/ Tml‘.“{ \ Jan a?-_a-r’-
@y = Pl +u X [@20,; ~Pley; (EQ 5.46)
hij hij — ‘hij i
. coR Ll C. (onST ur,
(
n _\,{\Q e iwTevvet = Orpgyy+®, +C, (EQ 5.47)
Sets i coavcih fov
G‘\Jé,‘f‘ bj\w\gl/‘\, 4(5-“ W\As ;I . :n l . . 3 3
asuyv : s — ) 28
@, . —a-second-order-fit toa set-of calibration data. This necds to be confirmed by the mstru=—
g—\-’e’ \’“"v P %‘{ ajw _ment-characterization.
(hach ©r*
vt &WW" 5.2.4 A2224: Calculate step phase and derive intrinsic phase
FUNCTIONAL DESCRIPTION:
The phase due to the mirror stepping is added to the other phase contributions to derive
the total phase without atmospheric wind phase or to derive the intrinsic phase. The
velocity and zero wind phase values are added and stored for use in A31.
£
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INPUT:

The input parameters are:
¢ Ov,.- Phase due to projected velocity terms.

* @, -Zero wind phase.

Dhij
. 6¢k (%) - Phase step for measurement of mirror motion. (from CDB, one value for
each wavelength and each phase step).

COAEy,, - CDB off axis effect in CDB bins (from CDB).

® N - Number of mirror phase steps.

OUTPUT:

The output parameters are:

* ®,, -Sum of velocity and zero wind phase. This value is catalogued for use in
hij
A3l
* @, -Total or intrinsic phase for each bin.
1

HYPOTHESIS OF APPLICABILITY:
All the phase contributions are added together including the step due to mirror position.
The off axis effect is computed for the step. (same as in A241) The phase step, 3¢,. is

. 4 T . . . -
nominally = or 4 for each step but varies due to errors in mirror position. Hence there

is one value for each phase step. The offaxis effect is included by calculating the change
in phase for each CDB bin relative to the normal incidence axis of the ML

CRITERIA OF APPLICABILITY:
Applied to all atmospheric Doppler measurements.
T S (0] UATION:
NBC = number of CDB bins in measurement bin. (EQ 5.48)
1 . ..
MOAE,, . = FEZCOAEHPQ Y (p,q) in (i,)) (EQ 5.49)
BC
P q
k
86, = MOAE, .x 3 8¢ (%) fork= LN, (EQ 5.50)
p=1
(EQ 5.51)
Yij 1) hij
By, = v+ Dy (EQ 5.52)
o = mmw +8, (EQ 5.53)

40
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5.3 A223 - Star removal

—~
‘".
v,
—/
S~
—
=)
/f
S

5.3.1 A2231 - Determine the angle between the observing window and the moon

FUNCTIONAL DESCRIPTION:

This algorithm flags measurement sets made too close to the moon. The closest bin to
the centre of the observing window is selected and the angle between this bin and the
moon is determined. If the moon is closer than MOON;,,, the measurement set is

flagged and is not further processed. ) { e ~ [, ~L
Pt Flere s oot Flag which gt <clects
INPUT: oNT By‘:msgﬁ‘i 5&33 &-E{m;%md

* VECI,; - ECI coordinates of the bin centroids k-2 s

. UTR- UARS standard date and time for the-first imagﬁﬂin the measurement.

* N, N;-Number of rows and columns in the measurement window.

e CMOONy,, - cosine of angle MOON,;,,, the minimum angle between the window
and the moon for which valid data can be obtained. (from the CDB)

QUTPUT:
e  CMOON - cosine of MOON, the angle between the window and the moon. (one
value per window per field of view).

e Sflag4;, - Flag indicating contamination of measurement set by moonlight

S| 1
Generally applicable.

A OF IC |
Applied to all sets of 4 or 8 observation images and background.

TRANSFORMATION EQUATIONS:
Select central (or near-central) image and bin:
image: K = 3 if 4 images, 5 if 8 images per set (EQ 5.54)
N, +1
row: [ = > (EQ 5.55)
N +1
column: J = 5 (EQ 5.56)

Call orbit attitude service routine OA_EPHEM with UTkNO =1 and MAP(1)=2to
obtain the position of the moon. Then xm = DATA(1,1), ym = DATA(2,1), zm =
DATAG,I) and (thK- NYNuiik ZhUK) the unit vector from VECIiu'jk givc:

CMOON = xh”,(g-xm+yh”]‘,-ym+zh”k.-zm (EQ 5.57)

If CMOON 2 CMOON,. (EQ 5.58)
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5.3.2

Then Sflag4, = 1 (EQ 5.59)
Else Sflaga, = 0. (EQ 5.60)

Note: If the image is polluted by the moon, then we process no further,

A2232: Fit curve to data points across a row of bins

EUNCTIONAL DESCRIPTION:
A function describing the intensity variation across the row of bins is fitted to the inten-
sities /., by a least squares method. The values from the fitted function correspond-
hijk

ing to each bin are returned in Ifit, ... 1f three or more data points are missing from the
row, the row is flagged with Sflagl,;, and is not checked for stars.

INPUT:

The input parameters are:

LI - Corrected intensity for each bin and phase step. (from A2123)

CRm,‘n
* N;- The number of columns in a row.
*  Flagsy,j - Flags mapping good and bad measurement bins. (from A2114 output)

(Dhuk' Intrinsic instrument phase for zero wind, with spacecraft velocity included

(from algorithm A2224)
OUTPUT:
The output parameters are:
*  Ilfity; - Intensities from the fit across a row of bins.

*  Sflagly;, - Flag indicating which rows were not processed due to lack of data.

HYPOTHESIS OF APPLICABILITY:
Generally applicable.

CRITERIA OF APPLICABILITY:
Applied to all observation images except Filter 7.

TRANSFORMATION EQUATIONS:

Sflagl, ., =1 V h,iand k.

If Flagsyj = 0 for 2 or more values of j for a given value of i, then Sflagl; = 0 and the
row is not checked for stars.

A function is fitted to the intensities /. across a row of bins by a standard least

R

hijk
squares method. The fitting routine returns a set of values of the function, Ifity;, corre-
sponding to each bin of the row.

42
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53.3

The function used for the fit is:
If background or (OH full band) Filter 5a Then
‘rﬂr}zijk = parabolic fit with column. (account for bad bin) (EQ 5.61)
Else
‘rﬂt.&:‘jk = a +a2COSCDhUk (EQ 5.62)
where a; and a, are coefficients determined by the fitting routine.

Note: It may be necessary to account for a gradient in the phase across the field of view
and to account for the 551nm filter separately. These must be confirmed in the instru-
ment characterization.

A2233: Search for outliers from the fit

u L CRI N:

Residuals and a standard deviation are calculated from the curve fit across a row of
bins. If the standard deviation, o, is equal to or greater than Cre3 x Iﬁzmjk, where
Ifit,y is the average value of [fity,;, for the row, then the row is flagged with Sflaglp; and
the row is not checked for stars. Any bins having a residual greater than Crrlj xG, . are

flagged with Sflag2y,;;.. Any bins having a residual greater than Cri2 x Ifity ., are
flagged with Sflag3;i. Also, if 3 or more bins in the same row have been flagged for
stars with either Sflag2y,;; or Sflag3 ;. then they are all flagged with Sflag3 ;.

The input paramelers are:

*  Flagsy - Flags mapping good and bad measurement bins. (from A2114 output)
* N, - Number of columns in a row.

*  ICRy; - Corrected intensity for each bin and phase step.

*  Ifit;y - Intensities from the fit across a row of bins.

e Cnl 7" Criteria for star detection as a number of standard deviations from the fit
function for each of the CDB bins in the row. (from CDB and independent of field of
view)

*  (Cr2 - Criterion for rejection of data due to excessive star contamination (as a frac-
tion of the fit value). (from CDB and independent of field of view)

* (3 - Criterion for rejection of star correction due to poor fit to the data. (from
CDB and independent of field of view)

e Sflagly,, - Flag indicating which rows were not processed.

The output parameters are:
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*  Resy; - Residuals from the fit

. Sﬂag2mjk - Flag indicating which intensities are to be corrected for the presence of
stars.

Sflag3 ;. - Flag indicating which star-infested intensities are not correctable.

Flagsy; - Flags mapping good and bad measurement bins.

HYPOTHESIS OF APPLICABILITY:
Generally applicable. Crtl,, Crt2 and Crt3 are independent of the field of view.

CRITERIA OF APPLICABILITY:
Applied to all observation images execept for Filter 7.

TRANSFORMATION EQUATIONS:
Combine the CDB bins to the measurement bins for the detection criteria: Average all g
CDB bins in each j measurement bin.

Let Crtlj. = average of Crrlq in given row. (EQ 5.63)
Initialize the star flag values:
Sﬂagzhi.jk = 1 and Sﬂag3hl.jk =1 WV hijand k (EQ 5.64)
If Sflagl i = 0 for i Then
bypass
else
Determine the residuals from the previous fit:

hijk = !ICRMJ.*

Res mlfa‘:k!,jk‘ for j = 1N, (EQ 5.65)

Obtain a standard deviation and the average fit value for a row:

N. 12
1] .
Crow,, T N Z (Resy. ) (EQ 5.66)
il
N.
7
Z Pty
- Y i
i, =% (EQ 5.67)
J
Set flags:
If Umwmz Cri3 x ]ﬁfdv“ then Sflagl,. = 0. (EQ 5.68)

a4
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If |Reshijk‘ 2 Cril % yow, , then Sflag2, .. = 0. (EQ 5.69)
If |Resmjk] > Cri2 x Ifi:h,.jk then SﬂagBMJ.k = 0. (EQ 5.70)
Reject rows which cannot be processed further:
If Sflagl,., = 0 then Sf!ag3kijk =0 Vjinrow ! (EQ 5.71)
Reject bins which cannot be processed further:
N,
J
If Z (Sﬂagzhijk x SﬂagShUk) < (NJ.— 2) then Sﬂag3hijk =0 (EQ 5.72)
j=1
The bin flags are updated for bad bins due to stars:
F!agsm.jk = Flagsm.jk x Sﬂag3h'.jk for each bin. (EQ 5.73)

5.3.4 A2234: Replace data point if affected by star

EUNCTIONAL DESCRIPTION:

The data points affected by stars, as indicated by Sflag2y;y, are removed and a curve is
fit to the remaining data points using the same functions as in A2232. The removed data
points are replaced by their corresponding values in the fitted curve.

INPUT:
The input parameters are:
*  Sflag2,; - Flag indicating which intensities are to be corrected for the presence of

stars (from A2233)
*  Sflag3y;y - Flag indicating which bins cannot be corrected.

*  ICRy; - Corrected intensity for each bin and phase step.
*  Resyj - Residuals from the fit of algorithm A2233.

. N:, - Number of columns in a row.

° UBCRW - Initial error estimate of signal level from A2123.

OUTPUT:
The output parameters are:

* g - Corrected intensity for each bin and phase step (now also corrected for star

hijk
contamination).

¥ ci - Error estimate of corrected intensity.

“hijk
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5.4

HYPOTHESIS OF APPLICABILITY:
Generally applicable.

CRITERIA OF APPLICABILITY:

Applied to all observation images except for Filter 7.
TRANSFORMATION EQUATIONS:
If §flag3 ), = O then make no correction for that bin,

If Sflag2y;; = O then for the affected bin only

lsm - "CR,,U,t = Resyp (EQ 5.74)
2 Res, ..
R [ s J (EQ 5.75)
hijk hijk I
-

Note: Only the bins affected by stars are corrected. The remaining bins which need no
correction are saved as:

. =1 EQ5.76
Shijl C'Rhijl ( )
2 2

oy & By (EQ5.77)

A224 - Roll effect attitude correction

541

A2241: Determine whether correction is needed

u D IPTION:

When the spacecraft experiences a roll or similar movement the line of view through
the atmosphere is displaced changing the value of the observed radiance. This phenom-
enon generates significant errors if it occurs during the multiple image measurement
sequence. Narrow emission features are most sensitive to this effect. Corrections are

only made for mesospheric O'S and OH (night time measurements) and for large AZ.

INPUT:
The input parameters are:

* N, - Number of fields of view (=2).
® N, - Number of rows in measurement window.
. NJ- - Number of columns in measurement window.
® N; - Number of phase steps in measurement.
*  Zyji - Altitude at the tangent point for each bin. n
r i [\
TV F’?

N ( $idudo nyorde B
# ER}M b b’-E“}Q‘f’gwf@_ D--E.;L.‘.!AC*—-? gBH‘:\:'ik"? '

46
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* AZ .. -Maximum change in altitude allowed before the roll correction is done.

(from CDB)

The output parameters are:

¢ AZy, - Altitude variation of bins relative to image one.

HYPOTHESIS OF APPLICABILITY:

The spacecraft movement is not a continuous roll. It contains small random movements
which occur during the exposure time. The frequency of these movements is larger than
the sampling rate of the attitude. The value of AZ is an average or mean change during
the exposure time. Consequently it is assumed that the amplitude of the random move-
ments is smaller than the global mean change of attitude.

WL&A&ILJH; Lo wete wave
This routine is always calledfpr Weasuvewtean s ol
oo owne wage.
Q
ANSFOR ON EQUA : L i Aot
Compate for ol Filkevs owd Fovr BOM , 4
It the measurement is-either-nighiime bSErvATOISOE OIS or O ool wighh.
|
~then.compute the altitude variation-as-foHows:—
AZy, =0 Y hijandk =1 (EQ 5.78)
2R,

BZy = Zy=Brgy Y hij and k =2y (EQ5.79)
If any |AZ;..;.';J 2AZ - execute A2242-3. (EQ 5.80)

—otherwise-bypass-the rott-correction-and-do NOF execute A2242-3.—

5.4.2 A2242: Calculate partial derivative of bin intensity

UNCTIONA
Compute the partial derivative with respect to altitude by finding the two partial deriva-
tives with respect to row. The final derivative is in altitude on each vertical column.

INPUT:

The input parameters are:

*  Flagsy;x

* Ny - Number of fields of view (=2).

* N;- Number of rows in measurement window.

* N, - Number of columns in measurement window.

®  N; - Number of phase steps in measurement.
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543

. ISh,jk - Measured signal for each bin (in rayleigh) corrected for dark current and star
contamination.

*  Zy; - Tangent altitude of each bin.

QUTPUT:

The output parameters are:

oz
vertical column.

ol
. ( SJ - Partial derivative of the measured signal with respect to altitude for each
hijk

(0] ) Y:
The spacecraft movement is not a continuous roll. It contains small random movements
which occur during the exposure time. The frequency of these movements is larger than
the sampling rate of the attitude. The value of AZ is an average or mean change during
the exposure time. Consequently it is assumed that the amplitude of the random move-
ments is smaller than the global mean change of attitude.

CRITERIA OF APPLICABILITY:
This routine is always called if the roll attitude correction is to be done.

TRANSFORMATION EQUATION:

al ot (oz,..,
R 7] —
—_— = — |/ - ¥V h,i,jand k (EQ 5.81)
62 hijk al 6:
If no correction due to bad bin Then
al
set — =0
0z

In order to compute the above derivatives use a smoothing function such as a second
order fit to the 7 data points (3 on each side) surrounding the current point. The correc-
tions applied should be small and so the derivatives must be smooth inorder not to intro-
duce excessive error. If there is a bad bin, then use only six data points.

A2243: Correct the data for roll effect

C D IPTION;
The measured signal is corrected for the roll effect by adjusting the value according to
the partial derivatives and the variations in altitude.

INPUT:

The input parameters are:

* N, - Number of fields of view (=2).

¢ N, -Number of rows in measurement window.

. Nj - Number of columns in measurement window.

48
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¢ N - Number of phase steps in measurement.

. /_\.ZMJ.,‘ - Variation in altitude relative to first image.

* ISy - Measured signal in each bin (in rayleighs).
ol

* (ﬁ} - Partial derivative of measured signal in each column.
hijk

2 . . .
* s Error estimate of intensity from A2234.

QUTPUT:
The output parameters are:

IR, - Corrected data referenced to image one.

o csz - Error estimate of intensity.

HYPOTHESIS OF APPLICABILITY:

The spacecraft movement is not a continuous roll. It contains small random movements
which occur during the exposure time. The frequency of these movements is larger than
the sampling rate of the attitude. The value of AZ is an average or mean change during
the exposure time. Consequently it is assumed that the amplitude of the random move-
ments is smaller than the global mean change of attitude.

RIT OF ic TY:
This routine is always called if the roll attitude correction is to be done.

RA ORM NE Tl

al
# .

I, =1, -|=| Az, Vhijand&k EQ 5.82
Rin‘jl Sﬁm {32},1;},& hijk k) an ( )

= AZ, ..

BZ S s hijk
Ui ) Ug e (EQ 5.83)

hijk hijk ‘IS
hijk

The first image is not corrected as all AZ, ., are zero for k=1 which is the reference

image.
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CHAPTER 6

A23 - Background subtraction

| -

6.1

A231 - Wavelength conversion

6.1.1

A2311: WAVELENGTH CONVERSION 557.7 nm DAY

CTIONA CRIPTION:
This algorithm receives as its data input the dark current and star corrected background
measurement at 551 nm. It fits to these data a two-component model consisting of atmo-
spheric Rayleigh scattering and baffle scattering. The Rayleigh scattering component is
modelled with an exponential function (see below), having two adjustable parameters;
the Rayleigh scattering at 85 km S(Z,) and its scale height H. The baffle scattering is
modelled by using an empirical model from the CDB, and adjusting it by a single scal-
ing factor K. Thus the application of the two-component model yields four parameters,
S5(Z,), H, K1 and K2, which represent the background signal at 551 nm. This must now
be converted to the background signal at 557 nm, which in the general case is done by
applying separate wavelength conversion factors for Rayleigh, S(557)/8(551), and baf-
fle, B(557)/B(551), scattering (called below the Model method). A simpler direct
method is to be optionally available; this involves using an average wavelength conver-
sion factor WCAV for both components. For this direct approach the background is not
separated into its two components --- the measured background is simply scaled with
this average wavelength conversion factor WCAV.

INPUT:

The input parameters are:

*  BMsw - background model switch (run time parameter).

*  OIBy; - dark current and starlight corrected background image al 551 nm, in ray-
leighs.
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Zy;j; - altitude profile associated with the background image. (k=1 since the back-
ground measurements have only | image)

*  Z, - altitude of the spacecraft.

. B"',,,-j(zs) - baffle scattering model (see definition below). (Model parameters stored
in the CDB)

*  Zy-reference altitude for the Rayleigh Scattering profile. (from the CDB)

. Z,ef- reference altitude (from CDB) which defines baffle scattering threshold

region.
S(557) ; . : .
~ o - rayleigh scattering ratio obtained from the CDB.
) 5(551%
B (557 ; : i
L baffle scattering ratio obtained from the CDB.
N B(551)
¢ WCAV - average wavelength conversion factor obtained from the CDB.
* gy bapgCang - coetlicients of the baffle scattering model. (from the CDB)
OUTPUT:
The output parameters are:
. OlBSSTk,j - background image converted to 557.7 nm.
*  S5(Zy) - Rayleigh scattering at Z0.
* M - scale height of apparent Rayleigh scattering.
¢ K, K, - baffle scattering normalization parameters.
E ICA TY:
The Model method assumes that the baffle scattering model described can be deter-
mined in orbit, and that baffle scattering can be separated from Rayleigh scattering.
TER APP ILITY:
By DAY we mean that the daytime aperture stop is in position. Experience may show
that the single scaling factor WCAV (the direct method) will suffice. However the full
modelled analysis is preferred if it is found that meaningful values of Rayleigh scatter-
ing can be obtained.
TRANSFORMATION EQUATIONS:
The Rayleigh Scattering component is described by:
(B~ 2
H
S = S(Zy)e (EQ 6.1)
N\
— The Baffle Scattering component is described byd Value Fvew. CBB )%
Zyp = 300 km (EQ 6.2)
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m
By = Ky By (2) +K, (EQ 6.3)
n 2
where 3;.,;(25) = askj+bshj{zOB_zhij) +Cs}xj(ZOB_ZMj) (EQ 6.4)

Each set of coefficients (ashq,bshg,cshq) is obtained from the CDB and combined into
the measurement bins for all ¢ in j as in function A2113 to give the (a5 bshpCsnj)-

The coefficients are defined at each of 6 altitudes for the space craft. The coefficients are
linearly interpolated in spacecraft altitude to the current altitude Z;.

The following table gives the format of the coeffcients. This gives 40 columns by 2
FOVs by 6 altitudes or 480 triplets.

r FOV1 [ FOv2

5318 (all1,b111,cl11), (al12,b112,c112)... | (al21,6121,c121), (al22,b122,c122)...
585 (a211,b211,c211), (a212,6212,c212) ... | (a221,221,c221), (a222,b222,c222)...
595 (a311,6311,c311), (a312,6312,c312)... | (a321,b321,c321), (a322,b322,c322)...
605 | (a411,b411,c411), (a412,b412,c412)... (ad421,b421,c421), (a422,p422,c422)...
615 | (a511,b511,e511), (@512,b512,c512) ... | (a521,b521,c521), (a522,b522,c522)...
625 | (a611,b611,c611), (a612,b612,c612) ... | (a621,b621,c621), (a622,b622,c622)...

Two wavelength conversion processes are switch selectable:
IF BMsw =0
Then Direct:
O1BS57,.. = O1B,,. x WCAV (EQ 6.5)

Else Modelled: (If BMsw = 1)

Note: If this fails, then use direct.

Interpolate (ashj, bshj’ Cshj) V hand jat Z (EQ 6.6)
Fit (linear least mean squares)
Z,, = 130 km (EQ 6.7)
018, = thB::.j(Zs) +K, forallZ, >Z . (check forbad bins) (EQ 6.8)
Calculate B, from K and K2 for all bins. (EQ 6.9)
u h h
OIBZU = 01B,, - B, (EQ 6.10)
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6.1.2

Fit (linear least mean squares)

hij ZO) (check for bad bins) (EQ 6.11)

b 1
In (OlBhij) =In (S(ZG)) - ﬁ (Z
Calaculate Shij using S(Z,) and H (EQ 6.12)

S (557) B (557)
i % +Bhi..x
/- §5(551) S B(551)

O1B5ST,, = § (EQ 6.13)

Note: This function will be refined after launch once atmospheric data have been
obtained. Part of the initial operations plan will be dedicated to verifying the back-
ground corrections.

A2312: WAVELENGTH CONVERSION 630.0 nm DAY

FUNCTIONAL DESCRIPTION:
This algorithm receives as its data input the dark current and star corrected background
image at 551 nm. This is converted to a background image at 630.0 nm.

INPUT:
The input parameters are:
*  OI1By,; - dark current and star corrected background image at 551 nm, in Rayleigh.

B (630)
B (551)

- baffle scattering ratio obtained from the CDB.

OUTPUT:
The output parameters are:

*  01B630y,; - background image converted to 630.0 nm, in rayleighs.

ii S | 1
This algorithm rests on the assumption that the ratio between the baffle scattering at
551 nm and that at 630 nm is a constant.

1 o] ITY:
By DAY we mean that the daytime aperture stop is in position. Since the 630 nm emis-
sion is only at high altitude (unlike the 557.7 nm emission) there is no attempt to recover
the Rayleigh scattered light. Hence the direct method is used.

SFORM

B (630)
01B630, .. = 01B, .. x ———
i

(EQ 6.14)
i B(551)
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6.1.3

6.1.4

A2313: WAVELENGTH CONVERSION 732.0 nm O* DAY

c SCRI
This algorithm receives as its data input the background measurement obtained from
the OH Doppler channel. This is converted to a background image at 732 nm.

INPUT:
The input parameters are:
® OHD,u-j - background image at 737 nm (which is the OH Doppler channel), in ray-
leighs.
B(732)
B (737)

- baffle scattering ratio obtained from the CDB.

OUTPUT:
The output parameters are:

*  OHDT732y;; - background image converted to 732 nm, in rayleighs.

oT 0 ITY:
Generally applicable.

CRITERIA OF APPLICABILITY:
By DAY we mean that the daytime aperture is in position.
TRANSFORMATION EQUATION:
B(732)
OHD732, . = OHD, . x (EQ 6.15)
Y Y B(737)

A2314: WAVELENGTH CONVERSION 557.7 nm NIGHT MESOSPHERE

FUNCTIONAL DESCRIPTION:

This algorithm receives as its data input the 551 nm background measurement, from
which the dark current and discrete stars have been subtracted. From this image the dif-
fuse starlight background is subtracted, which is done using the average signal level
across the top row of bins, which is just above the NO; continuum layer, and is denoted
ES551. The image with the starlight subtracted is saved as an image of the NO, contin-
uvum. Where a 557 nm thermospheric measurement follows the mesospheric one, the
same starlight level is used for both.

INPUT:
. OlB,uj - dark current and star corrected background image at 551 nm, in rayleighs.
NO, (557)
. —————— - wavelength conversion factor for NO2, obtained from the CDB.
NO, (551
ST (557)

ST(551) wavelength conversion factor for starlight, obtained from CDB.
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OUTPUT:
* 01B557,;; - background image converted to 557 nm, in rayleighs.

*  NO2j - NO, continuum image, to be stored as a data product, averaged to one col-
umn.

HYPOTHESIS OF APPLICABILITY:

This method assumes that an averaged value of diffuse starlight background, obtained
just above the NO; layer is adequate for the subtraction of starlight from all other bins.
It also assumes that the background signal, with starlight subtracted, is a good represen-
tation of the NO, continuum. There will be a variation in the signal due to diffuse star
light from the highest altitude line of sight to the lowest altitude line of sight due to
varying absorption. It is not known how large an effect this will be and it may be neces-
sary to account for this after atmospheric data is available for analysis.

P ITY:
By NIGHT we mean that the nighttime aperture is in use.

TR OR ON TIONS:
The top row or highest altitude row of the image is row i=1. Hence the estimate of the
diffuse star background is taken as the average across row 1 for both fields of view.

By = ZFlagsklj (EQ 6.16)
J
1 :
ES551, = EZOIBM (EQ 6.17)
1
If Ngp, = 0 then
ES551, = 0 (EQ 6.18)
set error message.
1
NO2,. = FZ [OIBMJ. - ES551,] (EQ 6.19)
1
O1B557,. = [O1B,. - ES551] x —————— +ES551 x ————~ (EQ 6.20)
hij hij NO, (551) ST (551)

6.1.5 A2315: WAVELENGTH CONVERSION 630 nm NIGHT

EUNCTIONAL DESCRIPTION:

At night, the background for the thermospheric emission will be the diffuse starlight. If
the 630 nm measurement is made by itself, a background image at 551 nm will be
acquired with it. If the 630 nm measurement is made in conjunction with a 557 nm mea-
surement, then the same starlight will be used for both.
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6.1.6

INPUT:

The input parameters are:
L OIBMJ- - dark current and star corrected background image at 551 nm.

ST (630)

m - wavelength conversion factor for starlight obtained from the CDB.

OUTPUT:
The output parameters are:

*  O1B630y; - background image converted to 630 nm.
HYPOTHESIS OF APPLICABILITY:

It is assumed that starlight is the only background signal for the 630 nm emission at
night.

CRITERIA OF APPLICABILITY:
By NIGHT we mean that the nighttime aperture is in use.
SFO ON NS:
0
018630, = 018 x 2.(630) (EQ 6.21)
hij hij B (551)

A2316: WAVELENGTH CONVERSION OH NIGHT

N CRI
This algorithm receives as its data input a dark current and discrete star corrected back-
ground measurement at 735 nm. First of all the diffuse starlight background is sub-
tracted from this image, using the average of the row of bins just above the NO, and OH
emission layers in each of the windows. By using a wavelength conversion factor and
noting that the starlight level in the 735 nm window is twice that in the other windows
because of the wedge, the corrected image is converted to background images at 734
and 737 nm. The background image with starlight subtracted is saved as an image of the
NO; continuum.

The input parameters are:
*  OHBy,; - the average of the-eight dark current and star corrected background images
at 735 nm --- rayleighs.
NO,(737) NO,(734)

. ; - wavelength conversion factors for NO2 obtained from the
NO,(735)" NO, (735)
CDB.
ST (734) ST(737 . . .
* Bl , LA, wavelength conversion factors for starlight obtained from the
ST (735) ST (735)
CDB.

SDPPS Algorithms: Issue 3.0, March 15, 1993 57



A23 - Background subtraction

OUTPUT:

The output parameters are:

* OHBT34,,; - background image converted to 734 nm --- rayleighs.
*  OHBT37,,; - background image converted to 737 nm --- rayleighs.

e  NO20H; - NO, continuum image to be stored as a data product, averaged to a sin-
gle column,

HYPOTHESIS OF APPLICABILITY:
It is assumed that diffuse starlight and the NO, continuum are the only background
sources for OH at night.

CRITERIA OF APPLICABILITY:
By NIGHT we mean that the nighttime aperture is in use.

TRANSFORMATION EQUATIONS:

1
EST35, = }V_ZOHBMJ' (check Flag;hf.j) (EQ 6.22)
s »Ic". )V Aato-
’ LA 3_@&4& Z‘?._'f
_,_.:.": where OHB,, ;j1s the measurement at the highesha]titud;{c)w in background image.
N02h” = OHB,..— ES735 (EQ 6.23)
ij hij
NO,(734)  Es5735 ST (734)
OHBT34,,. = NO2,,,————— + it B S (EQ 6.24)
Y ‘JNCP2 (735) 2 ST (735)
NO,(737)  Es5735 ST (737)
OHBT37,.. = NO2, . + (EQ 6.25)
Y 'JNO2 (735) 2 ST(735)
1
NO20H,, = ,V.ZNmf“'f (EQ 6.26)
4
Note: For the above, one must check for bad bins.
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6.2 A232: Interpolate to measurement reference
altitude profile

(0] IPTION:
The background image is taken at a time and location different from the associated
measurement. Consequently the altitude profile of the background will not be sampled
at the same altitudes as the measurement. This function interpolates the background pro-
file using a NAG least squares spline routine to the measurement altitudes.

INPUT;

The input parameters are:
. W - The wavelength corrected background from A231.
ij

*  ZBy;; - The altitude profile of the background image.

*  Zyjj - The altitude profile of the current measurement.
QUTPUT:

The output parameters are:

*  BgndZ;; - The background interpolated to the measurement altitudes.

HYPOTHESIS OF APPLICABILITY:
It is assumed that the background image taken prior to the measurement can be interpo-
lated to the measurment location.

CRI 1 A
None.

0 Tl
The vertical profile in each column and in each field of view is fit using a NAG cubic
spline least squares routine (E02BAF) as a function of altitude. That is ZBy,; and Bgnd),;

vectors are input for each j.

The new values of background are then calculated for each Zhyj to give BgndZy;.

Note: As an alternative to the simple cubic spline interpolation, a bicubic spline could
be used to fit the entire background image. This would introduce some dependence from
one column to the next and the effects of this would need to be studied.

6.3 A233: Background Subtraction

U 10 D ON:
The wavelength and altitude corrected background is subtracted bin by bin from the
measured data.

INPUT:

The input parameters are:
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* I, -Corrected image intensities from A2243.
hijk

2 .
. GR;. - Error estimate for corrected data from A2243.
ik

* BgndZ,; - Background at reference altitudes from A232.

crrh ' & The output parameters are:
Ao Y | NN é? . o
' P . hijk - Background corrected intensity images.
. o'g - Error estimate of background corrected data.
hijk
HYPOTHESIS OF APPLICABILITY:
Assumes all corrections have been made to the data and that the appropriate back-
ground has been selected and corrected for the given measurement.
I ILITY:
None.
TRANSFORMATION EQUATION:
IB;.U. = !RM‘ - BgnthI.jk (EQ 6.27)
~ -
hY BgndZ, ..
e o =g (1 l—hf’-'f (EQ 6.28)
a hijk hijk | IR

6.4 A234: Filter transmission correction

FUNCTIONAL DESCRIPTION:

The signal level in Rayleigh is corrected for the fact that the emission line is not located
at the peak of the filter. The correction is made using the filter transmittance (normal-
ized to unity at the filter peak) at the location of the emission line.

INPUT:

The input parameters are:

* |, -Corrected signal level (in Rayleigh) from function A233.

hijk

B

*  MT,; - Filter transmittances for the measurement bins, from A2113.

2 .
* o, - Error estimate of background corrected data.
hijk

OUTPUT:
The output parameters are:

Iyij - emission line signal level (in Rayleighs), corrected for filter transmission.
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2 ; W T
* o, -Errorestimate of emission line signal.

hijk

HYPOTHESIS OF APPLICABILITY:

This process assumes that all dark current and background have been subtracted, so that

the signal arises purely from an isolated emission line.

21} c

This process is applied to all observation images except O5.

TRANSFORMATION EQUATION:
I
_ Bhijk
hijk MT}“‘J;
2
a
2 B’“ﬂi
Gl 5 1 2
hijk (MThU) “

(EQ 6.29)

(EQ 6.30)

Note: The transmittance of the filter may change with filter temperature. The filter trans-
mission correction may need to be changed after the insturment characterization to

account for this effect.
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CHAPTER 7

A24 - Extract calibration parameters

7.1

Note: The phase, visibility and dark current obtained in the frequent calibrations is tobe
saved for the use by other algorithms. Phase and visibility are computed in this fundifon, <—
Dark current images do not need to be processed further but must be saved.

A241: Calculate step phase

(0] S ION:
The phase due to the mirror stepping is computed for the calibration measurement.

INPUT:

The input parameters are:

. 6¢k (%) - Phase step of mirror motion (from CDB, one value for each wavelength
and each phase step, approximately or ).

*  COAEy,, - CDB Off Axis Effect in CDB bins (from CDB). These are multiplicative
values relative to the normal incidence value at the MI optical axis.

* Ny - Number of mirror phase steps.

OUTPUT:

The output parameters are:

* 30, s Calibration phase step.

HYPOTHESIS OF APPLICABILITY:

The off axis effect is determined during the calibration of the instrument and is set up as
an array of values relative to the optical centre of the Michelson. Thus the effective step
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7.2

size is changed by this relative amount to account for the longer path length for off axis
rays.

CRITERIA OF APPLICABILITY:

None.

S A T

The measurement binning of the off axis effect map is calculated in the same manner as
for the CDB bin conversion in A2113.

Ny = number of CDB bins in measurement bin. (EQ 7.1)

I P
MOAE,; = rZCOAEhM ¥ (p,q) in (i]) (EQ 7.2)

BC
q
k
S(DCALW = MOAEij z 8¢P(}.} fork = I,N, (EQ 7.3)
Bl

assumes phase steps are cummulative.

A242 : Calculate calibration vector

FUNCTIONAL DESCRIPTION:

The data from the frequent phase calibration is analyzed using either the Multiple Lin-
ear Regression tool (A3131) or the Multiple Point Algorithm (A3132) to derive J1, J2
and J3 values.

INPUT:

The input parameters are:

l~4; - Phase calibration image which is dark current corrected.
hijk
2 ; G
G4, - Error estimate of phase calibration data.
hijk
3@, - Calibration phase step.

hijk
N; - Number of rows in image.
N; - Number of columns in image.
N, - Number of mirror phase steps.

mode - The mode of weighting used in the MLR or MPA fitting. If mode=0 then
equal weighting, if mode=1 then statistical weighting. (Fhis-coutd be aTum time-

] / - -
PAFARICICE)~ T. (CbE CaCons

OQUTPUT:

The output parameters are:
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Sy J2p; and J3,,;; - Fit values for each bin.
2 2 2 :

. c“w, U”au 0”@' - Error estimate of J values.
HYPOTHESIS OF APPLICABILITY:
The calibration intensities must be sent to the MLR or MPA routines bin by bin since
these routines operate on vectors of data representing a single phase measurement or a
stacked set of phase measurements. Each J1, J2 and J3 for each bin must be used to
compute the phase and visibility in A243.

c RIA OF
None.

SF ON:
Set N, = Ny, order=0, Nyppy=2 and jtermg = q for g=1.Nyopm- (These are all local vari-
ables used in the call to A31313).

=1

p
3
¢'p - b(D{l'.ddl.h‘.‘,.},
{f _. af
P ¢P
Set for p =1, NP (check for bad bins) (EQ 7.4)
B{; =lcaL

hijp

If mode = 0 then s 1

3
If mode = 1 then o= ,'0'-
P CALM’

If bad bin, then
setJ1,J2,13=1

g =1
do not call MLR

Else

Call A31313 to compute MLR fit. Then,

2
Ny, = b %5, = %, (EQ 7.5)
2 2
J2); = b, Thy ™ T (EQ7.6)
A £ i ' EQ 7.7
13’”,}, = b, 6y =0, Y hi andj. ( .7)

hij 2

Alternatively use Bf, as the input to the MPA routine and compute J1, J2 and J3.
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7.3

Note: Both the MPA and MLR routines are included here as possible functions to use. It
is intended that the function which executes the fastest and provides the most accurate
results will be used. It is not clear at this time which one will be best.

A243 : Extract phase and visibility

CT l
The values of J1, J2 and J3 for each bin in the calibration image are used to derive cali-
bration phase and visibility. The calibration values obtained here must be stored for later
use by the measurement exctraction routines.

INPUT:

The input parameters are:

» ]lktj‘ j?,h{.;. .13;“'}' - J values from A242,

2 2 2 . :
$ Oy Ty Ty * Error estimate of J values from A242. -
hij hij hij A ¢
A .___}})k?*
OUTPUT: N et O
The output parameters are: i it
. & ~ali H ¥ P
Qca i Frequent calibration phase. _ ) KA X
&%M P S / ﬁ} _Af ;’,::‘ N C‘? A
2 - - ChoefR 4 N
Ogeap - Error estimate for phase. - {/

CAL

hij ¥
L - Visibility from frequent calibration. o f' v :f: -
)

hi

"f'CAL,“.j - Error estimate for visibility.
8y~ 2l Mo,
OTHESI CA

The frequent phase values are used in the processing of the flight data, however, the vis-
ibility values are simply stored and are used off line to look at the instrument visibility
in conjunction with the infrequent calibration data.

i (0] | L
None.

NSFORMATION EQUATIO

Ry
12h5j+13hij
Vg, = ————— (EQ 7.8)
hij thij

12
2 132

2 2 ;
Gy J2,5+C 1y
1 r ]'.EM} hij JBM.J hij 2 4

(EQ 7.9)

o = —
VCAL,,; J1. .. 2 2
hij | jzhij+‘]3hij |
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range of visibility values is [0,1].

P —

Bl tan T2 YV h,iandj (EQ 7.10)
hij
12
2 .2 2 2
["12*51 3hiit o, 2;..',-:!
. SocaL,, = 5 2 (EQ7.11)
&b‘g/y,v“ thij+']3kij

9 C ,, P range of phase values is E)Z]T"j O Aol d ain A o (/22 o« "":t}
' ey’ _ . . N
o Note: The proper form of the inverse tangent function must be used in order to ensure
the proper range of phase values is returned. That is the function must use both sign and
magnitude of J3 and J2 inorder to determine the angle correctly.

Note: The catalogued output data interface document specifies a quality parameter for
each column of output. Since the phase is the value used by the algorithms the quality
flag is based on the phase error as:

12
1 2 .
TN 7.12
O'Qmj N |:Z Seca th;] (check for bad bins) (EQ )
i
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Part 111
A3 - Data Reduction
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CHAPTER 8

A31 - Extract Measurement Parameters

8.1 A311 : Calculate intrinsic phase

FUNCTIONAL DESCRIPTION:
The phase due to the mirror stepping is added to the other phase contributions to derive
the total phase without atmospheric wind phase or to derive the intrinsic phase.

The input parameters are:

e O - Phase due to projected velocity terms and zero wind phase. (from A2224).

Vo

hij

¢ & (M) - Phase step for measurement of mirror motion. (from CDB, one value for
each wavelength and each phase step, approximately or ).

° C()AE,,W - CDB off axis effect in CDB bins (from CDB). (see also function A222)

* N, - Number of mirror phase steps.

The output parameters are:

* @, -Total orintrinsic phase for each bin.
ijk
HYPOTHESIS OF APPLICABILITY:

All the phase contributions are added together including the step due to mirror position.
The off axis effect is computed for the step. The mirror phase step calculation is
repeated here in order to reduce the catalogued data required in the first level of process-
ing.
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CRITERIA OF APPLICABILITY:
Applied to all atmospheric doppler measurements.
TRANSFORMATION EQUATION:
Nge = number of CDB bins in measurement bin. (EQ 8.1)
1 G a3
MOAE,; = N—BCZZCOAEhpq Y (p,q) in (i,)) (EQ8.2)
P oa

k

8¢y, = MOAE, ; x Z 8¢,(1) fork = 1N, (EQ 8.3)
p=1
O = @V%+8¢Wk (EQ 8.4)

8.2 A312: Calculate instrument visibility

FUNCTIONAL DESCRIPTION:
The instrument visibility stored in the CDB is converted from the CDB bins to the mea-
surement bins by averaging.

The input parameters are:

Uppy - Visibility from the CDB in CDB bins.
hpq
The output parameters are:

Upj - Visibility in measurement bins.

HYPOTHESIS OF APPLICABILITY:

Assumes that the visibility measured in the infrequent calibrations and stored in the
CDB can be averaged across the measurement bins to provide the instrument visibility
appropriate for the measurement.

Applied to all atmospheric doppler measurements.
TRANSFORMATION EQUATION:
1 ; o
U}uj = EZZUCDBM Y(p,q) in (i,j). (EQ 8.5)
€p q

where Np-~is the number of CDB bins in one measurement bin as in A2121.
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8.3

Note: A different bin combination may be required for the visibility. This will have to be
confirmed during the instrument calibration.

A313: Calculate apparent quantity vectors.
(J1,J2,J3)

EUNCTIONAL DESCRIPTION:

The apparent quantity vectors J1, J2 and J3 may be obtained in one of two ways depend-
ing upon the measurement. Two functions A3131, the MLR fit, and A3132, the MPA fit,
are described first. These routines are functions which are called by different parts of the
software. They are important to understanding the calculation of the apparent vectors
and so are included first. The MLR and MPA tools are called as needed in the remaining
algorithms.

INPUT:

¢ NOWAVE -Nowave limiting correlation coefficient value. (from CDB, typical value
is 0.6)

* Uy Opiiio Lyijeo Flags,,j, - Measurement data (as defined in following subsections).

OUTPUT:

*  Jly, J24; J3p; - Column vectors of average column.

Gy Dy 2 Gy = Estimate of the standard deviation of the J vectors.
hi hi hi

] - Wave/nowave correlation coefficient.

pwave,h
THESIS OF APPLICABI

It is assumed in all cases that the entire image is used to obtain a representative column

or average column for that measurement. This entails defining a common altitude scale

and average instrument parameters.

CRITERIA OF APPLICABILITY:

TRANSFORMATI UATIO
1. Call A3133
-determine p_ .

2. Ifp,,, , < NOWAVE

then Call A3134 else Call A3135
3. Call A3136

- compute average altitudes and instrument parameters.
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8.3.1

A3131: Multiple linear regression (MLR)

FUNCTIONAL DESCRIPTION:

A multiple linear regression method is used to fit the measured data to the generalized
form of the Michelson equation. The data may be from either calibrations or measure-

ments. A brief description of the Michelson equation with an optional polynomial pre-
multiplier is given below. This formulation is weighted more strongly by the brightness
variations and so averages wave structure in the intensity profile more than in the wind
and temperature profiles.

This function is divided into three parts. A31311 and A31312 initialize all the
parameters needed for the actual MR fit in A31313. Each of these three functions
must be able to be called separately since the frequent calibration data extraction
calls just A31313 while the meassurement data extraction calls all three.

TRANSFORMATION EQUATION DESCRIPTION:

Systematic trends are introduced into the WINDII intensity data by wave motion and
other atmopheric structures. Spatial variations from image to image will lead to errors in
the apparent quantities if such trends are not accounted for in the analysis. The general-
ized form of the Michelson equation can be extended to include a linear or quadratic
polynomial in place of the simple constant multiplier. This polynomial can then be used
to model variations and reduce the error in the apparent quantity determination.

The measured intensity of a given bin at a given time may be written in the generalized
form as:

I, =4 (fp)IE(z) (1+u,V(2)cos (O, +(2)) ] dl (EQ 8.6)

L

Where:
. A(Ip) is one of

A(IP) = a, or

0

A(rp) a0+a1tp or

2
A (rp) = agtal +ayl,

L]

E(z) is the volume emission rate at altitude z.
up, is the intrinsic visibility of a given bin.
V(z) is the line visibility corresponding to the atmospheric temperature at altitude z.

. (Dp is the phase due to OPD, spacecraft velocity and mirror position.

* ¢ (z)is the phase due to the atmospheric wind.
and index p=1,2,..., n. This assumes n data points were taken for the measurement.

If the cosine argument is expanded then equation | may be written as:
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1= Atijzdl +A(1) upcos@PIE (2) V(2) cos (¢ (2)) dl
L L

-A (1) upsind)ij (2) V(2) sin (¢ (2)) dl
L

lp =A (IP)Jl +A (Ip)uﬂcos(l)p.l’2 -A (rp) upsirn‘.!;’PJ’3

(EQ 8.7)

(EQ 8.8)

The values Jy, J, and J are the line integrals in equation 8.8 and they contain the atmo-

spheric information we wish to recover.

. 2
For the case of A(:P) = agtal, +ay

lp = aU.t’i o aolz [upcos@ﬁ} IP - “015 {upsin(DP)

+aJt +a J, (u cos® )r —a J (u sin® )1t
1" 1'p 12(.0 p)p li(p F)P

2 2
- a?.jlrp + a212 (upcos(bp) rp

This may be written as a linear system of equations

'Vlerm
Ip = quq(up, (Dp, rp)
=0
where for N,,,,,, = 8 we have:
bo = agl, X, =1
b, = a012 Xl = (upcosd)p)
b2 — 0013 }L’2 = —(upsin(Dp)
by = a]J'| X3 = .'p
b-:l = aiJ'2 X_‘ = (upcos(DP)rP
bS = c1113 XS = —{upsin@p) rp
b( - 1:211 )('EI =1
2
b, = al.]2 X, = (upcos(DP) Ip
. 2
by = 3213 Xg = —(uPsm(DP) {P

= a313 (ups'm(Dp) t

(EQ 8.9)

(EQ 8.10)

(EQ 8.11)
(EQ 8.12)
(EQ 8.13)
(EQ 8.14)
(EQ 8.15)

(EQ 8.186)

(EQ 8.17)

(EQ 8.18)

(EQ 8.19)
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8.3.1.1

For the case of a constant term fit: (N, = 2)

J, = b, (EQ 8.20)
Jy = b = b Veosd (EQ 8.21)
13 = A'J2 = b,Vsing (EQ 8.22)

_REFERENCES:
The Multiple Linear Regression Fitting routine described in A31312 and A31313 isa
modified version of that described by Bevington on pages 164 to 186 in:

Data Reduction and Error Analysis for the Physical Sciences, Philip R. Bevington,
1969 (published by McGraw-Hill Book Company).

The modification is to define the fitting function to be in three independent variables in
stead of just one. See A31313 below.

A31311: Stack selected bins for fitting function

EFUNCTIONAL DESCRIPTION:

The phase steps for a given bin are assigned sequentially to a vector for each binin a
given horizontal row. The Flags map defines which bins are good data and may be used
in the fit.

INPUT:
The input parameters are:

* nfov - Field of View number | or 2.

* rn - Row Number of current horizontal row.

*  Flagsyj - Include map of horizontal row. (must be obtained from level 1 process-
ing)

. Nj - Number of columns in a row.

¢ N, - Number of phase steps.

* @, . -total instrument phase or intrinsic phase.

hij
® Iy - correceted intensity for each bin and phase step.

Ok - CrTOr estimate of corrected intensity.
* Uy - instrument visibility for each bin.

¢  mode - mode of weighting used in fitting procedure.

QUTPUT:

The output parameters are:

o Np - Number of data elements in the fit vector.

L cbi - phase at step p in the fit vector.
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- stacking phase fit vector.
- instrument visibility fit vector.

- bin intensity fit vector (dependent coordinate).

S

* o, -emor estimate of bin intensity vector.

*  NOFIT - flag to indicate that there is not enough data to fit. (‘1’ means not enough
data, ‘0" means sufficient data for fit)

HYPOTHESIS OF APPLICABILITY:
Generally applicable.

CRITERIA OF APPLICABILITY:

Applied to all doppler observation images. The number of data points which compose
the fit is checked and if 30% of the data is missing then the data is flagged and no fit is
carried out on the data.

TRANSFORMATION EQUATION:
h = nfov
i=rn
Um‘jk = U.&r‘j for k = 1, N, (visibility does not change with phase step)
p=0
Doj=1, Nj
Dok= l, Nk
If Flags;, = 1 Then
p=p+l
r{) =@, +(G-D*2n
8
¢p =Dy
‘/p = Uhijk
B:; = [hijk
If mode = Otheno = lelsec = o-;
P P hijk
End If
End Do
End Do
NP =p

If N, < 0.7 N; Ny then NOFIT = 1 Else NOFIT =0
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8.31.2

8.3.1.3

Figure 8.1 shows a sample of the stacking generated by this function. Vector Bf) is plot-

ted against t£ , the stacking phase. In the case shown there are 8 phase steps recon-
structed to appear as 8 fringes.

A31312: Initialize fitting parameters

FUNCTIONAL DESCRIPTION:

Initialize the parameters needed for the MLR fit. These are parameters used by the
MLR routine to determine to mode of the fitting. (Note: these may change depending
upon the input requirements of the MLR routine used)

INPUT:
The input parameters are:

®  order - Order of the MLR averaging polynomial (0,1 or 2).
OUTPUT:

The output paramteres are:

® Ny - number of function terms included in the fit.

*  Jjterm, - vector assigning the function terms in the fit. (depends on the MLR routine)

HYPOTHESIS OF APPLICABILITY:
Assumes the mode will be fixed in the operational software and will not be changed by
run time parameters.

CRITERIA OF APPLICABILITY:
Applied to all calls to the fitting routine.

TRANSFORMATION EQUATION:

Nigrm = 2 + 3*order (EQ 8.23)
jtermg = q for g =1 Nypy, (EQ 8.24)

Note: This algorithm (A31312) may be integrated with A31311. It has been kept sepa-
rate since both the frequent phase calibration analysis and the atmospheric emission line
analysis use the overall MLR routine in slightly different ways.

A31313: Multiple Linear Regression Fitting

FUNCTIONAL DESCRIPTION:

Multple Linear Regression (MLR) provides a least squares fit to a set of data using a
basis set of functions which may be polynomials or may be more complex functions. Its
advantage over straight forward matrix methods is that it requires the solution of one
fewer simultaneous equation.

A standard multiple linear regression routine from a subroutine package like NAG may
be used. The function definition may, however, need to be modified in such a standard
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routine. The basis fitting functions, described below, require three (3) independent input
variables as opposed to the usual one input variable. A single value is still returned for
each set of inputs.

The MLR subroutine also calls a matrix inversion routine. The required routine will be
in the math subroutine package.

INPUT:
The input parameters are:

. L/p - instrument visibility vector.

£

. dap - total phase vector (all sources except wind)

o [£ - stacking phase (from A31311). (uf, ¢f and # are the independent variables for the
fitting basis function)

¢ B£ - bin intensity vector.

¥ g standard deviation of bin intensity data.

* N, - number of points in the input data.

® Ny - number of terms in the fit or number of coefficients.

* jterm, - vector assigning the order of the function terms in the fit. (depends on MLR
routine)

* mode - mode of the weighting used in the fit. (depends on MLR routine)
OUTPUT:

The output parameters are:

* Yfit, - vector with the calculated fit.

* by - constant term fitting coefficient.

° bq - vector of fitting coefficients.
* o, -standard deviation of b0.
0
* g, -vector of standard deviation of bg.

q

* 1, - linear correlation coefficients.
*  rmul - multiple linear correlation coefficient.

X2 reduced Chi squared for the fit.
® F-value of F test of fit.

HYPOTHESIS OF APPLICABILITY:

A standard math library subroutine may be used to compute the Multiple Linear
Regression fit, however, the function defining the basis vectors is not standard and
requires 3 independent variables as inputs. The MLR routine used must be able to han-
dle the basis function defined below.
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CRITERIA OF APPLICABILITY:

The number of data points, Np, must be greater than the number of terms in the fit or
greater than (N,,,,,, + 2) in order to obtain a solution. (eg. for constant term fit, order = (),
Np >4)

TRANSFORMATION EQUATION;

This defines the basis functions used in the fitting procedure. Each call to this function
returns only the value of one term of the basis functions. The jrerm vector allows that
different basis functions may be used for different calls to the routine. The sum of all
terms times the fitting coefficients gives the estimate of the measured intensity.

The input parameters to the function are:

. zIL - instrument visibility at point p.

. ¢£ - total phase (all sources except wind) at point p.

. t£ - stacking phase at point p.
* p-current data point in input vector

¢ g -current term in function.

* Jjtermg, - vector assigning order of fitting functions.

The output of the function is:

* wfcin - value of the function for the qth term and the pth data point using the vector
Jterm to specify terms in the function.

The function requires three independent inputs in addition to the index values. The

MLR routine used must be able to call this function with u{) ¢£ and rl; defined.

Normally the function is called from within A31313. It may be called indepedently if
the value of the fit is required for a given set of fitting coefficients.

Basis Functions:
The value r = jrerm, is used as the index for the functions X, where:
X, =1 (EQ 8.25)
X, = (t/pcosd){)) (EQ 8.26)
X, = - ( sing’) (EQ8.27)
X, = rfp (EQ 8.28)
X, = (u{)cosd:{))r'; (EQ 8.29)

80
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83.2

X = —(prsinqzi)f‘;

X, =1

6 P
X, = (u{)casd:{,){

Xs = —(ijpsintbf)/z

PP

Return wfctn = X, for the given p and gq.

A3132: Multiple point algorithm (MPA)

FUNCTIONAL DESCRIPTION:

A simple matrix method is used to compute J1, J2 and J3 for [, a constant.
INPUT:
The input parameters are:

* N, - Number of points in the fit vector.

* i - Instrument visibility of each bin.

. -

Intrinsic phase of each bin.

B£ - Corrected intensities.

® a, - Error estimate for corrected intensities.

OUTPUT:
The output parameters are:

o J1,J2,J3 -] values for each bin.

I estimate of standard deviation from fit.

HYPOTHESIS OF APPLICABILITY:

(EQ 8.30)

(EQ 8.31)

(EQ 8.32)

(EQ 8.33)

This routine may only be used when a constant term fit is used, that is when 10 is con-
stant. For small matricies this method may be computationally faster than the MLR

method, but is exactly equivalent to an order = 0 MLR fit.

CRITERIA OF APPLICABILITY:

This algorithm is designed to work with one fringe of data. Hence N, =4 or N, = 8 are

the only two values allowed for this routine.

TRANSFORMATION EQUATION:
The 4 or 8 intensities measured in a bin can be expressed as follows:
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1 n/lcosrb{ -£/1 sin ¢{

i
1 t/zcos¢‘£ —LéSin:j:é E
ek ]

S R

= A (EQ 8.34)
3
B[ 1 11[ cos / —u[ sin v
i Nz_ L Nr ¢Nr Nr l ¢NL
This is a matrix equation of the form B = AJ
Hence we solve for J as:
il o T
J=(AX A) AL B
gk Bl | and Flel B
where X = 3 an P n#m (EQ 8.35)
o
P

—1 . 5 s
Hence X "is N x N and is diagonal
P P &

-1
Compute the o, values from diagonal elements of (ATZ'IA) . That is
2

-1
o, = [(ATZ_IA),,_,J forn = 1,2,3. = (AAT A-1 A)A-1n,n for n=1,2,3.

8.3.3 A3133: Calculate visibility correlation coefficient

FUNCTIO ESCRIPTION:

The visibility is calculated on a bin by bin basis using only the phase data for one bin (4
or 8 steps). The visibility is estimated for these bins from either the MLR or the MPA fit.
The apparent temperature is then calculated and a correlation coefficient is calculated
based on the whole image.

INPUT:

The input parameters are:
¢ Uy - Instrument visibility of each bin. (from A312)

LA ] ik Intrinsic phase of each bin. (from A311)

h
*  Iyjx - Corrected intensities. (from level 1 file)

2 . . .. .
* o, - Errorestimate for corrected intensities. (from level 1 file)

'r.‘l ijk

*  Flagsy; - Good/bad data flags for each bin. (from level 1)

LA OPD for measurement from CDB.

* ), - Wavelength for measurement emission line.
® N;- Number of rows in measurment image.

* N;- Number of columns in measurement image.
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8.3.3.1

® N, - Number of phase steps or images in measurement.

OUTPUT:

The output parameters are:

* Sl 2p503y; - 1 values for each bin.

N Wave / Nowave correlation coefficient.
HYPOTHESIS OF APPLICABILITY:

The apparent temperature gives the best estimate of the presence of waves in the field of
view. However, the intensity or wind phase may also be used in the same manner as the
temperature. The visibility or temperature is used here. If the temperature is calculated
for each bin then it is a function of row number, 7, and column number, j. The row num-
ber corresponds to tangent altitude and if a wave is present then within a given column
the variations due to the wave should correlate. The correlation coefficient is calculated
at each bin and the average value is assigned to Pdve §" Values of | less than 0.6
indicate that no wave is present in the measurement.

CRITERIA OF APPLICABILITY:

None.

FO | I

Call A31331:
Compute the MPA or MLR fit to the data in each bin to derive values for J1,;, J2;;; and

J3pj. In the case of the MLR fit this is a constant term fit or order = 0 fit. Note that the
correlation coefficient must be calculated independently for each field of view.

Call A31332:
Compute the apparent temperature for each bin. These temperatures are the data points
used in the calculation of the correlation coefficient below.

Call A31333:
Compute the wave/nowave correlation coefficient.

A31331: Calculate J1, J2, J3 for each bin

FUNCTIONAL DESCRIPTION:

The apparent quantities are calculated on a bin by bin basis using only the phase data
for one bin (4 or 8 steps). The visibility is estimated for these bins from either the MLR
or the MPA fit.

INPUT:
The input parameters are:

Upjj - Instrument visibility of each bin.

* @, .. -Intrinsic phase of each bin.

hijk

* Iy - Corrected intensities.
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2 y i e
L o, - Error estimate for corrected intensities.

hijk

*  Flagsy; - Good/bad data flags.
® N;- Number of rows in measurement image.
. Nj - Number of columns in measurement image.

® N -Number of phase steps or images in measurement.
OUTPUT:

The output parameters are:

* Syt 2403y - I values for each bin.

. U“w' U”..,,’ cnw - Error estimate for J values.

* V- Visibility from fit for each bin.

¢ - Estimate of standard deviation in visibility.

*  Nflagy; - Flag for each bin to indicate that there were enough data to calculate J val-
ues. (1 for fit, O for nofit)

HYPOTHESIS OF APPLICABILITY:
Assumes that the visibility can be obtained from a single bin.

CRITERIA OF APPLICABILITY:

If the Flags variable indicates that more than one of the bins in a measurement is bad
then that bin should not be used in the determination of the correlation coefficient.
Either the MPA or MLR fit may be used. The choice will be decided upon based on the
efficiency of the algorithm and will then be fixed.

TRANSFORMATION EQUATION:
Upijk = Upj for k= LNy (visibility does not change with phase step)

If MLR fit then: set order=0, NP =8, mode = 1 and Call A31312 For each (h,1,j) exe-
cute the following 3 steps:

1. Set the fit vectors for each bin.

p=0
Dok=1,N,;
IfFlagijk= 1 Then
p=p+l
f
¢p hijk
‘/p =
B£ = Ihjjk
2
GF’ B G"Iu)i
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8.3.3.2

End If
End Do

szp

2. Fit the data.
If (Np 2 4) then
Nflagp; =1
If MLR fit then: Call A31313,
On return set J1,;; = bg, J2y;;= by, J3,;;= by and

On,,; T %y %0, = %, %ns,. = %
If MPA fit then: Call A3132,
On return set J1,;; = J1, J2;;;=J2, J3,,; = J3 and

g
Else

Nﬂagh,j =/

(Not enough data to do the fit for the given bin)

2

He = %8 = 99n. = 95
v ) u

3. Compute the visibility.
If (Nflagy;; = 1) then

Call A3141 to obtain V;;and o,
hij
Else

VMJ;:lalldD' =1E+30

v, i

A31332: Calculate temperature from bin

CTION S
Compute the apparent temperature for each bin using A333. These temperatures are the
data points used in the calculation of the correlation coefficient.

PUT:
The input parameters are:
® N, - Number of rows in measurement image.
. Nj - Number of columns in measurement image.
* V- Visibility from A31331.
* A, - OPD for the measurement from the CDB.

* &, - Wavelength of the measurement emission line.

QUTPUT:
The output parameters are:

Thij - Apparent temperature for bin.
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8.3.3.3

HYPOTHESIS OF APPLICABILITY:

None.

CRITERIA OF APPLICABILITY:

None.
TRANSFORMATION EQUATION:
Call A333 to compute the temperature. (Set VTsw = 1 in call to A333)

A31333: Calculate temperature correlation coefficient

FUNCTIONAL DESCRIPTION:
The apparent temperature is used to calulate a correlation coefficient based on the
whole image.

The input parameters are:

* N;- Number of rows in measurement image.

®  Nj- Number of columns in measurement image.

Tjj - Temperature from each bin.
¢ Nflag; - fit flag from A31331.

OUTPUT:
The output parameters are:

% B ™ Wave / Nowave correlation coefficient.

HYPOT I

The apparent temperature gives the best estimate of the presence of waves in the field of
view. If the temperature is calculated for each bin then it is a function of row number, i,
and column number, j. The row number corresponds to tangent altitude and if a wave is
present then within a given column the variations due to the wave should correlate. The
correlation coefficient is calculated at each bin and the average value is assigned to .

CRITERIA OF APPLICABILITY:

None.
TRANSFORMATION EQUATION:

For a given row i (in FOV h) we have j = 1 to Nj data points T},;,. For another row p

(p=i) wehavej=1 to N;data points Tp,;.

N.

J
= 1
Let Ty; = i Z T,; and (EQ 8.36)

Fie i
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N

i
-
Thp = N 2 Ty
Jj-

also

If (T, =0) Then #, . = 0Else t,,. = T,..= Ty;

If (Tﬁpj = 0) Then L 0 Else b = Thpj_Tkp

The correlation coefficient then is (one per FOV)

fori=1,(N;-1) and p=i+ 1, N;
2 (higtip)
J

PR 2 2
[ Cip 2 ()
§ J

If ZNﬂaShi;’ > 0 then check good rows

/

and the average of the absolute values provides the wave criteria

2

pwave,.ﬁ = N[' (N,'_ ) Ziphfp‘
Lp

8.3.4 A3134: Calculate apparent vector in No-Wave case

EUNCTIONAL DESCRIPTION:

(EQ 8.37)

(EQ 8.38)

(EQ 8.39)

(EQ 8.40)

(EQ 8.41)

This function is called if the wave criteria from A3133 indicates that no waves are

detected. In this case a constant term fit to the data is sufficient.
INPUT:

The input parameters are:

* -see below.

OUTPUT:

The output parameters are:

* - see below.
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TRANSFORMATION EQUATION:
8.3.4.1 A31341: Compute row mean values of J1,J2 and J3

EUNCTIONAL DESCRIPTION:
This function is called if the wave criteria from A3133 indicates that no waves are
detected. In this case the simple bin by bin values of J1, J2 and J3 are averaged.

INPUT:

The input parameters are:
e ]lhlj'nhij“]3hij - J values for each bin.

L - - estimated standard deviations in the J values.

hij

*  Nflagy; - Fit flag from A31331.

o)
9 s
J"b., "'3»..,

QUTPUT:
The output parameters are:

. }_im-, 1“2,“-, 73,” - Row average values.

* ©5,%n,,9, " standard deviation of the mean.

HYPOTHESIS OF APPLICABILITY:
The average value and the standard deviation relative to the mean are computed.

CRITERIA OF APPLICABILITY:
None.

TRANSFORMATION EQUATION:

Set
NF, = 3 Nflag,,; (EQ 8.42)
i
then compute averages
Ty = ——SJ1_xNf1 oy, 2 17 Nfl EQ 8.43
hi = F’“; X NRegymon, = ;};};[g"“&u} x Nftag, .. ( .43)
— 1 _ | , 72
J24; = ﬁ?.]?.huxf\fﬂaghﬁ Opy. = Aﬁ[?c”hbj % Nﬂaghij (EQ 8.44)
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8.3.4.2

= 1 = I 2 — 12
Thi = W,,Z”’hff‘Nﬂ“gkif = F[ZG”M,! L T
L hi J _E

A31342: Test for acceptable signal to noise

NC SCRIP i
Use the sigma values calculated in A31341 to determine which rows need to be refit
using the full image and the MLR constant term fit.

INPUT:

The input parameters are:

®  J1,;,J2,; J3,; - Row average values.

* o, ,0 o,;; - Standard deviations of the mean.
J]hi jzhi j3iu

*  Jlimit - The maximum relative deviation allowed for simple row averages. (from
CDB)

OUTPUT:

The output parameters are:
*  J1p 2403, - Apparent quantity vectors for the average or representative column.
O, »0,, ©,, -Standard deviations for the average column.
hi “hi hi
HYPOTHESIS OF APPLICABILITY:

The relative variation is compared with the Jlimit value to determine if a new fit is to be
done.

c CABI

TRANSFORMATION EQUATION:

If
cjlhf 012}”' UJSM
—— < Jlimit and —— < Jlimit and —— < Jlimit (EQ 8.46)
Jly; I 25 J3p;
Then
Fgs Ny Ji. =08, B, =D, (EQ 8.47)
G“h =ay, G”a; =0, 0”». =0y, (EQ 8.48)
Otherwise

Refit the data using A3131 with constant term fit and mode = 0. Call A31311 for each
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8.3.5

8.3.5.1

row i and each FOV h. With order =0 Call A31312 and A31313. Then the output values
are defined as:

~
2
1}

i

(EQ 8.49)

Gy =0, Oy ' =0, (EQ 8.50)

A3135: Calculate apparent vector in Wave case

FUNCTIONAL DESCRIPTION:
This function is called if the wave criteria from A3133 indicates that waves are
detected. In this case two possible solutions are given in A31351 and A31352.

INPUT:
The input parameters are:

* -see below.

OUTPUT:
‘The output parameters are:

® -see below.

HYPOTHESIS OF APPLICABILITY:

CRITERIA OF APPLICABILITY:

TRANSFORMATION EQUATION:

A31351: Compute full MLR fit to image

FUNCTIONAL DESCRIPTION:

This is currently the only function defined to treat the wave case. The raw data from the
images are sent to A3131 with order = 2 for a quadratic fit. The fitting coefficients
returned are then used to compute the average J vectors.

INPUT:
The input parameters are:

¢ Ly Corrected intensity data for the full image and for all phase steps.

2 . : :
* o, - Error estimate for corrected intensity.

'rm_,t
R J Total phase for each bin.
* Uy Instrument visibility for each bin.

*  Flags,; - Good/bad data flags for each bin.

OUTPUT:
The output parameters are:

90
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®  JlypJ2,;J3,, - T values based on MLR fit.
¢, ,6,, ,0,, -Estimated standard deviation of the J values.
AW W I
HYPOTHESIS OF APPLICABILITY:

Use the MLR fitting routine to return a fit and then obtain average values of J1, J2 and
I3.

CRITERIA OF APPLICABILITY:

None.

TRANSFORMATION EQUATION:

Compute the MLR fit for each Field of View, h, and each row, i, as follows:

Call A31311 with Iy, Uy @ . Flags ) and mode = 1 to stack the image data
k

2
M-l > ¥
hijk’ 'rh:)

along a row.

If NOFIT = 0 then
Call A31312 with order = 2.

Call A31313 with the by, by, ..., bg and o, ‘s returned.
Use fit to give average value for J1y;, /2, and J3,, for each row in each field of view as
tfollows:

The best fit value of intensity at a given point may be calculated from:
IP = by+b, (upcostbp) - b2 (upsm(bp)
+ b31p +b, (upcosfbp) rp - by (upsmd)p) L
B b (i, R Y —b in® )1 (EQ 8.51)
6y 7(upuos " G g{upsm o by 3

The above equation may be rearranged by collecting all the terms in #:

2 2 2 .
Ip = b0+b3£p+b65p+ (b, +b4[P+b.,,IF) upcos®p~ (b2+b5:p+bgtp) upsm(bp (EQ 8.52)

This is in a form that looks like the standard Michelson equation with:

2

le = bU+b31P+b61p (EQ 8.53)
2

12[J =b;+ b4tp + b71p (EQ 8.54)
2

J3p = b,+ bs’p + bx'p (EQ 8.55)

We can thus calculate visibility and phase at each data point as:
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Jni +73°
= T range [0, 1] (EQ 8.56)
P
1 J3P
¢p = tan = range [-m, ] (EQ 8.57)

P

(See note on inverse tangent function in A3142.)

and the average values may be easily found:

NF
1
Jl, = 5 Z le (EQ 8.58)
Piys |
N
1 14
v, = R Z v, (EQ 8.59)
P |
N
l 4
o, = il z %, (EQ 8.60)
Ppei
with
J1,. = J1, Sy, = O, (EQ 8.61)
JZM = J]AVACOS¢A U“». = o‘b' (EQ 8.62)
JSM = JIAVASi1]¢,\ U“m = sz (EQ 8.63)

Else (NOFIT = 1) Flag row to indicate that no fit was possible.
8.3.5.2 A31352: Alternate wave correction

FUNCTIONAL DESCRIPTION:
‘This function is currently undefined. Provisions should be made for possible future
development.

INPUT:
The input parameters are:

e - must be the same as A31351.

OUTPUT:
The output parameters are:

e - must be the same as A31351.
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8.3.5.3

8.3.6

HYPOTHESIS OF APPLICABILITY:

_CRITERIA OF APPLICABILITY:

TRANSFORMATION EQUATION:
A31352: Alternate wave correction

EUNCTIONAL DESCRIPTION:
This function is currently undefined. Provisions should be made for possible future
development.

INPUT:

The input parameters are:

e - must be the same as A31351.

OUTPUT:
The output parameters are:

e - must be the same as A31351.
YPOTHES Y:
CRITERIA OF APPLICABILITY:

TRANSFOR UATION:

A3136: Compute row averages for reference column

EUNCTIONAL DESCRIPTION:

The simple numerical average of the values across a given row is determined.
INPUT;

The input parameters are:

*  Zy;j - Tangent altitude points for all bins.

*  Up;j- Instrument visibility values for bins.

OUTPUT:
The output parameters are:

. é,,,- - Average altitude profile.

* U, - Average instrument visibility for row.

HYPOTHESIS OF APPLICABILITY:
Assumes that the instrument visibility can be averaged across a given row. The average
altitude profile is over all columns in a row and over all the phase images. The value of
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A, changes by about 1 part in 100,000 across a typical row and so does not need to be
averaged.

- 1 1 ;
Zy; = 1\72 [EZZWJ (EQ 8.64)

Uni = 5 2 Yy (EQ 8.65)

8.4 A314 - Derive apparent phase, visibility and
amplitude
8.4.1 A3141 : Calculate visibility from J1,J2 and J3

FUNCTIONAL DESCRIPTION:
Simple arithmetic manipulation of the values to extract the apparent quantities is used.

INPUT:
The input parameters are:

* J1,, - Radiance term from apparent quantity determination.
e J2,;-10V () from apparent quantity determination.
e J3,;-10V () from apparent quantity determination.

o - Standard deviation of J values.

cjihi’ O'JZM’ Ujjfu‘

OUTPUT:
The output parameters are:

LA

.- Apparent radiance.

hi

* V, - Apparent atmospheric line visibility.
hi

* oy, -Standard deviation of visibility.
hi

S A CA
Assumes J1, J2 and J3 have been derived by the fitting routines. The input values may
be derived from atmospheric measurements or from calibration measurements.

T OF LI
This transformation is required for all data.
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TRANSFORMATION EQUATION:
Iy =J (EQ 8.66)
Nz
‘V‘4I = ——— range [0, 1] (EQ 8.67)
" Iy
12
2 3.2 .2
i [T Pu* B o
Ova, T T 2 3 toy Va, (EQ 8.68)
hi ]2h|.+13m.

8.4.2 A3142: Calculate phase from J2 and J3

FUNCTIONAL DESCRIPTION:
Simple arithmetic manipulation of the values to extract the apparent quantities is used.

INPUT:
The input parameters are:

®  J2;-1,Vcos (¢) from apparent quantity determination,

®  J3j;-1,Vsin (¢) from apparent quantity determination.

. - Standard deviation of J values.

a fe}
J2.2 773,

QUTPUT:
The output parameters are:

. ¢Ah - Apparent atmospheric line phase.

» o

3. ° Standard deviation of phase.
i

i

oT P TY:
Assumes J1, J2 and J3 have been derived by the fitting routines. The input values may
be derived from atmospheric measurements or from calibration measurements.

CRITERIA OF APPLICABILITY:

This transformation is required for all data.

NSFO ONE N:

b, = tan”! 4 range [-m, 7| (EQ 8.69)
Ay thi
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g w m gl
i E"n*ﬂ Ntey 4 2,“] (EQ 8.70)
. .
W J2. 4730,
H hi

c

Note: The proper inverse tangent function must be used inorder to ensure that the calcu-
lated value of phase will be in the correct range. That is both the sign and magnitude of
J3 and J2 must be used to determine the angle and the quadrant for the angle.

8.4.3 A3143: Calculate amplitude from J2 and J3

EUNCTIONAL DESCRIPTION:
Simple arithmetic manipulation of the values to extract the apparent quantities is used.

INPUT:

The input parameters are:
*  J2);- 1 Veos (¢) from apparent quantity determination.
* J3);-1,Vsin(¢) from apparent quantity determination.

Oy +Gyg - Standard deviation of J values.
“hi hi
QUTPUT:

The output parameters are:

* A, - Apparent atmospheric line amplitude.
hi

* o, -Standard deviation of the line amplitude.
hi

SISO IC
Assumes J1, J2 and J3 have been derived by the fitting routines. The input values may

be derived from atmospheric measurements or from calibration measurements. The
amplitude is used by the rotational temperature algorithm.

CRITERIA OF APPLICABILITY:
This transformation applies only to OH and O, measurements.
T M T
2 2
J2,,+J3,,
A, = —— EQ8.71
A, ) ( )
12
F2 a2 o 2 4.2
1 i Dy, Iyt Ty g
o, =-|— (EQ8.72)
A 2 2 2
J2, +13,.
L 1 ¢
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CHAPTER Y

A32 - Deconvolution of apparent quantities

TIO RIP
1. Objective

The WINDII operational software can potentially provide profiles of doppler tempera-
ture, rotational temperature, and horizontal wind speed as a function of altitude. An
intermediate step required for the determination of these profiles is the deconvolution of
the apparent quantity arrays J1,, J2;, and J3,, (in rayleighs). These arrays are described
in the previous chapter and are provided as a function of tangent height. A tangent
height is defined as the altitude of the point where the reference observation line-of-
sight perpendicularly intersects an earth centered geodetic radial vector.

The altitude profiles resulting from the deconvolution process are volume emission rate,
visibility, amplitude, and wind phase. The amplitude is defined here as one half the
product of the volume emission rate with the visibility. Doppler temperatures and wind
speeds are directly calculated from the corresponding visibilities and wind phases. The
volume emission rate profile must be determined in order to derive the visibility profile.
Rotational temperatures are derived by using the ratio of volume emission rates, or
amplitudes, for two spectral lines associated with the same atmospheric constituents.

This chapter features a description of the general algorithm being used to determine the
; i ; g -3 = gk s
altitude profiles of volume emission rate £, (photonsecm = e sec l) , and of visibility

V), (dimensionless), or of amplitude A;, (photons e em” e sec”'y, and of a wind phase
component ¢, (radians). The flexibility of this general algorithm should facilitate the
application of any future improvements. The random error standard deviation estimate

h h h h : . : . : 2
arrays o and o\, or o, and o, are provided as quality parameters. The above arrays

&
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will be used in defining level 3 data. Noteworthy results or parameters, including those
defined below, may be catalogued instead of being provided as level 3 data. The pro-
vided goodness of fit of the final solutions to each given apparent quantity array is char-
acterized by its chi-square statistic over the chi-square statistic 95% confidence interval.
In addition, independent parameters derived by fitting either one or two altitude depen-
dent skewed gaussians to the volume emission rate profile may also be produced. These
parameters are the maximum emission rates, the altitudes of maximum emission, the
average half-widths, and the skewness factors. The above agenda is repeated separately
for each of the two fields of view (h equals 1 and 2).

2. Transformation Equations

Each apparent quantity can be interpreted as a line-of-sight integration through the
atmosphere. Assuming a spherically symmetric atmosphere and discretizing the latter
into homogeneous spherical layers (Figure A32.1) permits the three apparent quantity
arrays to be related to the desired altitude profiles by means of the matrix equations

J1, = LE; (EQ 9.1)
32, = LE; (EQ 9.2)
73, = LE, (EQ 9.3)
where
E. cos (¢, .
Wi gy | ud) (EQ 9.4)

Ej hi " hi i (¢i“.)

hi

All variables shown in the first three equations denote one-dimensional vectors, except
for the line-of-sight integration matrix L.

The homogeneous layers are set up such that the above systems are preferably even-
determined but, as shall be described later, may occasionally be under-determined.
Their boundaries are defined, whenever possible, to correspond to the tangent height
boundaries of the actual three-dimensional fields-of-view. The length of each apparent
quantity vector array must be greater or equal to four for the application of deconvolu-
tons.

3. General Solution Method

The above transformation equations are not well suited to properly deal with measure-
ment random error and under-determined systems. Consequently, these expressions are
replaced by more appropriate general solution equations. The adopted general solution
approach for each of the unknowns consists of the application of a Twomey technique

with statistical weighting (Twomey, 1963 and 1977). This scheme falls under the cate-
gory of linear-constrained least-squares methods. Statistical weighting is introduced to
account for any unequal distribution of measurement random error level.

104
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A common feature of the propogation of random errors from the measurements to the
solutions is error amplification. In the absence of constraints and in the presence of sig-
nificant measurement random error, a final solution profile will likely exhibit what will
appear to be large random oscillations. The Twomey deconvolutions can ensure that any
such oscillations will be damped. This damping will not increase the amount of infor-
mation that may be extracted from the solutions. Instead, it will hopefully make the
available minimal information more immediately clear and will simultaneously provide
tools required by the user for the extraction of this information from the solution pro-
files.

The fitting of altitude dependent skewed gaussians to the volume emission rate profile
has been introduced mainly for handling under-determined systems. The occurence and
handling of under-determined systems is briefly described later as one of four special
cases. The flexibility of the software will also allow for the application of this fitting
scheme to volume emission rate profiles associated with even-determined systems.

The most commonly requested deconvolution solutions will be those of volume emis-
sion rates, visibilities, and wind phases. For OH or 0,, the amplitude profile may be cal-

culated instead of the volume emission rates and the visibilities. Its derivation is
described later. The general Twomey method equations for the volume emission rate

profile E,, the visibility profile V},, and the wind phase profile ¢,, are

T -1 T -1
(L S“hL+yEHE) E, = LS, ], (EQ 9.5)
B T
(L S,y L+y H )v*' = Efo o (EQ 9.6)
Y A A '
T - T
(L s L4y H )V‘—Ls"n' (EQ 9.7)
MR A R ’
where
Li.j = Li,jEjJ (EQ 9.8)
s LED 2
, i (EQ 9.9)
J3 T 113,
v?| S
‘| = v, (@) (EQ 9.10)
V‘J sin N’hi}J

S5,.,5 and , S

Sy §,, are diagonal covariance matrix estimates, the Hs are constraint
h h h

matrices, and the ys are non-negative weighting factors (lagrangian multipiers). It is
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assumed that variances for J2" and J3’ are the same as for J2, and J3,, hence the use of

szh and th.

The constraint matrices will typically denote the square of low order finite difference
matrix operators. Each applied constraint matrix is selected from a set of choices con-
sisting of pre-defined matrix types. This set may be expanded later. Some of the avail-
able types of constraint matrices will make use of specific reference profiles, or a priori
information. The reference profiles can be based, for example, either on the previous
solutions or on arrays specified in auxiliary files. For the volume emission rate profiles,
previous solutions and profiles resulting from skewed gaussian fitting are two examples
of a priori information.

The constraint matrices are used to limit the range of the corresponding solution gradi-
ents along the vertical. These constraint matrices do not typically restrict the absolute
position of the solution profiles. The influence of these matrices on the final solution is
dictated by the relative size of each weighting factor and of the elements of the direct

3 : , 3 5 ot T.~1
inversion solution covariance matrix inverse, ¢.2. L .S“ L,
h

The constraint matrices also ensure numerical stability of the solution equations. This
aspect is especially crucial with regard to the second and third solution equations, this

due to the definition of L. Another scheme applied for improving numerical stability,
and simultanueously reducing the size of the matrix equations, is the elimination of
atmospheric layers with expected or predicted weak volume emission rates.

On the assumption that the remaining systematic phase error contribution is negligeable,
the non-linearity of the above solution equations should not be of major concern since
the wind phases being determined should typically be less than (0.1 radian in magnitude,
implying that

vfz v, (EQ 9.11)

VievV

o ¥l (EQ 9.12)

The constraint matrices used for the deconvolutions are not rigorously based on statis-
tics. Therefore, calculation of associated solution standard deviations is not possible.
Instead, the random error standard deviations calculated for E), ES, and E® are those

associated with the initial transformation equations. For example, the volume emission
rate standard deviations are

-1

2 T -1
o = (L S“hL)j | (EQ 9.13)

Once these are available, the standard deviation estimates for Vj, and ¢, can be calcu-

lated.
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The selected goodness-of-fit parameters are three chi-square statistic ratios. Each of
these three parameters has been defined as the ratio of an apparent quantity chi-square
statistic to the 95% confidence interval chi-square statistic. This limiting value is

approximated by N +2+/2N where N is the length of the apparent quantity array. The
chi-square statistic ratio for J1, is defined as

=
SR, (LE,-11,)

N+2«/2_N

The standard deviation estimates, the chi-square statistic ratios, the weighting factors,
and an indication of the selected types of constraint matrices, will be essential for the
interpretation of the final solution profiles. The standard deviation estimates of the final
temperatures and winds will be provided as level 3 data. The other parameters are cata-
logued.

’2

chil, = (EQ 9.14)

The general solution method described above requires the initialization and possible
updating of some key parameters. At the moment these consist only of indices specify-
ing the solution approach, weighting factors, indices specifying the selected constraint
matrix types and reference profiles, and of parameters related to the skewed gaussian
fits (Table A32.3). Since measurements are taken alternately for various emission lines,
a set of these parameters must be available for each line. In addition, the weighting fac-
tor values, the indices, and parameters required for initializing the skewed gaussian fits
are provided off-line.

4. Special Cases

Typically, three deconvolutions are done. These yield one volume emission rate profile,
one visibility profile, and one wind phase component profile. However, depending on
the spectral line being observed, a special treatment may be required, The following
describes these special cases. Most of these cases can be handled using the tools made
available by the general solution method.

4.1 Case |

Measurements at two OH spectral lines may be taken alternately for the purpose of
deriving rotational temperatures. Therefore, it could occasionally be requested that, for
the weaker of the two emission lines (at 734.1 nm), only the deconvolution for the vol-
ume emission rates be conducted. The time assigned to the measurement will be the
average of the times for the OH(P13) and OH(P14) measurements.

4.2 Case 2

Another option for OH measurements is the calculation of amplitudes and wind phases
instead of volume emission rates, visibilities, and wind phases. This scenario is included
in the event that the potentially large background contribution to the apparent quantities
cannot be correctly estimated. On the assumption that the visibility profile would be the
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same for both OH lines, the ratio of the amplitudes should be equal to the ratio of vol-
ume emission rates, thus providing rotational temperatures.

Since the O, background is not measured, the above scenario could also be applied to
O, once deconvolutions for this emission are defined.

The general Twomey method equations used in this circumstance are

! ¢ T -1
(L SjghL"'YAcHchA L'Sj, 12, (EQ 9.15)

where
T~ s T-1
(L thLi—yd,HA‘)A = LS, )3, (EQ 9.16)
The routines used for the general solution method are also employed for case 2.

4.3 Case 3

The vertical O('S) emission rate distribution typically consits of two major emission
regions. The lower emission region is located in the mesosphere while the other is found
mainly in the thermosphere. During night time, the vertical separation between the two
emission regions can be as much as about 100 km. In addition, the mesospheric emis-
sion region is often narrower than the thermospheric emission region. Therefore, the
corresponding two tangent height observation windows are viewed in sequence instead
of simultaneously. Since the visibility and phase solutions in the mesosphere can be
strongly dependent on the solutions in the thermosphere, the two sets of measurements
must be combined so that they may be deconvolved as a single set of measurements.
Whenever mesospheric observations are preceeded and followed by thermospheric
observations, the two sets of thermospheric measurements are linearly interpolated
along the vertical and as a function of measurement time. It is possible to make a ther-
mospheric correction for day time measurements as well as for night time. The time
assigned to the measurement will be the time of the mesospheric measurement.

4.4 Case 4

WINDII is limited to taking measurements at tangent heights below about 320 km.
Thermospheric emission layers often extend above this altitude. This scenario pertains
mainly to the 0O('D) 630.0 nm emission but may also occasionally occur for the 0('s)
557.7 nm and the O* 732.0 nm day time emissions. Consequently, some assumption
must be made regarding the emission region above the highest tangent height (i.e.,
above the inversion window). The adopted scheme consists of incorporating a modelled
profile of volume emission rate as part of the constraint matrix Hg, and of assuming a
constant visibility and phase for this upper region.

The volume emission model consists of either one or two altitude dependent skewed
gaussian functions. The skewed gaussians are fitted to the volume emission rate profile
produced by Twomey deconvolution. Only the layers inside the initial inversion window
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are used in the fitting. The skewed gaussian fit provides an approximation to the altitude
variation of the volume emission rate in the emission region above the inversion window
for the following deconvolution. This approach is applied only if the maximum emis-
sion rate altitude is below the highest tangent point. Otherwise deconvolutions are not
applied.

5. Algorithm Structure

The deconvolution algorithm is subdivided into three main sections. The first section
(A321) treats the aspects relevant to the determination of the line-of-sight matrix. This
is followed by the deconvolution for the volume emission rate profile (A322). Using
these results, the visibility and phase profiles are determined in the third section (A323).
The treatment of each special case is imbedded in the overall algorithm and is specified
by means of indices. Whenever possible, the same routines are used for the various
cases.

A list of input parameters provided by previous chapters is given in Table A32.1. The
output parameters for possible use in A33 are listed in Table A32.2, Tables A32.3 and
A32.4 specify the suggested Characterization Data Base parameters and parameters to
be catalogued, both pertaining only to A32. The parameters found in these lists may be
described in more detail in the various sections of this chapter.

INPUT:

(for steps 1 and 6 of the Transformation Equations)

¢ DECONVOLUTION SCENARIO INDICES

- ideconl - Index specifying desired deconvolution scenario for J1.
(0 - no deconvolution, >0 deconvolution scenario) (from CDB)
- idecon? - Index specifying desired deconvolution scenario for J2 and J3.
(0 - no deconvolutions, >0 deconvolution scenario) (from CDB)

¢  MEASUREMENT SCENARIO DEPENDENT INDICES (to be defined prior to
A32)
- iflagdr - Index specifying desired solution parameters. One index is required for
each measurement scenario. (-1 - no inversions, 0 - emission rates, visibilities and
phases, | - emission rates, 2 - amplitudes and phases)
- itherm - Index specifying if the initial and the first and/or second additional arrays
are present. This index identifies if O(~1S) thermospheric measurements are avail-
able to complement the mesospheric measurements. (0 - Neither the first nor the sec-
ond additional arrays are present, 1 - the first additional vector is available, 2 - the
second additional vector is available, 3 - both additional vectors are available.)

¢ INPUT RELATED TO MOST RECENT DECONVOLUTIONS

- NP, - Previous filter number.
h
- NP, - Dimension of following arrays.

- z - Altitude array for solution arrays. (km) (size: NPh)
hi

- Ep - Volume emission rate solution array. (size: NPh)
hi
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* STANDARD ARRAYS/CONSTANTS
- Ng - Current filter number,

- N; - Dimension of arrays to .

- ék,- - Geodetic tangent height (or altitude) array. (size: Ni) (km) (from A3136)
- J1;; - Apparent emission rate array. (rayleighs) (from A31342)
- J2;; - Apparent quantity cosinusodal component array. (rayleighs)

- J3p; - Apparent quantity sinusoidal component array. (rayleighs)

- ¢,, - error standard deviation array. (from A31342)
hi

- 6,, -error standard deviation array.
hi

- 6,, -error standard deviation array.
hi

*  FIRST SET OF NIGHT TIME O('S) THERMOSPHERIC ARRAY S/CON-
STANTS

- N1; - Dimension of arrays associated with the first and second thermospheric
apparent quantity arrays. The following six arrays are of length N1,.

-G - J11 error standard deviation array.

ki

J11

- 0,,, -J21 error standard deviation array.
hi

- 0,4, - 131 error standard deviation array.
hi

* SECOND SET OF NIGHT TIME O('S) THERMOSPHERIC ARRAY S/CON-

STANTS
~ By, ~EITOF standard deviation array.
- G,,, - error standard deviation array.
hi
- 0,4, -error standard deviation array.
“hi
NTER

(from step 1 and for use in A321 to A323)

* NN, -Dimension of arrays. (work variable)

* zce; - Tangent height (altitude) array. (km) (work variable)

* idecly - Index specifying if deconvolution of J1 will be attempted. (0 - no, >0 - yes
(specifies deconvolution method))

idec2;, - Index specifying if deconvolution of 2 and J3 will be attempted. (0 - no, >0

- yes (deconvolution scenario))

- - = U e
* E,;-Initialized volume emission rate profile. (photonsecm ~o5s ) (size: NN

* Ay; - Initialized amplitude profile. (photonse cm e .cfl) (size: NN;)
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o E," Initialized volume emission rate standard deviation array. (size: NN;)

By, - Initialized amplitude standard deviation estimate array. (size: NN;)

chily, - Initialized chi-square statistic ratio for J1.
Vi - Initialized visibility profile. (size: NN;)
¢, - Initialized wind phase component array. (radians) (size: NN,)

L Initialized visibility deviation estimate array. (size: NN,)
hi

Sy - Initialized wind phase standard deviation estimate array. (size: NN,)
hi

chi2, - Initialized chi-square statistic ratio for J2.

chi3y, - Initialized chi-square statistic ratio for J3.
J17, or J17,J2] and J3] - Apparent quantity arrays. (work arrays) (size: NN;)

S17, or 517, 52;, and $3] - Variance arrays for the above apparent quantities. (size:
NN)

ntherm - Number of thermospheric measurements being used during the green line
thermospheric/mesospheric coupling. Partially defined using itherm.

PUT:

(from steps 5, and 6 of the Transformation Equations section)

L]

NM,,; - Dimension of all solution arrrays. (see Tables A32.2 and A32.4) (NM; is for
field-of-view 1 and NMy; is for field-of-view 2)

Z - Final altitude array. (size: NMy;)

ki

NPF - Filter number to be used for future deconvolutions
h

NP, - Dimension of following arrays to be used for future deconvolutions.

z, - Altitude array for current solution arrays. (km)
hi

EP - Current volume emission rate solution array.
hi

HYPOTHESIS OF APPLICABILITY:

(1) All input indices have been appropriately defined.

(2) The apparent quantity arrays are available.

(3) The apparent quantity standard deviation arrays are available.

(4) This section is called once for each of the two image fields of view. (i.e. h=1 and 2)
(5) When green line measurements are provided, either 1, 2, or 3 sets of apparent quan-
tities are provided.

(6) All the arrays for the O('S) double thermospheric data have the same dimension.

ITER PPLIC TY:

Deconvolutions are requested. (iflagdr=0)
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TRANSFORMATION EQUATION:
(1) The initialization of working arrays and constants. This step is described below.

(2) Call A321 - O(!S) data coupling, determination of the inversion window, addition of
layers above the inversion window, and definition of the line-of-sight matrix. (3) Call
A322 - Volume emission rate deconvolution.
(4) Call A323 - Visibility (or amplitude) and wind phase deconvolutions.
(5) Set the length NM,; and the altitude array of final solution profiles using

NM;u = NN,
and

ifh = ZcC

(6) Store the filter number and some of the solution arrays. These may be used during
the following call to A32.

If idecl, >0

NP, = NM,,
zP;,:th
E, =E,

Otherwise, set NP, =0,z =0, and E, = 0..
Py Py

Steps (3) and (4) will be applied only if the results of the preceding step allow it.

Disintion G st I

(i) Initialization of deconvolution scenario work indices:

If 0<iflagdr<2, the index idecly, is initialized by setting it equal to ideconl. Other-
wise, idecly, is set equal to zero. If iflagdr= 1, and iflagdr # -1, idec2, is set equal to
idecon2 and, otherwise, it is set equal to zero.

(ii) Initialization of work arrays and constants:

The working arrays and constants are initialized using the corresponding INPUT arrays
and constants, i.e.,
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A32 - Deconvolution of apparent quantities

Figure A32.1: Representative path length AB+CD for the line of sight of bin /*through layer ;"

Field of view per bin

WINDII
(UARS)

S
-
7
A rrrrrm— . T

~ settie,
o —

o N

th Ll DL A

j=1 layer j’ (=i’-1) atmospheric layers

(Scale distorted)

* xi - Reference tangent height for line of sight i
¢ zj - Upper boundary altitude for atmospheric layer
¢ Re - Earth radius

The variable definitions are those used in A3215.

The tangent height and altitude decrease as the subscript value increases.
The number of fields of view is the same as the number of layers.
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A32 - Deconvolution of apparent quantities

Table A32.2: A32 Output Available to A33.

Current label

Description

idecly,
idec?,,

NMy,;

.

Index specifying if deconvolution for E, for successful
Index specifying if deconvolution for Vj, or Ay, and ¢, was successful

Dimension of following arrays (A32)

Altitude array (km) (A32)

Volume emission rate profile (photons e cm_3 . Sﬁl) (A3224)
-3 =
Standard deviation array (photonsecm 5 l) (A3226)
Y .
Amplitude profile (photonsecm o5 l) (A3234)

=
Standard deviation array (photonsecm o5 ) (A3235)
Visibility array (A3234)
Standard deviation array (A3235)

Wind phase component array (radians) (A3234)

Standrad deviation array (radians) (A3235)
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A32 - Deconvolution of apparent quantities

Table A32.3:

Suggested Characterization Data Base Parameters (required for each scenario)

Number of
Current label Description elements
ideconl Deconvolution scenario index (A32) 1
idecon? Deconvolution scenario index (A32) 1
MATI1, MAT2,
MAT22, MAT3S, Constraint matrix selection indices (A3222) 3or5
MAT33
irefl, iref2, iref3 Reference profile indices (A3221 and A3233 3
i Vo T Mg Weighting factors (A3223) Jors
Yot Initialization parameters defining skewed gauss- 3x2x2x2
ian fit parameters (A3213)
k =1,2,3 for constant, sin” and sin® coefficients
I =1 for mesospheric
1 = 2 for thermospheric
m =1 for day
m =2 for night
n =1 for half width
n = 2 for skewness
itermax Maximum number of iterations for skewed gauss- 1

ian fitting (A3227)
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A32 - Deconvolution of apparent quantities

Table A32.4: Suggested Parameters to be Catalogued
Number of
Current label Description elements
iflagdr Index for type of solutions (A32) 1
fetgon Index for O'(S) data (A32) 1
idecly, Final deconvolution scenario index 1 (per FOV)
idec2y Final deconvolution scenario index 1
chily, chi2y, Chi-square statistic ratios (A3225 and A3227) 4
chi3y, chidy,
MAT1, Constraint matrix selection indices (A3222) JorS
MAT2, MAT3
irefl, iref2, Reference profile indices (A3221 and A3233) 3
iref3
Vit Vs Weighting factors (A3223) Jor5s
Xk Final skewed gaussian fit parameters (A3227) 4x2
NMy,; Dimension of following arrays (A32) 1
E, Volume emission rate profile (A3224) NMy,;
op Standard deviation profile (A3226) NMy;
h
2 Variance profile (A3235) NMy;
c
X,
2 ariance profile (A3235) NM,,;
o
X,
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A32: Deconvolution of Apparent Quantities

9.1 A321: Line-of-sight geometry definition

FUNCTIONAL DESCRIPTION:
1. Objective

The line-of-sight matrix, denoted as L in the A32 FUNCTIONAL DESCRIPTION,
must be calculated such that deconvolutions may be applied. This ling-of-sight matrix is
required to transform arrays provided as a function of line of sight to corresponding
arrays denoted as a function of altitude. The matrix elements can be determined once a
few assumptions are established and a few important considerations are taken into
account.

2. Assumptions

The assumptions pertaining to the atmosphere are that it can be treated as spherically
symmetric, that it can be discretized into homogeneous layers with thicknesses approxi-
mately equivalent to the difference between tangent heights and, whenever possible,
with altitude boundaries approximately equivalent to tangent height boundaries of indi-
vidual bin fields-of-view. In addition, it is assumed that the measurement bin fields-of-
view, which are finite, can be approximated by infinitessimal fields-of-view, i.e. by
lines-of-sight. These assumptions are essential in order to minimize the work required in
defining L. (Figure A32.1)

3. Special considerations

There are three important considerations, each requiring special attention. The first con-
sists of combining thermospheric and mesospheric O('S) measurements (Case 3 of the

A32 FUNCTIONAL DESCRIPTION). The latter is required only for O('S) data taken
during night time. Typically, the mesospheric measurements are taken between two
thermospheric measurements. The final profile consists of the mesospheric data coupled
with thermospheric data obtained through interpolation in time and in tangent height.

The second consideration is the reduction of the apparent quantity arrays. All values of
J1,,; at the top of the inversion window which are smaller than the allowed lower limit of
one standard deviation are defined as statistically unacceptable, and are therefore elimi-
nated from the transformation equations. The corresponding layers, J2,,;, and J3,; are

also discarded. Deconvolutions are not conducted if the resulting length of each appar-
ent quantity array is less than four.

For thermospheric O('D), 0(!S) day time, and O* day time measurements, if the appar-
ent emission rate associated with the highest tangent point is larger than this lower limit
of one standard deviation, the deconvolution region may be extended upwards. (Case 4)
The extension region is subdivided into homogeneous layers with constant thickness

equal to that of the first underlying layer. A notable consequence of this extension is the
change of the the transformation equations from even-determined to under-determined.
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A32: Deconvolution of Apparent Quantities

The determination of the upper boundary for this extended region relies on considering
a skewed gaussian based analytical model defined either by a fit of the volume emission
rate profile solved during the previous call to A32, or, after each filter change, by fit
parameter estimates. The volume emission rate model is defined as

2 -x 2
Y X exp{-ln (2) ( L J } foro('s)
b Xo+ (=X pX,
E(zX) = y!=! ' o (EQ 9.17)
{ z_X3 1 ’
Xuexp -In (2) ( . ] otherwise
X+t (=% )X,

where the X, ; are the fit parameters and z denotes altitude. (Thuillier, 1973). The fit
parameters are also dependent on the FOV and on the filter, i.e. h and N

After each filter change, the fit parameters for the skewed gaussians must be estimated.
The fit parameters are the maximum emission rate Xy, the altitude X5 of maximum

emission rate, the reference half-width X, , and the skewness factor X, for each of either

one (for O('D) and O*) or two (for 0O('S)) emission regions. The altitude of maximum
volume emission rate is taken as equal to the tangent height of maximum apparent emis-
sion rate. The reference half-width and the skewness factor are initialized using the gen-
eral function

X(0,) =Y+ stinz(eh) +Yas'm4(8h) (EQ 9.18)

where denotes latitude and the array Y is provided as input. The magnitude of the max-
imum emission rate for cach emission region will be roughly approximated by dividing
each corresponding maximum apparent emission rate, say J1,;, by a line-of-sight seg-

ment of 2.5L; ;.

The upper boundary altitude of the extended window is defined as the altitude corre-
sponding to a volume emission rate value close to 5% of the emission rate peak. An
upper limit altitude of 500 km is also imposed.

If the altitude of maximum thermospheric apparent emission rate is at the highest tan-
gent point altitude, and if the estimated altitude of maximum volume emission rate in
the thermosphere is greater or close to that same tangent height, then any deconvolution
solutions that would be produced should be considered unreliable. Therefore, the cur-
rently requested deconvolutions will not be done.

4. Calculation of the line-of-sight matrix

Once the above considerations have been taken into account and the geodetic earth
radius Re has been determined, the line-of-sight matrix can be calculated. The line-of-
sight matrix element Li,j for each infinitessimal field-of-view i, and through each atmo-
spheric layer j, is defined, using the Pythagorean theorem, as

SDPPS Algorithms: Issue 3.0, March 15, 1993 119



A32: Deconvolution of Apparent Quantities

9.1.1

L, = ZC[J(zj_l—xi) (z;_,+x,+2R) - J(zj—xi) (z;+x,+2R )] (EQ 9.19)

where R, (km) is the geodetic earth radius, the x; (km) are the reference tangent heights
for the infinitessimal fields-of-view, and Zj (km) define layer altitude boundaries with

geig= 1 (A3215). The constant ¢ (=0.1) is the product of the km to ¢m and the

-2 -1 ; ; ;
photons ecm ~ e sec ~ to rayleigh conversion factors, respectively equal to 10° and 10°°.
The factor of 2 accounts for the line-of-sight crossing the atmospheric layer twice. The

rayleigh

matrix elements are in . In Figure A32.1, the sum of segments

photons e em o sec”
AB and CD corresponds to the matrix element with indices (i’,j).

PUT:

* idecl) - Index specifying requested deconvolution scenario for J1.
(0 - no deconvolution, >0 - deconvolution scenario)

* idec2; - Index specifying requested deconvolution scenario for J2 and J3.
(0 - no deconvolution, >0 - deconvolution scenario)

HYPOTHESIS OF APPLICABILITY:
See assumptions provided in the FUNCTIONAL DESCRIPTION.

CRITERIA OF APPLICABILITY:
Deconvolutions are requested. (idecly, > 0 or idec2,, > 0)

TRANS T10 ON:

(1) Call A3211 - Combination of O('S) night time thermospheric and mesospheric mea-
surements.

(2) Call A3212 - Determine the reference geodetic earth radius.

(3) Call A3213 - Initialization of fit parameters for the volume emission rate profile.
This is done for each atmospheric line, not for the background.

(4) Call A3214 - Determine the final deconvolution layers. The result is either the elim-
ination or addition of atmospheric layers. When applicable, the number of added layers

is provided.

(5) Call A3215 - Calculation of the line-of-sight matrix.

A3211: Combine thermospheric and mesospheric green line

UNCTIONAL DESCRI N:

For the night time green line (O(]S)) case where thermospheric and mesospheric mea-
surements are taken separately (i.e.: itherm > 0), these are combined to form single ther-
mospheric/mesospheric arrays.
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A32: Deconvolution of Apparent Quantities

INPUT:
* NN;-Dimension of arrays.
*  zcc; - Tangent height (altitude) array. (km) (size: NN,)

¢ UT - Universal time of first image for J1. (sec)
. Jlf - Apparent quantity array. (rayleighs) (size: NN;)
® J2, - Apparent quantity array. (rayleighs) (size: NNV;)

* J37 - Apparent quantity array. (rayleighs) (size: NN;)

* 517 - Variance array for J1A. (rayleighs?)

* 52 - Variance array for J2°.

*  $3] - Variance array for J3°.

® itherm - Index specifying if the initial and the first and/or second additional apparent
quantity arrays are present. (0 - Neither the first nor the second additional arrays are
present, | - the first additional vector is availble, 2 - the second additional vector is
available, 3 - both additional vectors are available.) This index is intended mainly for
use with green line measurements.

* ntherm - Number of thermospheric measurements being used during the green line
thermospheric/mesospheric coupling.

* NI, - Dimension for first and second additional arrays for thermospheric night time

()(IS) measurements.

. a,“- - First geodetic tangent height (altitude) array for thermospheric night time
0'S measurements. (for J1 1) (size: N1,)

e [T - First additional universal time (for J11)

¢ J11,,; - First additonal apparent quantity array. First set of thermospheric night time
0('S) measurements. (rayleighs) (size: N1;) (Taken before J1 in terms of measure-
ment time. itherm=1)

e J21y,- First additional apparent quantity array. First set of thermospheric night time
O('S) measurements (itherm 2 1) (rayleighs) (size: N1i)

¢ J31hi - First additional apparent quantity array. First set of thermospheric night time
O(*1S) measurements (itherm 2 1) (rayleighs) (size: N1;)

* o, -Jllerrorstandard deviation array.
hi

* o, -J21errorstandard deviation array.
hi

® o,y -J31 error standard deviation array.
hi

. ?3,“- - Second additional geodetic tangent height (altitude) array. (for J12) (size:
N1,
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*  UT2 - Second additional universal time (for J12)

* J12y; - Second additonal apparent quantity array. Second set of thermospheric night
time O('S) measurements. (rayleighs) (size: N1;) (Taken after J1 in terms of mea-
surememt time. itherm > 2)

* J22j,;- Second additional apparent quantity array. Second set of thermospheric night
time O('S) measurements. (rayleighs) (size: N1;) (itherm > 2)

* J32, - Second additional apparent quantity array. Second set of thermospheric night

time O(IS) measurements. (itherm 2 2) (rayleighs) (size: N1;)

* o,, -JI2error standard deviations.
hi

* 0,,, -J22error standard deviations.
““hi

*  o,,, -I32error standard deviations.

32,

OUTPUT:
* NN, - Dimension of arrays.
®  zcc; - Tangent height (altitude) array. (km) (size: NN;)

® NN, - Dimension of standard arrays.

. J[f - Apparent quantity array. (rayleighs) (size: NN;)
. sz - Apparent quantity array. (rayleighs) (size: NN,)
. 13:.’ - Apparent quantity array. (rayleighs) (size: NN,)
. Sl? - Variance array for J1°, (rayleighsz)

* 52] - Variance array for J2°.

* $37 - Variance array for J3°.

® ntherm - Number of thermospheric measurements being used during the green line
thermospheric/mesospheric coupling.

(0] IC

1) The dimension parameter NN,, the array zcc and the arrays with superscript © have

been properly initialized prior to the use of this algorithm.
2) The arrays for the two sets of thermospheric data have the same dimension (i.e.: N1))

A Bl
The combination of measurements is requested (i.e.: itherm > 0).
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A32: Deconvolution of Apparent Quantities

A E ON:

(1) If there are two sets of thermospheric arrays (i.e.: itherm = 3) then the altitudes

Zl;and Z2y; are linearly interpolated in time (using UT, UT1 and [JT2) for each i. The
result is a common altitude profile Z3. This simple interpolation will preserve to some
extent the field of view per bin implemented in the matrix line-of-sight calculation.

The apparent quantity arrays (i.e.. J11 and J12, J21 and J22, and J31 and J32) are then
linearly interpolated along the vertical and in time (2-dimensional linear interpolation
(i.e.: Bilinear interpolation)) to correspond to the derived common altitude profile and to
UT. Each interpolated final apparent quantity value will have been determined by the
interpolation of four of the intial apparent quantities. Special attention must be given to
the determination of the first and last values in the interpolation arrays.

The final three variance arrays for the thermospheric apparent quantities are determined
by properly summing the appropriate variances. E.g.: If

T3] = a1, +bJ10, e 12, +d 12, (EQ 9.20)

I

where 113;) is the interpolated value and a;, b;, ¢; and d; are constants resulting from the

.y . . . - o . .
bilinear interpolation, then the corresponding variance 513, is given by

L0 _ 22 22 22 2
Sljl. = aich,“M-rb,o",l1 +c. o +d. o (EQ 9.21)

¥ hj¥1 L Ak : Aok+l

(2) If there is only one set of thermospheric data, then no interpolation is possible. Con-
sequently, this appropriate thermospheric data will be coupled with the mesospheric

data without interpolation. (e.g.: If itherm = 2 then Z3 is set equal to Ek)

(3) This step is done in order to eliminate overlapping of the field of views of the bins at
the mesosphere/thermosphere interface. If Z3, is less than (i.e.: below) zcc then no
thermospheric data is included in the final arrays. Otherwise, all thermospheric related
array elements associated with a Z3; (i > 1) where 2 ¢ Z3 - Z3;,_, is smaller than zccl
are not included in the final single thermospheric/mesospheric arrays.

(4) The single thermospheric/mesospheric arrays are defined.

zce = [Z3,zcc]T
o o o T

n°=n3,n°
o o o I

S =[S13,5817]

If idecl;, > 0
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9.1.2

I
72° = (123°,12°]
o o a T
13° = [133°,73%)
T
52° = [523°,52°
S o o o T
3° = [533°, 53°

Note that all the arrays in the input/output lists given above must be included in the ther-
mospheric/mesospheric coupling.

(5) The final size of the measurement window NN, is re-set as equal to NN; + N1; when

there is no overlapping between the thermospheric and mesospheric windows. Other-
wise, NN, is re-set equal to NN; + N1; - (N1; +1 - j) where thermospheric measurements

J to N1, have been eliminated.

(6) The number of thermospheric measurements at the top of the resulting arrays is
stored in ntherm (0 < ntherm < N1 -

A3212: Determine the reference geodetic earth radius

U L IPTION:
The reference geodetic earth radius is determined.

INPUT:

* 9,, - Reference tangent point geodetic latitude. (degrees)

uTpP

* R, - Reference geodetic earth radius. (km)

* 8, - Average reference tangent point latitude. (to be used in A3213)

HYPOTHESIS OF APPLICABILITY:

The planet Earth is approximated to an oblate spheroid. However, local sphericity is
assumed in calculating the line-of-sight matrix. Consequently, the geodetic earth radius
must be calculated (as opposed to the goecentric radius).

The provided geodetic latitude is in the interval [-90,90].

CRI I
None

ATI UA
The Orbit/Attitude (OA) service routine which calculates the geodetic earth radius
requires the goecentric latitude as input. However, the available latitude is geodetic.

Therefore, the latter must be converted to geocentric latitude (i.e.: ). This is done by
applying the equations
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1
&, = FZSM (EQ 9.22)
T

0, = arctan ((1~-F) tan0,) (EQ 9.23)

with F'=1/298.257 when 6, is not equal to either -90 or 90 degrees. Otherwise 0, is set

equal to 8, . The above expression was taken from the Orbit/Attitude service routine
OA_EARTH_RAD.

The geodetic earth radius is then calculated by a call to the above OA service routine,
ie.

CALL OA_EARTH_RAD (8_,6,,R ,5)

If the status index s equals UOAS_GEOCLATINC then the radius could not be calcu-
lated (see Orbit/Attitude service routine documentation for information on UOAS_-
GEOCLATINC). In this case the geodetic radius is set equal to the geocentric earth
radius.

The geocentric earth radius R, is determined by

2 2
roer
¢ P

(r,sin (8))" + (r,cos 0.’

where r,=6378.160 km and r,=6356.775 km.

9.1.3 A3213: Initialization of skewed gaussian fit parameters

UNCTIO RIPTION;
Skewed gaussian fit parameters are initialized when skewed gaussian fitting of the vol-
ume emission rate profile is desired and when the filter has just been changed (i.e.

NP, #Np)

The fit parameters are the maximum emission rate Xy, the altitude X5 of maximum
emission rate, the reference half-width X, , and the skewness factor X, for each of either

one or two (for O(]S}) emission regions.
INPUT:
* 0,- Reference tangent height geodetic latitude from A3212. (degrees)

* R, -Reference geodetic earth radius. (km)

® aperture - Index specifying whether the day or the night aperture is used.
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® Y imn - Coefficients used in initializing the skewed gaussian fitting half-widths
(n=1) and skewness parameters (n=2) (size: 3x2x2x2) (from CDB)

* NP, -Filter number for previous deconvolution period.
h

*  Ng- Current filter number.

* itermax - Maximum number of iterations for skewed gaussian fitting. (0 - fitting is
not allowed, > 0 - maximum number of iterations, fitting is attempted only when lay-
ers have been added above the inversion window, < 0 - its absolute value is the max-
imum number of iterations, fitting is attempted at all times) (from CDB)

* idecly, - Index specifying if deconvolution scenario for J1 was successful. (0 - no
deconvolutions, >0 - deconvolution scenario)
* NN, - Dimension of arrays.

* J1;, - Radiance array. (rayleighs) (size: NN;)
*  zcc; - Tangent height array. (km) (size: NN;)

OUTPUT:
* chi4y, - Initilization value for chi-square statistic ratio for Eh with respect to the
skewed gaussian fit solution.

* X - Initial skewed gaussian fit parameters. (size: 4x2 for given h value)

HYPOTHESIS OF APPLICABILITY:
None.

CRITERIA OF APPLICABILITY:
The deconvolution of J1, is requested (idecl;, > 0) and fitting is allowed (itermax=0).

Also the filter has just been changed (i.e. NP # N ) and the new filter is for a different
h

species (i.e. initialization is not done during subsequent switching of the OH filters, i.e.
NF = 5)

TRANSFORMATION EQUATION:

The initial fit parameter values are defined. For 0('S) measurements (i.e. Np = 2), fit

parameters must be estimated for both the mesospheric and thermospheric region
skewed gaussians (i.e. [ = 1 to 2). Otherwise, only one set of fit parameters are initial-
ized (i.e. [ =1 only).

For O(!S), the thermospheric fit parameters (i.e. [ = 2) are derived from J 1: and zcc for

tangent heights above 140 km. The mesospheric fit parameters (i.e. [ = 1) are derived
from the measurements for tangent heights below 140 km. If zcc is less than 140 km,

Xj.1.2 and X, 5 5 can be set equal to zero and zccy, respectively. Otherwise, if 2y is

greater than 140 km, X, | | and X, 5 ; are set equal to zero and zeeyy - respectively.

126

SDPPS Algorithms: Issue 3.0, March 15, 1993



A32: Deconvolution of Apparent Quantities

9.1.4

The altitude X), | | of maximum volume emission rate is taken as equal to the tangent
height of maximum apparent emission rate.

The magnitude of the maximum volume emission rate for each emission region will be
roughly approximated by dividing each corresponding maximum apparent emission
rate, say J1y;, by a line-of-sight segment of 2.5L with L defined using the Pythagorean
theorem (see A3215)

L = 0.2,\/(3({’:‘._1 —x) (zec,_ +x+2R8)

where
1
X = 5 (ZCC.‘-l +zcci)
The reference half-width X, 5 | and the skewness factor X, 4 are initialized using

X Y +Y.

.2 4
nat = Y m 1 t Yo SI0T (8, + Y5 sin ()

and

X Y +Y

.2 . 4
Lim2 T Yo 0 m 280 (8,) + Yy | osin”(6))

A4l
for the day time or night time apertures respectively.
The constant chi4,, is initialized as equal to 0.5 (or any value between 0 and 1). This con-

stant will be required in A32143 and/or A322.

A3214: Determine deconvolution window

FUNCTIONAL DESCRIPTION:

Either eliminate inversion window layers or add layers above inversion window when-
ever required.

HYPOTHESIS OF APPLICABILITY:
None

CRITERIA OF APPLICABILITY:
None

TRANSFORMATION EQUATION:

(1) A32141 - Apply criteria for window modification. (Define index.)

(2) A32142 - Reduce window by eliminating small apparent quantities. (Applied only
when index = 1.)
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9.1.41

(3) A32143 - Add layers above inversion window. (Applied only when index = 2.)
A32141: Apply window modification criteria

FEUNCTIONAL DESCRIPTION:
Set the index that specifies if and how the inversion window or the set of atmospheric
layers will be changed.

INPUT:

* NN, - Dimension of standard arrays.
. Jlf - Apparent quantity array. (rayleighs) (size: NN;)

. Sl? - Variance array for J1°. (rayleighsz)
*  Np - Filter number (from All)

Prave n - Wave/No-wave correlation coefficient. (from A3133) (not currently used)

* idecl, - Index specifying requested deconvolution scenario for J1. (0 - failed or no
deconvolutions, >0 - deconvolution scenario)

* idec2; - Index specifying requested deconvolution scenario for J2 and J3. (0 - failed
or no deconvolutions, >0 - deconvolution scenario)

OUTPUT:

® NA - Initialized number of layers above inversion window.

. 7]
Jpax = Maximum 5

. 3
ty

masx

- Layer index of J,

* idecly - Index specifying requested deconvolution scenario for J1. (0 - failed or no
deconvolutions, >0 - deconvolution scenario)

* idec2; - Index specifying requested deconvolution scenario for J2 and J3. (0 - failed
or no deconvolutions, >0 - deconvolution scenario)

® index - Index specifying how solution window size is to be changed. (0 - No change,
1 - Reduction, 2 - Add layers)

POTHESIS ILI
None

CRITERIA OF APPLICABILITY:

None
F ION:

(1) Initialize index as equal to zero and NA as equal to zero.
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9.14.2

(2) If the initial size of the vector J1° is less than four (ie.: if (NN, < 4)) then indices are
set to indicate that no deconvolutions will be applied (i.e.: set idecl, =0, idec2;, = 0, and
index = (). Therefore we can escape from A32. (Note: A criterion to account for the

presence of waves might be added later (e.g.: If (p > 0.6) then waves are present

wave, h
and inversions will not be done.).)

(3) Determine the maximum value (J,,,,,) in the array J1°. Also store the correspdong
layer index (iJ, ). Both variables may be used in A32142 or A32143.

mar

(4) Apply the window reduction criterion. Use the minimum of 4/Sl‘; and one percent of
the maximum value as the lower limit for J 1? that is applied on the top side of the array.

If ((idec1.ne 0.oridec2),ne.0).and.J17 ltmin(,/S1], 0.01J,,,,)) index = 1

(5) Apply the window extension criterion. Extension of the window is possible only for
the green line (O('S), Np = 2), the red line (O('D), Ng= 3), and the 732 nm line (0¥,
Np=4).

If (idecl;.ne.0.and.index.eq.0.and.zcc;.gt.250.and (Np.ge.2.and Np.le 4)) index=2
A32142: Reduce inversion window upper boundary

FUNCTIONAL DESCRIPTION:

The highest atmospheric layers (and apparent quantities associated with the highest tan-
gent heights) corresponding to weak intensities are eliminated. No less than four layers
must remain for applying deconvolutions.

INPUT:

s J

. a
max - Maximum J1..

* NN, - Dimension of standard arrays.

* ndex - Index specifying how solution window size is to be changed. (0 - No change,
I - Reduction, 2 - Addition of layers)

* zcc;- Tangent height (altitude) array. (km) (size: NN;)

. Jlf - Apparent emission rate array. (rayleighs) (size: NN;)

* 127 - Apparent quantity (cosinusoidal component) array. (rayleighs) (size: NN;)
. 13:’ - Apparent quantity (sinusoidal component) array. (rayleighs) (size: NN;)

* SI; - Variance array for J1°. (rayleighs?)

*  52] - Variance array for J2°.

SDPPS Algorithms: Issue 3.0, March 15, 1993 129



A32: Deconvolution of Apparent Quantities

* 5§37 - Variance array for J3°.

*  ntherm - Number of thermospheric measurements being used during the green line
thermospheric/mesospheric coupling.

* decly - Index specifying requested deconvolution scenario for J1. (0 - failed or no
deconvolutions, >0 - deconvolution scenario)

idec2), - Index specifying requested deconvolution scenario for J2 and J3. (0 - failed
or no deconvolutions, >0 - deconvolution scenario)

QUTPUT:

® NN, - Dimension of standard arrays.

* zcc; - Tangent height (altitude) array. (km) (size: NN,;)

® zcc; - Altitude array. (work array) (size: NN,
. Jlf.’ - Apparent emission rate array. (rayleighs) (size: NN;)
. J’Zf - Apparent quantity (cosinusoidal component) array. (rayleighs) (size: NN

. ]3? - Apparent quantity (sinusoidal component) array. (rayleighs) (size: NN;)
. S]f - Variance array for J1°. (rayleighsz)

*  S§2] - Variance array for J2°.

*  $3] - Variance array for J3°.

® ntherm - Number of thermospheric measurements being used during the green line
thermospheric/mesospheric coupling.

* idecly - Index specifying requested deconvolution scenario for J1. (0 - failed or no
deconvolutions, >0 - deconvolution scenario)

* idec2y - Index specifying requested deconvolution scenario for J2 and J3. (O - failed
or no deconvolutions, >0 - deconvolution scenario)

HYPOTHESIS OF APPLICABILITY:

None.

CRITERIA OF APPLICABILITY:

Reduction of inversion window is requested. (index=1)

TRANSFORMATION EQUATION:

(1) Use the minimum of A/Sl? and one percent of the maximum value as the lower limit

for J l'; that is applied on the top side of the array. Then eliminate the consecutive top

side rows which fall below this lower limit. Remember that the resulting size of the
arrays (i.e. NN;) must be no less than four in order to apply deconvolutions later.
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9.143

rithm
Doi=1,NN;

It (Jlj’.gr.mm (\/Slf, o.ouma)) goto 10
End do

10 If (i.eq.1) Return
If (i.gt.NN; - 3) then

idecl, =0
idec2, =0
Return
End if
Do j = i, NN;
Z(.‘Cj_,'+1 = ZCCJ'
n°.. . =1°
J—i+l )
s1? . =581°
J=i+1 J
End do
If (idec2,.g1.0) then
D()j=i, NN,
o a
B2 s =d%,
737 . =3l
j—i+1 J
527 =827
F=iil J
5° ., =5
J=i+1 J
End do
End if
NN;= NN;- i+l

(2) The number of green line thermospheric measurements, defined when ntherm>0), is
reduced in size by i - 1 (i.e.: ntherm = ntherm - i + 1). If the resulting quantity is less
than zero then it is set to zero.

A32143: Add layers above inversion window

FUNCTIONAL DESCRIPTION:
Add layers above the inversion window in order to account for high thermospheric

emissions. This algorithm is applied only for the species of 0('s), 0('D), or O*.

INPUT:

* jrermax - Maximum number of iterations for skewed gaussian fitting. (0 - fitting is
not allowed, >0 - maximum number of iterations, fitting is attempted only when lay-
ers have been added above the inversion window, <0 - its absolute value is the maxi-
mum number of iterations, fitting is attempted at all times) (from CDB)
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* index - Index specifying how solution window size is to be changed. (0 - No change,
1 - Reduction, 2 - Add layers)

* idecly - Index specifying requested deconvolution scenario for J1. (0 - no deconvo-
lutions, >0 - deconvolution scenario)

* chi4, - Initilization value for chi-square statistic ratio for £, with respect to the
skewed gaussian fit solution.

* X~ Skewed gaussian fit parameters. (size: 4x2 for each h value)

®  Jax - Maximum apparent quantity value. (rayleighs)

*  iJ,. - Layer index of J, ..

® NN, -Dimension of arrays.

* zcc; - Tangent height (altitude) array. (size: NN;)

* J17 - Apparent quantity array. (size: NN)

*  Np- Filter number (from All)

OUTPUT:

* jdecly - Index specifying requested deconvolution scenario for J1. (0 - no deconvo-
lutions, >0 - deconvolution scenario)

* idec2y - Index specifying requested deconvolution scenario for J2 and J3. (0 - no
deconvolutions, >0 - deconvolution scenario)

* NA - Number of layers added above inversion window.

®  zcc; - Altitude array. Includes any layer added above inversion window (work array)
(size: NN; + NA)

*  chid, - Initilization value for chi-square statistic ratio for Ej, with respect to the
skewed gaussian fit solution.

HYPOTHESIS OF APPLICABILITY:
This algorithm is applied only for the addition of high thermospheric layers and for the

species of O(!'S), 0('D), or O*.

CRITERIA OF APPLICABILITY:

Addition of layers is requested (index = 2) and fitting using skewed gaussians is
allowed (itermax #0).

TRANSFORMATION EQUATION:

The determination of the upper boundary for this extended region relies on a skewed
gaussian based analytical model defined by a fit of the volume emission rate profile
solved during the previous call to A32, or, after each filter change, by fit parameter esti-
mates. The volume emission rate model is defined as
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2

2
Y X e.xp{—]n(Z){ Y J} for O('S), N, = 2
Wt Xy v 0, =X )Xy, o
E(z,X) = {!=!

2
z_x3.l |
X] L€Xp -In (2) otherwise
Xo 1+ (=X DX,

where the X; ; (= X}, ;. ) are the fit parameters and z denotes altitude.

If the altitude of maximum thermospheric apparent quantity is at the highest tangent
point altitude (zccy, i, = 1), and if the estimated altitude X}, 3 of maximum volume

max

emission rate in the thermosphere is greater or close to that same tangent height, then
any deconvolution solutions that would be produced should be considered unreliable.
Therefore, the requested deconvolutions will not be done. The indices idecl,, and idec2,,

are both set equal to zero and chidy, is set equal to 100 (or some other large value).

Otherwise, the upper boundary altitude of the extended window is defined as the altitude
corresponding to a volume emission rate value close to 5% of the volume emission rate
peak (X, 1 1 or X, 2). An upper altitude limit of 500 km is also imposed.

The extension region above the inversion window is subdivided into homogeneous lay-
ers with constant thickness h, equal to that of the first underlying layer (h, = zcc; -zcc).

The final altitude array zcc which includes both the new layers and the layers of the
inversion window is defined using

Z;=zce; ,for i=1 to NN;
zec;=Zy+ (NA+1-0h, ,for i=1 to NA
zec;+ NA=Z; ,for i=1 to NN;

where NA is the number of layers added above the inversion window. NA is determined
using the 5% cutoff value (or the 500 km limit) described above and the altitude limit
expression Z; + NA k. for the region above the inversion window. The final dimension

of zcc is NN; + NA.

A3215: Calculation of line-of-sight matrix

EUNCTIONAL DESCRIPTION:

Determination of the line-of-sight matrix using the infinitessimal field-of-view assump-
tion. The matrix elements are calculated using the Pythagorean theorem. The resulting
matrix will be square and lower triangular when atmospheric layers have not been added
above the inversion window. Otherwise, all the elements of the first few columns will be
non-zero, while the remaining part of the matrix will be square and lower triangular. The

rayleigh

matrix elements are in - =
photons e cm ~ e sec
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The square and lower triangular matrix result from selecting the atmospheric layers such
that their altitude boundaries closely correspond to tangent height boundaries.

INPUT:

e NA - Number of layers added above inversion window.

* NN, - Number of layers for inversion window.

* R, - Reference earth radius. ( km)

¢ zcc; - Geodetic tangent height (and altitude) array. (km) (size: NN; + NA)

® itherm - Index specifying if the initial and the first and/or second additional arrays
are present. (0 - Neither the first nor the second additional arrays are present, 1 - the
first additional vector is availble, 2 - the second additional vector is available, 3 -
both additional vectors are available.) This index is intended mainly for use with
green line measurements.

¢ ntherm - Number of thermospheric measurements being used during the green line
thermospheric/mesospheric coupling.

OUTPUT:
* L;;- Line-of-sight matrix. (size: NN; x (NN; + NA))

H OF AP :

1) Local sphericity can be assumed.

2) The infinitessimal field-of-view assumption is adequate in defining the path length
through each atmospheric layer (i.e., shell).

3) Spherical homogeneity can be assumed.

CRITERIA OF APPLICABILITY:
None

TION:

The line-of-sight matrix element L; ; for each infinitessimal field-of-view i, and through
each atmospheric layer J, is defined, using the Pythagorean theorem, as

L= 2[ [z =x) (¢_, +x,+2R) - J(z;-x) (z;+5,+2R)]

where R, (km) is the geodetic earth radius, the x; (km) are the reference tangent heights
for the infinitessimal fields-of-view, and g (km) define layer altitude boundaries with

Zj<g- 1. The constant ¢ (=0.1) is the product of the km to cm and the

photons e em e sec to rayleigh conversion factors, respectively equal to 10° and 10°5.
The factor of 2 accounts for the line-of-sight crossing the atmospheric layer twice. The

. ; rayleigh
matrix elements are in

-3 -1
photonsecm = e sec

For the inversion window, the altitude boundaries of the atmospheric layers are approxi-
mated by the midpoint point altitudes between successive geodetic tangent heights
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(i.e.: zcc;). Above the inversion window, the layers are of thickness equal to that of the

first inversion window layer.

The one exception is at the green line mesosphere/thermosphere interface. In this situa-
tion, the mesosphere/ thermosphere altitude boundary is defined as the lower boundary

of the thermospheric measurements

(i.e.: for ntherm> 1,z = 1.5zce -0.5zcc

ntherm + NA ntherm + NA - 1)'

Samole aleoritt

Fori=1toNN;do

Liiina =02 '\/(ZHNA"xi) (2, yatX T2R)

i Li,i+NA
If(NA>0andi=1)or(i>1) then
Forj=i+NA-lto1lby-1do
¢ =020 [(z;-x) (z+%,+2R)
Lij=c-b
b=c
End do

End if
End do

The atmospheric layer boundary z; is defined by

If (j.eg.l) then
zj = 1.5z¢cy - 0.5zcc,

Else if (j.eq.NN; + NA + 1) then
zj= L5zcenyiena - 0.52cCnni+ Na - 1

Else if (itherm.ne. O.and.ntherm + NA + 1 .eq.j.and.j. gt.2) then
zj=1.5zccj - 1 - 0.5z¢¢; - 2

Else if (itherm.ne.O.and. ntherm + NA + l.eq.j.and.j.eq.2) then
zj = (zccy + 1.5z, - 0.5z¢¢3) 12

Else
zj=(zccj+zecj- 1) 12

End if

The tangent height x; of the representative infinitesimal FOV is given by

If (itherm.ne.O.and.ntherm + 1.eq.i.and.i.lt. NN;) then
Xi=Ziy Na+1+0.5684(Z; c N+ 1 - Zie NA+2)

Else if (itherm.ne.0.and.ntherm + 1.eq.i.and.i.eq.NN;) then
Xi = ZCCi 4 NA

Else if (i.gt.1) then
x;=0.5684z; , ya + (1.0000 - 0.5684) z; . ya + 1

Else if (i.eq.1) then
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X = 05684(1 .SZC(.'I +NA - O.5ZCC2 + NA) + (10000 -0.5684) ZirNA+1
End if

and L; j= 0.0 for j - NA > i.
The constant 0.5684 provides an integration line-of-sight that is slightly above the bin
field-of-view midpoint (which corresponds to zcci+NA). This value is chosen in an

attempt to minimize the error resulting from the infinitesimal field-of-view assumption.

Figure A32.1 describes the matrix element L;. j-as the sum of the line-of-sight segments
AB and CD.
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9.2

A322: Volume emission rate deconvolution

FUNCTIONAL DESCRIPTION:

1. Objective

Given the apparent quantity array J1, the volume emission rate profile Ej, is determined
prior to solving for the visiblity and phase profiles. The volume emission rate profile is
determined through Twomey deconvolution. If requested, the volume emission rate pro-
file can afterwards be fitted by skewed gaussians. The fit parameters defining the
skewed gaussians are determined iteratively. These fit parameters may be required later
for the deconvolution of the next set of measurements. A standard deviation estimate
array is provided for the volume emission rate solution. The ratio of the chi-square sta-
tistic for the apparent quantity array J1, to the 95% confidence interval chi-square sta-

tistic is provided as additional quality parameter.
2. General solution method

The general Twomey method equation applied for deriving the volume emission rate
profile Ej, is

T -1 T.=1
(L .S“hL+'yEHE)Eh = LS, 1, (EQ 9.24)

where S, is the provided diagonal covariance matrix estimate, v, is a given weighting
h

factor, and H is the constraint matrix. The equation can be solved using a Nag routine
that accounts for a positive definite and symmetric matrix. Once the matrix equation is
solved, a lower bound of zero is applied to the volume emission rates.

One possible choice for the constraint matrices is the square, i.e. H = KTK, of the first
order finite difference matrix operator K, where, denoting the length of the array Ej, as

N, the NxN matrix is

0 0
1 1
S R 0
Eh,} Ek,!
1 1
Ke |l — —an. 0 (EQ 9.25)
E, 5 Ep 5
1 1
{ it m Tl
L Enn-y Enwn

The array £, may be based on the solution of the previous deconvolution period, or, if
available, a modelled version of the latter, or a combination of the above two possibili-
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ties. This modelled version will have been defined by fitting skewed gaussians to this
previous deconvolution solution.

The above constraint matrix could be used when the deconvolution window has been
extended, or when it is desired that the weight of the constraint be approximately pro-
portional to the ratio of the emission rate random error variance over the square of the
volume emission rate. The random error information is contained in the first term of the
deconvolution equation, while an estimate of the required volume emission rate is
imbedded in the finite difference operator.

3. Quality parameters

The standard deviation estimate array o for the volume emission rate profile Ey, is cal-
h

culated using

5 -1
i« (L?S;]i L) (EQ 9.26)

ki g

The chi-square statistic ratio calculated for J1;, is defined as

g |2
“Suw(LEh_“h) “
chil, = — (EQ 9.27)

NN, +2 2NN,

4. Skewed gaussian fitting

The profile required in defining the matrix K shown above should vary smoothly with
altitude and should exhibit, whenever possible, the principle features of the volume

emission rate profile. In addition, for high thermospheric emissions, E, must extend

above the initial inversion window. For this purpose, skewed gaussians were selected to
model the constraint volume emission rate profile. The volume emission rate model is
defined as

2

2
-X
z 3.4 1
in [€XP {-ln (2}[ ] } forO('S)
Hd ’ Xt =X )X,
E(zX) = |7 (EQ 9.28)

2
i X5
X, jexp |-In (2) : otherwise
’ Xo it (= X5 DXy

where z denotes altitude. (Thuillier, 1973).

The value of the parameters X, ; are determined, through iteration, by minimizing
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- 2
1 (Ehr"'E(Zl"X))
2
) : max (E, , 1) UE,'
yoo= - (EQ 9.29)

1
max (Ekj, 1)

2

where E(z, X isa model average for atmospheric layer i, and Ej, is the deconvolution

volume emission rate profile. For a volume emission rate profile of length NN;, a con-

vergence criterion is \pz < NN, +2,/2NN.. A limit on the number of iterations is imposed.

For the window extention case, if an acceptable fit cannot be determined, deconvolu-
tions cannot be done.

The initial fit parameter values are typically those defined during the previous deconvo-
lution. After the first Twomey deconvolution following a filter change, other than during
subsequent switching of the OH filters, the altitude X5 and value X of the maximum

emission rate can be defined using the solution profile £, and the half-width X initial-
ized as the average of the upper and lower half-widths of Ej, (if both are available). The
half-width is defined as the magnitude of the altitude difference between the positions of

1
Epay and Epqe where E, o= EE

max”

ANPUT:

* y. - Weighting factor. (from CDB)

* MATI - Index specifying constraint matrix for Hy. (from CDB)

* idecl,, - Index specifying requested deconvolution scenario for J1. (0 - no deconvo-
lution, >0 - deconvolution scenario)

® jtermax - Maximum number of iterations for skewed gaussian fitting. (0 - fitting is
not allowed, >0 - maximum number of iterations, fitting is attempted only when lay-
ers have been added above the inversion window, <0 - its absolute value is the maxi-
mum number of iterations, fitting is attempted at all times) (from CDB)

*  chi4;, - Chi-square statistic ratio for £}, with respect to the skewed gaussian fit solu-
tion. (for previous fit solution if available)

HYPOTH CABILI
None.
CRITERIA OF APPLICABILITY:

The deconvolution for volume emission rates is requested. The apparent quantity array
J1, has a length greater or equal to four. (idecl; > 0)
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TRANSFORMATION EQUATIONS:

(1) If skewed gaussian fitting is allowed (irermax = 0) and the first guess values for the
fit parameters are available (chi4, £1), then if MAT1 is not equal to 7, 9, or 10, MAT=10
should be used instead of MAT, and if v is less than 0.1, y = 0.1 should be used in

place of y,. This ensures that the region above the inversion window will be taken into
account in the deconvolution.

(2) Call A3221 - If requested, define the reference volume emission rate profiles. (see
step (1))

(3) Call A3222 - If requested, define the constraint matrix Hg. (see step (1))

Input: idecly, MAT1, NA, NN, X, X, igaas Vg L, S1°
Output: Hg

(4) Call A3223 - Solve for the volume emission rate profile using the Twomey matrix
equation.

Input: idecly, NA, NN, L, J1°,81°, v, Hg
Output: idecly, E°

(5) Call A3224 - Define the final volume emission rate profile.

(6) Call A3225 - Derive the chi-square statistic ratio for J1,.

Input: idecly, L, J1°, S1°, NA, NN, Eo
Output: chily,

(7) Call A3226 - Derive the standard deviation estimate array.

(8) Call A3227 - If requested, apply skewed gaussian fitting to the volume emission rate
profile by minimizing

(B, ~E(2, X))
X = Z—’“—‘i (EQ 9.30)

9.2.1 A3221: Define reference profiles for Ej,.

FUNCTIONAL DESCRIPTION:

Define either one or two reference profiles for Ej. The reference profiles are defined
using a selection index. At the moment only four choices are available. If requested,
these reference profiles will be used when defining the Twomey deconvolution equa-
tions.
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INPUT:

irefl - Index specifying selection of reference profiles for Ej,. (from CDB)
¥ - Weighting factor. (from CDB)
NP, - Dimension of previous solution arrays,

z, Altitude array for previous solution arrays. (km) (size: NP,) If NP, =0, Zpis

ki
not available.

Ep - Previous volume emission rate solution array. (photons cm”-3 s"-1) (size:

hi

NP). If NP, =0, E, is not available.

NP - Filter number for previous deconvolution.
h

Ng - Current filter number.

itermax - Maximum number of iterations for skewed gaussian fitting. (0 - fitting is
not allowed, >0 - maximum number of iterations, fitting is attempted only when lay-
ers have been added above the inversion window, <0 - its absolute value is the maxi-
mum number of iterations, fitting is attempted at all times) (from CDB)

chidy, - Chi-square statistic ratio for Ej, with respect to the skewed gaussian fit solu-
tion. (for previous volume emission rate fit solution)

Xy - Initial skewed gaussian fit parameters. (size: 4x2)

idecl, - Index specifying requested deconvolution scenario for J1. (O - failed or no
deconvolutions, >0 - deconvolution scenario)

NN; - Number of layers for inversion window.

NA - Number of layers above inversion window.

zee; - Altitude array. (km) (size: NN; + NA)

Jl:) - Apparent emission rate array. (rayleighs) (size: NN;)

L,-J- Line-of-sight matrix. (10’s of km) (size: NN; x (NN+NA))

OUTPUT:

L

idecly, - Index specifying requested deconvolution scenario for J1. (0 - failed or no
deconvolutions, >0 - deconvolution scenario)

x; - Reference profile for possible use in defining constraint matrix Hy,. (size:

NN; + NA)

x; - Additional reference profile (size: NN; + NA). Only available when indicated
(i.e. whenizgy=1)

i4qq - Indicates if x; is available. (=0 - not available, =1 - available)

HYPOTHESIS OF APPLICABILITY:

None.
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IT OF AP LI

The deconvolution of J1° is requested (idecl;, > 0), and reference profile(s) are required

(yg>0).
A R (0] U

The reference profile x is specified using the selection index irefl. At the moment only
four choices are available for these profiles. The default value for irefl is set equal to 1 if
the initial irefl is out of the range for the available choices.

If irefl < 3, skewed gaussian fitting is allowed (itermax #0), and the first guess fit
parameters are available (chr'tik < 1), then the third choice is used instead of that speci-

fied by irefl.

An additional reference profile, denoted by x, is defined using the previous volume
emission rate solution when the latter available. Otherwise (i.e. NP # N except when
h
OH filters are being switched), x is set equal to x. When Ep is available, iyy, is set equal
h

to | and is defined using choice four specified below.
Listof auniluhie chisiges &
(1) Set each element in x as equal to 1.0.

o

J1.
(2) If NA =0, the array elements xi are set equal to L—' with an imposed lower limit of
iy i

1.0. Otherwise, idecly, is set equal to zero.

(3) Define x using only the skewed gaussian model described below if the fit parameters
are available. If they are not, use the second choice when NA =0, and, when NA > 0,
specify that no deconvolutions will be possible (set idecl; = 0) and then exit this algo-

rithm,

The elements x; are set equal to the layer average E (zcc, X) where the latter can be

defined using Simpson’s rule, e.g.
g(zccj, X) = é [E(0.5(zce, | +zcc), X) +4E(zec, X) +E (05 (zee; | +zeey), X)]

The modelled volume emission rate function
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9.2.2

2 % 2
5 _h o('S),N, =2
ZXUexp -In (2) Y =7 -1 % for O("S),N. =

21t ( z—xi,f)
E(zX) = |'=! )
"%, .
lelcxp {-ln (2) [W] } otherwise
2,1 27 3, )

with X ; denoting the fit parameters. For O(IS), if any one of the two maximum volume
emission rate values X | and X , are zero, the corresponding skewed gaussian is not

used in the fit. If the skewed gaussian exponent is excessively large or if its denominator
is less or equal to zero, the corresponding term in the summation for E(z,X) is set equal
to 0.5. A lower limit of 1.0 is applied for E(z,X).

(4) If the filter has just been changed in order to observe a different species (NP, =N,
h

except when OH filters are being switched), do choice (2) for layers of the inversion

window (i.e. i > NA). Otherwise, for layers of the inversion window (i > NA), set the x;

for i < NA equal to the elements resulting from the linear interpolation, in altitude, of
E .
P

For layers above the inversion window, use the skewed gaussian fit model of choice (3).
In addition, the reference profiles above the inversion window are maltched to that of the

inversion window by multiplying x; for i < NA by a factor where

xNA+1
o =

E(zeeyy , pX)

A3222: Selection of constraint matrix

UN D TION:
A constraint matrix is selected by means of an index. There are currently eleven possi-
ble choices.

PUT:
* idec - Index specifying deconvolution scenario. (either idecly, or idec2;) (0 - no
deconvolution, >0 - deconvolution scenario)

*  MAT - Index specifying selected constraint matrix. (either MAT1 (or MAT), MAT2,
MAT3, MAT22, MAT33)

*  NA - Number of layers added above inversion window.

*  NN;-Number of inversion window layers.

* x;- Reference profile (size: NN; + NA)

* X, - Additional reference profile (size: NN; + NA). Only available when indicated
(i.e. wheniggy=1)

SDPPS Algorithms: Issue 3.0, March 15, 1993 143



A32: Deconvolution of Apparent Quantities

*  i4q- Indicates if is available. (=0 - not available, =1 - available)

* vy - Weighting factor. (either Yp Yo Y30 Ypp OF 733)

L] Li,j - Transformation matrix. (size: NN; x (NNANA)) (either L,-J- or 1:1-!]-)

. S? - Variance array. (size: NN;) (either §1°, §2°, or §3°)
OUTPUT:

* ;- One of the following constraint matrices: H,,H ,H ,H , or H . (size:
J BT A

(NNANA) x (NN+NA))

PO SIS PP ILITY:
None.
CRITERIA OF APPLICABILITY:

Deconvolution is requested (idec>() and the constraint matrix is required (>0).

ANS MA EQU

The constraint matrix is selected from the following list using the value of MAT. For
cases where a matrix denoted by K is presented, the final constraint matrix is calculated
using

c=K"x

The calculation of the matrix C should be done such that computing time is minimized
(e.g. account for sparsity of K and symmetry of C). The K matrices are finite difference
representations of low order differential operators. For example, the second difference
matrix of type 3 (MAT = 5) is representative of the operator

where z denotes altitude.

For any x; value less in magnitude than about 0.001, this limiting value is instead
applied in defining the corresponding elements in the following matrices. The above

should also be applied to x when the latter is available.

The second difference matrix of type 4 and the first difference matrix of type 4 can only

be used when the additional array x has been made available (i.¢. iygy = 1).
If {44 =0 and MAT = 6 or 10 then select matrices 3 or 7 respectively.

All K and C matrices are (NN 4+NA) x (NN+NA). For convenience let M = NN; + NA.
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0 0
-1 = =l
x, —2x2 X, 0
-1 -1 -1
0 Xy —2)c3 B
K=
| O

0 0
X X.
2
| i 0
*3 x5
X X
02220
K = £ X4
X
oM,
Mg
L0 0 0
(6) Second difference matrix
i 0 0
¥ 2 %3 B
LR
X%, Xy XyalXy
X X,
3 2
0 3 }
K= Xoa/X3 VX3 XAl
| 0

(7) First difference matrix

0 0
0
0
Mo
*u
0 -
0
0
0 B 2 M-1
xM_z’\/}M—l '\/;:M—l XMN/-;Mfl
0 Q 0

J
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9.2.3

0 0
%3 1
= 0 0
xl\/xz «/-:2
pe
3 |
0 - 0 0
K = Ji— [~
X2 X3 Al Xq
X
M 1
0 .
B XM7 1A XM A IM#

where S, is diagonal with 5, = S,
The calculation of matrix products should be done such that computing time is mini-

mized (e.g. account for the sparsity of | and the symmetry of Lrs;lL).

A3223: Twomey deconvolution

FUNCTIONAL DESCRIPTION:
A solution profile is determined using a least-squares linear constrained deconvolution
method based on Twomey (1977).
INPUT:
* idec - Index specifying deconvolution scenario. (either idecly, or idec2,)

* NA - Number of layers added above inversion window.

L ]

NN; - Dimension of measurement array and number of layers for inversion window
layers.

L,»,j - Transformation matrix. (either Lt—_j or I:“j) (size: NNV; x (NN+NA))

e J;- Apparent quantity array. (either J1°, J2°, J2°, J3° or J3’) (rayleighs) (size: NN;)
(rayleighs)

* 5] - Variance array. (either $1°, §2°, or §3°) (size: NN;)

* vy - Weighting factor for constraint matrix H. (either v, v,, Y5, Y200 ©F V33 )

* H - Constraint matrix. (size: (NNANA) x (NN+NA)) (either

Hy, Hv" HA:, H ,, or HA,) (not available nor necessary if y<0)

v
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9.24

* idec - Index specifying deconvolution scenario. Indicates if the deconvolution was
successful (>0) or not (=0). (either idecly, or idec2y,)

* - Solution of deconvolution process. (either E°, V<, A, V¥, or A®) (size: NN#NA)

HYPOTHESIS OF APPLICABILITY:

None.

(0] ICA
Twomey deconvolution is requested (idec > 0).

TRANSFORMATION EQUATION:
(1) Solve for x in

(L's, ' Leymyx = L's}'

where S, is diagonal with §, = Sf. The equation can be solved using a Nag routine

that accounts for a positive definite and symmetric matrix for a system of the type Bx=y
where B is the matrix.

The calculation of matrix products or additions should be done such that computing

time is minimized (e.g. account for the sparsity of L and the symmetry of LTSJIL and

H).

(2) If an acceptable solution could not be determined by the Nag routine, the index idec
is set equal to a non-positive number. (idec £0)

A3224: Set final volume emission rate profile

FUNCTIONAL DESCRIPTION:
Eliminate volume emission rate solution elements for layers above the inversion win-
dow and any negative solution values.

INPUT:

* idecl, - Index specifying if deconvolution scenario for J1 was successful. (0 - failed
or no deconvolution, >0 - deconvolution scenario)

* NA - Number of layers added above inversion window.

* NN, -Dimension of measurement array and number of layers for inversion window
layers.

' Ef - Volume emission rate profile obtained from deconvolution of J1. (size:
NN#+NA)

*  zcc; - Altitude array. (km) (size: NN; + NA)
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9.2.5

QUTPUT:

e [Ej; - Final volume emission rate profile obtained for the inversion window. (size:
NN;)

* zcc; - Altitude array. (km) (size: NN;)

HYPOTHESIS OF APPLICABILITY:
None.

CRITERIA OF APPLICABILITY:
Deconvolution for Ej, was successful. (idecl; > 0)

TION:

All negative elements in the array E° are set equal to zero.

The volume emission rate profile is defined for the inversion window by discarding the
solution values for the layers above the window, i.e.

el
Ei=Eina

and
chi = ZC

Ci+NA

fori=1to NN;

A3225: Chi-square statistic ratio calculation

NC IP
The ratio of the solution related chi-square statistic to the chi-square 95th percentile is
determined for an apparent quantity array.

INPUT:

* jdec - Index specifying requested deconvolution scenario. (0 - failed or no deconvo-
lution, >0 - deconvolution scenario) (either idecl,, or idec2,)

. L,»_j - Transformation. (either L,J- or i{-yj) (size: NN; x (NN+NA))
* J;- Apparent quantity array. (either J1°, J2°, or J2°, or J3° or J3°) (size: NN;)

* 517 - Variance array for J. (either S1°, §2°, or §3°) (size: NN,)

* NA - Number of layers above inversion window.

® NN, - Number of layers for inversion window.

* x; - Deconvolution solution profile. (either E°, V<, A€, V¥, or A®) (size: NN+NA)
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9.2.6

OUTPUT:
® chi - Chi-square statistic ratio. (either chil, chi2,, or chi3;)

HYPOTHESIS OF APPLICABILITY:

None.

CRITERIA OF APPLICABILITY:

Applied only if deconvolution was successful. (idec > ()
TRANSFORMATION EQUATION:

The chi-square statistic ratio is given by

2

s we-n|
NNE+2 ZNNI.

chi

where the diagonal covariance matrix S has its diagonal equal to S°.

A3226: Derive standard deviation estimate array for Ej,

EUNCTIONAL DESCRIPTION:

The standard deviation of each volume emission rate array element is determined,
based on direct inversion, given the variance array associated with the apparent quantity
Vector.

INPUT:

* idecly - Index specifying deconvolution scenario. (0 - failed or no deconvolution, >0

- deconvolution scenario)
* L;;- Line-of-sight matrix (size: NN; x (NN;+NA))
. Sl? - Variance array for the radiance profile J1;,. (size: NN,)
* NN;-Dimension of arrays.

®*  NA - Number of layers added above inversion window.

OUTPUT:

* &

g - Standard deviation profile for volume emission rates. (size: NN;)
hi

HYPOTHESIS OF APPLICABILITY:

None.

CRITERIA OF APPLICABILITY:

The deconvolution was successful (idecly > 0).
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8.2.7

TRANSFORMATION EQUATION:

The derivation of standard deviations is based on the equation

ul )
T el
e = [L .S OL)
Ey; ’\/ T e NA, i+ NA

where i = 1to NN, and S, is a diagonal covariance matrix, with the diagonal equal to
h

the variance array S1°,

A3227: Skewed gaussian fitting

FUNCTIONAL DESCRIPTION:

One or two skewed gaussians are fitted to the volume emission rate profile of the inver-
sion window. The fitting involves finding acceptable values for either four or eight fit
parameters. This search is done using an iterative routine selected from the Nag library.

The fit parameters are the maximum volume emission rate X, the altitude X5 of maxi-
mum volume emission rate, the reference half-width X, , and the skewness factor X, for

each of either one or two (for ()(]S}) emission regions.

NPUT:

* NP, -Filter number for previous deconvolution. (N of previous call to A32)
h

® Ng - Current filter number.

* itermax - Maximum number of iterations for skewed gaussian fitting. (0 - fitting is
not allowed, >0 - maximum number of iterations, fitting is attempted only when lay-
ers have been added above the inversion window, <0 - its absolute value is the maxi-
mum number of iterations, fitting is attempted at all times) (from CDB)

* chi4; - Chi-square statistic ratio for E, with respect to the skewed gaussian fit solu-
tion. (for previous fit solution if available)

®  Xj - Initial skewed gaussian fit parameters. (size: 4x2 for each h value)

* idecl, - Index specifying if deconvolution scenario for J1 was successful. (O - failed
or no deconvolutions, >0 - deconvolution scenario)

* NN; - Dimension of arrays.

- % S I
* E,; - Volume emission rate profile. (photonsecm ~ o5 °) (size: NN))

* o - Volume emission rate standard deviation estimate array.

E;

*  zcc; - Altitude array. (km) (size: NN))

PUT:
* chid,, - Chi-square statistic ratio for E;, with respect to the skewed gaussian fit solu-

tion. (for current fit solution)

152

SDPPS Algorithms: Issue 3.0, March 15, 1993



A32: Deconvolution of Apparent Quantities

¢ iconv, - Number of iterations for convergence of skewed gaussian fitting. (for cur-
rent fit solution)
* X, - Final skewed gaussian fit parameters. (size: 4x2 for each h)

HYPOTHESIS OF APPLICABILITY:
None.

CRITERIA OF APPLICABILITY:
The deconvolution was successful (idecly, > 0), fitting is allowed (itermax = 0), and the

first guess values for the fit parameters are available and acceptable (chid, < 1).

TRANSFORMATION EQUATION:
(1) Re-define first guess fit parameters when requested:

The initial fit parameter values are typically those defined during the previous deconvo-
lution, or those initialized in A321. Immediately after the first Twomey deconvolution

following a filter change (i.c. NP, # N}, other than during subsequent switching of the
h

OH filters Ng = 5, the altitude X5 and value X of the maximum volume emission rate

are re-defined using the solution profile Ej, and the half-width X, is re-initialized as the
average of the upper and lower half-widths of Ej, (if both are available). The half-width
is defined as the magnitude of the altitude difference between the positions of E,,,,, and

1
E,m,-fwhere Eha,fz iEm:'
In addition, whenever 1/2Ey; > X, | yor 2Ey; > X, 1 | where zcci is closest to X, 5 ; (other
similar inequality conditions could instead be used), the X, | ; value is re-initialized as
equal to Ey;.

For 0('S) (i.e. Np=2) where two skewed gaussians are considered, the re-initialized fit
parameters are determined for the regions above and below 140 km (see A3213). Also
for O('S), if any one of the two maximum emission rate values Xj.1, and Xy, | 5 are zero,
the corresponding skewed gaussian is not used in the fit.

(2) Fitting:
The value of the parameters X, ;. ; are determined, through iteration, by minimizing

- 2

1 (E,“--E(Z‘-,X))
Zmax (E, 1) 0,2
2 g hi

¥ = 1

; max (Ekj, 1)
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where E (zcc, X) is a model average for atmospheric layer i, and Ej, is the deconvolu-

i 2 5
tion solution volume emission rate profile. Only the variance array o £ 18 used, instead
h

of the entire covariance matrix for £y, in order to save computing time. The terms
involving (E; 1) are introduced as weights.

The model average for atmospheric layer i can be defined using Simpson’s rule, e.g.

1
E(zec, X) = = [E (0.5 (zec,; _ N +zec;), X) +4E(zccj, X) +E (0.5 (zce; | +zcc), X) ]

The modelled volume emission rate function E(z,X) is defined as

2 2
£ e {m(z)( Y } for O('S), N, = 2
= 1 s - =
Z LISEP Xy v, =X X, d

2,1
Eizx) = |'7!

2
T X3,l
Xl €xp |-In (2) otherwise
’ Xyt (=X )X,

with X ; (=X}, ;) denoting the fit parameters. For 0(18), if any one of the two maximum
emission rate values X 1 ; and X}, | 5 are zero, the corresponding skewed gaussian is not

used in the fit. If a skewed gaussian exponent has an excessively large value, or if its
denominator is less or equal to zero, the corresponding term in the summation for E{(z,X)
can be set equal, for example, to 0.005. A lower limit of 0.01 for example can be applied
for E(z,X).

For a volume emission rate profile of length NN;, one of the minimization convergence
criteria should be

2
W <NN,+2,/2NN,

The imposed limit on the number of iterations iconv is | itermax |, except possibly for the

first attempted fitting after a filter change (e.g. measurements for O('S) following that
for OH). The maximum number of iterations during the first fitting after a filter change
might have to be larger than | irermax |.

If convergence was not attained or if the final fit parameters do not satisfy the following
inequality conditions, then the fit is considered unacceptable. In addition, if the follow-
ing inequality conditions are not satisfied, the fit parameters are set equal to their initial
(first guess) values of step (1).
Inequality conditions for fit parameters:

|Xha, <5

° ey > XFL3J > ZCCNN;
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*  Xj32> X3, when applicable
*  3Ey;> X, > where zcc; is closest to Xj, 5
e 300km > Xit.Z,l > 2 km

If possible, the above inequality conditions could be imposed in the iterative method.

The initial value of the chi-square statistic ratio for Ej is set equal to

2

chid, = ——F
NN, +2:2NNi

If the fit solution is not acceptable, chi4h is assigned a lower limit larger than 1.0
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9.3 A323: Visibility (or amplitude) and wind phase
deconvolution

FUNCTIONAL DESCRIPTION:
1. Objective

Given the apparent quantity arrays J2,, and J3,, the profiles of visibility V;, or amplitude
Ap, and of wind phase ¢, are determined so that temperature and wind speed profiles

can be calculated later. The most commonly requested deconvolution solutions will be
those of visibilities, and wind phases. For OH (and O,), the amplitude profile may be

calculated instead of the visiblity profile.

Standard deviation estimate arrays are provided for the visibility, or amplitude, and
phase solutions. The ratios of the chi-square statistics for the apparent quantity arrays
J2;, and J3, to the 95% confidence interval chi-square statistic are provided as additional

quality parameters.
2. System reduction

Before solving for the visibility and phase profiles, numerical stability of the deconvolu-
tion equations is improved when necessary. This is done by only discarding the bottom
layers with weak volume emission rates and the corresponding apparent quantities. Cut-
off values of 5% of the deconvolved maximum volume emission rate and one standard
deviation are applied below the peak emission rate altitude.

For cases where the deconvolution window has been extended, with the volume emis-
sion rates having been determined, the line-of-sight matrix is simplified by assuming a

constant profile of visibility and phase above the initial inversion window. The layers of
the extension region are combined with the top layer of the initial inversion window to

form a single unit. The modified line-of-sight matrix 1: (see below) should then become
lower triangular.

3. General solution method

The general Twomey method equations for the visibility profile V},, and the wind phase

profile ¢, , are
Ty P
[L S”hLﬁ-y‘fH‘f)Vc =L Sp,J2 (EQ 9.31)

T g
= o=l % gl
[L Spp,L+v H v) V=1L 513,73 (EQ 9.32)

where
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L= E (EQ 9.33)

" (EQ 9.34)

J3 T |13,
T (@4) (EQ 9.35)

sin (¢,,,)

where 5, and S, are diagonal covariance matrix estimates, the ys are weighting fac-
h h

tors, and the Hs are the constraint matrices. The constraint matrices are selected, from a
set of pre-defined choices, using indices. The equations are solved using a Nag routine.

Once V* and V* are known, the profiles of visibility Vj, and of wind phase ¢, are derived.
Any visibility value less than 0.1 or greater than 0.99 is considered unacceptable.

4. Amplitude determination

For the OH (and O,) species, the deconvolutions for amplitude and wind phase profiles
may be requested instead of for the visibility and wind phase profiles.

The general Twomey method equations are

T 1 c T.-1
(LT85 Loy 1 A% = 1S, 3, (EQ 9.36)
T~} 3 T -1
(L8 Ly )& = sy 13, (EQ9.37)
where
AS cos )
L. @ (EQ 9.38)
A° sin (9,,)

The same algorithms used for the general solution method are employed in the ampli-
tude determination.

5. Quality parameters

Once the standard deviation estimate arrays have been calculated for £ and E (see
FUNCTIONAL DESCRIPTION of A32), standard deviation estimale arrays can be
determined for V), and ¢, . A first step is the derivation of c?f and ci}. The latter is based

on the variance expression of the product of two uncorrelated variates,
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2 2.2 Z 32 2.2
Gy = 0,0, T0, 1, +0, 1 (EQ 9.39)

where a and b are the uncorrelated variates, and p_ and p, are their respective means.
The resulting expressions are

A 2
[cr - (V.c) o4 }

2 5 . 9 (EQ 9.40)
g, — = %

" (Ehi)z"'cih,

; 2

, oo

O J-w (EQ 9.41)
i (E,) +og

A lower limit of szg should be applied to the terms denoted by the square brackets.
hi

Then, the final standard deviation estimates for each layer are determined, to first order,
using

[

2 Vc 2 2 v.v 2
N/crv;( D) “’xﬁ( )
oy = — ° (EQ 9.42)
(V) +(V)
2 2 2 2
o ufrV,?) +o V‘,(Vf)
o, = . : = (EQ 9.43)
(V) +(V)
2 2
oo (AD) +o°, (A))
A‘. ] A; 1
% = 3 ERPE (EQ 9.44)
(4 +(4)
The chi-square statistic ratios for J2;, and J3,, are defined as
-1.2 2
“Sn (LE°-172,) H
ehiZ, = - (EQ 9.45)
NN, +2,[2NN,
-12 #
HSB (LE*-73,) H
chi3, = (EQ 9.46)

NN, +2,/2NN,
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INPUT:
* jdec2, - Index specifying requested deconvolution scenario for J2 and J3. (0 - no
deconvolution, >0 - deconvolution scenario)

* iflagdr - Index specifying desired solution parameters. (-1 - no inversions, 0 - emis-
sion rates, visibilities, and wind phases, | - emission rates, 2 - amplitudes and
phases)

* NA - Number of layers above inversion window.

* v, and y, - Weighting factors. (from CDB)

HYPOTHESIS OF APPLICABILITY:
The volume emission rate profile is available for determining visibilities.

CRITERIA OF APPLICABILITY:

Deconvolutions for visibility or amplitude, and wind phase profiles are requested and
have been estimated to be possible. The length of the apparent quantities must be greater
or equal to four. In addition, if the volume emission rate profile is available, the altitude
of the volume emission rate maximum is inside the inversion window. (idec2;, > 0)

NSFO U
(1) Call A3231 - Initialization of transformation equation arrays.
(2) Call A3232 - Eliminate lowest atmospheric layers with weak emission rates.

(3) In order to guarantee numerical stability of the deconvolution equations a lower limit
of 1.0 is applied to the values for v, and y,. (The labels y, and y, are used instead of

Y 'yAC and v,, (lower limit of 0.1 to ¥,, +7¥33) .) Also, the number NA of layers above the
inversion window must be set equal to zero. The index iggy for use by A3223 is also set
equal to zero.

(4) Call A3233 - If requested, define the reference profiles for V. The specific input are
iref2 and ind=1.

(5) Call A3222 - If requested, define the constraint matrix H__ or HA" (with i,44=0)

v

If (iflagdr = 0) then
Input: idec2;,, MAT2, NA, NN, X, X, iggq (=0), 1, L, §2°
Output: Hv”

else

Input: idec2y,, MAT2, MAT22 (or MAT3), NA, NN, x, x; 134 (=0, Yg: ¥y (0 ¥p) » L,
52°
Output:HAc

end if
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6) Call A3223 - Solve for V¢ or A€ using the Twomey matrix equation.
g L

If (iflagdr = 0) then

Input: idec2,,, NA, NN;, L, 2", $2°, Tos H

Output: idec2;, V° v

else
Input: idec2h, NA, NN;, L, J2°, 82°, v, (or vg) , HA"
Output: idec2h, A’c

end if

(7) Call A3225 - Derive the chi-square statistic ratio for J2;,

If (iflagdr = 0) then
Input: idec2,, L, J2",52° NA, NN, V¢

else

Input: idec2,, L, J2°, §2°, NA, NN, A©

end if

Output: chi2,

(8) Call A3233 - If requested, define the reference profiles for V. The specific input are
iref3 and ind = 2.

(9) Call A3222 - If requested, define the constraint matrix H , or HA,. (with i,4,=0)

vV

If (iflagdr = Q) then
Input: idec2;,, MAT3, NA, NN, X, X, igqq (<0). 1., L, $3°
Output: Hv’
else
Input: idec2,, MAT33 (or MAT3), NA, NN,, X, X, iqq (=0), Y4, (or v,) , L, §3°
Output: H ,
A
end if

(10) Call A3223 - Solve for V* or A* using the Twomey matrix equation.

If (iflagdr = 0) then

Input: idec2,, NA, NN, L, J3', §3°, Ty

Output: idec2, V* v
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A32: Deconvolution of Apparent Quantities

9.3.1

A3231: Initialize transformation equation arrays

EUNCTIONAL DESCRIPTION:

The apparent quantity arrays are adjusted to account for the volume emission rate solu-
tion of A322 and the volume emission rate profile is combined with the line-of-sight
matrix.

INPUT:

* iflagdr - Index specifying desired solution parameters. (-1 - no inversions, 0 - emis-
sion rates, visibilities, and wind phases, | - emission rates, 2 - amplitudes and
phases)

* idecl, - Index specifying if deconvolution scenario for J1 was successful. (0 - failed
or no deconvolutions, >0 - deconvolution scenario.)

* idec2,, - Index specifying deconvolution scenario for J2 and J3. (0 - no deconvolu-
tions, 0 - deconvolution scenario.)

* J17,72], and J3] - Apparent quantity arrays. (size: NN;)

. Li.j - Line-of-sight matrix. (size: NN; x (NN+NA))

* NN; - Dimension of arrays.

* NA - Number of layers above inversion window.

s E? - Volume emission rate profile for combination of inversion window and layers
added above window. (size: NN; + NA)

OUTPUT:

® NA - Number of layers above inversion window. Has been re-set as equal to zero.

* idec2,, - Index specifying deconvolution scenario for J2 and J3. (0 - no deconvolu-
tions, >0 deconvolution scenario)

* J2/, and J3- Modified apparent quantity arrays. (size: NN;)
* L;;- Line-of-sight matrix. (size: NN; x NN))

. Ei!j - Line-of-sight matrix combined with the volume emission rate profile. (size:

OF AP
None.
RITE TY:

Deconvolutions are requested and the determination of the volume emission rate profile
was attempted in A322. (i.e.: idec2), >0 and iflagdr = ()
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A32: Deconvolution of Apparent Quantities

9.3.2

TBANSFORMATION EQUATION:

(1) If the determination of the volume emission rate profile was not successful
(Frebd, ‘-“), then the visibility and wind phase profiles cannot be derived. Conse-

53

quently, idec2), is re-set equal to zero. The following steps are done only if idec2;, > 0.

(2) The matrix is derived using

T o
Lj,j = Ll,jEj

(3) The primed apparent quantity arrays are derived using

] "

. !
12| (LEO);‘DI.]

YER J? 9
i| i LJBU

(4) If layers were added above the inversion window in A322, then these layers are com-

bined by adding together the first NA + 1 columns of the matrices L and L.The resulting
matrices should be square and lower triangular with size NN; x NN,.

(5) Following this matrix reduction, VA is re-set as equal to zero.

A3232: Eliminate lowest atmospheric layers with weak emission rates

EUNCTIONAL DESCRIPTION:

In order to reduce the size of the solution equations and improve numerical stability for
the deconvolutions, the lowest layers with weak volume emission rates are eliminated. If
less than four layers result, then deconvolutions will not be done (i.e.: idec2;, will be set
equal to 0). The applied cutoff values for the emission rates are 5% of the maximum vol-
ume emission rate and one standard devation.

INPUT:

* flagdr - Index specifying desired solution parameters. (-1 - no inversions, 0 - emis-
sion rates, visibilities, and wind phases, 1 - emission rates, 2 - amplitudes and
phases)

* idec2, - Index specifying deconvolution scenario for J2 and J3. (0 - no deconvolu-
tions, >0 - deconvolution scenario.)

* 27 and J3] - Apparent quantity arrays. (size: NN;)

. szf and 33? - Variance arrays for apparent quantity arrays. (size: NN))
*  E,; - Volume emission rate profile for inversion window. (size: NN;)

* o, -Standard deviation estimate array for Ey. (size: NN;)
hi

* zce; - Altitude array. (km) (size: NN))
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A32: Deconvolution of Apparent Quantities

* L;;- Line-of-sight matrix. (size: NN; x NNi)

* NN, - Current dimension of arrays.

¢ J2’and J3' - Modified apparent quantity arrays. (size: NN,)

¢ - Line-of-sight matrix combined with the volume emission rate profile. (size: NN; x

NN,).

OUTPUT:
* idec2, - Index specifying deconvolution scenario for J2 and J3. (0 - no deconvolu-
tions, >0 deconvolution scenario)

* NN, - New dimension of arrays.

*  zcc; - Reduced altitude array. (km) (size: NN;)

. Ef - Reduced volume emission rate array. (size: NV,)

UE," - Reduced standard deviation array for volume emission rates. (size: NN,)

. 12:' and 13? - Reduced apparent quantity arrays. (size: NN;)
* 52 and 37 - Reduced apparent variance arrays.
* L;;- Reduced line-of-sight matrix. (size: NN; x NN,).

* J2/and J3/ - Modified apparent quantity arrays. (size: NN;)

o Z,-J - Line-of-sight matrix combined with the volume emission rate profile. (size:

NN; x NN,).
SIS ICAB :
None.
CRITERIA OF APPLICABILITY:

Deconvolutions are requested and the volume emission rate profile has been derived in
A322. (i.e.: idec2;, > 0 and iflagdr = 0)

SFORMA QUATI

(1) The array reduction is based entirely on the volume emission rate profile E,,. First,
the number M of consecutive lowest layers which have a volume emission rate value Ey;

less the 5% of the maximum volume emission rate or less than one standard deviation is
determined. All provided input arrays are reduced in size by eliminating elements

NN; - M to NN;. The resulting arrays are defined in the output list. The matrices L and E

are reduced by eliminating the corresponding columns and rows. The final matrices
should be square and lower triangular with dimension (NN; - M)x(NN; - M).

(2) The final dimension NN; of the arrays is set by subtracting M from the initial NN;.
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9.3.3

(3) If the final number of layers with volume emission rates E? larger than both 1.0 and

¢ is less than four, then the deconvolutions will not be done, i.e. idec2,, is set equal to

i

ZCro.

A3233: Define reference profiles.

FUNCTIONAL DESCRIPTION:

Define a reference profile for V¢ or A, or for V* or A*. The reference profile is defined
using a selection index. At the moment only one choice is available. If requested, the
reference profile will be used when defining the Twomey deconvolution equations.

INPUT:
® idec2, - Index specifying deconvolution scenario. (0 - no deconvolutions, >0 decon-
volution scenario)

* ind - Index specifying if reference profiles are to be produced for cosinusoidal (=1)
or sinusoidal (=2) terms.

® iref- (either iref2 or iref3) Index specifying selection of reference profile for V° or
A€ (when ind=1) or V* or A® (when ind=2)

* NN, - Dimension of arrays.

* zcc; - Altitude array, (km) (size: NN;)

* A, - Optical path difference. ( um) (see A333)

. A; - Corrected optical path difference. (pm) (not currently used)

* 1, or Np- Wavelength (pm) or filter number. (see A333)

*  iflagdr - Index specifying desired solution parameters. (-1 - no inversions, () - emis-
sion rates, visibilities and phases, 1 - emission rates, 2 - amplitudes and phases)

* x; - Reference profile for possible use in defining constraint matrix H. (may be
available when ind=2) (size: NN,)

* J2] and J3] - Reduced apparent quantity arrays (size: NN,).

. LJ-J - Reduced line of sight matrix (size NN; x NN,).

OUTPUT:

* x; - Reference profile for possible use in defining constraint matrix H. (size: NN;)

HYPOTHESIS OF APPLICABILITY:
None.

CRITERIA OF APPLICABILITY:
Twomey deconvolution is requested (idec2; > 0).
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ATIO ON:

The reference profile x is specified using the selection index iref. At the moment only
one choice is available for these profiles. Therefore, for any iref value, the following is
applied.

List of available choices
(1) If iflagdr equals 2, then the x; are set equal

o 2 (] 2
(J2) +(J3))

i

ii

2 1.0

Otherwise, if (and only if) ind=1, the temperature profile from table A3233.1 is interpo-
lated (e.g. linearly) to the altitude array zcc. For altitudes above 320 km and below 80
km, constant values will be sufficient. The temperatures are converted to visibilities
using the relevant equation in A333. The array x is set equal to the resulting visibility
profile. If ind = 2, the input x is unchanged and is passed again as output.
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Table A3233.1:

Reference temperature profile (average profile based on MSIS86* model.)

Altitude | Temperature Altitude Temperature
(km) (Kelvin) (km) (Kelvin)
320 1132 155 837
300 1128 150 797
280 1123 145 750
260 1113 140 697
240 1099 135 636
230 1089 130 567
220 1076 125 486
210 1059 120 395
200 1038 115 294
195 1025 110 251
190 1011 105 200
185 994 100 186
180 976 95 184
175 955 90 197
170 931 85 225
165 903 80 256
160 873

* - Reference: Hedin (1987).
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9.3.4

9.3.5

A3234: Derive visibilities, or amplitudes, and wind phase profiles.

FUNCTIONAL DESCRIPTION:

Using the solutions derived from the Twomey deconvolutions, determine either the vis-

ibility and the wind phase profiles, or the amplitude and the wind phase profiles.

INPUT:

* idec2, - Index specifying deconvolution scenario. (0 - no deconvolutions, >0 decon-
volution scenario)

® iflagdr - Index specifying if visibilities (=0) or amplitudes (=2) are produced in
A323.

. Vf or Af - Visibility, or amplitude, cosinusoidal component profile (size: NN;)
* V,or A] - Visibility, or amplitude, sinusoidal component profile. (size: NN;)
* NN, - Dimension of arrays.

OUTPUT:

eV, orAy; - Visibility profile (when iflagdr = 0) or amplitude profile (when iflagdr =
2). (size: NN,)

* ¢,, - Wind phase component. (radians) (size: NN;)

HYPOTHESIS OF APPLICABILITY:
None.

c F AP A
The deconvolutions were successful. (idec2;, > 0)

RM ON:

(1) When iflagdr = (), the visibilities and phases V; and ¢,, are determined using A3141
and A3142 (with J1,, J2,, and J3, replaced by 1, V<, and V¥). When iflagdr = 2, the
amplitudes Ay, and the phases ¢, . are determined using A3142 and A3143.

(2) When iflagdr = 0, each visibility V}; greater than 0.99 or less than 0.1 should be
assigned the value 1.0. The corresponding wind phase ¢, , is set equal to 0.0.

A3235: Derive standard deviation estimate arrays.

FUNCTIONAL DESCRIPTION:
Derive the standard deviation estimate arrays for either the visibilities and the wind
phase profiles, or the amplitudes and the wind phase profiles.
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INPUT:
® iflagdr - Index specifying if visibilities (=0) or amplitudes (=2) are produced in
A323.

idec?), - Index specifying deconvolution approach. (not currently used)

L]

. Vf or Af - Visibility, or amplitude, cosinusoidal component profile (size: NN;)
. V: or A? - Visibility, or amplitude, sinusoidal component profile. (size: NN;)

. 52:9 and 33? - Variance arrays for the apparent quantity profiles.

* L;;- Line-of-sight matrix (size: NN; x NN))

NN; - Dimension of arrays.

THE FOLLOWING IS NEEDED ONLY WHEN iflagdr = 0.

. Ef - Volume emission rate profile. (size: NN;)

* o - Standard deviation array for emission rate profile. (size: NN;)

E
OUTPUT:
* o, oro, - Visibility or amplitude error standard deviation estimate arrays. (size:
hi hi
NN))

* gy - Phase error standard deviation estimate array. (size: NN;)
hi

2 . s .
. 0'; and c; - Intermediate error standard deviation arrays. (size: NN;)

hi hi

HYPOTHESIS OF APPLICABILITY:

None.

CRITERIA OF APPLICABILITY:
The deconvolutions were successful. (idec2;, > 0)

TRANSFORMATION EQUATION:

(1) Define the direct inversion standard deviation arrays for the visibility, or amplitude,
cosinusoidal and sinusoidal components.

-1
2 T
o, = (L S-’%L)‘

< .
x, [

where S, is diagonal with §,, = 527, and

i i
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where 5, is diagonal with 5, = 537, (see A3226)

ii

(2) If iflagdr = 2, then set c; = cr2c and 0'; E crz,. Otherwise (i.e.: iflagdr = 0), set
X

X

h h

2
2 _ VC 2

0'2 =

X: - o 2 2
(EI.) +UE‘,,’

and

i 2 2
L (v

2 [ﬁf v U-‘J

g =

X: o 2 2
(Ei) +G£’i

i

A lower limit of Gi" should be applied to the terms denoted by the square brackets. The

i

above two equations stem from the variance expression of the product of two uncorre-
lated variates, i.e.

2 2

2 22 2 2 22
aUI’ +Ua“b+0bua

o =0

where a and b are the uncorrelated variates, and p and p, are their respective means.

(3) The phase standard deviation estimates are given by

2 2 2 2
J"x (V) +cx,;;nf§)

ki

%, =

2 2
(V) +(V)

i

with V© and V* replaced by A and A® when iflagdr = 2. When iflagdr = 0, the visibility
standard deviation estimates are specified by

jz’ V) +od, (V)
x, i T M

i hi

2

Vii 3 2

(V) +(v)

and, when {flagdr = 2, the amplitude standard deviation estimates are defined by
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o 2
(AI.) +0o

5 2
(4

e

(4) When iflagdr = 0, for each visibility V,,; greater that 0.99 or less than 0.1, both the
corresponding visibility and wind phase standard deviation estimates should be set

2
X,

c 2 5 2
(A5 + (A))

5

>
| o=

equal to 2x10"" in the CDB (or some other large number).
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CHAPTER 12

A42 - Select data with respect to latitude

12.1

A421: Select Data with Respect to Latitude

ONA IPTION:
Meridional wind, zonal wind and temperature profiles are selected for the 3AL grid cor-
responding to 4 degree intervals of latitude.

The input parameters are:

. Sgn.d - 3AL grid point latitude.

. OSP - The latitude of the measurements found in the FOV combination A343. This
is an array of the individual latitudes found in A343.

*  (OTflag - Overlap temperature flag.

*  OFEflag - Overlap emission flag.

* A, -Change in latitude.

OUTPUT:

The output parameters are:

(S804 8. ) - latitudes of data points on each side of the grid latitude.
= " grid

* ng-number of profiles selected.

HYPOTHESIS OF APPLICABILITY:

It is assumed that linear interpolation in latitude is adequate. It is assumed that the sets
(8,,8,, ..., 8 ) will be found for the full day’s data.
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c 0 c z

If no data exist within 2 degrees of the grid point, the value is left empty and no latitude
set is generated. If both OH rotational temperatures and doppler temperatures are avail-
able for a given measurement then use the rotational temperatures for the gridding.
Select only deconvolved data (see A41).

R E ON:
Select data within A, degrees of the grid latitude:

If (8 -4 ) s OSPS (8 A,,,) then

; o+
grid grid
If OTﬂagF =1 and OEﬂagp =1 then

(EQ 12.1)
OSP € (3,9, .., S",)

n=n+1
s 5
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CHAPTER 13

A42 - Select data with respect to latitude

13.1 A421: Select Data with Respect to Latitude

CTIO DES ION:
Meridional wind, zonal wind and temperature profiles are selected for the 3AL grid cor-
responding to 4 degree intervals of latitude.

INPUT:

The input parameters are:

* 8, - 3AL grid point latitude.

. OSP - The latitude of the measurements found in the FOV combination A343. This
is an array of the individual latitudes found in A343.

* OTflag - Overlap temperature flag.

* (Eflag - Overlap emission flag.

* A, - Change in latitude.

OUTPUT:

The output parameters are:

v (958, 8. - latitudes of data points on each side of the grid latitude.
- s grid

* ng - number of profiles selected.

ESIS ICA
It is assumed that linear interpolation in latitude is adequate. It is assumed that the sets
(8, 92, ...+ 8_) will be found for the full day’s data.

5
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CRITERIA OF APPLICABILITY:

If no data exist within 2 degrees of the grid point, the value is left empty and no latitude
set is generated. If both OH rotational temperatures and doppler temperatures are avail-
able for a given measurement then use the rotational temperatures for the gridding.
Select only deconvolved data (see A4l).

M EQUATION:
Select data within A, degrees of the grid latitude:

If (8 —-4,) S OSps (Sg”,d+A,m) then

grid
If OTﬂagp =1 and OEﬂag"J =1 then

09,€ (3,9, ...9,)

(EQ 13.1)

n=n+I
b | 3
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CHAPTER 14

A42 - Select data with respect to latitude

14.1 A421: Select Data with Respect to Latitude

ON CRIPTION:

Meridional wind, zonal wind and temperature profiles are selected for the 3AL grid cor-
responding to 4 degree intervals of latitude.

INPUT:

The input parameters are:

Sgrid - 3AL grid point latitude.

()Sp - The latitude of the measurements found in the FOV combination A343. This
is an array of the individual latitudes found in A343.

OTflag - Overlap temperature flag.

OEflag - Overlap emission flag.

A, - Change in latitude.

QUTPUT:
The output parameters are:
(81, 82, S" ) - latitudes of data points on each side of the grid latitude.
s grid

ng - number of profiles selected.

TH I

It is assumed that linear interpolation in latitude is adequate. It is assumed that the sets
(91, B, S” ) will be found for the full day’s data.
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CRITERIA OF APPLICABILITY:

If no data exist within 2 degrees of the grid point, the value is left empty and no latitude
set is generated. If both OH rotational temperatures and doppler temperatures are avail-
able for a given measurement then use the rotational temperatures for the gridding.
Select only deconvolved data (see A41).

TRANSFORMATION EQUATION:
Select data within A, degrees of the grid latitude:

If (8 T OSPS (Sgr +A,,,) then

grid id
If (}'Tﬂa‘g’J =1 and OEﬂagp =1 then

(EQ 14.1)
08, (3,8,...9,)

n=n+1
S 5
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