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1. INTRODUCTION

1.1 Purpose of dosment

The purpose of this document is describethe LevellB algorithms needed for the ground
segment in order to produce meaningful data meeting all the requirements of the MIPAS
instrument. The present Algorithm Technical Baseline Document (ATBD)stindd to the user
community and all MIPAS related people.

MIPAS (Michelson Interferometer for Passive Atmospheric Sounding) is an ESA developed
instrument to be operated on board ENVISA&s part of the first Polar Orbit Earth Observation
Mission progam (POEM1). MIPAS will perform limb sounding observations of the atmospheric
emission spectrum in the middle infrared region.

Level 1B data is geolocated, radiometrically and spectrally (frequency) calibrated spectra with
annotated quality indicators.

1.2 Scope

This document describes the MIPAS instrument specific processing required at the ground
segment. This work concerns the processing at the ground segment of the MIPAS instrument data.
It covers only the processing up to Let® data products spdici to the MIPAS instrument. It

covers the processing needs for all data being sent to ground when the instrument is operational,
including observational and auxiliary data, for all measurements performed by the instrument,
with the exception of the procgrg of data generated in raw data mode, SPE self test mode and in
LOS calibration mode. It is assumed that the data entering the processing chain is identical [to the
data leaving the instrument on board.

The Envisatl ground segment is composed of thpeets: the Payload Data Segment (PDS),
the Flight Operation Segment (FOS) and the User Data Segment (UDS). This work is related only
to the PDS. Therefore, the processing of the data produced when the instrument is under test or
characterization, e.g. dag the Commissioning Phase, is excluded.

A special case is the use of the raw data mode of the instrument, allowed only when the
platform is in direct view of a receiving station. This mode is intended only for instrument testing.
Thus, data produced the raw data mode is not covered here. Finally, the processing required for
the preparation of new dpadable data tables, for changing the instrument operational
configuration, is also excluded.
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1.3 Documents

Refer to the MIGSP STD [RD 23] for 138 number of the documents pertaining to the late

version of the MIGSP S/W.

Reference documents

No Reference

[RD1] PORSDOR-SY-0029
[RD2] POTN-BOM-MP-0019
[RD3] PORSDOR-MP-0001
[RD4] POTN-BOM-GS0006
[RD5] POPL-BOM-MP-0009
[RD6] POPL-DAS-MP-0031
[RD7] POTN-BOM-GS0010
[RD8] PORP-DAS-MP-0036
[RD9] POID-DOR-SY-0032
[RD 10] PO-TN-DAS-MP-0001
[RD 11] PO-TN-BOM-GS0007
[RD 12] PO-RSBOM-MP-0001
[RD 13] PO-RP-BOM-MP-0001
[RD 14] POTN-ESA-GS0361

[RD 15] POTN-BOM-GS0005
[RD 16] POTN-BOM-MP-0017
[RD 17] POID-DAS-MP-0010
[RD 18] POIS-GMV-GS0557

[RD 19] POIS-GMV-GS0558

[RD 20] POIS-GMV-GS0559

Title

MIPAS Assumptions on the Ground Segment
Nonlinearity Characterization and Correction

MIPAS Instrument Specification

MIPAS In-flight Spectral Calibration and ILS retrieval
Instrument Level Calibration and Characterization Plan
In-Flight Calibrdion Plan

MIPAS Level1B Processing Input/Output Data Definition
Conversion Algorithms for MIPAS Auxiliary Data
Payload to Ground Segment Interface Control Document
Instrument Timeline

MIPAS Observational Data Validation

On-ground Signal Processing Requirement Specifications
MIPAS Performance Analysis

ENVISAT-1 reference definitions document for mission
related software

Detection of spurious spikes in an interferogram
Technical Note on Fringe Count Error
Instrument Measurement @abefinition
ENVISAT-1 Mission CFI Software,

PPF_LIB Software User Manual

ENVISAT-1 Mission CFI Software,

PPF_ORBIT Software User Manual

ENVISAT-1 Mission CFI Software,

PPF POINTING Software User Manual

[RD 21] H. E. Revercomb, H. Buijs, H. B. Howell, D. D. Laporte, W. L. Smith, and L. A.

Sromovsky,

fiRadi ometric calibration o

a problem with the HigiiResolution InterferometecSu nder 6, Appl . ¢
No 15, pp. 32103218, Aug. 1988.

[RD 22] PO-RP-BOM-MP-0003

Detailed Processing Model and Parameter Data List
Document (DPM/PDL) for MIPAS Level 1B Processing

[RD 23] PO-MA-BOM-GS-0002 MIGSP Software Transfer Document

Dp t .
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1.4 Defnitions

In this section, we review some of the basic terms used in the document. For each term, we

provide (initalics) the definition established by the mission prime, if such a definition exists.

Then, if necessary, we present an interpretation ofefirition for the MIPAS instrument ground
segment.

1.4.1 Calibration

Calibration, in the sense as used within the ENVISAdrogram, is the procedure for converting
instrument measurement output data into the required physical units

For MIPAS, the outpt of the ground processor is an atmospheric spectrum showing radiance

as a function of wavenumber. Calibration refers not only to the assignment of absolute rad
values to the jaxis but also to the assignment of absolute wavenumbers to-dkis.xThe
calibration procedure is defined by the three major elements:

AA scenario for measurement data acquisition,

AA set of auxiliary data, as acquired during-gmound characterization or from the
subsystem/platform during the measurement,

AA method for compiimng the calibrated data using the measurement and characteriza
data.

Three types of calibration for MIPAS can thus be identified:

Radiometric CalibratioriThe process of assigning absolute values in radiance units, (noted [r.u.

expressed i/(cm? sr cm?)) to the intensity axis ¢axis) with a
specified accuracy. The radiometric calibration implies the knowledge
a certain spectral calibration.

Spectral Calibration  The process of assigning absolute values ift torthe wavenumber axis
(x-axis)with a specified accuracy.

LOS Calibration The process of assigning an absolute LOS pointing value to a given
atmospheric spectrum with a specified accuracy.

1.4.2 Validation

Validation has no specific definition for the program. In the present dod¢umerwill use this
term according to the following definition.

Validation is the procedure for converting instrument measurement data into a represen
indicator of the quality of the measurement. It consists of:

iance

tion

tative
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A A set of preestablished referenciata. This data shall be available for the ground segment.
may be deduced from characterization measurements (characterization for validation) or
may be obtained analytically.

A A method for computing the quality indicator of a given measuremeny tisé reference
data.

In this document the following types of validation may be distinguished:

System validation Procedure for converting the relevant auxiliary data into quality
indication.

Observation validatian Procedure for converting obsenaatal data into quality indication.

—

The final indicator of the quality of the measurement data takes into account both types of

validation.

1.4.3 Characterization

Characterization is the direct measurement, or derivation from measurements, of a set of
technical and functional parameters, valid over a range of conditions to provide data necessary

for calibration, ground processor initialization and verification

Characterization measurements can be classified according to their purposes

A Characterizatioffior calibration: These are all measurements used in the calibration procedure

besides actual scene measurements. These measurements may be acquired on ground 0
flight. Since by definition, the data from these measurements are used in the calibration
procedure, they all need to be available to the ground segment.

A Characterization for verification: Verification is defined below. In the context of
characterization, verification refers only to performance requirements.

A Characterization for ground praser initialization: These are the data used in the ground
processing and stored at ground segment prior to launch. In these, we can distinguish

rin

i Preflight characterization for calibration: Characterization measurements taken on ground

and used in theatibration procedure. The data from these measurements may have bee
acquired at instrument level using the GSE (e.g. the spectral calibration) or at subsyster
level by the subsystem contractor (e.g. théoard blackbody radiance calibration).

i Preflight characterization for verification: Not applicable to the MIPAS ground segment.
There are no prlight verification measurements needed by the ground processor.

i Preflight characterization for validation: Characterization measurements taken on groun
and used in the validation procedure. The data from these measurements may have be
acquired at instrument level using the GSE (e.g. deep space interferogram reference da
at subsystem level by the subsystem contractor (e.g. reference data faiovatitidetector
temperature).

Determination Determination is a special case of a characterization where the quantity is 1
measured as a function of any parameter, i.e. a single value is recorded.

=5 =

d
en
ita) or

not
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1.4.4 Verification

Verification is the sum of all aefties performed to demonstrate fulfillment of a requirement

In principle, verification should be applied to all requirements in MIPAS requirement

specifications and other applicable documents therein. There are several types of requirements, for
exampleelectrical requirements, mechanical requirements, etc. In the present document, we are
only concerned by instrument performance requirements.

Characterization measurements for performance verification produce outputs in the form pf an
actual numerical alue (or vector of values). By comparison of these measurements with
numerical values representing the requirement, the performance verification process produces
binary outputs of the typgass/no passrlherefore, it requires a measurement accuracy euojtiad t
expected magnitude of the specification of the requirement being verified.

1.4.5 Observational Data

Observational data is all raw sensor data acquired by the instrument after digitization

By this is meant the data points from the source signghd case of MIPAS, the source signa
can be an interferogram or the radiometric signal from a star crossing the FOV.

1.4.6 Auxiliary Data

Auxiliary data is all data to be provided by an instrument or an external source to allow full
interpretation and ealuation of its observational data

Auxiliary data is defined for the present document as all the additional data required by the
ground segment for the generation and delivery of ground segment data products and coming
neither from the space segment from the ground segment. These data are intended to be rarely
changed. They include templates for data validation,-lgpkables for data conversion, etc.

Also all additional data, apart from observational data sent to the ground segment by the
instrument to allow full interpretation of its observational data.

1.4.7 Measurement Data

Measurement data is all (processed) observational and auxiliary data delivered by the instrument
to the PPF Data Handling Assembly

1.4.8 Other Instrument Specific Termsand Definitions

Interferometer Sweep

An interferometer sweep is the data recording for a single interferogram.
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Elevation Scan Sequence

An elevation scan sequence comprises a sequence of interferometer sweeps within a fixe

d time

interval at variablelevation and azimuth with respect to the MIPAS local normal reference frame.

The number of interferometer sweeps per elevation scan sequence can be commanded
range from 1 to 75. A typical elevation scan sequence consists of 16 interferometes fwee
operation with high spectral resolution. For operation with lowest spectral resolution, the tyy
elevation scan sequence consists of 75 interferometer sweeps.

The instrument can perform these typical elevation scan sequences within lesssbeonds,
not including the time required for an offset calibration.

The azimuth angle shall be adjustable during an elevation scan sequence within a lir
range, but not during an interferometer sweep.

1.4.9 MIPAS Data products from ESA

Level Description

Level 0 Unprocessed raw data with annotated qua
and orbit information

Level 1A Reconstructed interferograms from
individual spectral channels (not archived)
Level 1B Geolocated, radiometrically and spectrally
(frequency) calibrated spectra wiannotated
quality indicators.

Level2 Profiles of pressure, temperature, 6,0,
CH4, Nzo, and HNQ

L2/Meteo | Subset of LeveR: pressure, temperature; C
and HO with < 3 hours of delivery time.
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1.5 Acronyms

ADC
AIT
API
APS
ATBD
BB
ASCM
CCM
CBB
CFI
DFH
DPM
DPU
DS
ESA
ESU
FCE
FFT
FOS
FOV
FWHM
HWHM
IcU
IFoV
IGM
LS
INT
IR
LOS
MPD
NESR
OBT
OPD
PAW
PC
PCD
PDL
PDS
PFM
R&S&L
RMS
SAA
SNR
SPC
SPE

Analog to Digital Converter

Assembly, Integration, and Test
Application Process Identifier

Absolute Position Measurement Sensor
Algorithm Technical Baseline Document
Blackbody

Adaptive Scaling (notfinear) Correction Method
CrossCorrelation Method

MIPAS onboard Calibration Blackbody
Customer Furnished Items

Data Field Header

Detailed Processing Model

Detector and Preamplifier Unit

Deep Space

European Space Agency

Elevation Scan Unit

Fringe Count Error

Fast Fourier Transfar

Flight Operation Segment

Field Of View

Full Width at Half Maximum

Half Width at Half Maximum
Instrument Control Unit

Instantaneous Field of View
Interferogram

Instrument Line Shape

Interferometer

Infrared

Line Of Sight

Maximum Path Difference

Noise Equivalent Spectral Radiance
On-Board Time

Optical Path Difference

Pre Amplifier Warm

Photo Conductive (detector)

Product Confidence Data

Parameter Data List

Payload Data Segment

Peak Finding Method

Radiometrically, Spectrally and Locally calibrated
Root Mean Square

South Atlantic Anomaly

Signal to Noise Ratio

Spectrum

Signal Processing Electronics
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SPH
TBC
TBD
UDS
ZPD

mv

r.u.

n.u.

Source Packet Header

To Be Confirmed
To BeDetermined

User Data Segment
Zero Path Difference

Microwindow
Radiance units:

No Units

w
cm?srem™
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2. GROUND PROCESSINGDESCRIPTION

2.1 Measurement principle

MIPAS is a Michelson Interferometer based be principle of Fourier Transform and designed tc
measure with high resolution and high spectral accuracy the emission of infrared radiation
the atmosphere in the spectral range from 4.15 to 14.6 pmi (8830 cm?). At the core of the
instrument isa Fourier transform spectrometer which measures with one stroke the spe
features of the atmosphere within the entire spectral range with high spectral resolution (le
equal than 0.036m'* FWHM unapodized) and throughput. The spectrometer transfdahe
incoming spectral radiance, i.e. thgectruminto a modulated signal, tiaterferogram where all
infrared wavenumbers in the band of interest are present simultaneously. The output fror
spectrometer consists of one such interferogram fdr elaserved scene.

The MIPAS instrument is designed to observe the horizon with an instantaneous field of
which corresponds at the tangent point tkn8in vertical direction and 3km in horizontal
direction. MIPAS is equipped with two scan mirrevBich allow to make measurements in eithe
of two pointing regimes. One regime covers horizontally @e¥prange in anflight direction
(rearward) whilst the other one covers adg@ wide range sideways in astin direction. The
majority of measuremes will be made in rearward viewing, as the observation geometry provic
good coverage including the polar regions. For special events monitoring, the instrument c
commanded in both rearward and sideways viewing geometries. The vertical pointieg r
covers the tangent height from 5 to 180. One basic elevation scan sequence will compris
sixteen high resolution atmospheric scene measurements (or up to 75 scene measureme
with reduced spectral resolution (1/10)) and will take about 75 secAnypical elevation scan
will start at about 5&m tangent height and descend ikn3 steps to &m. As the initial angles
and the step sizes of the azimuth and elevation scan mirror are programmable any other ele
scan sequence can be realized.

In order to properly calibrate the radiometric output from the instrument, it is also necessa
acquire regularly, during the course of the mission, two additional types of measurements of
defined targets. The first one is done with an internal-prglision calibration blackbody. For the
second measurement, the instrument is simply looking at the deep space, that represents a
of low (negligible) radiance. Following the acquisition, the ground segment has to perfor
Fourier Transform of thenterferograms and a calculation of the instrument response, based or
calibration measurements, in order to recover the original spectrum in calibrated units. No sf
measurement is taken on board for precise spectral calibration because itisdadsat spectral
calibration will be possible using known features in the measured spectra themselves. Finally
necessary to perform calibration measurements to asses¥-8ight pointing errors. For that
purpose, the instrument is operated asiraple radiometer measuring the signal from star
crossing the instrument field of view.
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2.2 Details about instrument detectors

The MIPAS interferometer has a dual port configuration, i.e. it has two input ports and two ou
ports. Only one input porsiactually needed to acquire data from a given scene. Thus, the se
input port is designed to look at a cold target in order to minimize its contribution to the sig
The signals detected at both output ports are, in principle, similar and can baesmborder to

Itput
cond
nal.

improve signako-noise ratio. This setup has also the advantage of providing a certain redundancy.

If a detector fails on one output port, the corresponding detector of the other port still prov
useful data.

The role of the Detectand Preamplifier Unit (DPU) is to convert the infrared radiation int
electrical signal. The MIPAS detectors are designed to cover the spectral range from ‘685
2410cm'*. Eight detectors are used and the spectral range is split into five barbasddeing
covered by one(two) specific detector(s). The spectral ranges of the detectors are depicted
following tables:

Single detector ranges:

Detector Optical Range [cm?]
Al 685 i 995
A2 685 i 1193
Bl 995 i 1540
B2 1193 1 1540

Cl1&C2 1540 1 1780

D1 & D2 1780 1 2410

Spectral bands and contributing detectors in Nominal Operation:

Band Detector Decimation | Optical Range [cm’]
factor
A Al & A2 21 685 1T 980
AB Bl 38 1010 v 1180
B B2 25 1205 7 1510
C Cl&C2 31 1560 7 1760
D D1 & D2 11 1810 i 2410

ides

o

in the

The requirements for the SPE are to provide backups should either channels B1 or B2 be lost.
This is done by widening the filters bandwidth on another channel (A2 or B1 respectively) to
effectively allow frequencies from twbands to pass through. Thus, one channel produces two

bands. The bands A and AB can be extended to the following ranges:

Band Detector Optical Range [cm’]
A A2 685 i 1180
AB Bl 1010 7 1510
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2.3 Types of measurements

In this section, we want to septe the different measurements taken by the instrument accord

ing

to the physical meaning of the measurement and therefore according to the content of the
observational data acquired. In other words, we differentiate the measurements according to what

the nstrument is looking at.

MIPAS acquires data in two different operational modes. Default imd@surement modi
this mode either IRadiation from the atmosphere, from the deep space or sequentially from

deep space and from an internal blackbayrce is entering the spectrometer. Nominal

measurement means measurement of radiation originating from the atmosphere with
resolution. Looking at the deep space provides a negligiblepg& signal, i.e. the measured

the

high

interferogram is related toI6eemission of the instrument. This offset is subtracted from the scene

measurement during aground data processing. Deep space measurements are perfor
frequently (once everfour elevation scan) in order to account for changingemilission of the
instrument due to temperature variations in the orbit. Offset measurements are perform
reduced resolution (1/10). For radiometric (gain) calibration, the instrument is sequentially loo
at the deep space and at an internal blackbody. In order toviengite signal to noise ratio and
consequently the achievable gain calibration accuracy, many interferograms from the deep
and the internal blackbody reference source are recorded autled on the ground. Radiometric
calibration measurements arerfprmed at reduced resolution (1/10).

2.3.1 Description of the related measurement types

med

ed at

king

spac

e

Of all the following listed measurement types, only the scene measurements contain the desired

scientific information, i.e. spectra of the atmosphere. All othersaoreanents are characterization

measurements for calibration. Using the results from these characterization measurements, th

calibration procedure is applied to the scene measurements.
The spectral calibration is a special case since no dedicated nmeastis@re taken for that

purpose. In fact, the characterization data for spectral calibration is derived from normal s
measurements.

Scene Measurements

MIPAS will take measurements of the atmosphere at different altitudes. The elevation ran
scaned in discrete steps using the elevation mirror. A single scene measurement is taken a
elevation value.

Deep Space Measurements

The instrument itself is contributing to the observed spectrum. In order to remove
contribution, it is necessarytak e a measur ement of a Acol d
radiance. Since the instrument contribution is varying, mainly because of temperature o
variations, this offset measurement shall be repeated regularly. It is used for the radion
calibration, with a subtraction of the instrument contribution {selfssion) from the scene
measurements and blackbody measurements.
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Reference Blackbody Measurements

Measurements of an internal calibration source, a well characterized blackbody soeirce, a
performed to characterize the instrument responsivity (or gain). These measurements are also
repeated regularly because of the expected responsivity variations. A complete determination of
the instrument gain is composed of several blackbody measuseocoenbined with an equivalent
number of deep space measurements. Used for the radiometric calibration.
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3. GROUND PROCESSING PRINCIPLES

3.1 Objective of the Ground Processing

The functions described in this Section are assumed to be implemented irotimel Gegment
necessary for processing of the MIPAS scene, deep space, and calibration measurements da

The incoming data may be acquired during scene, deep space and blackbody. Incomin
therefore need to be processed differently and each wilraendifferent type of output, namely
calibrated spectra, calibration data, and data for interpretation of spectra (e.g. the exp

instrument LOS pointing for each scene measurement).

An additional Ground Processing task is the generation of inpatrdgtiired for instrument

operations.

The main objectives of the ground processing are:

A Preprocess and store all incoming data;

A Convert calibration measurements into calibration data to be used for calibration

scene measurements;
A Convert sceneneasurements into calibrated spectra;

A Processing of LOS tangent point geolocation data (taking into account pointing

errors);

A Generate operations related input data.

In accordance with these main objectives, the overall ground processing canrbtedapto
dedicated functions which are described in the next section. The following table summarize
assumed products that are expected to result from ground processing.

Product

Remarks

Calibrated spectra

units.

Radiometrically, spectrally, and geomettiga
corrected measurement data of the scene in physi

Calibration data Gain and offset calibration data.

Table3.1-1 List of Ground Segment products
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3.2 Overview of Ground Processing needs

Generally speaking, the ground processing systentchasathematically retransform the scene

interferograms from the MIPAS instrument into spectral information useful to scientists,

considering all relevant data from calibration measurements, from characterization measure

for calibration and from chartarization measurements for validation in order to yield fully

calibrated spectra. All this information will enable to retrieve atmospheric key parameters. Gr
processing shall include:

AProcessing of calibration measurements including

i Deep spaceneasurements for offset subtraction from scene
i Blackbody measurements
i Deep space measurements for offset subtraction from blackbody

AProcessing of scene measurements for spectral calibration
AProcessing of scene measurements for generatingélibrated spectra

ments

bund

The input data to the MIPAS ground processing will contain interferograms of the observed IR

sources (atmosphere, blackbody, offset, deep space).

3.2.1 Instrument Operation vs. Data Acquisition / Downlink Scenario

The onboard recorihg of MIPAS data and the data downlink to different ground stations |i

performed independently of the actual measurements performed. ThelBegedund processor
has therefore to cope with raw data packages (l@&detta) which do not start necessariighwan
offset calibration or the first sweep in a limb sequence.

It is assumed that the LevEB algorithm processes only complete elevation scans and that if

Level 0 data do not start with an offset measurement, the first available valid offset dasadre
for radiometric calibration.

3.3 Basic radiometric relations

The basic mathematical relation between interferograms and spectra is the Fourier transforn
general relationship between an interferogram and its equivalent spectrum can be eapressed

S(s)=F{1(x} (1)

n. The

where the left side of the equation (spectral domain) denotes the spectrum as a function of

wavenumber £), and the right side (spatial domain) denotes the Fourier transform of
interferogram as a function of the opticpath k). As the measured interferogram is not
symmetrical (because of dispersions effects in the beamsplitter and electronics), the res
spectrum will be complex (represented here by the overbar notation).

the

ulting
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The computer implementation of the dister Fourier transform uses the standard Fast Four
Transform (FFT) algorithms. We will denote the transformation as

S=FFT{1} )
When using numerical Fourier transforms, special care must be taken about sp

particularities of the mmerical implementation (see Section 4.10.1 for more details). Also, wh
dealing with decimated interferogranadjas unfolding(also called Spectrum Unscrambling or

Spectrum Rerdering) must be performed in order to remove the down conversion to #zerp
(intermediate Frequency) introduced at the satellite level (See Section 4.10.1 for more details).

3.3.1 General Calibration Equation

The basic approach for determining absolute radiance measured by a FTIR spectrometer
same as that used for fitteadiometers and has been used successfully for other interferome
applications RD 21]. The detectors and electronics are designed to yield in principle an out
which is linear in the incident radiance for all wavenumbersha optical passband of the
instrument, and two reference sources are viewed to determine the slope and offset which
the linear instrument response at each wavenumber.

The measurement obtained by the system is proportional to the spectral ivilautibn at

the detector. The latter is composed of the emission coming from each input port, along
thermal emission of the spectrometer.

Using the following notation,

Cold Blackbody | Hot Blackbody Scene Meas. Units
Theoretical spectrur c H M (1
radiarce L L L W / (e sr emit)
Observed spectrum < & QM Arbitrary (digitali-
radiance zation units)

the measurement can be expressed as:
sM :(§(L'V' +0) 3)

where SM(s) is the calculated complex spectrum from the measureragbitréry units,
commonly referred to as digitalization units [d.u.]).
LM (s) is the true incident spectral radiance fromgbene(in [r.u.]).
G(s) is the overall spectral responsivity of the instrument, referraddain.
it is a complex function to include interferogram phase delays,
O(s) s the instrument emission, referred taé#set,

it is the stray radiance, including all modulated radiance that does not
come from the scene (in [r.ju.]

Overbars refer here to complex quantities, comprising a real and an imaginary part.
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To be more precise we should state that the instrument line shape (ILS) is implicitly included

in these terms, as
LY (s) = Likue(S) * ILS(S ,50)

Moreover, zeremean noises also present in this equation and its standard deviation is present

to the NESR of the instrument.

Equation (3) expresses the linear relationship between the true spectral rddlanocel the
measured, uncalibrated spectr8th. Two nonequivalent calibration observations made at a col

and hot temperatures are required in order to determine the two unknowns, that are Ge gain

and the offset radianc® as defined in Egation(3). The offset is the radiance which, if
introduced at the input of the instrument, would give the same contribution as the actual emi
from various parts of the optical train.

Equation(3) written for both the hot and cold blackbody candieexl to yield:

cH _ &C
G= ?_H - SC [d.u./r.u.] (4)
~ _SCL"-sHLC
(@) :W [I’.u.] (5)

d

ssion

whereL® andL" are the cold and hot calculated blackbody radiances, modeled by the theoretical

spectral radiances of the observed blackbodies.

By inverting Equation (3), one can derive the calibration equation used to convert a speg
from an unknown scene into calibrated data:

gM
G

LM -0 (6)

If no error distorts the measurement, this expression for the calibrated radiance give
Equation(6) leads to a radiance™ with no imaginary part. When ndmearity is present, a

special correction must be applied on different interferograms coming from affected detectors,

3.3.2 MIPAS Specific Calibration Equation

For the MIPAS instrumentas the cold reference measurement obtained by looking at the d
space corresponds to an emission at a very low temperatifrel(K << ), one can safely make
the approximation that the cold term has a negligible spectral radigh€e0). The calibration
equation can now be expressed in the simplified form:

é__M _ §C 0
M _ H
© & s )

trum
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With the purpose of simplifying the writing and to ease the numerical computation, we inv
the definition of the gain (given in the previous s&t}j as a complex multiplication is easier tq
perform than a complex division. Using the calibration blackbody as the hot source, the
space as the cold source and defining the radiometric gain as:

Gi(s) = L%s)

The expression for radiometric calibration becomes

§bb(s) _ gdS(s)

M =Gi(s) d8M (s) - S%(s))

(8)

(9)

Section3.4.2, Chapter 4, and Sectidr9.4 explain the nehnearity correction applied on the
measured interferograms.
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3.4 Speciaktonsiderations

In this section, we will consider special aspects of the ground processing. The present topics are

considered because of their inherent complexity or criticality.

3.4.1 Fringe count errors detection and correction

The basic ground procesg for MIPAS contains no explicit phase correction or compensation.
For a given interferometer sweep direction, it is assumed that the gain and offset calibrations and

also the scene measurements have the same phase relationship, i.e. they are sprapisel\at

the same intervals. This sampling is determined by a fringe counting system using a reference laser

source within the interferometer subsystem,

ADC in the onboard SPE. The fringes triggeretisampling of the IR interferogram. If, for any

reason, a fringe is lost, then the phase of subsequent measurements will be affected and, if these
are calibrated using a gain or offset measurement taken before the occurrence of the fringe loss,

then errorswill be introduced into the final spectrum. The ground processing scheme includes a

method for detecting and correcting fringe losses by analyzing the residual phase of
interferogram following calibration. Hence there is no specific measurement ceqgingart of
calibration for this aspect.

an

In the following, we summarize the philosophy adopted for fringe count errors (FCE) detection

and correction. The proposed approach assumes that fringe count errors occuaraiunani.e.

between two measuremts. Under this assumption, the effect of a fringe count error is to shift|all

measurements following the error Nypoints. The problem manifests itself at calibration because

all the measurements involved do not have the same sampling positiongyi.@o thot have the
same phase relationship.

An alternative method based on the APS position included in theptGlded auxiliary data

is not accurate enough. The current accuracy only ties down the ZPD position to within the order

of a hundred samples so.

Fringe count errors occurrence within a measurement is believed much less probable.
effecswefepidi Airinge errors is twofol d:

1i It shifts the last part of the interferogram in which the error occurs with respect to the first

part of thainterferogram.

2i It shifts all subsequent interferograms with respect to any previous (calibration)
measurements.

The latter effect is the same as if the error would have been at tharourmd. Thus it will be
covered by the above assumption. Thestfieffect results in a distortion of the current
measurement that is very difficult to recover, in particular for scene measurerdeptg®sent, no
correction is foreseen for that type of errofhey could possibly be detected as part of an
observationbvalidation process.

The

W
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Fringe count errors can occur in all types of measurements done by the MIPAS instrun
except of course the LOS calibration measurements during which the sweeping mechani
stopped. Depending on the type of measurement, tleetaff not the same and therefore, thg
detection and correction approach will be different. Because the phase is not strictly the san
forward and reverse sweeps, the fringe count error detection and correction will be
independently for the two ep directions. For all interferometric measurements, the fringe co
reference interferogram of a given sweep direction will be the last gain interferogram of

nent,
sm is

m)

vy

ne for
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sweep direction. The last gain interferogram can be either a deep space interferogram or a

blackbody interferogram depending on the acquisition scenario requested.

With an unfiltered and urdecimated interferogram, the fringe count error detection could
done directly on the interferogram by looking at the position of the observed ZPieipmoint of
maximum amplitude. Since the detected signals are optically band limited, with bandwidth of
to 600 cm’, and since most observed targets will contain some sort of continuous backgrounc
can expect the ZPD region of aniltered andun-decimated interferogram to contain a few ten
of points. In that case, the maximum position could be easily determined and a shift Nf 1
points could be detected. When the interferogram is filtered and optimally decimated, the
region is reducedb about one point. In addition, a shift by a number of points smaller than
decimation factor will produce only a small shift of the decimated interferogram. For example
shift of a 20 times decimated interferogram will be 1/20 the effective sagnpiterval if the
fringe error is one point. Therefore, the monitoring of the ZPD position of the decima
interferograms is not a sensitive approach to detect fringe count errors.

The approach selected for fringe count error detection consists iraraecoadiometric
calibration of the actual measurement at very low resolution, followed by an analysis of
residual phase (consuRD 16]). The radiometric calibration is done using the last available ga
measurement. When ti@PD axis definition of the actual measurement is the same as the ¢
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used for radiometric calibration, then the residual phase should be zero. A shift will produce a

phase error increasing |inearly withmave

Starting from Equatiofl) relating the observed interferogram to the corresponding comp
spectrum, we can +erite it for shifted signals in the following way using the shift theorem:

S(s)e ¥ 2 =F{I(x- a)} (10)

It can be demonstrated that if a radiometric calibration, consisting of a simple multiplicatior
a gain spectral vector, is applied on the Fourier transform of a shifted interferogram, ther
residual phase of the calibrated spectrum will be the pt@sesponding to the initial shift of the
interferogram. Therefore, a linear regression on the residual phase of the calibrated spectru
reveal the shift due to a fringe count error on the observed interferogram.

In summary, the approach fismge count error detection will include the following steps

A Perform the Fourier transform of the ZPD region (very low resolution like e.g. 128
points) of the observed interferogram.

A Perform a spectral interpolation of the latest available gain (takbe aaime low
resolution) at the wavenumber values corresponding to the actual measurement.
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A Multiply the observed spectrum by the interpolated gain
A Calculate the spectral phase of the calibrated spectrum
A Perform a linear regression of the phase verswenumber
A Calculate the OPD shift, averaged over the different channels.

Once the OPD shift is known, the correction of a shifteedecimatedinterferogram is
straightforward: you simply rotate on itself the interferogram back to its correct positiorder
to do that, you simply remove a number of points equal to the shift on one end of the IGM

and

transfer these points to the other end of the interferogram. This ensues from the implicit

periodicity in the Fourier domain. To do the phase corregtite cyclic rotation must done in the
opposite side of the computed shift.

The correction of a shifted amtecimatednterferogram is more difficult. This is because the

shift will not be normally an integer multiple of the decimation factor. Theretbeedecimated
IGM would have to be shifted by a fractional number of points. This requires some sofr
interpolation. The proposed approach is to perform a multiplication of the Fourier transforme
the shifted IGM by the phase function obtained endletection procedure.

The method fofringe count error correction would proceed as follows:

A Perform the Fourier transform of the shifted IGM.

A Calculate the phase function necessary to correct the calculated shift, i.e. the phase
function with thereverse shift, at the same wavenumbers as the observed spectrum.

A Perform the multiplication of the observed spectrum with the calculated phase funct
A Perform the inverse Fourier transform of the result.

1(x) = FY{F{1(x- a)}e®'s?} (11)

With this method, no manipulation is done on the OPD axis of the interferogram but each
point is corrected to represent the value of its desired OPD position.

It should be mentioned that fringe count errors will affect interferografmall bands. This
characteristic will be used to improve accuracy of the detection and to, eventually, distinguis
fringe count errors from other types of errors. As a comparison, an error during data transm
to ground s e g mdlaftect gnly oné lbandt Singlarly, the spike that may be cause
by a cosmic radiation will also be seen only in one detector or band.

The approach for fringe count error detection and correction will be the same for all type
measurements. Howevdhe implementation will be somewhat different for the different type
This is discussed below. The fringe count error detection will be performed systematically o
incoming interferograms. However, the correction procedure will be applied only if-aeno
shift is detected.
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3.4.1.1 FCE handling in offset measurements

Detection and correction are done with respect to the last available gain calibration. All the of
corresponding to one orbit are aligned to the fringe count phase of thisitaskf gme or more

fsets

fringe count errors occur during the computation of one orbit, the ground processing will detect
the same shift for all subsequent offset interferograms and will apply the same (always

recalculated) correction on these offsets untilethe of the processing of the orbit.

3.4.1.2 FCE handling in gain measurements

At the beginning of a gain measurement sequence, there is no reference against which we can

check for fringe count errors. Since the last gain measurement, the interferomsetarrally
been stopped for LOS calibration, in principle just before the actual gain measurement. Thus,

there

IS no relation between the actual measurement and the previous fringe counting reference. This is

the main reason why we start with a new gaimsoeement.

Fringe count errors during gain calibration are checked by comparison with the first
measurement of the sequence. As it was done for the offset measurements, it is again necessary to

perform a standard radiometric calibration on the Fourarstormed ZPD region, because this

calibration also performs the normal phase correction of the measurements.

Starting with the first measurement of the gain calibration sequence, typically a blackbody

measurement (either forward or reverse), the ftegt will be to determine the OPD shift betweer
that measurement and tipeeviousgain. The same procedure as for normal error detection
followed

A Perform the Fourier transform of the ZPD region of the observed interferogram.

A If necessary, performspectral interpolation of the previous gain at the wavenumber
values corresponding to the actual measurement

A Multiply the observed spectrum by the interpolated gain

A Calculate the spectral phase of the calibrated spectrum

A Perform a linear regressiafi the phase versus wavenumber
A Calculate the OPD shift

The second step is to correct f@viousgain with respect to the actual measurement. Th
correction would proceed as follows.

A Calculate the phase function necessary to correct the calcshatede. the phase
function with the reverse shift, at the same wavenumbers as the observed spectrum
at the very low resolution used to cover only the ZPD region.

A Multiply the previous gain the calculated phase function

This corrected gain wilthen be used for detection of fringe count errors on all subsequ
interferograms. In principle, the calibrated spectra obtained with this corrected gain should
no additional phase until a fringe count error occurs. Then, all-e®measurementsill be

is

e

and

ent
show
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coadded normally. Each time a fringe count error will be detected, a new coaddition group wijll be

formed. When the complete calibration sequence is over, then all the coadded measurements are
corrected with respect to thast measurement and themaining processing of the radiometric
calibration is performed normally. Correcting the gain with respect to the last measurement
presents the advantage that all subsequentfee®measurements need no correction.

After processing the data correspomdto one orbit, if one or more FCE are detected, the

current gain is shifted according to the last fringe count error measured. This is done in order to
avoid correcting all the offsets and scenes in subsequent orbits.

3.4.1.3 FCE handling in scene ma@@&snents

When a scene is measured, its fringe count is checked against the last available gain calibration.
All the scenes corresponding to one orbit are aligned to the fringe count phase of this last gain. If
one or more fringe count errors occur durihg tomputation of one orbit, the ground processing

will detect the same shift for all subsequent scene interferograms and will apply the same (always
recalculated) correction on these scenes until the end of the processing of the orbit.

More details onhe implementation of the algorithm can be found in Seaiér8.

3.4.2 Nonlinearity correction

The detectors from channels Al, A2, B1, and B2 corresponding to bands A, AB, and B are
photoconductive (PC) detectors, subject to-hioearity depending othe total photon flux falling
on them. Here, the ndmearity means that the response of the detector differs from a linear
behavior as a function of the incoming flux. This phenomenon occurs at high fluxes and usually
appears as a decrease of the respiyisWith the MIPAS detectors, the ndimearity can be a
source of significant radiometric errors if it is not properly handled. As explaindRiDr2]| the
nontlinearity produces a change in the effective responsivity elsas spectrahrtifacts, which
will both be corrected for within the required radiometric accuracy.

The change of effective responsivity with DC photon flux will be taken into account in the
radiometric calibration. The approach is the following:

A characterization will be performed first on ground, and then in space at specific intervals
(TBD), at instrument level, of the total height of the unfiltered and undecimated interferogram

( ADC”™and ADCM" values) with theon-board calibration blackbody at different gelected
] J

temperatures. These values will be used during the characterization phase for a computation of the
nonlinear responsivity coefficients. These values will be used to correct for thineanty of
the detectors by means of a specific algorithm called the ASCM method

Although they are intended to be combined in a single band, the optical ranges of the detectors
Al and A2 are not the same. They will then exhibit a different behavior with respelcbtion
flux. As a result, they will require different ndimearity corrections. Because of this, the signals
from these detectors are not equalized and combined on board the instrument in the SPE. This
operation is instead performed by the ground procefsdlowing nonlinearity correction. The
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other two PC detectors, B1 and B2, are not combined in any case as they produce the ban
and B. Other than the need to keep A1 and A2 separate in the baseline output set up at th
the nonlinearity measumaents and correction has no impact upon the calibration scenario.

The effects of detector ndimearity have been analyzed and a corrective approach has b
presented inRD 2]. The results are summarized here.

The imporant effect of detector neimearity is on the radiometric accuracy performance. Th
present radiometric error budget allocated to thelim@arity in the 6851500 cm?! (where the
detectors are the most nbnear) shall be better than the sum dNESR and 5% of the source

spectral radiance, using a blackbody with a maximum temperature of 230°K as RiuBie [
Radiometric errors caused by nlimearity can be separated into:

A an error due to the change in effective respaty with actual photon flux
A additional errors from spectral artifacts

A correction will be applied on the incoming interferograms at the appropriate step in
processing chain with the purpose of compensating for the global effects of respohbeihon
linear responsivity of the detectors will be characterized on ground and calibration curves w
acquired during ifflight operation. For expected responsivity curves, it is anticipated that f

correction of the notinearity error due to # change of effective responsivity and from the cubic

artifacts should lead to an accuracy within the allocated budget.

ds AB
e SPE,

een

e

the

Il be
the

The nonlinearity correction algorithm included in the ground processing described in this

document is the fAAdappeitvhe d9Bc q I AISCAM) RDRfralvioeecdt
details on the implementation of the algorithm can be found in Set8ch

3.4.3 Spectral calibration

A study on spectral calibration was done in the frame of the MIPAS dreegment workRD 4].
This study permits the definition of suitable algorithms for spectral calibration. Spec
calibration is performed using known features of standard scene measurements. It is neces
choose apprajate scene measurements in order to obtain sufficiently accurate results.

In the definition and qualification of the approach for spectral calibration, the following iss
need to be addressed.

A Number of scene measurements required for a calibratio

A Equivalence of the different scene (e.g. different elevation) for the purpose of spectr
calibration

A Necessity for calibration in the different bands

The following scenario is based on Sectio® of [RD5]. Spectral calitation will be
performed using standard measurements from the atmosphere. Particular spectral lines v

eisoc r

tral
sary to

ues

al

vill be
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retrieved in the observed spectrum and the known values of their wavenumbers will be us
establish the assignment of the wavenumber to the ioflespectral data points. A spectral
calibration will be used for the wavenumber assignment of all subsequent scene and
measurements until a new spectral calibration is performed.

Because it is related to the same parameters, the spectral shiét camsitlered as a part of the

ed to

gain

instrument line shape. The disadvantage is that it is then necessary to perform a deconvolution of
the ILS from an observed spectrum to get the proper wavenumber assignment. Here we will

assume that the spectral shift is imtEd in the spectral calibration, i.e. it is calibrated out by th
spectral calibration procedure.

In summary, the spectral calibration is based on the following assumptions:

i The spectral calibration includes the spectral shift and is performed witdmutlLS
deconvolution.

i A minimal number of scene measurement will be sufficient for a proper spectral calibra
(TBD)

i All scene measurements will be equivalent with respect to spectral calibration, i.e. it wil
possible to perform a spectralibaation using any scene measurement.

i The spectral calibration will be the same throughout the spectral range. It is assumed th

e

tion

| be

at the

definition of the optical axis is common to all 4 detectors on the output ports, for both output

ports. It is also assned that the residual misalignment between the two output ports is
enough so that the difference in wavenumber is negligible.

i Appropriate spectral lines will be identified and the value of their wavenumber will
available for ground processing.

A spectral calibration will require specific data that is described in Se&tod of RD 6] and
in more details in Sectiod of [RD 4].

During ground processing of a spectrally calibrated spectifuenwavenumber assignment of

ow

be

the spectral scale will be done using a derived calibration table. This is done via a spectral

interpolation on a predefined spectral axis.

The processing for the generation of the spectral calibration table requires tvenipll
functional steps:

i Define the spectral window containing the reference spectral line. This is done using
current spectral calibration.

i Find the peak corresponding to the reference spectral line within the spectral window o
appropriatéand.

i Define the new spectral axis (assignment of wavenumbers throughput a spectral ban
each band and each possible setting of resolution and decimation.

the
f the

d) for
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3.4.4 Complex numerical filtering

According to the present instrument (and particularly StREjgn, complex numerical filtering

will be applied to the measurement data. The purpose of this Section is to provide some theoretical

background on this topic.

Neglecting the dispersion phenomenon inducing amdhphase, an observed interferogram i

basically a real and symmetrical function. The symmetry is about ZPD and, by extension about

every multiple of MPD. The Fourier transform of such an interferogram is a real and symmet
spectrum with symmetry about every multiple of the sampling &eqy . In other words, the full
spectrum will show on one half the true physical spectrum and on the other half the image o
spectrum. Depending on the convention, this second half may be displayed as negative frequ
or as frequencies above ts&mpling frequency divide by 2.

A numerical filter withreal coefficientsshows the same symmetry as described above. T

rical

f this
encies

he

passband defined by such a filter transmits both the desired physical band and its image.

Undersampling this filtered spectrum issgible provided the following two conditions are met:

1i  The decimation factor is not larger than'2(s, - s,), wheres,is the sampling
frequency (or Nyquist frequency) asg, s; are the band limits.
2i There is 0 folding frequency within the passband.

A complex numerical filtecan be defined such that it has no image passband, by defining
imaginary part antisymmetrical such that it produces a compensating negative image. After s
filtering, the only udersampling condition is:

1i  The decimation factor is not larger thayy(s, - s,), wheres;is the sampling
frequency.

Thus, the decimation factor can be two times larger after complex filtering. On the other h
two spectra are produced by the numerical filtering, one real and one imaginary.

Since the folding frequencies are not restricted to be out of the band of interest, there i
additional restriction on the decimation factor. It is then possibletterlmptimize the decimation
factor. This is where a gain can be made with respect to data reduction.

Figure 3.4.41 summarizes the interferogram numerical acquisition process and Figuie 3.4.

summarizes the decimation and alias unfolding processh@nekample of the effect aliasing of
decimation after complex numerical filtering is provided in Figuf®.21. Further description of
the unfolding method is given at Sectri0. The processing needed for the proper recovery
the wavenumber axis feeach spectrum is described in the ground segment docuRBr].[
This operation must be executed after each Fourier transform on decimated signals.

1 We assume that the sampling frequency is chosen in order to meet the Nyquist criterion, i.e. there is no f
frequencies above the sampling frequency divided by 2.

its
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Figure 3.4.4 1: Interferogram acquisition numerical process
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Figure 3.4.4i 2: Interferogram decimation and alias unfolding
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3.4.5 SPE and PAW responsivity scaling

In practice, the three following scaling items need to be considered:

1) A scaling to account for a commanded gain change at the PAW.

The gains are predefideand are commanded by a+bi8 word sent via the ICU. Since different

gains may be commanded, a data scaling in the ground segment to equalize performance must be
foreseen. The commanded gain is available in the auxiliary data stream and so this ig a simp

scaling effect based on the extracted word. The PAW is the last amplifier stage of the o
Detector and Preamplifier Unit (DPU). This is tg factor used in Chapter 4.

2) A temperature dependent scaling to account for changes in responsthigydaitectors
(DTU) within the DPU.

erall

The DTUs are specified to provide a stable response based upon assumed knowledge of their
temperature (i.e. the responsivity may vary but it must be well characterized). For this reason, a

correction of performance viattime/temperature must be foreseen. This is made based on
measured temperature at the DTUs (available via thermistor values in the auxiliary data) and
characterization curves generated during DPU/DTU tests on ground. Thiskisfélogor usedn
Chapter 4.

3) A temperature dependent scaling (gain & possibly phase) to account for the variations in
performance of the electronics of the PAW and the SPE round the orbit.

At present, it is not thought necessary to correct for these effectdatwiorbit as predictions
show the variations will not cause the units to drift out of specification. FRéght Calibration

the
using

the

Plan foresees to make around orbit measurements during Commissioning Phase to check whether

there are any such variations. Arjgaular manifestation of this item is the variation in the SPE

performance during mode switching.

The baseline thus foresees scaling factors to cover points 1) and 2). Point 3) will be covered (if

necessary) based on results from the Commissioning PHaisemeans that the scaling fackgr

may be replaced by a vector which includes the DTU variations and the SPE/PAW variations,
is what is yet to be described in the updateHBlight Calibration Plan.

Only two gain scalings are included in thesélane, although these can be modified to vecta

multiplications should this prove necessary.

This

-
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3.5 Identification of the Ground Processing functions

The overall processing chain, divided into its highel functions, will be processed in the
following order:

1i Load Data

2i Calculate Offset Calibration
3i Calculate Gain Calibration

41 Calculate Spectral Calibration
51 Calculate Radiance

6 Calculate ILS Retrieval

71 Calculate Pointing

81 Calculate Geolocation

91 Format Product

Table3.51 List of Groud Segment functions

Theload Dat f uncti on extracts pbaardk iestrusnentsdatg u e n t

packages and constructs complete interferograms. These are then validated using au
checking data before being sent to the proper functioerdipg on the type of data. In addition,
the Load Data function produces the-precessed data output.

T h «Caldulate Offset Calibratiod f uncti on generates the o
separated according to forward and reverse sweegn e data is validated and made availabl
for the Radiance Calculation function.

xiliary

T h «Caldulate Gain Calibraton f uncti on generates the gain

processing of all gain calibration measurements including every deep apdcblackbody
measurement of the gain calibration sequence.

T h eCaldulate Spectral Calibratian f uncti on performs the
(radiometrically) calibrated scene measurements and generates the spectral calibration data.

T h eCaldulae Radiance f uncti on performs the proce

SSir

generates a radiometrically calibrated spectrum. It uses the currently available, i.e. the last

measured, offset, gain and spectral calibration data.

T h eCaldulate ILS Retrieval f uncti on performs the 1LS
spectrally calibrated spectra. The result of this operation is made available to the output
products.

T h e Caldulate Pointing function perfor ms t he L O
radiametrically and spectrally calibrated spectrum. The output is corrected LOS pointing angle

ret
data
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T h eCaldulate Geolocatiom f unct i on cal cul at es t he t
information.

T h dormat Producd f uncti on per f olitheprocésked sppcta; dorapytedn g

calibrations and diverse processings performed on the raw incoming data into thdéB.ev
product, as defined in documeRD 7].

ange

192
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The conventions used in the following flowchart and all the ones in section 4 are described be

( start )

»la

‘¥

Yes
Y
Load Data
A
Y Y
Compute Compute Computte Calculate
Offset Calib Gain Calib LOS Calib Radiance
Calculate
Pointing No
Yes
A
Y
Compute
Spect Calib

Compute
Offset Calib

Scene
Data

Figure 3.51: Ground Processing Control Flowchart

Input/Output Products

Processing on Data

Auxiliary, Calibration or Intermediate Data

Test Entry Point

Data flow (Different styles of lines are to distinguish between different paths)

xlow.
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Figure3.52 Ground Processing Data Flowchart
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4. GROUND PROCESSINs FUNCTIONS AND DESCRIPTION

In the followingsections, each function defined in the overall structure (see 3&blg will be
described in details. For each function, the description will cover the following aspects

A Objective

A Definition of variables

A Detailed structure and formulas
A Computaibnal Sequence

I n the tables for th©odefFnput/i Ont pdt vaim
notation described below:

Notation | Description

I Input to ground processing

[ Input to ground processing function (calculated by
anotherfunction)
a Specified in the auxiliary data
t Temporary or intermediate variable
I
0

Loop or index variable
Output from ground processing (calculated by the act
function and made available for further processing)
O Output from ground processing

Table4-1 Notation used for the input/output indicators

Al so i n t hd&ywed tiahkdliesatitome wi ||l refer to th
Notation | Description
r Real numbers
C Complex numbers
i Integer numbers
b Binary numbers
t Text or charactedata
m Mixed, two or more of the above types
Table4-2 Notation used for the type indications
Note:The type is not the data format wused

It gives the nature of the data. See section 5 for accurpegtasn a computer.

@ibd¢

on t
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Variable | Descriptive Name /0 | Type
Identifier indices
] Channel/band index number | [
d Index for sweep direction I [
[ Index of group number in the | [
gain calibration sequence
Kk Index of IGM in a group of I [
calibration IGMs
Element indices
n Index of data pointina IGM | | [
m Index of data pointin a SPC| | [

Table4-3 Description of various global identifiers

Note: on all equations, thprimeidentification (e.g.l jifif) refers to a temporary corrected

signal.
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4.1 LOAD DATA

The present Sectiaescribes thé.oad Datafunction that performs the initial processing of all
incoming instrument data. The data flowchart of this function is provided in Fguvel.

It is assumed that incoming data have been demultiplexed and time ordered. These operations
are normally common to all instruments of the platform and they will not be covered in the present
document.

4.1.1 Objective

The main objectives of thdoad Data function is to convert data packets into single
measurements properly identified and grouped.

Specific objectives of the function are

Receive MIPAS data source packets from thdoard instrument
Extract data packets and form single measurements
Extract relevant auxiliary data

Sort measurement data according to the type of measurement
(i.e. scene, blackbody, or deep space)

Stack the calibration measurements into the relevant groups
Generate and deliver preprocessed data

To T o o o I»

The Load Datafunction is also important for the transfer of control because the processing
following theLoad Datafunction depends on the type of data received.

The actual MIPAS specification includes a constraint (Mission and System assumption) on the
data transnssion link quality. It is stated that the bit error rate of the data transmission link
between platform and ground will be better thatf 1BD 3], which is low enough so that no error
encoding method is required.

The detectiorof corrupted/missing ISP shall be done as follow:

Adetection of missing ISP by checking continuity of block sequence number,
Adetection of corrupted ISP by checking error counter different than 0 in FEP header.

In case of corrupted/missing ISPs for sceatadnly, if band B or C is not affected, all bands
not affected shall be processed. Affected bands shall be filled with zeros and not used in further
processing. Otherwise, if band B and C are affected all bands shall be filled with zeros. Band B
and C ae needed for FCE detection. In all cases for scene, if valid auxiliary data is present, time
and geolocation information shall be reported in the Level 1B product. If the auxiliary data is
missing for the last sweep, the scene data corresponding to #ep ssvrejected because the
scene data number of points cannot be determined and the end of scan is unknown.
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In case of corrupted/missing ISPs for gain and offset data, the entire sweep shall not be used in
further processing.

In addition, the numbesf raw data points in the auxiliary data packet should be verified. If the
value is smaller than the number of taps M of the numerical filter, all channels should be marked
as corrupted.
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4.1.2 Definition of variables

Load Data
Variable Descriptive Name I/O | Type | Ranges / References / Remark
MIPAGN Input MIPAS file I m |MIP_NL_OP
a Resistance to temperature FE( a r | MIP_CA1_AX(4)
coefficients
p® Resistance to temperature a r | MIP_CAL1 _AX(33)
PRT(') coefficients
c¥ Digital to resistance PRJTY a r | MIP_CAl_AX(32)
coefficients
S, Nominal laser wavenumber a r | For the MIPAS instrument
= 7606 cm* MIP_PS1_AX(4)
N APC Number of sample data points| o [ Extracted from MIPAS source
IGM before decimation packet
vom Nominal optical speed a i | MIP_PS1 AX(65)
M Number of points in complex a [ M = 256
filter
to 4.2| Calculate Offset Calibration
D, Decimation factor of bangl o] [ Extracted from auxiliary data o
MIPAS source packet
N?S Number of data points in DS o] [
IGM
Dx?ec Sampling interval o] r D, /s,
ADCMn Maximum and minimum values o [ Integer values as given by the
JMaX of the digitized IGM ADC before filtering and
ADC, decimation.
|;ﬂ§j () DS IGM measurement for offse o C
B calibration
K Responsivity scaling factor o] r | function of temperature at the
DTUs.
Ka,j Gain scaling factor 0 r | defined by PAW gain switching
to 4.3 Calculate Gain Calibration
Njgai” Number of data pointsinagait 0 [
IGM
N9 Number of groups in the 0 i | Extracted from MIPAS source
_ calibration sequence packet (= 1 in baseline scenar
N' Number of measurements o] I | Extracted from MIPAS source
(IGMs) in a group packet ( = 300 in baseline
scenario)
ijqec Sampling interval o] r D, /s,
I fd,i'k(n) Blackbody or DS measuremen o C
for gain calibration
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ADCMin Maximum and minimum values o [ Integer values as given by the
JMaX of the digitized IGM ADC before filtering and

ADC, decimaiton.

ks Responsivity scaling factor o] r | function of temperature at the
DTUs.

Kg,i Gain scaling factor 0 r | defined by PAW gain switching

TerT() PRT temperatures 0 r

Taxe Aft baffle temperatures o] r

Tan ASU housing temperature 0 r

to 4.5/ Calcuate Radiance
N Number of points in a scene o] [
IGM

Dx?ec Sampling interval o] r D, /s,

175 (n) IGM scene measurement c

ADCMn Maximum and minimum values [ Integer values as given by the

JMaX of the digitized IGM ADC before filtering and

ADG; decimation.

Kr Responsivity scaling factor o] r | functionof temperature at the
DTUs.

Ks, Gain scaling factor 0 r | defined by PAW gain switching

to 4.7| Calculate Pointing

tSeene Time of actual ZPD crossing 0 r | transformed from OBT to UTC

gmeas Measured azimuth angle 0 r | a™®= 270- A ,whereA is the
pointing angle reading

gneas Measured elevation angle 0 r e = A -90, whereA is the

pointing angle reading

Remark: The measurement variable includes both observational and auxiliary data. More

specific data assignments are done at the subsefgnetions.

D




MIPAS Progr.Doc.No.: PO-TN-BOM-GS-0012

MICHELSON INTERFEROMETER Issue: 2 Revision: - Page
FOR PASSIVE ATMOSPHERIC SOUNDING | Date: 14 October2016 44

4.1.3 Detailed structure and formulas

4.1.3.1 Extract packets from Level O

This operation consists in loading, depacketizing and appending all the packets forming a given
measurement. It also includes the extraction of auxiliary data, whgratbgresent in a source
packet.

No specific formulas are involved in the packet extraction. Thisfisuttion is composed
mainly of load and format operations. A file Level O contains instrument source packets
corresponding to one orbit in nominal cagiéh associated orbital information and PCD (Product
Confidence Data) information. The format of file Level O is describedRd{]. The format of
instrument source packets contain in the file is describeRIN9]. From that, the algorithm for
packet extraction has the following basic steps (for each packet).

A Extract source packet.
A Read instrument source packet header.

i Extract APl (Application Process Identifier) from which instrument and naoele
determined and validated.

T Check for presence of auxiliary data in header, extract it if present.

T Extract latest scan gate start time from auxiliary data.

A From block information in header do for each block.

T Determine channel and verify blockosence.
T Extract block, perform bit expansion and concatenate to current channel signal.

Error encoding of instrument source packets is now assumed not necessary in the current
baseline, hence no error decoding is perform at this level. However, PQihation from the
FEP (demultiplexer) is checked andaarningflag is set for the sweep if transmission errors have
occurred.The sweep is not set as corruptedratiter agpossibly irvalid.

4.1.3.2 Auxiliary data calibration

This is the calibration othe relevant auxiliary data. This subject is covered in more details in a
separate documenRpD 8]. In order to be used in subsequent processing, some information
contained in the auxiliary data are calibrated.

The UTC time comsponding to the latest scan gate start time is calculated from orhital

information using Envisat CFl software PPF_LIB[ 18]. The time corresponds to the one at
ADC

beginning of the sweep. To obtain the time at ZPY¢ sinply addW :
L

The CBB PRT readings are converted into temperature (Kelvin) using specific polynomials
according to the procedure describedRD[8]. The PRT readuts in the data provided from the
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CBA are aatal ADC digital count values (12 bits,) which must first be converted into resistance

values. Another polynomial is then used to relate resistance to temperature.
The number of points}®, N,%" or N*®in the interferogram must be calculated sinceSR&
sends blocks of 512 (256 complex) points even if the last is not full. It is calculated as follow:
ADC _ [}
N = Flooréug+1 (1)
e D g
whereM corresponds to the number of taps (256) in the SPE filter.

The minimum and maximum ADC values atgecked for saturation and a PCD flag is set fo
each detector if the ADC values exceed the saturation level32768 or >= 32767 ).

4.1.3.3 Data sort

Raw data are only delivered as preprocessed data (i.e. stored appropriately). Nominal da
separged according to their type, i.e. scene data, offset data and gain data. They are delive
preprocessed data and stored internally for further processing.

No specific formulas. Once reconstructed, signals are time ordered and store that way.

4.1.3.4 Generate Level 1A

This operation groups preprocessed data (Level 1A). The Level 1A product is composed of a
reconstructed but uncalibrated measurements that can be either interferograms or LOS s
This data is generated and stored at the gsieg facilities.

No specific formulas. Format of Level 1A file is described in appendiRiT]. There is one
Level 1A file produced for each Level O file.

-

ta are
red as

set of
gnals.
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4.1.4 Computational sequence

The execution of théoad Datafunction will start after reception of a data package from th
instrument. The ground segment design will assume that a data package contains s
measurements corresponding, e.g. to all measurements taken during one or several orbits.
also assumthat all measurements are complete and that they aretioeeed.

The data coming from the instrument will have the form of data packets. A single measure
will be formed of several data packets. Tlead Datafunction will stack and structure all @a
packets until a complete measurement (of any type) is obtained. All calibration procedures re
two or more successive measurements. Therefore, if calibration data is fouhdath®ata

function shall stack the individual measurements until allsmnesments are obtained. When this is

done, this (scene) measurement, or stack of (calibration) measurements, is delivered at the
and the control is transferred to the appropriate function depending on the type of measuremé

A For scene measurentsn the control is transferred to th@alculate Radiance
function

A For offset measurements, the control is transferred to Ghkulate Offset

Calibration
function

A For gain measurements, the control is transferred tGahaulate Gain Calibration
function

e
everal
It will

ment

quire

D
output
2nt.

If the measurement has been taken in the Raw Data mode, it is delivered at the output of the

ground processor, as a Preprocessed Data, and.dae Data function resumes with the
processing of another input data. There is no control transfertioabea.

Note: Since August 2004, MIPAS instrument is operating in a reduced resolution mode (na
measurements witMlPD ~ 8.2 cm instead of the high resolution mode for scenes with MPD =
cm). All measurements (scenes, blackbody, deep space, offsatpe at the same resolution.

mely
20

This implies that the reduction of resolution by software of the calibration (gain and offset)

interferograms is needed in order to meet error budget. The reduction of the resolution is
only when the quality flag for #hinterferogram is valid. To keep processing compatibility @
already acquired data, reduction is not done WD ~ 20 cm. In addition to reduction of

done

=

resolution by software of the calibration (gain and offset) interferograms, the scene measurements

mustalso be reduced a little to avoid undersampling the spectrum at 8 cm. To keep compati
with other S/W version, this reduction will be done only when the MPD value specified in
MIP-PS1 ADF is set to 8 cm.

The computational sequence of thead Data function is illustrated by the flowchart of
Figure4.1.41.

It should be noted that in order to create a Level 1B type output, at least one scan togethe
the corresponding offset has to be processed.

bility
the

r with
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4.2 CALCULATE OFFSET CALIBRATION

The present Sectiatescribes theCalculate Offset Calibrationfunction that performs the
processing of the offset calibration measurements including measurements in both sweep
directions. The data flowchaof this function is provided in Figuk2.41.

This estimate of the instrument contribution is made by simply pointing the instrument to deep
space (by moving the mirror of the ESU accordingly) and performing a measurement cycle @s in
the nominal casd-or practical reasons, the deep space measurement is taken at a tangential height
of around 150 km. Also, due to the potential difference in phase between different sweep
directions of the instrument, a measurement is taken in each of the forward enseé dixections
of the interferometer. In the ground segment, the latest offset measurement (in the correct sweep
direction) is simply subtracted from each interferogram during processing.

The signals detected during offset measurements arise mainlynéism sources in detectors/
amplifiers and from thermal emission of the optical components within the interferometer. Even if
the spectrum will be weak, it is believed that fringe count errors can be effectively determined.
The scheme applied to scene acalibration measurements will most probably detect the
occurrence of fringe errors, and the use of all interferograms (including offsets) maximizes the
chance of detecting and correcting the errors as soon as possible after their occurrence.

The zero dket measurements will be subtracted from the relevant individual interferograms.
Logically, these measurements should be made at the same spectral resolution as the scene
measurements themselves, in order that the vectors are directly comparable. Hbviewer
expected that any high resolution features will be present in the offset spectra, which means that
the measurements may be made at low resolution, with an interpolation on the ground segment.
This has the advantage of reducing the durationeobtfset measurement.

Simulations RD 6] have shown that the consequence of using a single offset sweep at|low
resolution is that the overall NESR performance is degraded by around 5%, which is a too| high
degradation. If three forwardr reverse sweeps are coadded, then the overall degradation in the
NESR due to the offset estimate falls around 1.6%. Also, in order to lengthen the lifetime of the
interferometer slides, offset measurement will now be made éwarglevation scans insad of
every two elevation scans.

In Full Resolution (FR) mode, the Offset Calibration will thus be performed éwerygcans,
and usesix sweeps at low resolution (three forward and three reverse), which must be combined to
reduce the noise level to a&gtable level. In Optimized Resolution (OR) mode, the Offset
Calibration will use 12 sweeps at low resolution.

According to RD 6] in FR mode, the total duration of the offset measurement is 16.15 secaonds
(including transition times)hich is compliant with the new zewdfset requirement 3.10.2.2 in
[RD 3]. Measurements will then be made every:

(4 scang 16 sweeps/scah4.45 s/sweep) 0.45s + 16.15s=300.5s (2)
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For an orbit of 100 minutes, assumiall measurements are performed with the same sc
scenario, there will be about 20 offset measurements per orbit. By an examination of tempe
variations, a worst case estimate of the rate of update to the offset contribution to the radion
accumcy is one every 15.9 minutes, or roughly six times per orbit. This shows that the figure ¢
is well above the necessary minimum. This value will be revised during the Commissioning P
of the instrument to see if the present scenario could not &esckto a lower number of offset
measurements during one orbit.

Offset calibration will be performedthena newnon-corrupted offsetneasurement becomes
available.A 'closest in time strategy' shall be appliedselect the calibrated offset that will be
subtractedrom the scene measuremgnivhich means thas complete scan shall be calibrated
with the closestalibratedoffset. In case the closest calibrated offset is flagged as invalid by t
ANESR Assessment and Of f s ased ahawhyifod thet subtraction biut]
a warning flag will be associated with the scdheo offset at all is found in the input data, then
the offset calibration data contained in the offset validation file shall belugedwarning flag
will be associted with the scene

The offset validation auxiliary data file is an input to the processor only. It shall contali
validation template groduced externallyat the same frequency as the Gain ARRd default
offset calibration data.

4.2.1 Objective

The main objective of theCalculate Offset Calibratiorfunction is to deliver offset calibration
measurement data in a form suitable for radiometric calibration of the spectra Ggltidate
Radianceunction.

Specific objectives of the function are

A Sat offset data according to the direction of interferometer sweep.

A Coadd all valid offset interferograms in each band and direction for the offset calibratic
group.

A Correct for detector nelinearity.

A Detect and correct fringe count errors in sggdiands B and C.

A Equalize and combine interferograms in band A.

A Assess NESR performance.

The offset calibration data shall be written to the Level 1B product annotated data set.

an
rature
netric
nf 20

hase

unct

n



ARBRB

MIPAS

MICHELSON INTERFEROMETER
FOR PASSIVE ATMOSPHERIC SOUNDING

Progr.Doc.No.: POTN-BOM-GS0012
Issue: 2 Revision: - Page
Date: 14 October2016 50

4.2.2 Definition of variables

Calculate Offset Calibration

Variable Descriptive Name I/0 | Type|Ranges / References / Remarks
Global variables & indices
N‘,—js Number of data points in DS| i I |input fromLoad Datafunction.
IGM
|\|jZpd Number of points to defineth a I |° 256 points retained in the ZPD
coarsespectra region. MIP_PS1 AX(13)
] Channel/band index number| | [
d Index for sweep direction I I |0 =forward, 1 = reverse
szffca' Number ofsweeps in given i I |In FR mode, default value is 3
direction of a group of offset In OR mode, default value is 6
calibration
k index of IGM in a group of [ I |The range okis k=1,...,3
offset calibration
n' inputlGM data point index I i
n° coarselGM data point index I I In°=- szpd/z,___, szpd/z_ 1
m° coarseSPC data point index I I 'mf=02 , szpd -1
Ds ;’SCC Waverumber spacing in barjg  t r | calibrated with correction factor
of calibrated coarse spectrun
sk Starting wavenumber in bapg  t r | calibrated with correction factor
J of calibrated coarse spectrun
S, Nominal laser frequency a r |For the MIPAS instrument
= 7606 cm* MIP_PS1_AX(4)
4.2.3.1] Spikes detection
175 (n) DS IGM i ¢ |input fromLoad Data
4.2.3.3| Interferogram coaddition
TG Coadded DS IGMs t c | Coaddition of 6 IGMs: 3 forward
and 3 reverse.
4.2.3.4| Gain spectral interpolation
m requestedSPC data point inde | i m =02, N - 1
G 4(m") Previous gain [ ¢ |input fromCalculate Gain
Calibration function
Gj'7d(m°) Previous gain, interpolated t c
4.2.3.5| Calculate coarse spectra
Sﬁsz(nf) Coarse DS SPC t c
Ds]fisc Wavenumber spacing in bap( t r computed from the coarse IGM |
of coarse spectrum the unscrambling method
s> Starting wavenumber in bap¢  t r computed from the coarse IGM |
' of coarse spectrum the unscrambling method
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Variable Descriptive Name I/0 | Type|Ranges / References / Remarks
Ksc Spectral calibration correctiol i r computed irCalculate Spectral
factor Calibration function
MIP_CS1 AX(4.3)
4.2.3.6| Calculate calibrated spectra
S}’;f‘;(m°) Coarse calibrated DS SPC t C
4.2.3.7| Fringe count error detection
N APC Number of sample data points i i |Extracted from MIPAS source
IGM before decimation packet
D, Decimation factor of bang i i |Extracted from auxiliary data of
MIPAS source packet
he Systematic OPD shift of a DSt i he= (N ADC o _ 128)m0dDj
IGM
if (N“°° - 256)/D, +1)mod2=0
then h?*=h?**- D,
h;’sk OPD shift of a DS IGM t [
Dx Nominal sampling interval t r |1/s,
4.2.3.8| Fringe count error correton
4.2.3.9| Responsivity scaling
kr Responsivity scaling factor [ r |function of temperature at the
DTUs. FromLoad Datafunction
ks, Gain scaling factor [ r |defined by PAW gain switching.
FromLoad Datafunction
4.2.3.10| Nortlinearity correctian
ADCjMdi“k Maximum and minimum [ I |input fromLoad Datafunction.
o values of the digitized IGM Integer values as given by the A
ADCjq before filtering and decimation.
Cq,jd Responsivity polynomial fit a r |Polynomial order is 4
coefficients corresponding to j covers only the index of nen
givennontlinear detector linear detectors, Al, A2, AB and
MIP_CA1_AX(13)
4.2.3.11 Equalization and combinatior
175 () Final DS IGM 0 c output fromCalculate Offset
Calibration
4.2.3.12| NESR Assessment
Nj™ Number of points in bangfor | i i
theactualDS
m™ actual SPC data point index I i m™=02, N 1
Ds 8™ Wavenumber spacing in bap( t r
J
for the actual DS
so?sm’ Starting wavenumber in bapc  t r
for the actual DS
SINdESR(mmX) Uncdibrated spectrum of t C
’ residual error
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Variable Descriptive Name I/0 | Type|Ranges / References / Remarks
u Template reduction factor a I ju2 1.
MIP_PS1_AX(18)
U —
m reducedSPC data point index | m =02 ,Floor{ ereq/u} 1
N, L) DS spectrum residual noise t
’ radiance
pprev Previous sequential index of | i MIP_CO1_AX(3) MDS 2
the deep space offset readin(
aNj‘f{fV(nf)é Previous mean of noise i MIP_CO1_AX(9) MDS 2
NESFJ?{fV(rrP) Previous standard deviatiof i Also called NESR of instrument.
' noise MIP_CO1_AX(10) MDS 2
|pR\/jd§(ni) Previous valid interferogram MIP_CO1_AX(8, 13, 18, 23, 28)
' offsets MDS 1
LSModMeayy | Least square mean of i MIP_CO1_AX(3.1) MDS 1
uncalibrated offset power
spectrum
LSModStg Least square standard deviat i MIP_CO1_AX(3.2) MDS 1
of uncalibrated offset power
spectrum
? Sequential index of the deep| o 2=7Prevy 1
space offset reading
aN; ((m")3d | Mean of noise
NESR,(m") Standard deviation of noise
sfj‘EreSSR Standard deviation threshold value should be between 1 and |
MIP_PS1 AX(16)
tNESR Threshold of rejection a 0 ¢ tyesg ¢ 100.
expressed as a percentage MIP_PS1_AX(17)
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4.2.3 Detailed structure and formulas

4.2.3.1 Spikes detection

This subfunction has the purpose of détey spurious spikes in an offset interferogram. The
presence of spikes in an interferogram can be caused by cosmic radiation or transmission e
The affected interferogram is discarded in order to avoid contamination of the coadded offset

The detetion of spikes (no correction here) is computed on the input interferogram, accordi
to the procedure described in Section 4.9.1.2:

LS (n) :Correctsn{ei{lj";‘k(n‘), Nfs} (1)
with
? NJdS NldS H ds ;
i 7+7 1 if N;”is even
7 Nj*-1
’f 2 yuuey 2

, if N®is odd

4.2.3.2 Data sting

This subfunction consists in the separation of the offset data according to the direction of

rrors.

ng

the

interferometer sweep. Six offset calibration measurements are expected at each four elevation

scans. Three in the forward direction and three in thesewdrection.

No specific formula is applicable. This subfunction requires only read/write and compare

operations.

4.2.3.3 Interferogram coaddition

The coaddition is performed on each deep space interferograms. If a fringe count error is detﬁ
the dfset is first corrected for fringe count error and then coadded. There is a separate coad
for each sweep direction:

ds iy — 1 N?’;:ﬁcal ds i
e (M) = Npo™ a i) (1)
d k=1

Note that the coaddition will exclude the offsets containing detected spikes or abwotipets having

offcal

transmission errors. In this case, the average will be done on a smaller numB¥Pthan

cted,
ition



MIPAS Progr.Doc.No.: PO-TN-BOM-GS-0012

MICHELSON INTERFEROMETER Issue: 2 Revision: - Page
FOR PASSIVE ATMOSPHERIC SOUNDING | Date: 14 October2016 54

4.2.3.4 Gain spectral interpolation

This subfunction performs a spectral interpolation of the actual calibgai@dunto a coarse
spectral axis definition.

Note that as the gain to be interpolated is a smooth function, diffatind NP parameters
could be used tepeed up the computation, or a simple linear interpolation between points could
also be used instead. See Sectich2 and 4.10.5 for more details about tieear Interpolation
Method

Forj limited to band B and C, we do an interpolation of the agasd to a coarser resolution
by the operation:

Gj4(nf) =Interpolag G, ,(nT); Ds[*,s,™, N*- Ds{**,s ds°°,Nijd] (3)

0]
The range of data points index of the input gain is defined lnetheestedpectral calibration:
m =02 ,N/®-1
The computed range of data points index is defined by the actual spectral calibration, but at

coarse resolution:

m°=0,..,N?-1

4.2.3.5 Calculate coarse spectra

This subfunction computes a coarse spectrum by performing the Foaneform of a small
portion around the ZPD of each incoming deep space interferogram (corresponding to a at very
low resolution). This operation is followed by the computation of the corresponding spectral axis.
This axis is then calibrated by a multiplicat by the current spectral calibration correction factor.
Unscrambling is finally performed with the purpose ofordering spectra computed from
decimated interferograms.

The purpose of this subfunction is to provide coarse spectra for fringe coomtet@ction.
Thus it is applied only to band B and C interferograms.

S5, = FFI{ 15, () ®

The range of data points index defined bydbarsespectral calibration is:

N 2P N 2P
c J J

S
: 2 2
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where Nijd is an integer power of 2, ands limited to the B and C bands. For a given scene

measurement, the sweep direction may be either forward or reverse.

The radiometric vector is then unscrambled following the method describedtiors!.10.2.
The corresponding spectral axis vectq‘-?sc(mC) Is computed according to equation (4) of that

same section. This spectral vector is then calibrated by a multiplication by the current spectral
calibration corredbn factorkgc. If no spectral calibration is available yet, this scaling is taken as

unity.
D dscc — D dsc A
Si = .S‘]- Cksc

dsce . dsc 4
501'3CC - SOjSC (ksc (2)

In addition to this stretching of the spectral axis, an invarséching must be applied on the
radiometric scale to ensure the conservation of energy in the signal. This compensation can be
applied with the following spectral calibration.

4.2.3.6 Calculate calibrated spectra

This subfunction performs a crude radietric calibration of the coarse spectra by a simple
multiplication by the previously interpolated coarse gain.

Forj = B and C, the coarse calibrated deep space spectrum is obtained with:

Stk () = ST () @], (7F) ke ?

4.2.3.7 Fringe courerror detection

This subfunction analyses the phase of the coarse spectrum to establish if there was a fringe count
error. It is necessary to detect fringe count errors before the actual interferogram is coadded with
the previous interferograms of thensa type. Thus, the detection procedure interacts with the
coaddition procedure. In case a fringe count error is detected, the curregtingrcoaddition is
stopped and a new one is started.

Detection is done only in band B and C. Two bands were edl¢atincrease the chance of
detecting a fringe count error. Fringe count error detection should be done independently for the
forward and reverse sweep direction.

The fringe count error detection can be computed from this calibrated spectrum, acaording t
the procedure described in Section 4.9.3.2 foB and C:

hgs = FCE Detec{S?jfﬁ (m°),s {*°(m°®),Dx, hfys} 1)




MIPAS Progr.Doc.No.: PO-TN-BOM-GS-0012

MICHELSON INTERFEROMETER Issue: 2 Revision: - Page
FOR PASSIVE ATMOSPHERIC SOUNDING | Date: 14 October2016 56

4.2.3.8 Fringe count error correction

In the case where a fringe count error was detected, that is it 2en@©PD shift(hgi - h,-sys) is

calculated, this subfunction corrects the full deep space interferogram measurement.
correction is applied to all detectors or bands.

The fringe count error correction is applied on the current coadditquence of deep space
interferograms at the input resolution, according to the procedure described in Section 4.9.3.3:

| %, (n') = FCECorrec{l %, (n'),(h%s - h°)Dx 1)

The correction is applied to all detectors/bands so:

j=Al, A2, AB, B,C and D

4.2.3.9 Responsivity scaling

The

Based on the temperature measured at the DTUs, each individual interferogram must be scaled to
account for the current DPU detector absolute responsivity at time of measurement. | This

responsivity is a function of tgmerature and varies over the orbit.

Also, there may be an additional vector multiplication to account for the current gain setting at
the PAW on various channels, in the event of gain switching during orbit. In the case that the DPU
gain is switched oner more times per orbit on one or more channels, the data has to be correctly
scaled based on the selected gain factors (and using a characterization table giving the actual gain

values corresponding to the selected settings).
These two corrections argliSTBC. See Sectio®.2.2.4 of RD 6] for more details.

It is assume thakr and kg are constant wrt ta@ and k. The correction is a simple scalar
multiplication per vector:

(') = 175 (') G Ok | (1)

4.2.3.10 NoHdinearity correction

The nonlinearity correction is applicable on the nlomear detectors of channels Al, A2, B1, and
B2 only. There is a different correction for each #ioear detector. Correction is performed on
each incoming intéerograms after responsivity scaling.

The nonlinearity correction is derived from characterization data and based on an indicator of
the DC total photon flux pc of the actual measurement, i.e. the minimum and maximum values

of the digitized IGM by theADC before filtering and decimation given as input with the incoming
interferogram. The characterization data containslim@ar responsivity polynomial coefficients
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for each affected detectors. These coefficients are previously computed from reading
calibration blackbodies, according to the procedure describ&Di2]

Since all measurements within a calibration group are equivalent, and therefore shou
subject to the same ndimearity, the correction is perforrden the coadded interferograms.

Knowing the minimum and maximum values of the digitized IGM by the ADC before filtering

A 4 1..
and decimation ADC' :éak. ADCY, and ADC'{" :éak. ADC'$y ) for the current coadded

measure, and the responsivity coefficgeftr the detector under considerati@g; (), the non
linearity correction can be computed directly on the interferogram, according to the proce
described in Sectiof#.9.4 forj = A1, A2, AB and B:

I j‘y’ds(ni )= CorrectNI.{I f‘j (n' ),ADCJ.“f'(‘,n ,ADCj“f'jX,cqy j‘d} (1)

4.2.3.11 Eqgualization and combination

For channels Al and A2, the equalization must be performed since it was omitted on &
because of the ndmearity problem. Combination allows an improvement of the signabise
ratio.

The equalizatn is done only on one of the two detectors to be combined, using a convolu

s of

d be

dure

oard

tion

with proper coefficients. The combination is obtained by subtracting the A2 interferogram from

the Al interferogram.

The equalization and combination is computed on the desgesnterferogram, according to
the procedure described in Section 4.9.5.2:

|j(n) = EqualizeCanbind 1 & ()} (1)

4.2.3.12 NESR Assessment and Offset Validation

In the purpose of accumulating the NESR vector, the values obtaynttk llleep space offset
observation are used.

The first step is to compute the equivalent offset spectrum according to the proce

dure

described in Sectiof.2.4.5. A Fourier transform is done at the input resolution, followed by an

unscrambling and an ampriate calibration of the spectral and radiometric axeg$oh, AB, B,
C and D. Note that the result of the subtraction is-fileal to N,*™ (next power of 2 ofN,%)
points before the FFT is done.

SYE™) = FET{ 195 (n) - 157°/(n)} 1)
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whee e the notation fAprevod indicates the v

interferogram, i.e. the value df’fj (ni) obtained during previous offset calibration. The range of

data points index dheinput spectral calibration is:
m™ =02 ,N{*™- 1

Note : the fringe count of {3 must be 0 wrt to the current gain &% before subtraction,
i.e., detect FCE and correct FCE (if neededist be applied on Jf’fj"’ev. Note that forl ;’;prev, the

systematic OPD shift must be set to 0 because it is already apply.

This uncalibrated spectrum is then interpolated (according to the Sé@i@nSinc
Interpolation Method on a reduced grid of the requested spectral axis. One point out ofueve
points is kept, whera is the template reduction factor.

Sjl\‘ngSR(mU) - Interpolae{ SJ_I\’J(IjESFanimX); Ds ;jsmx’socjismx1 N;jsmx - uDs ]req’sofeq’ NJ_req/u} (2)

J

The deep space noise radiance is given by the fwipwefinition, taking one point out of
everyu in the gain sampled on the requested axis:

N, () = R S5t a,, (' )| 3)

For each deep space reading (numbétedL, 2, ...), two vectorﬁ\lj’d(m“)c’i and NESR (m")

ry

are accumulated. The mean and the standard deviation can be recursively computed in a way to

avoid storing all intermediate values in memory (that could lead to a huge table).

The mean computed can be exgz&d as a function of the previous mean, in the following way

(for any value of?):

?- 1) aN/F(m)a+ N,
avad(m“)éz( ! ",,( N, (4)

The standard deviation computed can be expressed as a function of the previous mean &
previous stanard deviation, in the following way:

if ?2=1:
NESRq (m') =0 (5)
else
NESR, (mU):\/(Nj,d (m“)) +(?- 2)(NES|.‘}9’trjeV(m”)2-.;(?_ 1)3Nféev(m”)62 - 2N, (M) o

and the
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Before inserting the value on,d(m“) in the running meanél\ljld(m”)a and into the
NESR (m") vector, its validity must be first checked the following way:
Calculate the normalized modulus offset spectrum over all offset measurements in th

product and caldate the normalized modulus offset spectrum of previous reference valid off
The interferograms are zefitled to the next power of 2 and a F&siurier Transform performed

following themethod described in Section 4.10.1.
S5 (M™)=FFR1 5, ()} (7)

SPRVS (m™)=FFRIPRV (n')} (8)

The radiometric vectorsﬁzyk and SPR\fj are then unscrambled following the method describe

in Section4.10.2 and the spectral giitterpolated according t8ection 4.9.2.

_ N g |
SAbsNormaf ,, (M™)=— * abgS?, , (M™)]

a ab{gds (mimX)}

g (9)

. N g5 |
SADSNOIMPROT, , (M™)=—— 15[ ’ }* abgdSPRV'S (m™)]
a abgSPRVS (m™)
g e (9a)

Calculate the least square for the modulus of each offset measurement

m=N{sm 1

LSMod 4,= & (SAbsNormaf,, (m)) - SAbsNormPROffj’d(m))z (10)
m=0

considered valid.
if|LSMod ,, - LSModMean, [>s\-Q SModStd, (11)

then there is a chance thid; , (m") comes from erroneous data.

elseaN; ,(m")d and NESR,(m") are updated as described previously.

d

Compare lie least square of modulus with previous LSModMean and LSModStd containe
MIP_CO1_AX ADF. Note that if LSModStd = 0, the comparison is not done and the offse

e LO
set.

d in
tis

swes is a standard deviatidhreshold previously defined.
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The flag is provided in the data produa, ,(m")é and NESR ,(m") are kept with calibrated
data and referred in the data product.

The mearLSModMeayjy and the stadard deviatiorL,SModStg, stored in MIP_CO1_AX ADFs
are calculated once a week over all the offsets of a complete orbit by MICAL S/W using
following equations.
LSModMean,=mearfLSMod , , ) (12)
LSModsStd, = /VariancgLSMod ) (13)

4.2.4 Computational sequence

The Calculate Offset Calibratiorfunction receives control from theoad Datafunction when
offset data have been found. It then processes this data and sends control batkdd ata
function.

The output, i.e. an ddkt calibration, is generated only when the measurements for forward
reverse sweeps have been processed. The new offset calibration file replaces the old one. ]
file is delivered as an output of the ground processing.

The computational sequenoéthe Calculate Offset Calibratiorunction is illustrated by the
flowchart of Figure4.2.41.

the

and
'he old
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4.3 CALCULATE GAIN CALIBRATION

The present Sectiatescribes theCalculate Gain Calibration function that performs the
processing of gain calibration measurements including all deep space and blackbody
measurements of the gain calibration sequence. The data flowchart for gain calibration processing
is provided in Figurd.3.41.

The radiometric gain calibration requires blackbody measurements. Since in this case the
instrument is again contributing to the observed signal, it is also necessary to perform deep|space
measurements before the blackbody measurements in order to siigrapgptopriate instrument
of fset. (I'n this instance, the term fADeep Spe
measurements from the regular Offset Calibration made with the scan sequences. The Deep Space
Radiometric Calibrations are usedoto correct the CBB measurements and must be explicitly
commanded as described RD 10)). In fact, several measurements of each kind will be needed.
This is because the signal to noise ratio of a single, aftse¢cted blackbody measurement is
not high enough, particularly in band D, to achieve the required radiometric accuracy. Therefore a
single gain calibration implies several successive measurements.

It is expected that there will be no high frequency featuregherehe CBB spectrum or in the
instrument contribution (as assumed also for the offset calibration). These assumptions will be
verified on the ground during instrument AIT, but the assumption is reasonable. Therefore, |each
CBB or Deep Space sweep of timstrument will be made at lespectral resolution, i.e. with a
duration of 0.4 seconds. The baseline scenario uses 300 sweeps at low resolution in both forward
and reverse directions for both CBB and Deep Space measurements. The reduced resplution
scenam uses 200 sweeps at low resolution in both forward and reverse directions.

Radiometric gain calibration will be performed after the instrument slides have been stopped in
order to reestablish a phase reference. The gain sequence will therefore bardedas the first
operation in any nominal measurement sequence. Radiometric Deep Space Calibration
measurements precede those made looking towards the CBB to cover the worst case condition of
the instrument entering measurement mode directly after thet heater phase of the CBB.

The radiometric gain calibration has two commanded sequences, each of 600 low resolution
sweeps. In addition to the duration of the sweep sequences themselves, there will be two
commanded transitions, followed by an automatiansition. According to RD 6], each
commanded sequence has a duration of 520.6 seconds. The total duration of the radiometrjc gain
sequence (DS and CBB) is:

(23 520.6's) = 1041.2 s, or 17.35 min (1)

With this duration requirednce par week, the baseline radiometric calibration easily satisfies
the requirement 3.10.2.3 iRD 3].

A special consideration is given to the South Atlantic Anomaly (SAA) and its potential effects
upon instrument performanée.g. detector spikes). At present, it is proposed to monitor the effect
of the SAA by a simple gain check performed once per orbit as soon as possible after the passage
through the SAA RD 6]. The purpose of the check is simply to gian indication whether the
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gain/phase performance of the instrument has been affected in any way. It is currently ass
that there will be no effect, and hence the baseline uses a simple measurement which compr
6 sweeps (3 forward, 3 reverse) 6 and CBB measurements. These gain vectors should
analyzed and compared to the current gain vector being applied in the processing to dete
significant differences in amplitude profile (e.g. spikes).

The gain auxiliary product shall be prodddey the Level 1B processor if gain data are foun
in the input Level O product (a flag shall indicate if the gain data are valid or not). The gain
shall be processed at the beginning before scene data. The produced gain calibration dat
NOT beused to process scene data in the current input data. An initial gain product will be g
as input to the processor at all processing stations and shall be used until a next gain will be
available. During processing, the gain file shall not be fremtlby the processor.

4.3.1 Objective

The main objective of th€alculate Gain Calibratiorfunction is to deliver a file representing the
radiometric gain of the instrument, computed using gain calibration measurements, in a
suitable for radiometeicalibration of the spectra by tlalculate Radiancéunction.

Specific objectives of the function are:

A Sort the gain calibration measurements according to types of measurement and swee
direction, i.e. deep space or blackbody measurements, aratfoowreverse sweep.

A Coadd interferograms to increase SNR.

A Detect and correct fringe count errors in spectral bands B and C.

A Correct DS and BB measurements for 4tiorarity of each affected detector.

A Subtract offset due to contribution of thetimsnent.

A Equalize and combine interferograms in band A.

A Compute spectra using a FFT algorithm applied on the interferograms.

A Interpolate gain spectral vectors to provide the gain on a predefined spectral axis.

A Calculate expected blackbody radiafrcen temperature readings
corresponding to blackbody measurements.

A Calculate the complex ratio of theoretical to calculated spectrum.
A Check for radiometric accuracy of the incoming data.

These objectives have been followed in the detailed desitpe ddinction.

NOTE: i n the f oGodsawwierg,c rti hgda ifmt anre ch sindimeanmsaiiattthe
measurement can be either a deep spig®( a blackbodyl{b) measurement.

umed

ises of
be

ct any

d
data
a shall
iven
made

form
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e.g.:

e.g.:

means

and

S5ix(m) stands for S, (m) and S'5; , (M)

N'9
G —
ILdJ(n) @ Ei
ig
d -
Iia (n) =
k:1
Nig
]dl(n)._

jdlk(n)

dsg
jdlk(n)

jdlk(n)
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4.3.2 Definition of variables

Calculat Gain Calibration

Variable Descriptive Name I/0 Type Ranges / References / Remarks
_ Global variables & indices

Nf’a'” Number of data points in a gi i i |Input fromLoad Datafunction.
IGM (DS or BB) IGMs at low resolution

N9 Number of groups in the [ i |Input fromLoad Datafunction.

_ calibration sequence 1 group

N' Number of measurements [ I |Input fromLoad Datafunction.
(IGMs) in a goup 300 sweeps in both directions and

both types

N].GI“ax Number of points in bandfor | t I |Computed from number of input
theactualgain points (next power of 2)

Nijd Number of points retained in| a I |The choice of the number of points
the ZPD region to define the depends on the assumption that ce
coarsespectra be done on the maximum shift due

a FCE (power of 2)
MIP_PS1 AX(13)

Njreq Number of points in bandfor | a i IMIP_PS1_AX(7)
the requested spectral axis

] Channel or band index numk | I |j=A1,A2, A AB,B,CD

d Index for sweep direction I I |0 =forward, 1 = reuse

[ Index of group number in the | I |The range ofis i =1,2 ,N9
calibration sequence

k Index of an IGM in a group o/ | I |The range okis k =12 ,N®
calibration IGMs

n' inputIGM data point index I i

m requestedSPC data point ind¢ | i 'm =02 N1

n® actuallIGM data point index I I 2 =- NijaX/z,___, NJ,GmaX/z- 1

m? actualSPC data point index | | i mf =02 N ]

n° coarselGM data point index | | I In®=- szpd/z,___, szpd/z- 1

m° coarseSPC data point index | | I 'mf=02 ,szpd- 1

Ds jGCC Wavenunber spacing in bang t r |calibrated with correction factor
of calibrated coarse spectrur

5,5 Starting wavenumber in bafp¢ t r |calibrated with correction factor

J of calibrated coarse spectrur
SL Nominal laser wavenumber | a | r |For the MIPAS instrument
= 7606 cm MIP_PS1_AX(4)
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Variable Descriptive Name I/0 Type Ranges / References / Remarks
4.3.3.1 | Spikes detection
Ifd,i «(n') | Single gain IGM measureme, i ¢ |input fromLoad Datafunction
either DS or BB
4.3.3.3 | Interferogram coaddition
G Coadded DS or BB IGM t | ¢
4.3.3.4 | Gain spectral interpolation
Ds;eq Wavenumber sgeing in band| t r |Computed with
for the requested spectral ax MIP_PS1 AX(7, 8,9)
Sop Starting wavenumberinbafp¢ a | r MIP_PS1_AX(8)
for the requested spectral ax
GPyv(n) Previous gain [ c input fromCalculate Gain
' Calibration function
Gj',d(m°) Previous gain, interpolated t c
4.3.3.5 | Calculate coarse spectra
%Gdc. «(m") | Coarse gain SPCs, either DS t | ¢
BB
DstC Wavenumber spacing in bap t r computed from the coarse IGM by
of coarse spectrum unscrambling method
s, Starting wavenumber in bap( t r |computed from the coarse IGM by
' of coarse spectrum unscrambling method
Ksc Spectral calibration correctio| | r |computed inCalculate Spectral
factor Calibration function
4.3.3.6 | Gain shift correction
Q%Cf,k(mc) Coarse calibrated gain SPCs t | ¢
either DS or BB
Dx Nominal sampling interval t r | 1/s,
s jG(mC) coarsewavenumber vector [ r |Defines band, according to the
coarse spectral axis definition
CJ_G () Phase correction spectral t C
’ function for a gain SPC
G,—'; () Previous gain, interpolated a t C
’ shifted
4.3.3.7 | Calculate calibrated spectra
4.3.3.8 | Fringe count error detection
N APC Number of sample data poin] i I |Extracted from MIPAS source pack
in IGM before decimation
D, Decimation factor of bangd [ I |Extracted from auxiliary data of
MIPAS source packet
he Systematic OPD shift of a DY t S (N ADC [ o _ 128)modDj
or BB measurement " ((N ADC 256)/ D, +1)mod2 -0
then h*=h>*- D,
hc(fi,k OPD shift for a DS or BB t r
measurement
4.3.3.9 | Fringe count error correction
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Variable Descriptive Name I/0 Type Ranges / References / Remarks
4.3.3.10 | Responsivity scaling
kr Responsivity scaling factor [ r |function of temperature at the DTU
FromLoad Datafunction
Ks, Gain scaling factor [ r |defined by PAW gain switching.
FromLoad Datafunction
4.3.3.11 | Nontlinearity correction
ADCj“f(j'},k Maximum and minimum i I |input fromLoad Datafunction.
ADCMex values of the digitized IGM Integervalues as given by the ADC
jdik before filtering and decimation.
Cq,jd Responsivity polynomial fit a r |Polynomial order is 4
coefficients corresponding to j covers only the index of nelimear
given nonlinear detector detectors Al, A2, AB and B
MIP_CA1_AX(13)
4.3.3.12 | Offset subtraction
1750 () Coadded and offset correctel t | ¢
gain IGM
4.3.3.13 | Equalization and combinatio
4.3.3.14 | ZercoHilling of interferogram
|J.Z"°d'i (n?) Zerodfilled (and coadded) gail t | ¢
IGM.
4.3.3.15 | Calculate spect. cal. spectra
Ds?max Wavenumber spacing in bap t r
for the actual gain
sofm’” Starting wavenumber in bap¢ t r
for the actual gain
DX?EC Sampling interval [ r |current value of the IGM sampling
_ input fromLoad Datafunction
Ti(m”) | Coadded gain spectra t | ¢
4.3.3.16 | Spectral interpolation
') Interpolated gain spectra t c
4.3.3.17 | BB radiance calculation
y (m") Theoetical spectral radiance| t r |The range ofn" corresponds to the
the calibration BB. requested spectral axis definition
S (m") Vector of wavenumber valug t r |Defines bang, according to the
requested spectral axis definition
Rss(S) Blackbody radiance function| t r
a(S) Blackbody effective emissivit a r [MIP_CA1_AX(30)
&u(S) Blackbody surface emissty a r [MIP_CAl1_AX(29)
Fbes View factors a r MIP_CA1l_AX(25)
X Base area element locations| a r MIP_CA1l AX(23)
I Base area PRT locations a r [MIP_CA1l AX(24)
TerT() Base area PRT temperatures i r |Output ofLoad Datafunction
Tes Wall temperatures [ r | Output ofLoad Datafunction
Tax Aft baffle temperatures [ r | Output ofLoad Datafunction
Tan ASU housing temperature [ r |Output ofLoad Datafunction
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Variable Descriptive Name I/0 Type Ranges / References / Remarks
4.3.3.18 | Radiometric accuracy
u Template reduction factor a I |u2 1.
MIP_PS1_ AX(23)
i — .
m reducel SPC data point indey | I =02 ,Floor{ ereq/u} 1
A () Gain spectrum residual noise t r
3 radiance
prev Previous sequential index of| i i MIP_CG1 _AX(3) MDS 2
the gain reading
aAPT ()3 Previous mean of radiometri¢ i r MIP_CG1_AX(9) MDS 2
’ accuracy
NRMS"(mt') | Previous standard deviation | i r MIP_CG1_AX(10) MDS 2
accuracy
2 Sequential index of the gain| o I |9 = 9Prevy 1
reading MIP_CG1_AX(3) MDS 2
éA,-,d(mu)a Mean of radiometric accurac} o r MIP_CG1_AX(9) MDS 2
NRMS , (m) Standard deviation of accura o r MIP_CG1_AX(10) MDS 2
shres Standard deviation threshold r |value should be between 1 and 10
MIP_PS1 AX(21)
trace Threshold of rejection a  r |0¢tgacc¢100
expressed as a percentage MIP PS1 AX(ZZ)
4.3.3.19 | Ratio
G, 4,(m) | Radiometric gainforgroup | t | ¢
sweep direction and bang
4.3.3.20 | Gain coaddition
G, 4(m) Radiometricgain for bang o] ¢ output fromCalculate Gain
' and sweep directiod Calibration
MIP_CG1 AX(22) MDS 1
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4.3.3 Detailed structure and formulas

4.3.3.1 Spikes detection

This subfunction has the purpose of detecting spurious spikes in the interferogral@epf space

or a blackbody reading. The presence of spikes in an interferogram can be caused by gosmic
radiation or transmission errors. The affected interferogram is discarded in order to avoid

contamination of the coadded offset.

The detection of spilee(no correction here) is computed on the input interferogram, according

to the procedure described in Section 4.9.1.2:

I ﬁ.,ﬁ,i K (ni) = Correctsmes{ | fd’i‘k (ni ), Njgain} W
with

é Njgain Njgain . .
' } > eyt 5 -LlfNjga'”lseven
‘=]
I
|

Njgain_ 1 Njgain_ 1
- +

5 5

if Njg"’lin is odd

4.3.3.2 Data sorting

Becaus of the different types of calibration measurements, it is necessary to perform se
sorting operations.

I Sorting according to the type of data: offset data and blackbody data
i Sorting according to sweep direction: onward sweep and reverse sweep
I Sorting according to sweep groups: depending on the radiometric calibration scenario, th

measurements may be grouped into sets of successive measurements of deep space and

blackbody.

No specific formula is applicable. This subfunction requires only wedd/ and compare
operations.

4.3.3.3 Interferogram coaddition

In order to improve the signal to noise ratio, several successive blackbody and deep

veral

space

measurements are accomplished. Gain interferograms means here blackbody interferograms and

deep spazinterferograms.

The coaddition procedure must account for the groups defined by the calibration scena
well as for the groups that may be defined because of fringe count errors.

[io as
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Coaddition is a simple po#ity-point addition divided by the numbef measurements.

The coaddition is performed separately on blackbody and deep space interferograms. For each
type, there is a separate coaddition for each sweep direction:

G i 1 l\.l.ig G i
Ij,d,i(n)zma I g k(M) (1)
k=1

If a fringe count error is detecge the coaddition sequence is stopped, the coadded
interferograms are stored separately and a new coaddition sequence is started.

4.3.3.4 Gain spectral interpolation

This subfunction performs a spectral interpolation of the previous gain according dottiaé
spectral calibration.

Note that as the gain to be interpolated is a smooth function, Sifatind NP° parameters
could be used to speed up thenpuitation, or a simple linear interpolation between points could
also be used instead. See Sectich2 and 4.10.5 for more details about ltieear Interpolation
Method.

For j limited to bands B and C, we interpolate theeviousgain at wavenumber vaés
corresponding to the coarspectrum:

G| () = Interpolag G (m); Ds (™5, N[~ Ds{*,5,7%, szpd} (1)
The range of data points index of the input gain is defined bnetheestedpectral calibration:
m =02 ,N/*-1
The compted range of data points index is defined byattial spectral calibration:

nf=02 ,N™-1

4.3.3.5 Calculate coarse spectra

This subfunction computes a coarse spectrum by performing the Fourier transform of a small
portion apund the ZPD of each incoming interferogram (corresponding to a very low resolution).

This operation is followed by the computation of the corresponding spectral axis. This axis is|then
calibrated by a multiplication by the current spectral calibratiorecton factor. Unscrambling is
finally performed with the purpose of -oedering spectra computed from decimated
interferograms.
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The purpose of this subfunction is to provide coarse spectra for previous gain shift correction

~

(first SPC) and fringe counerror detection. Thus it is applied only to band B and C

interferograms. A coarse spectrum is calculated for each measurement of the gain calibration

sequence (not on coadded interferograms).

A Fourier transform is done at very low resolution for both dleep space and the blackbody
measurements:

SJG((;I w(nf) = FFT{ | ﬁd,i,k (nc)} (1)

The range of data points index defined bydbarsespectral calibration is:

zpd zpd
n®=- N, ,...,+Nj -1
2 2
and m¢=0,. N®.1

]

where Nijd is an integer power of 2, arjds limited to the B and C bands. For a given scen
measurement, the sweep direction may be either forward or reverse.

The radiometric vector is then unscrambled following théhouk described in Sectigh10.2.

The corresponding spectral axis vectoj?°(m°) is computed according to equation (4) of that

same section. This vector is then calibrated by a multiplication by the current spectral oalibrati

correction factokgc. If no spectral calibration is available yet, this factor is taken as unity.

Gee — Gc A
Ds ;™ =Ds ™ (ge

Goe - Ge A
SOjCC = stc CD(sc (2)

4.3.3.6 Gain shift correction

The purpose of this subfation is to correct the OPD shift between k& gain measurement and

theactualgain measurement. This shift is due to the fact that the interferometer sweep mechanism

has been stopped between these two calibrations. The correction is applied ornt ganlas

measurement. It is based only on the first measurement of the actual gain measurement sequence.

Since we want to produce a gain according to the last fringe count reference, we first ha
correct the previous gain OPD shift with respect to &isédeference. This correction uses only th
very last (one for each directions) measurements of the complete gain calibration sequenc
procedure is basically the same as for fringe count errors detection and correction except thg
the corrections applied to the previous coarse gain.

ve to
e
p. The
at here
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The coarse calibrated gain spectrum of the last reading is obtained with:

CcC —_ C g C (1)
Sﬁd’Ngg'Nig (mc) - Sfd’Ngg’Nig (rnc) GBJld (m )/kSC
The second step is to establish the OPD shift according to the procedure describeidnn Sect
4.9.3.2:
h® oo e = FCEDetec}[\‘aj?"’gc’Ngg’Ng (m),s $°°(m®),Dx, hfys} 2)

The third step is the correction of the observed OPD shift. This correction stage is simil
the FCE correction function described in Section 4.9.3.3. We start by calculatinghake
correction spectral function.

Cla (M) =exp (- 20167 (M )ANT 44 o - 1) D) 3)

Gcee

with sy (mf) =5, +nf Ds (4)

Then we multiply the previous coarse gain by the phase function:
GJ, (nf) = Gj ,(nf) &7, (nf) 5)

for both sweep directions and for bafjdasB and C.

ar to

This new gain function will be used in the fringe count errors detection for all subsequent

interferograms of the gain calibration sequence.

4.3.3.7 Calculate calibrated spectra

This subfunctio performs a crude radiometric calibration of the coarse spectra by a simple

multiplication by the previously interpolated coarse gain.

Since the nottinearity correction will only be done on the coadded interferograms, here we

only looking at the fmge count errors. So, thendex only covers the bands B and C. Spectral

interpolation of the previous gain is not necessary anymore since it was done with the first
measurement.

The coarse calibrated deep space and blackbody spectra is obtdined wi

SO (nF) = S5, (nF) @B (nF) ke M)

are

gain
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The index in the gain&, at positions corresponding to the coordinates spectra is not
guaranteed to fall inside the valid requested gain range: the exceeding points at the extre
have to be ndgcted to avoid contamination of the following linear regression in the operation
fringe count error detection.

4.3.3.8 Fringe count error detection

mities
of

This subfunction analyses the phase of the coarse spectrum to establish if there was a fringe count
eror. It is necessary to detect fringe count errors before the actual interferogram is coadded with

the previous interferograms of the same type. Thus, the detection procedure interacts wit
coaddition procedure. In case a fringe count error is detdattedurrently orgoing coaddition is
stopped and a new one is started

Detection is done only in band B and C. However, it should be done independently for
forward and reverse sweep direction. Two bands were selected to increase the chancéngf de

h the

the
tect

a fringe count error. Detection is performed for each measurement of the gain calibration

sequence.
The same procedure is followed for the deep space and for the blackbody measurement

fringe count error detection can be computed from this caaigerated spectrum, according to
the procedure described in Section 4.9.3.32 foB and C:

h® . = FCEDetec{S*% , (r),s &(mf),Dx, h** (1)

4.3.3.9 Fringe count error correction

In the case where a fringe count error was detected, tifia rnzero spectral shif(th,i,k - hfys)

is calculated, this subfunction corrects the full deep space or blackbody coadded interferog
measurements. The correction is applied to all detectors or bands.

The fiinge count error correction is applied on the current coaddition sequence of deep spsa

blackbody interferogram at the input resolution, according to the procedure described in Se
4.9.3.3:

115, (N) = FCECorrec{I o), (NS - hjsys),Dx} (1)

where the correction is applied to all detectors/bands so:

] =Al, A2, AB,B,Cand D

s. The

yrams

Ace or
xction




MIPAS Progr.Doc.No.: PO-TN-BOM-GS-0012

MICHELSON INTERFEROMETER Issue: 2 Revision: - Page
FOR PASSIVE ATMOSPHERIC SOUNDING | Date: 14 October2016 74

4.3.3.10 Responsivity scaling

Based on the temperature measured at the DTUs, each individual interferogram must be sc
account for the current DPU detectobsalute responsivity at time of measurement. Thi
responsivity is a function of temperature and varies over the orbit.

Also, there may be an additional vector multiplication to account for the current gain settin
the PAW on various channels, in theeat of gain switching during orbit. In the case that the DP
gain is switched once or more times per orbit on one or more channels, the data has to be cc
scaled based on the selected gain factors (and using a characterization table givingltbaimctu
values corresponding to the selected settings).

These two corrections are still TBC. See Sechi@h2.4 of RD 6] for more details.

It is assume thatr and ks are constant wrt tol, kandi. The correction is a simple saal
multiplication per vector:

1S, (') =15, (") G Oxs | (1)

4.3.3.11 NoHinearity correction

The nonlinearity correction is applicable on the nlimear detectors of channels Al, A2, B1, and

B2 only. There is a differertorrection for each nelinear detector. Correction is performed on
each incoming interferograms after responsivity scaling.

aled to

g at
U
rrectly
a

The nonlinearity correction is derived from characterization data and based on an indicator of

the DC total photon flux pc of the actual measurement, i.e. the minimum and maximum valu
of the digitized IGM by the ADC before filtering and decimation given as input with the incom
interferogram. The characterization data containslim&ar responsivity polynomial coefficients
for each affected detectors. These coefficients are previously computed from reading
calibration blackbodies, according to the procedure describ&Dr2]

Since all measurements within a calibration group are equiyaedt therefore should be
subject to the same ndimearity, the correction is performed on the coadded interferograms.

Knowing the minimum and maximum values of the digitized IGM by the ADC before filtering

L , 1 .. , 1 ..
and decimation ADCY; :W% ADCY;, and ADCS; :Wak ADC, ) for the current

measure, and the responsivity coefficients for the detector under considecgfintiie non
linearity correction can be computed directly on the interferogram, according to the proce
described in Sectioh.94 forj = A1, A2, AB and B:

1% (n)= CorrectNI.{I Cai (n ),ADC].“f'(;”,i ,ADCM" c, j,d} (1)

es
ng
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4.3.3.12 Offset subtraction

Offset subtraction is also performed during gain determination in order to remove the contrib
from the instrument. During gain detarmation, deep space and blackbody measurements

Ltion
are

taken at the same resolution and the SPE makes sure that the points retained in undersampling are

the same in both cases.

Offset subtraction is a simple poiby-point subtraction:

1930 ) =105, () - 175" 1)

4.3.3.13 Equalization and combination

For channel A1 and A2, the equalization must be performed since it was omitted on board because

of the nonlinearity problem. Combination allows an improvement of the sigrabise ratio.

The equalization is done only on one of the two detectors to be combined, using a convo
with proper coefficients. The combination is obtained by subtracting the A2 interferogram f
the Al interferogram.

The equalization and combination is computedthe gain interferogram, according to the
procedure described in Section 4.9.5.2:

|90 (n) = EqualizeCmbinE{ G )} @

4.3.3.14 Zerdilling of interferogram

This subfunction performs the zefiting of the interferograms in oef to get a number of points
corresponding to the smallest power of two greater than the initial number of points in the
interferogram.

First, the number of points is computed as follows:

NijaX _ 2C€i|{|ogz(NJ9ain)} »

The new rangef indices for the zerfilled gain interferograms is extended to:

G max G max
Ni NJ'

= 1
: 2 T

If N®"is even then the interferogram becomes

ution
rom

gain




MIPAS Progr.Doc.No.: PO-TN-BOM-GS-0012

MICHELSON INTERFEROMETER Issue: 2 Revision: - Page
FOR PASSIVE ATMOSPHERIC SOUNDING | Date: 14 October2016 76
€0, -NP™/2¢n® <- N/ 2
o _ _
17 (n?)=1180(n), - N®E"/2¢nt < N2
1 .
i0, -Nf/2¢nt < NP2 2)

o, NS 20 e <- (NS 1) /2
12 (n?) :flﬁg‘;(na), (NEn-g)r2ent e (NEn- 1)/2
%o, (N 1) r2<nt < NEm 2 3

4.3.3.15 Calculate spectrally calibrated spectra

This subfunction performs the Fourier transform of the processediliedointerferograms. See
Section4.10.1 for more details about the numerical Fourardform.

s (nt) = FET{ 17, (n")} (1)

The radiometric vector is then unscrambled following the method described in Setdh
This operation is followed by the computation of the corresponding spectral axis.

corresponding speael axis vector inferior Iimitsofma’ is computed according to equation (4) of

that same section. The definition of the spectral axis spacing can be expressed as:

1
Ds Gmax — =
j N ]G maxD(quc (2)

The spectralaxis is then calibrated by a multiplication by the current spectral calibrati
correction factorks.. If no spectral calibration is available yet, this correction factor is taken
unity.

G — G
DSJ max_ DSJ max3 ksc (3)

ST =SS ke (4)

Unscrambling is finally performed with the purpose ofordering spectra computed from

decimated interferograms. In addition to this stretching of the spectral axis, an inveacsengtre
must be applied on the radiometric scale to ensure the conservation of energy in the signal:

() = ST ke ©

The

on
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4.3.3.16 Spectral interpolation

Interpolation of the gain spectral vector is required for teasons. First, the resolution setting for
gain measurements may be different than that used for scene measurements. Second, the
axis corresponding to the actual gain measurement shall be as defined by the latest s
calibration. However, mause of the specification on the spectral stability, this spectral calibrat
may vary significantly until the next scene measurement. So, interpolation is also needed to
the spectral axis of the gain matching the one of the scene.

On the other had, it will likely be necessary to produce the final calibrated spectra with so
pre-defined (requested by the user) spectral axis. Thus we will choose to always interpolat
gain to this usedefined spectral axis. The scene spectra will also bepoitded to the same
spectral axis.

Note that as the gain to be interpolated is a smooth function, Sifatind NP parameters

could be used to speed upetcomputation, or a simple linear interpolation between points cou

also be used instead. See Sectich2 and 4.10.5 for more details about interpolation.

Gmax
j ’
9, 5,79 and

The spectral calibration valid for thectual scene measurement is described

r

50}3"“"", and NijaX, while therequestedspectral axis definition is defined is;
N;°? (see Section.3.4.1).

We want to interpolate the calculated spectra according tordfeestedspectral axis
definition:

Sjgi"(m) = Interpolagy ST7(nf); Ds ™, s, ™, N - Dsjreq,sorjeq,ereq} (1)

with the procedure described at Secto®.2 according to th8inc Interpolation Methad

The range of data points index is defined by the requested spectral parameters.

4.3.3.17 Blackbody radiancalculation

This operation is the evaluation, at all relevant wavenumbers, of theayd blackbody spectral

spectral
pectral

ion
have

me

e the

d

radiance corresponding to its temperature readings. It should be pointed out that it is necessary to

use a spectral calibration with enough accyta avoid the introduction of radiometric error.

The spectral radiance of an ideal blackbody is defined by the Plank function. However
spectral radiance of a realistic blackbody is complicated by the fact that emissivity will be lo
than one anavill exhibit a spectral behavior. Furthermore, agmformity of the cavity introduces

an additional dependence on the actual throughput seen by the instrument. For these reasons, the

blackbody radiance will be characterized as a function of temperatengs and wavenumber.
Consult Sectior®.2 of [RD 8] for more details about blackbody radiance calculation.

the
wer
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The spectral radiance of the blackbody is given by:
Lj,d,i (m) = RBB(sj (m)) (2)

The blackbody radianc®gg is function of environment temperature and on individual CB
element temperaturegach temperature is given by polynomial expansions derived from P
calibrations. The equations to convert the PRT values from ADC counts into techyperatures
[K] can be found in load data section.

The environmental temperatuiBy,, will be calculated from a weighted combination of FEC

RT

temperature measurements. Analysis has established that the temperature of the CBA environment
is strongly infuenced by three sources: the Aft Baffle, the ASU housing & the shield. The

auxiliary data contains a set of thermistor values, of which several are placed within the |
including two on the Aft Baffle (+X aneX faces) and one on the ASU housing. No ithistor is

-EO,

placed upon the shield, but thermal analysis shows that the mean shield temperature can be
approximated by simply using the value measured by the ASU housing thermistor (as the

temperatures of these two items are within five degrees of eachegtirem the worst case).

4.3.3.18 Radiometric accuracy

This subfunction allow a radiometric data validation based on accumulated statistics. These

statistics are computed with incoming readings from the internal reference blackbody and
from reading from the deep space.

The radiometric accurady vector is computed (on a reduced grid) as the difference betwe
the assigned spectral radiance and the true spectral radiance on single gain measureme
[RD 11]), sequentially summed on each group in the following manner:

i=N
A1) =55 & Re{ P (@) ABPEe (i @i} - L, (it ) (1)

where theprewotiamtdicrat@e@s the value refer&G,; t
obtained during @vious gain calibration pass.

The GF§ must be corrected to match the same fringe count than the current coadd&{f gain
with a procedure similar to the one presernte8ectiord.2.38.

For each gain calibration pass (numberzd 1, 2, 3, ...), two vector®A 4(m')d and

NRMS,(m") are accumulated. The mean and the standard deviation can be recursively com
in a way to avoid storing all intermediate values in memory (this could lead to a huge table).

also

2en
nts (see

puted
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The mean computed can be expressed as a function of the previous mean, in the following way
(for any value o ):

s, (rtyo= (7 DA% A () )

The standard deviation computed can be expressed as a function of the previous mean and the
previous standard deviation, in the following way:

if 2 =1 NRMS,, (nt) =0 3)

else

\/(Ajyd(m“))z +(2- 2)(NRMFE ()" +(2- 1) AP ()& - 22A,, (M) @

NRMS, (m') = o1

Before inserting the value ofA 4(M') in the running meandA ;(M)d and into the
NRMS , (m") vector, its validity must be first cheett the following way:

it | ALr)- 2 (t)a > s ONRMS () (5)
then there is a chance théjtd(mr) comes from erroneous data.

elseaA 4(M')d and NRMS ,(m") are pdated as described previously.

st is a standard deviation threshold previously defined.

thres

The particular valueA ;(M") may be outside the paefined limits (fixed bysgace), but still

be statistically valid. To avoid biasing results by systematically removing larger deviations, a

rejection should be based on the whole veétpy. This way, if more tharg,-.% of the values

of A4 exceed the preefined deviationssaee, @ flag is raised indicating a probable error of

invalidity of the currently processed data. On the otteerd, if less thamg,--% of the vector is
suspect, the processing could resume its normal way, taking the deviation as statistically correct.

It will be needed to consider the possibility to interrupt the accumulatiatatiétics and to
reset both vectors to zero. Indeed, because of the expected inherent drifts of the noise, it wauld be
preferable to perform periodic resets of statistics at appropriate time intervals.
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The flag is provided in the data produd# ,(m")d and NRMS (") are kept with calibrated
data and referred in the data product.

4.3.3.19 Ratio

The ratio subfunction consists in a straightforward division, for each spectral data point, of

two

conmplex numbers: the theoretical blackbody radiance and the calculated spectrum. The two

spectral vectors share the same spectral axis definition, namely the one requested for the
spectra.

The radiometric gain is obtained by the ratio of the spegotnakr to the observed spectrum

G o ()= ke o)

(')

4.3.3.20 Gain coaddition

It is a simple coaddition of spectral vectors done independently for each sweep direction.

Coaddition of gain from different groups is done according to

N 99

1N r
G o(m) =g A Gjai(M) 1)
i=1

output

As it is apparent from the indices, we get one gain vector for each band and for each sweep

direction, defined on wavenumber values corresponding to the requested spectral axis. The ¢
baseline ifN% = 1 of N9 = 300 bb interferograms. In case of more than one group with differe
number of bb interferograms, weighting should be done.

4.3.4 Computational sequence

The Calculate Gain Calibratiorfunction receives control from the Load Data function whaim
calibration data have been found. T®&culate Gain Calibratiorfunction processes this data and
sends control back to the Load Data function.

The output, i.e. a gain calibration, is generated only when all measurements of deep spa
blackbodyfor forward and reverse sweeps for all groups of the gain calibration sequence
been processed. The new gain calibration file replaces the old one. The old file is delivered
output of the ground processing.

The computational sequence is ilhageéd by the flowchart of Figu#e3.41 (extending on the
following pages).

current
2Nt
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4.4 CALCULATE SPECTRAL CALIBRATION

This Sectiordescribes theCalculate Spectral Calibratioriunction that performs the necessary
processing of spectra that have been radiometrically calibrated previously, in order to gene
spectral calibration, i.e.@efinition of the spectral axis corresponding to actual measurements.
Section3.5 from the present document for more details about the spectral calibration scenaria
data flowchart of this function is provided in Figuérd.41.

Spectral calibradn has been studied extensively in the technical iie4]. The principle is

rate a
See
. The

to locate one or several known spectral lines in each band of the experimental spectrum (already

corrected for the Doppler effect by t@alculae Radiancdunction) and assign the corresponding
exact theoretical wavenumbers to their positions.

Two algorithms have been proposed and studiedP#ek Finding MethodPFM) and the
CrossCorrelation Method CCM). The feasibility of both these methdusve been demonstrated
in the technical note, and both algorithms have demonstrated strengths and weaknesses. Th
have shown to be a little simpler to implement and faster to execute, but the CCM presen
advantage of giving information related tee precision of a given fit. Both algorithms are
presented here, but the baseline is taken as the PFM algorithm.

Appropriate peaks for spectral calibration that represent known features of standard ¢
measurements have been identified and studigioeimlocumentRD 4]. The present algorithm is
supposed to work on such or equivalent spectral lines. The precision of the peak identific
algorithm is proportional to the number of equivalent scenes that are coaddibe, rsise
affecting the signal decreases when multiple readings are superposed. This number will pra
vary between 1 and 5 (to attain stability and a precision equal or less than 0'6¢RDrh2]),
and will be definedn auxiliary data. We suppose for the present algorithm that two scenes
peak are used for each spectral calibration.

Topics of the frequency at which the instrument calibration shall be done and the necessi
calibration in the different bands aret addressed here.

Spectral calibration will be performed such that the latest available valid spectral measurem
used until a new valid spectral measurement becomes available. If in the middle of the
stream invalid spectral calibration a@aulated, then a 'previous closest in time strategy' shall
applied, which means that complete scans shall be calibrated with the previous valid sp

calibration. If no valid spectral calibration at all is available, then the spectral calibrateon da

contained in the current ILS and spectral calibration file shall be used. Spectral calibration
shall be written to auxiliary file simultaneously with ILS retrieved data (see section 4
Otherwise the file shall not be modified by the processor.

e PFM
Is the

scene
ation
bably

per

ty for

ent is
input
be

ectral

data
.6).




MIPAS Progr.Doc.No.: PO-TN-BOM-GS-0012

MICHELSON INTERFEROMETER Issue: 2 Revision: - Page
FOR PASSIVE ATMOSPHERIC SOUNDING | Date: 14 October2016 84

4.4.1 Objective

The main objectives of th@éalculate Spectral Calibratiofunction are

A Analyze several typical scene spectra to locate individual reference peaks of well defin
wavenumber.

A Find the position of the peaks.
A Define and assign sptral axis parameters for each band.

ed

It is important to mention first the assumptions on the format of the spectral calibration that are

used in the definition of the other function of the present document. These assumptions are:

A The spectral calibtin for a given measurement consists in the suitable definition of t
spectral axis for each band.

A The spectral axis of a given band is defined by the following parameters

Ds. the spacing between spectral data intthe band
So;  the starting wavenumber of the band

N the number of points in the band
ksc  the spectral calibration correction facto

With these parameters and the index of pomtthe numerical vector can be generated

according to the following formula:

5 = 5o, +m@s; (1)

A If the CCM method is used, the number of points must be a power of two becahse o
FFTs involved; otherwise there is no restriction on the number of points in the spectral
definition or the PFM method.

he

axis
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4.4.2 Definition of variables

Calculate Spectral Calibration

Variable Descriptive Name I/O | Type | Ranges / References / Remask
Global variables & indices
ereq Number of points in bandfor | a i | MIP_PS1 AX(7)
the requested spectral axis
m' Numerical index of points in | | i m =02 ,N{®-1
vector
N Number of points in thew t r |=1024
m" Numerical index data points | | [ m“=02 ,N™-1
the v
n Index of line I i n=12 ,N'nes
Ds [ Spacing between spectral da t r | Computed with
points in the band MIP_PS1 AX(7, 8,9)
S5 Starting wavenumber of the | a r | MIP_PS1_AX(8)
band
Ds/™ Spacing between spectral da t r
points in thermv
s™ Starting wavenumber of the | a r | MIP_MW1_AX(8)
' /mv containing linen
s™ Ending wavenumber of thaw | a r | MIP_MW1_AX(9)
) containingline n
CM Calibration method, PFM or | a r | MIP_PS1_AX(43)
CCM
4.4.3.1 | Selection of microwindows
S Index of elevation scans I i s=12 ,N&ax
Nnes Number of spectral linestee | a | i |Equal to number ofw to be used
identified during spectral calibration in file
MIP_MW1_AX
Number fitted 0 MIP_CS1_AX(4.6)
N coad Number of equivalent scenes a i | Practical values are
that must be coadded for lime 1¢ N ¢ 10
MIP_PS1_AX(39.8)
Number coadded (o] MIP CS1 AX(412)
sj?é;' (m) Radiometrically and spectrall i r | Input fromCalculate Radiance
' calibrated input spectrum bat function
j and elevatiors
sjcoadd(mr ) Coadded spectrum band t r
S7(m") Working spectralmv for linen | t r
4.4.3.2 | Fit Peak
Enk Sum of square residuals r |local to Simplex routine
ap(S) Gaussian profile model r
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Variable Descriptive Name I/O | Type | Ranges / References / Remask
g.(s) Lorentzian profile model t r
gs(S) Sinc profile model t r
Simp™ Simplex convergence a r | Setto abut B10%to 1310%
tolerance MIP_PS1 AX(40)
Simp'e™ Maximum number of a i | Set to about 1000
iterations for the simplex MIP_PS1 AX(41)
k Simplex iteration index I i k=02 ,N*
N fer Number of Simplex iterations t i | typically N"™"< 1000
done to reach convergence
tolerance for linen
s¢ Final peak center computed | t r
) position for linen
R? Coefficient of correlation for | o r | computed valueR? ¢ 1
R Threshdd of validity for R? a r | Setto about 0.5
MIP_MW1 AX(15)
P(n) Computed positions for each t r | Dimension of table igN"™®s
reference peaks elements
4.4.3.3 | Generation ofeference SPC
s’ (m") Theoretical spectratw t r
4.4.3.4 | Crosscorrelation
C(m") Crosscorrelation vector t r
4.4.3.5 | Spectral axis definition
kil Previous spectral calibration| i r | MIP_CS1 AX(4.3)
correction factor
s;ef Reference known position of| a r | MIP_MW1_AX(7)
theoretical line 0 MIP_CS1 AX(4.9)
ki Spectral calibration correctia o r | Final output ofCompute Spectral
factor Calibration
MIP_CS1 AX(4.3)
S Standard deviation indicator | o r | MIP_CS1AX(4.4)
s - st Detected frequency shift 0 r |MIP_CS1 AX(4.10)
shres Standard deviation threshold a r |MIP_PS1 AX(42)
Al Spectral calibration correctiol o r |MIP_CS1 _AX(4.5)
factor ' quadratic term
Bic Spectral calibration correctia o r |MIP_CS1 _AX(4.5)
factor 2'Y quadratic term
Cic Spectral calibration correctia o r |MIP_CS1 _AX(4.5)

factor 39 quadratic term
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4.4.3 Detailed structure and formulas

4.4.3.1 Selection of microwindows

This subfunction extracts one (or more) spectral line(s) located in portions of taeseabs
spectrum, defined on a poalibrated spectral scale, according to the extremities of spec
microwindows listed in a reference lines database. This subfunction also performs the coad
of equivalent scene measurements before sending theteethéfind peaksubfunction.

This subfunction selects poefined portions of the observed fmaibrated spectrum that
contain reference lines, as defined in an auxiliary database (see4®aBl#). If no line can be
identified, because no one comesd to the current altitude for example, the subfunction give
back control to the main processing flow and waits for another pass.
In the database are stordd™® reference lines with their natural characteristics &vel
associated microwindow details. An example corresponding to a given line would be follov
this structure:

Microwindow ID : i 1-Gzone Qo
Peak position [ci] :  1884.563300
Peak height [r.u.] : 63108
Peak width [crh'] :  0.025
Microwindow left pogtion [cm'Y] :  1884.0
Microwindow right position [criY] :  1885.0
Measurement altitude [km] : 50
Mathematical model [13] : 1
Number of necessary coadditions 5
Validity threshold [01] : 0.9

Table4.4.31 Structure for the identification of refaiee lines

Microwindow ID identifies the line number and the name of the gas. Peak position gives
exact known theoretical position of the line and the peak height gives the expected strength
line in radiance units. The peak width gives the apipnate half width at half maximum of the

natural linewidened by the ILSs it would be seen by the instrument. Microwindow left and right

fic
dition

ving

the
of the

positions specify the lower and upper wavenumber between which the line is centered (the width

is about one chl). Measurement altitude specify the height at which the line can be used
km). The appropriate mathematical profile defines the equation best suited to fit the line.
number of coadditions indicates the number of scene coadditions necessary to peftoen

+3
The

sending the observed line to the peak fitting subfunction. Finally, a validity threshold defines the
minimal value of the correlation coefficient that would lead to a valid fit. Some of those previous

values can be taken from atmospheric datablkeshe HITRAN one used for this example.
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The minimal case would consist of only one reference peak present in any one of the bands

covered by the MIPAS detectorN'(’eszl). But the more reference lines can be identjfradre
precise the method will be. A practical case would consist of at least one reference peak in

each

band. The exact number of reference lines required in each band is still TBD, but it can be taken as

one for the current baseline.

In order to reducenoise, N equivalent scenes are coadded, i.e., scenes with altitu

de

included in the range (MIP_PS1 AX(39.6)) for the last number of elevation scans

(MIP_PS1_AX(39.4)) specified in the processing parameter file. The pamdhe one that
contains the microwindow.

Nr(])Oadd

1 o
Sjcoadd(rnr) = Ncoadd a Sf,asl (rﬁ)
n s=1

(1)

The extraction of microwindows from the spectrum is done according to the extremities of the

microwindow defined in the database. The spectral points that arewmdow members are
transferred in a working spectral vectgf"(m") .

S™(m") = Interpolae{Sf"""dd(nf);Ds}eq,sgj.‘q,Nj“eq- Dsg’w,s,:’w,N”W} )

with the procedure described at Secto®.2 according to th8inc Interpolation Methad

The range oflata points index of the microwindow is defined by:
m'=02 ,N™-1

The spacing between spectral data points is equal to:

m ST:W- S':W
Ds, _—N”W- 1

And, the total number of points™ is fixed (1024) and is a power of two. Finally, this vector

is sent to the next processing step.

4.4.3.2 Fit peak

This subfunction consists in the determination of the position of the incoming selected spectral

line. The peak fitting algorithnproceeds by the minimization of the sum of square residuals

between a parametric mathematical function and the actual spectrum data. Initial guesses are
supplied to the mathematical function and a Simplex algorithm iterates on these parameters until a

minimum is reached. Note that initial guesses must be different than 0. The final peak positi
given by the horizontal position parameter A more detailed description of the Simplex
algorithm and its implementation can be found in appendix A.

on is
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The errorfunction to be minimized by the Simplex is:

N1

E,« & [f(s(m"), paramg)- §™(m")]” (1)
m"=0
with s(m*)=s™+m" s ™

and whergparamg are a set of input parameters that characterize the theoretical model at Sim
iterationk. Theseparameters must be initialized with approximate values computed from init
spectral line.

plex
ial

The initial guesses can be found with the help of the fit peak subfunction described in

Section4.9.6:
paramg = a,,h,,G,,d, « FitPeal{ §¥(m"),s™,Ds.™, N ”‘”} (2)

The three dferent mathematical models (s, params=a,b, ¢, d) used for the fitting are

given below, numbered 1 to 3. For each of these modeépresents the radiandethe spectral
position,c the HWHM of the central peak, addhe DC offset othe signal:

so- b2
1) TheGaussiamrofile: - scbg In(2)
Op(s)=ae* ~ +d (3)
2) ThelLorentziarprofile: g.(s)= EP +d 4)
¢ 9 *
C -
: . . as-pd
3) TheSincprofile: gs(s) =asincg—@+d (g=0.5275668818Y (5)
g Cg -

The Simplex algorithm is performed until a predefined tolerdﬁoeqoto' is reached on the
residual values. If a maximum number of iterations is reached, expressed as:

Nri]ter > Sim'j’termax
then the algorithm is stopped and an error is dispatched.

The result of théFit Peakis the value of parametéy, at find simplex iterationk = N™', that
gives the sought wavenumber positisf of the peak.

Sn =Dy (6)
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After a fit has been computed, a statistical test can be performed to checkvalidite of the

operation. The coefficient of correlation that characterizes the goodness of the fit is defined as

follows:

E e
an = 1- N i (7)
a (smm")

m"“=0

This number indicates a perfect fit whe® =1, while R>=0 means that the data is
completely uncorrelated (negative values indicate an-camntelation trend but should never
occur). For an appropriate fit, the value Rf shall be higher thari®, (set at about 0.5). If the
value computed is less tha®, , the fit should be rejected.

Finally, a vectoiP(n) is accumulated wit the numerically found positions; corresponding to

each identified peak. The index covers to reference lines corresponding in each row
Table4.4.41.

n= 112 ’ Nlines (8)

Note: The exact alues ofSimp™, Simpg®™ R, . will have to be fine tuned based on actual
operating spectra given by the instrument. The initial values suggested in tha table
Section4.4.2 may be subject to adjustments.

4.4.3.3 Generation of reference SPC

This subfunction is used by the CCM to generate a theoretical spectrum simulation of the
spectral line(s) as the ones(s) present in the measured spectrum anceadjuson and width of
window to be numerically compatible.

of

same

The exact procedure for the generation of a reference spectrum is TBC. The closest the
theoretical spectrum will be with respect to the actual scene, the more precise will be the

determinationof the peak position. The simplest approach is to build a theoretical spect

rum

containing only the reference line defined according to the different parameters contained in

Table4.4.31 and the mathematical equations for the different types of ljmgs), or g, (s), or
0s(S) given previously).

S (m") = gD/L/S(SI:w +m" @Ds ™) (1)
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4.4.3.4 Crossorrelation

This subfunction is used by the CCM to «rosrrelate the theoretical spectrum with the
experimental one. The cressrrelation is performed by means of FFTs on real data (a factor
two in computing time can be saved by taking this fact into account). A reversal of one of the
vectors must bperformed in order to calculate a correlation instead of a convolution.

C(m") = IFFT{ FF{S™ (m")} FFT{ ReversgS (m")}} } (2)

After the computation of the crossrrelation, the peak finding algorithm (or another

equivalent algorithm) is performed on the resgtdistribution with the same steps as describe
before.

4.4.3.5 Spectral axis definition

This subfunction calculates the basic parameters defining the spectral axis for each band, ba
the computed peaks position. The basic parameters are the wawenumber, the spectral
spacing between data points, and the number of data points. The scaling factor computed
given as one of the spectral calibration parameters.

Once the position of a selected experimental peak is known up to a givenopregjsithe
ratio ksc between the reference and the computed position is computed, with a mean taken
each considered reference lines (with valid fit):

ki-l N"neS ref
[ SC " n
kSC - Nlines 21 sr:: (1)

ref
n

The reference pason s, is known from the first column of Tab#e4.31 at linen.

of
two

d

sed on

s also

over

The operation of taking the mean for each peak shift is based on the assumption that the shift is

linear as a function of wavenumberigtihas been shown to be the case; see SetBaB3 of
[RD 13)]). This way, the extrapolated origin of the experimental spectrum is correct (at)) sm
that a simple linear correction by the multiplication of a constanbeaapplied.

If the distribution appears to be nrbnear, a quadratic polynomial fit (with zero origin) could

be performed in order to correctly evaluate the amount of stretch of the spectral axis as a function

of the wavenumber.

4 . . 1
Yo= Asc + Bgc® X, +Cqc B XE (12)
where
Yo =573 ke (1b)
and
X =8¢

n n (1C)
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i i i : lines
Asc, B, Coe « PonFl{yn X, N ,2} (ad)

Finally, global spectral correctiaran be applied to all bands according to the following relation
Sj; =So; % Kee (2)

Dsj=Ds, 3 kg (3)

In order to have a quality indicator of the estimated spectral correction fdgtdts standard
deviation is computed.

~2

|1 Nmesgpiigrer g
ST\ @ s el *

The validity of the estimated spectral correction factor is checked the following way:

thres

If S'iE,C > SSthatio (5)
then there is a chae thatk. comes from erroneous data.

else kL. becomes the new spectral correction factor.

thres

Scuraic IS @ Standard deviation threshold previously defined

4.4.4 Computational sequence

The Calculate Spectral Calibratioflunction receives control from the main program when it i
appropriate to update the spectral calibration. It will use a certain number of radiometri
calibrated scene spectra.

The Calculate Spectral Calibratiorfunction processes these spectra and generate a 1
spectral calibration. The new calibration replaces the old one. The old spectral calibratic
delivered as an output of the ground processing.

The computational sequence illustrated by the flowchart of Figue4.41. The present

S
cally

ew
N is

baseline for spectral calibration is to use the PFM method. The CCM is drawn in parallel to

identify the other optional algorithm.
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Figure4.4.41 Calculate Spectral Céddration flowchart
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4.5 CALCULATE RADIANCE

This Sectiordescribes th€alculate Radiancéunction that performs the processing of the scen
measurements in order to generate a radiometrically calibrated spectrum. The data flowch
this function is preided in Figure4.5.41.

4.5.1 Objective

The main objective of th€alculate Radiancéunction is to transform each scene measureme
into a radiometrically calibrated spectrum.

Specific objectives of the function are:

A

To Do To o Do

T

Detect fringe count errors in spged bands B and C, and in the case of misalignment
adjust the phase of the gain and offset according to the current fringe count.

Correct scene measurements for-tinaarity of each affected detector.
Equalize and combine interferograms in band A.

Sultract offset due to contribution of the instrument.

Compute spectra using a FFT algorithm applied on the interferograms.

Correct spectral axis for Doppler shift and perform spectral interpolation onto a predef
uniform spectral axis.

Radiometric calitation by a complex multiplication of the actual scene spectrum with th
actual gain.

Perform scene measurement quality verification.

e
art of

ned

e
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4 5.2 Definition of variables

Calculate Radiance

Variable Descriptive Name I/O | Type | Ranges / References / Remarks
Global variables & indices
NJTSC Number of points in a scene | | i |input fromLoad Datafunction.
interferogram
ija" Number of points in bangdfor | t i | Computed from number of input
the spectriecalibration of the points (next power of 2)
actual scene measurement
N7P Number of pointsinthe ZPD| a | i |MIP_PS1_AX(13)
region of bang
ereq Number of points in bandfor | a i |MIP_PS1_AX(7)
the requested spectral axis
] Channel/band index number| | i |J=A1,A2, A AB,BC,D
d Index for sweep direction I i | 0=forward, 1 =reverse
n' inputIGM data point index I i
m requestedsPC data point I i m =02 ,N"™-1
index J
n° coarselGM data pointindex | I | i | n°=- N*®/2,..,N?Y/2-1
m° coarseSPC data point index | | i m° =0,2 ,szpd_ 1
n? actuallGM data point index | | i n*=- NJT“aX/z,__,, ijax/z -1
m? actual SPC data point index | | i m* =02 ,N™-1
Ds > Wavenumber spacing in ban| t r | calibrated with correction factor
j of calibrated coarsgpectrum
5,5 Starting wavenumber in bapg t r | calibrated with correction factor
: of calibrated coarse spectrun
S, Nominal laser wavenumber | a r | For the MIPAS instrument
= 7606 cm'* MIP_PS1_AX(4)
4.5.3.1 | Spikes detection
GY! IGM scene measurement [ c |input fromLoad Datafunction
4.5.3.2 | Gain spectral interpolation
Dsgeq Wavenumber spacing in bapi a r | Computed with
for the requested spectral ax MIP_PS1 AX(7,8,9)
So 4 Starting wavenumber in bafj¢ a r | MIP_PS1_AX(8)
for the requestd spectral axis
G 4(m) Previous gain [ ¢ |input fromCalculate Gain
Calibration function
Gj'ld(mc) Previous gain, interpolated | t C
4.5.3.3 | Calculate coarse spectra
G(m°) Coarse scene SPCs t | c
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Variable Descriptive Name I/O | Type | Ranges / References / Remarks

Ds > Wavenumber spacing in bap| t r | computed from the IGM by the
at coarse resolution unscrambling méitod

5,5 Starting wavenumber in bapg t r | computed from the IGM by the

: at coarse resolution unscrambling method
Ksc Spectral calibration correctiol i r | computed irCalculate Spectral
factor Calibration function
MIP_CS1 AX(4.3)
4.5.3.4 | Calculate calibrated spectra
& (m°) Coarse calibrated scene SP( t C
4.5.3.5 | Fringe count error detection
N APC Number of sample data poin{ i [ Extracted from MIPAS source
in IGM before decimation packet
D, Decimation factor of band [ [ Extracted from auxiliary data of
MIPAS source packet
hes Systematic OPD shift of a t i hes (N ADC [ o _ 128)modDj
scene IGM i
((N*oc - 256)/ D, +1)mod2=0
thenh*=h*- D,
h3* OPD shift of a scene IGM t [
Dx Nominal sampling interval t r 1/s,
45.3.6 | Fringe count error correction
4.5.3.7 | Responsivity scaling
K Responsivity scaling factor [ r | function of temperature at the
DTUs. FromLoad Datafunction
Ks, Gain scaling factor [ r | defined by PAW gain switching.
FromLoad Datafunction
4.5.3.8 | Nortlinearity correction

ADCj“f'daX Maximum and minimum i i input fromLoad Datafunction.

ADCM" values of the digitized IGM Integer values as given by the

i ADC before filtering and
decimation.

Cq,j.d Responsivity polynomial fit a r | Polynomial order is 4
coefficients corresponding to j covers only the index of nen
given nonlinear detector linear detectors, Al, A2, AB and

MIP_CA1_AX(13)
4.5.3.10 | Offset subtraction

N?S Number of dat points in [ i | coming fromCalculate Offset
calibrated DS IGM Calibration function

n Calibrated DS IGM data poin | i
index

195 (%) Calibrated DS IGM i | ¢ |coming fromCalculate Offset

Calibration function

|j5fjjb(n') Offset corrected scene IGM | t C




ARBRB

MIPAS

MICHELSON INTERFEROMETER
FOR PASSIVE ATMOSPHERIC SOUNDING

Progr.Doc.No.: POTN-BOM-GS0012
Issue: 2 Revision: - Page
Date: 14 October2016 97

Variable Descriptive Name I/O | Type | Ranges / References / Remarks
4.5.3.11 | ZeroHilling of interferogram
175 (%) Zerofilled offset corrected t c
scene IGM
4.5.3.12 | Calculate spect.a. spectra
ijéec Sampling interval [ r | input fromLoad Datafunction
Dsjma’ Wavenumber spacing in bap( t r
for actual scene measureme
Sy Starting wavenumber in bapg t r
for actual scene measureme
Sa(m?) Scene SPC (uncalibrated) t C
4.5.3.13 | Spectral interpolation
v Earthfixed target to satelie i r | FromGeolocationfunction
rangerate
Dsp Doppler shift in crit r
DR Doppler correction factor r
Dstma’ Wavenumber spacing in bap r
for the Doppler corrected
scene
501.Dmax Starting wavenumber in bapg t r
for the Doppler corrected
scene
N;Dmax Number of points in bangfor | t [
the Doppler corrected scene
3‘53 (m" Spectrally interpolated scene t c
SPC (uncalibrated)
4.5.3.14 | Radiometric calibration
Sjca'(rﬁ) Radiometrically calibrated 0 ¢ | The range ofrf corresponds. t(.).th
scene SPC requested spectral axis definition
MIP_NL__ 1P(2630) MDS 1
4.5.3.15 | Scene quality verification
ST Imaginary part ofS™ (n) t o
ggjﬁua'a Mean of imaginary part t r
s™ Standard deviation of t r
imaginary part
soves Standard deviation thskold | a | r | s® should be between 1 and 1
for scene validity evaluation MIP_PS1 AX(26)
tsvaL Threshold of rejection, a r10¢tg, ¢ 100
expressed as a percentage MIP_PS1 AX(27)
4.5.3.16 | Reporting NESR
u Template reduction factor a I luz2 1.
MIP_PS1 AX(28)
Ds NESR NESR wavenumber spacing | t r |Used to calculate

NESR
SO

NESR starting wavenumber

MIP_NL__1P(2224) SPH
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Variable Descriptive Name I/O | Type | Ranges / References / Remarks
N NESF NESR number of points t [
m" NESRdata point index I i mV=02 NNVSR.1
SNESP(mN) NESR O r | MIP_NL__1P(14) Scan
Information ADS
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4.5.3 Detailed structure and formulas

4.5.3.1 Spikes detection

This subfunction has the purpose of detecting spurious spikes in the interferogram of a scene data

reading. The presence of spikes in iaterferogram can be caused by cosmic radiation or

transmission errors. The affected points in the scene interferogram are corrected by taking the

mean between immediate non affected points.

The detection and correction of spikes is computed on theimputerogram, according to the
procedure described in Section 4.9.1.2:

| ,i,sdc(ni) = CorrectSﬂ'{e‘{ | ,sfj (ni ), NJ'SC} .
with

e NFoONF o
i T,___,+T-J, if N;*is even

-1 .
- et , iIf N* is odd

4.5.3.2 Gain spectral interpolation

This subfunction performs a spectralterpolation of the previous gain on a spectral axi
corresponding to the actual gain calibration, but at a coarse resolution.

Note that as the gain to be interpolated is a smooth function, Sifatind NP parameters
could be used to speed up the computation, or a simple linear interpolation between points
also be used instead. See Sectich2 and 4.10.5 for more details about interpolation.

(7]

could

Forj limited to band B and C, we do an interpolation of the actual gain to a coarser resolution

by the operation:

G 4(f) = Interpolag G, , (m); Ds|™,s,™, Nj* - Dsf"cc,sol?miNijd} (3)

with the procedure described at Secdoh0.5 according to thenear Interpolation Method
The range of data points index of the input gain is defined byetheestedspectral calibration:
m =02 ,N/®-1
The computed range of data points index is defined bydhesespectral calibration:

m°=0,..,N-1




MIPAS Progr.Doc.No.: PO-TN-BOM-GS-0012

MICHELSON INTERFEROMETER Issue: 2 Revision: - Page
FOR PASSIVE ATMOSPHERIC SOUNDING | Date: 14 October2016 100

4.5.3.3 Calculate coarse spectra

This subfunction computes a coarse spectrum by performing the Fourier transform of a ¢
portion around the ZPD of the incoming interferograms (corresponding to a at very
resolution). This oeration is followed by the computation of the corresponding spectral axis. T

small
low
his

axis is then calibrated by a multiplication by the current spectral calibration correction factor.

Unscrambling is finally performed with the purpose ofordering spectra coputed from
decimated interferograms.

The purpose of this subfunction is to provide coarse spectra for fringe count error detection.

Thus it is applied only to band B and C interferograms. A coarse spectrum is calculated for
measurement of the gaialibration sequence.

A Fourier transform is done at very low resolution for the scene measurement:
S (nt) = FER 1% (n)} 1)

The range of data points index defined bydbarsespectral calibration is:

zpd zpd
N: N:

nN‘=-—4— . +—~4—-1

2 2

where Nijd is an integer power of 2, arjds limited to the B and C bands. For a given scen

measurement, the sweep direction may be either forward or reverse.

The radiometric vector is then unscrambled fwolloy the method described in Sectibi0.2.

The corresponding spectral axis vect®}(n) is computed according to equation (4) of that

same section. This vector is then calibrated by a multiplication by the current lspaldbration
correction factorkg.. If no spectral calibration is available yet, this correction factor is taken

unity.

SccCc — SCC £
Ds ™ = Ds ™ (kge

SCccC —

Soj = Sg}scasc (2)

each

as

In addition to this stretching dhe spectral axis, an inverse stretching must be applied on the
radiometric scale to ensure the conservation of energy in the signal. This compensation can be

applied with the following spectral calibration.

4.5.3.4 Calculate calibrated spectra

This subtinction performs a crude radiometric calibration of the coarse spectra by a simple

multiplication by the previously interpolated coarse gain.
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The coarse calibrated scene spectrum is obtained with:

Sia(nf) = SE(nT) & () ks (1)

4.5.3.5 Fmge count error detection

This subfunction analyses the phase of the coarse spectrum to establish if there was a fringe

count

error. Detection is done only in band B and C. However, it should be done independently for the
forward and reverse sweep direatidwo bands were selected to increase the chance of detecting

a fringe count error.

The fringe count error detection is computed from the calibrated spectrum, according to the

procedure described in Section 4.9.3.2:

hi° = FCEDeted{S*(n) 5 *(m),Dx, i} 1)

4.5.3.6 Fringe count error correction

In the case where a fringe count error was detected, if ezeronOPD shift(h;°- b)) is

calculated, this subfunction corrects the full resolutioanscinterferogram accordingly. The
correction is applied to all detectors or bands.

The fringe count error correction is applied on complete scene interferogram at the input

resolution, according to the procedure described in Section 4.9.3.3:

P(n') = FCECorrect] % (n'),(hi°- h®""),Dx} 1)
The correction is applied to all detectors/bands so:

] =Al, A2, AB,B,Cand D

4.5.3.7 Responsivity scaling

Based on the temperature measured at the DTUs, each individual interferogram must be scaled t
account for the current DPU detector absolute responsivity at time of measurement. |This

responsivity is a function of temperature and varies over the orbit.

Also, there may be an additional vector multiplication to account for the current gain aetting

the PAW on various channels, in the event of gain switching during orbit. In the case that the DPU

gain is switched once or more times per orbit on one or more channels, the data has to be cc
scaled based on the selected gain factors (and asthgracterization table giving the actual gain
values corresponding to the selected settings).

These two corrections are still TBC. See Sechi@h2.4 of RD 6] for more details.

rrectly



MIPAS Progr.Doc.No.: PO-TN-BOM-GS-0012

MICHELSON INTERFEROMETER Issue: 2 Revision: - Page
FOR PASSIVE ATMOSPHERIC SOUNDING | Date: 14 October2016 102

It is assume thatr and kg are constant wrt tol, k andi. The correction is a simple scalar
multiplication per vector:

Lig (n') = 155(n") O Oxg (1)

4.5.3.8 NoHinearity correction

The nonlinearity correction is applicable on the nlimear detectors of channels Al, A1, and
B2 only. There is a different correction for each tioear detector. Correction is performed on
each incoming interferograms after responsivity scaling.

The nonlinearity correction is derived from characterization data and based on artandica

the DC total photon flux pc of the actual measurement, i.e. the minimum and maximum values

of the digitized IGM by the ADC before filtering and decimation given as input with the incom
interferogram. The characterization data containslimaar responsivity polynomial coefficients

ng

for each affected detectors. These coefficients are previously computed from readings of

calibration blackbodies, according to the procedure describ&Dir2].

Since all measurementsithin a calibration group are equivalent, and therefore should
subject to the same ndimearity, the correction is performed on the coadded interferograms.

Knowing the minimum and maximum values of the digitized IGM by the ADC before filtering
and degmnation (ADCJ.“_”(jn and ADCj“fdaX) for the current measure, and the responsivity coefficients

for the detector under consideratian (), the nonrlinearity correction can be computed directly
on the interferogram, accordingttee procedure described in Sectb8.4 forj = Al, A2, AB and
B:

| 75(n') = CorrectNI & (n'), ADC" ADC" ¢, .} 1)

4.5.3.9 Equalization and combination

For channel Al and A2, the equalization must be performed since it was omitted onduaarseb
of the nonlinearity problem. Combination allows an improvement of the sigrabise ratio.

The equalization is done only on one of the two detectors to be combined, using a convo
with proper coefficients. The combination is obtained bytrsicting the A2 interferogram from
the Al interferogram.

At the opposite of the Offset Calculation and the Gain calculation, equalization
combination must be doreeforeOffset Subtraction because the offset calibration data is alrea
equalized angombined. Otherwise, it would be necessary to separate offsets in band Al anc

be

ution

and
1dy
1 A2,

and individually subtract them to spectra in equivalent bands before performing equalization and

combination, that would be a more complicated approach.
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The equalization ahcombination is computed on the scene interferogram, according to
procedure described in Section 4.9.5.2:

() = EqualizeCenbind 1, (n)} (1)

4.5.3.10 Offset subtraction

Offset subtraction is performed to remove the contiwoutfrom the instrument. In this
subfunction, the following aspects are considered:

i It is implicitly assumed that the spectral shift between the scene and the offset is smal
that it introduces no significant errors.

i Subtraction is done only oromts corresponding to lowesolution, in the case where offset

the

| and

calibration is done at a lower resolution than the scene. The result is a vector with the same

number of points than the scene.

i When taking the offset measurement at a lower resolutionpykcitly assume that there
are no highresolution features in the offset spectrum (i.e. no feature at a resolution hig
than the resolution selected).

The subtraction is done on the interferograms, before the Fourier Transform, in order to re
the amount of calculations. In case the offset measurement is taken at low resolution
subtraction is performed on the points corresponding teréselution only, i.e. at the center of
the interferogram (lateral points are taken as zero). This correspmrasinterpolation of the
scene offset with a zero filling in the spatial domain.

Offset subtraction is a simple poiby-point subtraction.
T ()= 155(n)- 15500 (1)

The result is a vector with the same number of points tharcdme ghat is assumed greater tha
or equal to the range of the calibrated offset interferogram.

4.5.3.11 Zerdilling of interferogram

This subfunction performs the zefiting of the interferograms in order to get a number of point
corresponding to #hsmallest power of two greater than the initial number of points in the sc
interferogram.

First, the number of points is computed as follows:

e = ,Ceiflog; (N5 o

yher

2duce
the

=}
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4.5.3.12 Calculate spectrally calibrated spectra

This subfunction performs the Fourier transform of the processed interferograms.
Section4.10.1 for more details about the numerical Fourier transform.

i Is computed according to equation (4) of
that same section. The definition of the spectral axis spacing can be expressed as:

1
Dgm = — —
) ijaXDx}’ec (2)

The spectral axis is then dadated by a multiplication by the current spectral calibratio
correction factorkg.. If no spectral calibration is available yet, this correction factor is taken

>

as
unity.
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The new range of indices for the zdilted gain interferogams is extended to:
max max
e N
2
with m®=0,...,N/"¥- 1
If N;>is even then the interferogram becomes
€0, SN /260t <- N2
t
|ffd(na):}|f;b(na), -NE/2¢n* <N®/2
10, -N/2¢n* <N™/2 (2)
and ifN;*°is odd then it becomes
&, NP 2ent < (NE- 1) /2
1
174, (n?) =1 155(n®), (N g r2ent e (NE- 1) 12
|
0, (N Y r2<ne < NP2 3

See
s% (nf) = FFT{ 17, (n")} (1)
The radiometric vector is then unscrambled following the method described in Setfidh
This operation is followed by the computation of the corresponding spectral axis. The
corresponding spectral axis vectofeirior limit s ™%
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max__ max3
Ds po= Ds j Ksc (3)
max — max
Soj - soj 3 kSC (4)

Unscrambling is finally performed with the purpose ofordering spectra computed from
decimated interferograms. In addition to this stretching of the spectral axis, an inverse stret
must be aplied on the radiometric scale to ensure the conservation of energy in the signal:

Sja (M) =S7 (ma)/ksc 5)

4.5.3.13 Spectral interpolation

The incoming spectra are stretched by the Doppler shift and therefore eveeyrsost be
corrected for this effect. The correction transforms the axis with linearly spaced points into a
closely spaced distribution. The spectral axis corresponding to the actual measurement shal

defined by the latest spectral calibratidtiowever, because of the specification on the spectral

stability, this spectral calibration may be significantly different than the one effective during
last gain measurement. This is the reason why it is necessary to interpolate the actual

ching

more
| be as

the
scene

spectum. Since we have already chosen to interpolate the gain to the spectral axis requested (user

defined), we will here have to interpolate to the same spectral axis.

The spectral calibration valid for tleetual scene measurement is describedjsj“a’, Sop 0,

and N;"®, while therequestedspectral axis definition is defined Bys{™?, 5,19, and Nj*? (see
Section4.5.4.2).

We now interpolate the actual scene measurement onto the requested spectral axis. But

before,

the Doppler shift correction first has to be taken into account in the incoming spectral axis in order
to compensate for the motion between the platform with respect to the current observed scene.

Doppler (line) broadening due to the translational motion of thieeuales and distortions induced
by the presence of other molecules is not part of the correction.

The computed correction factor udearthfixed target to satellite rangate The rangeate
computation is based on the geolocation parameters (deding@D time) computed from the
orbital data and with help from dedicated software from ESA. The natges expressed in
Earthfixed reference systeniRD 14].

Ds(s)° —s ®
(v/c has the order of magnitude of 215 °)

Then, each wavenumbswill be modified in the following way:

S
i=Ss-Ds =—
Si=S S DC (2)
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1
D.=——
3)

with

This shows that the grid is sitypmodified by a global shrinking factob, leading to the
corrected definition of thactualspectral axis:

Ds?“"x3 D, Doppler corrected wavenumber spacing between specteapdants

DSijax:

Dmax — maxs
Soj =Sy DX

the starting wavenumber of the bgnd

Dmax _ pjyma> . . .

N; =N, the number of points in bandstays the same)
In addition to this stretching of the spectralspan inverse stretching must be applied on th

radiometric scale to ensure the conservation of energy in the signal:

Sja (') = 75 (nf) /D, (4)

This new spectral axis distribution, with a different grid spacing, firfaly to be interpolated

according to theequestedpectral axis definition.
Sji(n) = Interpolag) S (nf); Ds ™5, NP ™ - Ds}eq,so'jeq,ereq} (5)

with the procedure described at Secto®.2 according to th8inc Interpolation Methad

The range of data pointsdax is defined by the requested spectral parameters.

e
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4.5.3.14 Radiometric calibration

Radiometric calibration is essentially a multiplication of the scene spectrum by the overall gain.

This is a straightforward po#iity-point complex multiplication. Theesult is a complex spectrum
where the imaginary part is in principle zero.

Gain corrections based on characterization measurements are no longer needed,

since

correction for different electrical gain adjustment between scene and calibration is asstimed n
necessary, and since correction for pointing direction considering the azimuth angle for the actual

scene measurement is also assumed not necessary (seeS2@idrs of RD 6)).

Radiometric calibration includes correction fbetradiometric calibration gain. The correction
for the azimuth mirror gain no longer existR[ 6]. Since the radiometric gain is already
interpolated to the requested spectral axis, the radiometric calibration is -dyppwmint compex
multiplication. The result is a complex spectrum where the imaginary part is in principle zero.

§TT) = 575 (nf) @B 4 () (1)

Finally, only the real part is return as

() = R ™ )} 2)

As it is apparent fronthe indices, we get a scene vector for each band defined on wavenumber

values corresponding to the requested spectral axis.

4.5.3.15 Scene quality verification

The scene quality verification is based on the imaginary part of the calibrated scene rmexasure

If the imaginary part is only composed of only noise (its mean is null) and has no intrinsic
distribution, then the scene measurement will be considered as valid. Otherwise, a flag is raised

and the scene is deleted by setting all of its elememzisrto

The scene quality verification is based on the examination of imaginary part of the radiometric

scene signal:
quual(rnr) — Imag{ ijzompIeanr )} (1)

If S™(m) is only noise (its mean is null) and has no intdrdistribution, then the scene
measurement will be considered as valid.

A mean and a standard deviation of this imaginary part must be computed for the purpase of

measuring the quality of the scene.
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1 Nreq 1
xoqual qual
aSi 0= Nreq a S (mr) (2)
1 Nreq 1
ms qual qual
™= [y & (S &y ©
i nf =0

A scene will be considered unsatisfactory if more than% of the values oS™*(nf) do not
respect the following inequality:

s )| < stz > @

In this caseaflag is raisedas an observational error for the scefee real part of the output
vector Sfa'(mr ) is kept Otherwise the scene is considered satisfactory.

The constantseys: andtg, ,, are defined in auxiliary data.

4.5.3.16 Reporting NESR

The NESR is reported for the complete spectral width of MIPAS. Gaps between bands are se
The reported vector is on a reduce grid. The spectral axis is defifathas

DsN**=Ds 1 Qu NESR wavenumber spacing between spectral data points
NESR _ req Ds NESR |
S0 =% 2 NESR starting wavenumber,
N NESR Z r%ségq + ( N - 1) (Ds . Dg NESR/ o _ s NESRE;
00

D VESR 8+1 NESR number of points.

The NESR is averaged for each interval of lengtbr all bands as follow:

SRy = \/ (Squal( G - 1 o)) )

foru=1 and

SNESR(mN) - \/%

Qo
N

U

uc

O

(srfodint - )7 - 28 srefuchn - 1 i B

VO

(2)

tto O.
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Qs _ gredg
0j 0A & .
for u> 1 wherek; = FIoorae[')sw(_) andm' = 0 N'E% 1. Note that in the case where the

NESR intervals are only partly occupied with valid measurements (start and end of bands
NESR value should be the averaged of available data points.

, the
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4.5.4 Computational sequence

The Calculate Radiancéunction receives control from the Load Data function when scene d
have been found. Th€alculate Radiancéunction processes this data and sends control to t
Calculate Pointing function.

The output, i.e. a radiometricallyltaated spectrum, is delivered prior to control transfer.

The Calculate Radiancdunction assumes that gain, offset and spectral calibrations
available as soon as they are produced, so that they can be used for the processing of al
measuremds following these calibrations. If this is not the case, then processing will proc
with the latest available calibration.

The computational sequence for normal processing o€ #heulate Radiances illustrated by
the flowchart of Figurd.5.41.

ata
he

are
| scene
eed
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Figure4.5.41 Calculate Radiance Calibratioflowchart
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4.6 CALCULATE ILS RETRIEVAL

This Sectiordescribes th€alculatelLS Retrievafunction that performs, as its name implies, the

necessary processing to retrieve the instrument line shape (ILS) from measured spectra. The data

flowchart of this function is provided in Figude6.41.

ILS retrieval has been studied ex$erely in the technical noteRD 4]. The deconvolution
approach has shown to be inadequate, but a second approach has shown to give good
resul ts. The chosen | LS retrievaletmeaddaodd/(
This method proceeds with a theoretical ILS, obtained by a modelization with a limited numb
parameters, convoluted with the theoretical line and iteratively fits the results onto
experimental data.

enough
PIsF I
er of
the

Appropriate peaks for spectraélibration that represent known features of standard scene

measurements have been identified and studied in the docuRi2d{.[The present algorithm
works on such or equivalent spectral lines. The precision of the pedKiodgion algorithm is

proportional to the number of equivalent scenes that are coadded, as the noise affecting the signal

decreases when multiple readings are superposed. This number will probably vary between
10, and will be defined in auxiliaryath. We suppose for the present algorithm that five scenes
peak are used for each ILS retrieval.

The operation of ILS retrieval is more computer intensive than others tasks presented
here, but this operation will be requested only from timéinhe@, not on a regular basis as the
computation of spectral calibration for example. Topics of the exact frequency at which the
retrieval shall be done is addressed here.

It has been chosen to extract the ILS in each detector band of the instrana@n&propriate
spectral line located anywhere inside the band. The list of reference spectral lines will be sto
a table kept as auxiliary data.

The auxiliary data file containing retrieved ILS parameter data and spectral calibration

2 and
per

up to

LS

red in

data

shall beproduced by the Level 1B processor according to the processing parameter file. An initial

ILS and spectral calibration auxiliary file will be given as an input to the processor at
processing stations and shall be used until the next file will be nvadlatde. ILS and spectral

all

calibration data will be written to the auxiliary file simultaneously (i.e., only ca. once per wegk).

Otherwise the file shall not be modified by the processor.

The processing parameters file contains control parameters foantdSspectral calibration
processing. For ILS:

A The time since ascending node crossing from which the search for first valid scene

data shall start in seconds,
A The tangent height interval within which scene shall be extracted,
A The number of scenes to be ddad,
A The maximal number of subsequent scans from which scenes are to be extracted
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For spectral calibration:

A The time since ascending node crossing from which the search for first valid scene

data shall start in seconds,
A Update period (number of scans)
A The tangent height interval within which scene data shall be extracted,
A The number of scenes to be coadded.

4.6.1 Objective

The main objectives of the Calculate ILS Retrieval function ardittiveg of the convolution of
the theoretical spectrahleby a parametridLS in the purpose of finding the ILS that matches th
most closely the raw data.

A Select specific microwindows containing precisely one reference peak efrvoein
wavenumber.

A Obtain or generate the reference theoretical spectral dimeesponding to this
microwindow.

AFit an ILS to the incoming raw spectrum by minimizing residuals between t
reference line and the parametric ILS.

A Store the iterated parameter set and the specific wavenumbers as a Level 1B proc

The assumptionsn the format of the ILS retrieval that are used in the definition of the otk
function of the present document are the same as those for spectral calibration, liste
Sectiond4.4.2.

The number of points in the spectral axis definition of a band foynspectral calibration
shall be the smallest power of two larger than the actual number of points measured in that
The reason for this is that standard FFT algorithms require a number of points that is an in
power of two. Thus, the calculategdectra have such a number of points and it is more appropri
that the spectral calibration is adjusted consequently.

D

he
juct.
er

ad in

band.
teger
ate
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4.6.2 Definition of variables

Calculate ILS Retrieval

Variable Descriptive Name I/O | Type | Ranges / References / Remarks
General varables & indices
ereq Number of points in bandfor | a i | MIP_PS1 AX(7)
the requested spectral axis
m' Numerical index of points in | | i m =02 ,N{®-1
vector
N Number of points in thew t r |=1024
m" Numerical index data points | | i m'=02 ,N™-1
working vector
n Index of line I i n=12 ,N'nes
Ds J_feq Spacing between spectral da t r | Computed with
points in the band MIP_PS1 AX(7, 8, 9)
560 Starting wavenumber of the | a r | MIP_PS1_AX(8)
band
Ds ™ Spacing between spectral da t ro|=1/N™
) points in working vector
s Starting wavenumber of t r
" working vector
4.6.3.1 | Selection of microwindows
S Index of elevatiorscans I i s=12 , N
Nines Number of spectral linesto bl a i | Equal to the number of to be ust
identified during ILS retrieval in file
MIP_MW1_AX
Number retrieved 0 MIP_CS1 AX(3.3)
N coadd Number of equivalent scenes a i | Practical values are
that must be coadded 1¢ N ¢ 10
MIP_PS1_AX(45.6)
sz'(rﬁ) Radiometrically and spectrall i r | Input fromCalculate Radiance
' calibrated input speatm function
sjcoadd(mf) Coadded spectrum band t r
s Experimental peak position it r
" working vector
s™(m") Working vedor t r
4.6.3.2 | Generate theoretical spectra
line
Se(m") Reference theoretical spectré t r
line
a,b,c Theoretical function a r | a= height,b = position,
parameters ¢ =HWHM
MIP. MW1 AX(11, 7, 12)
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Variable Descriptive Name I/O | Type | Ranges / References / Remarks
model Line modé a i |MIP_MW1 AX(13)
4.6.3.3 |FitILS
axz , ay Final parameters of Simplex| o r |MIP_CS1 AX(3.9, 3.10)
fitting
ap, do, Initial guesses of Simplex a r | Must be different than 0
axz o, ayo | fitting parameters MIP_PS1 AX(47.5, 54, 73.2)
shift ILS frequency st 0 r |MIP_CS1 AX(3.10.1)
Sr*(m", paramg| Modelized spectrum to be t r
fitted with experimental data
s Microwindow central i r | MIP_MW1_AX
frequency
Enk Sum of square residuals t r |local to Smplex routine
Simp™ Simplex convergence a | r | Settoabout3dl0°to 1310°
tolerance MIP_PS1_ AX(46)
Simpe™™ Maximum number of a i | Set to about 1000
iterations for the simplex MIP_PS1 AX(47)
k Simplex iteration index I i k=02 ,N™
N ter Number of Simplex iterations t i
" done to reach convergence
tolerance for linen
R? Coefficient of correlation for | t r | computed valueR? ¢ 1
the fit
R.. Threshold of validity forR? a | r |Settoabout0.5
MIP_MW1_ AX(15)
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4.6.3 Detailed structure and formulas

4.6.4.1 Selection of microwindows

This subfunction selects poefined portions of the observed fma&ibrated spectrum that contain
reference lines, as deéd in an auxiliary database (see Tahk31). If no line can be identified,

because no one correspond to the current altitude for example, the subfunction gives back ¢
to the main processing flow and waits for another pass.

lines

In the database argosed N

ontrol

reference lines with their natural characteristics and the

associated microwindows details. An example of a given line would be following the structure

given in Table4.4.31. The same description of each partanalso applies, except that the giver

width of the line is strictly the natural HWHM of the natural line, with no ILS widening. The

chosen lines for ILS retrieval should correspond to measurements made at sufficiently
altitude that no offset is prest in the measurements. The selected lines should also hay
sufficiently high SNR to make the process feasible (see more discussions on the selecti
microwindows in documen®D 4]).

The minimal case would consist afily two reference peaks, one present in band A and one
band D, at both extremities of the spectrum covered by the MIPAS detettis=(2). This
requirement comes from the fact that interpolation of ILS can be done between extrema refe

high
e a

on of

in

rence

%)

points[RD 4]. But the more reference lines can be identified, more precise the method will be. A

practical case would consist of at least one reference peak in each band. The exact num

reference lines required in each basdstill TBD, but it can be taken as one for the current

baseline.

In order to reduce noiseN** equivalent scenes are coadded, i.e., scenes with altitu

included in the range (MIP_PS1 AX(45.4)) for the last number [@vadéon scans
(MIP_PS1_AX(45.8)) specified in the processing parameter file. The pasidhe one that
contains the microwindow.

N:])Oadd

1 ™
Sfoadd(rnr) = Ncoadd a Sjc,asl (rﬁ)
n s=1

(1)

Before the extraction of the microwindow, a peak fit (see section 4.96n&sin the range of

ber of

de

the microwindow interpolated with a sinc interpolation as follow in order to find the experimental

peak positions .
Ds™ON™

N
2

. Wy — ? dd . r I r
Si™(m") = Interpolae}SfOa (M), Ds ¥, 55, Nf*" - Ds;™,b-

(2)

<o

with N™ =1024andDs/™ =1/ N™.

Then a new interpolation is done in order to obtain the peak position exactly on a point at the

center of the working vector:
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é Ds™ON™ Q

S™(m") = Interpolde | S***(nf); Ds*, 559, N* - Ds/™, s - —"—— N™j
i 2 y 3

. . . L . Ds™N™ .
Finally, the origin of the working veatas simply set tosy" =b- — Y This re

centering is done in order to compensate the residual error of the spectral calibration. Since we
only are interest to fit the shape of the ILS, this is legitimate.

The range of data points index of tinecrowindow is defined by:
m'=02 ,N™-1

Before this vector is sent to the next processing stepceantering is done using the algorithm
defined in appendix B. The shift is determined with a parabolic fit.

4.6.4.2 Generattheoretical spectral line

This subfunction generates a theoretical model of the reference spectral line according to the data
stored in auxiliary data. This reference line is used as a base for the convolution with the ILS for
fitting with experimental dta. The reference line and the model ILS are generated at the highest
possible resolution, and the result is transformed to match the measurement sampling.

This subfunction generates a numerical vector containing the theoretical shape of the reference
spectral line under study, according to the mathematical model and the associated parameters.

4s- bc"_>2
-& . 8 In(2
If model = 1, then S'(m')=ae® " ° 1)

If model = 2, then SIm")y = ——5— (2)
as-b

(No sinc model is used to modelizeeference spectral line)
with s=sg"+m'@Ds"

The amplitudes, the spectral line positiomand the widtlc are taken as the data values stored
in the microwindows database.

The reference lines®' (m") is used as a base for the convolution with the ILS for fitting with
experimental data.
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4.6.4.3 FitILS

This subfunction minimizes residuals between selected raw spectral lines and the convolution of
the reference theoretical line model with agpaetric ILS. The fitted model will represent the
instrument line shape that best represent the observed scene.

This subfunction contains in itself many other functions of lower level that will be discussed
more thoroughly in Sectiof.6.4.

The main coref the iterative fitting approach (PIFM) can be segmented in the following way

1i Computes convolution between the reference spectgfifym") and the model ILS,
function of an initial set of characteristic parameters.

The instrument line shape functidbhS(parameters) is described in appendix C and should
be accordingly implemented.

The two chosen parameters are the following ones:

axz : Linear shear variation along z axis
ay: Systematic IR misalignment angle alongxis

They consist of two orthogonal imperfections that model the most important perturbations
that affect the global aspect of the ILS. They are used more as modeling knobs |than
indications of instrument's performances.
They are initialized with the ost probable values expected from theory and a prior analysis
of the instrument characteristics.

axz,=1.010°3 (1)
ayo=0.210°mrad 2)

The exact guess values for these parameters will have to be adjusted in function to the real
incoming data eaming from the instrument.

The other intrinsic parameters modeling the ILS are defined as auxiliary data and are
considered fixed throughout the ILS retrieval operation.

A scaling factora (which initial primer guess is set ag= 1.0) is also needdukecause of the

unavoidable error on the height of the theoretical line. Even if the measured lines for the ILS
retrieval are taken at a sufficiently high altitude and that no continuum is present, an offset
parameterd, is taken into account because of eydtal errors due to imperfect offset

subtraction of the instrument contribution.
Thel symbol represents here the convolution operator.

Sandel(mW, params — a(S[:ef (mW)T |LS(m"", axz, ay)) +d (3)
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Note that thdLS vector is recentered before the convolution usthg algorithm defined in
appendix B. The shift is determined with a parabolic fit.

2i  Minimize the next residual with the Simplex iterative method that uses the variation of
vectorparamsg = axz g, ay g, a, anddy:

Myight

E..« a [%m°de'(mw, params) - Sﬁ"’”(mw)]2 (4)
m" =meq
wherem,, =(N™/2)- Dm m,, =(N™/2)+DmandDm= min(b- s™,s™ - b)/ Ds.™

o

The Simplex algorithm is performed until a predefined tolerafb‘inmto' is reached on the
residual values. If a maximum number of iterations is reached, sgpras

it . i
er]er > Slmrjtermax

then the algorithm is stopped and an error is dispatchegislfpushed to 0 by the Simplex,
calculate eq.(4) witly, = 10"

3i Characterize the final resulybhe computation of the coefficient of correlati®a, defined
as follows:
E e
Ri=1- (5)
a(srm")’

W _
m™ =M

This number indicates a perfect fit wheR’ =1, while R =0 means that the data is
completely uncorrelated (negative values indicate an-cantelation trend but should never
occur). For an appropriate fit, the value Rf shall be higher thaﬂRZﬁin (set at about 0.5). If the
value computed is less thﬁi1 the fit should be rejected.

This statistical test can be performedcheck for the validity of the operation.

4i Calculate the shifted position of the maximum amplitude ILS frequency vs the central
frequency:

shift(m")=MaxFredILS(m" axz.ay))- s (6)

4.6.4.4 Store results

For each of theN"™®, the output products will be specified as the set of the two final iterat

parametersaxz and ay and a reference to auxiliary data containing the whole set of ILS

parameters. The iterated parameters have priority to values in the gusitier. Also stored will

the

ILS

ed
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be the associated wavenumber at which the ILS retrieval have been computed. The storage

of only

these parameters has been preferred to the storage of the whole ILS for practical reasons of storage
space savings and also for fleikily of the interpolation at different wavenumbers.

To obtain the ILS at levels higher than 1B, this data will be needed, and also will be the

LS

function generator itself. This will enable the calculation of ILS profiles at the few specific
wavenumbes of the reference lines. To obtain the ILS profiles anywhere on the spectrum, the ILS

interpolation procedure will be needed (s&DH]). This algorithm is not reproduced here
because of its complexity and because it irgot to the present procedure and can not be

considered as data but instead as an operator.
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4.6.4 Computational sequence

The computational sequence is illustrated by the flowchart of FgGré1.

R&S&L
@D G

Calibration ILS RETRIEVAL Auxiliary

Spect
refer

Y
p-windows
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model
Y
micro Theoretical
window spect. line
Fit ILS
Y
__ Model
ILS
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| Minimizes
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\
|
\
\
\
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\
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\
\
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Figure4.6.41 Calculate ILSRRetrieval flowchart
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4.7 CALCULATE POINTING

The Calculate Pointingfunction performs the processing necessary for line of sight pointi
calibration in order to generate corrected LOS pointing angles.

The algorithms are covered in details in Sectié@11 of documentRD 1]. The Section is
recopied here for completeness of the document.

This section describes the Calculate Pointing Function that performs the processing neces:
generate LOS, radiometrically and spectrally caliéd spectra (L, R & S spectrum).

4.7.1 Objective

The main objectives of the Calculate Pointing function are

A Compute correction of elevation pointing angle,
A Compute elevation angle corrections due to scan mirrotinearity
A Compute corrected pointirangles of actual scene (sweep).

The Calculate Pointing function is based on the following assumptions. It is assumed
commanded elevation angles are only partially corrected with respect to known pointing e
according to the best knowledge based-ground characterization and LOS calibration
measurements. The remaining elevation error, obtained from LOS calibration measurements
be computed in the ground segment (PDS) and be used to correct in measurement mo
measured elevation anglekhe corrected elevation angles and the measured azimuth angles
used to compute the geolocation (height/longitude/latitude) of the actual scene (target).

sary to

that
rrors

. shall
de the
are
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4.7.2 Definition of Variables

Calculate Pointing

Variable Descriptive Name I/0 | Type | Ranges / Réerences / Remarks
Calculate Pointing

X Vector of averaged unknown| a r | MIP_CL1 AX(5to 10)
pointing error
%: (%'Cx’fx’ﬁo'ch’fh)

te! Reference time used to [ r | Time of last ascending node
compute the phase of the crossing
harmonic pointing error From Geolocationfunction

geene Onboard time related to actu; i r | Time of actual ZPD crossing
scene measurement data FromLoad Datafunction

Wi Angular frequency of first a r | MIP_CL1_AX(3)
orderharmonic pointing error
related to xaxis (pitch)

Wh Angular frequency of first a r | MIP_CL1_AX(4)
order harmonic pointing errot
related to yaxis (roll)

Da Azimuth offset, correction of | a r | MIP_CALl_AX(46)
azimuth angle

De(t**°™) Correction of elevation angle| t r
at time t*°™

et | Measured elevation angle at| i r | FromLoad Datafunction
tlme tscene

a "e(t>ee") Measured azimth pointing at | i r | FromLoad Datafunction
tlme tscene

elevandcorr | MIPAS scan mirror non [ r | MIP_CA1_AX (field 45.1)elev
linearity elevation angle and angle corrections (field 45.2)
corrections corr

e" (t°°" Correctecelevation angle for | o r | Corrected elevation angles
nonlinearity at time >

e’ Corrected elevation angtkie | o r | Depends only of orbit number an
to yearly pointing variation MIP_CA1l AX fields(48-55)

e (15" Actual elevation angle at @) r MIP_NL_ 1P(5) MDS 1
timetscene

a(t>e") Actual azimuth angle at time| O r |MIP_NL__1P(5) MDS 1

tscene
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4.7.3 Detailed structure and formulas

The actual elevationginting angle related to each interferometer sweep (scene) is given by
measured elevation angle and the computed correction at the time of ZPD crossing.

4.7.4.1 Compute the actual pointing error at time of ZPD crossing

This subfunction computes thetaal pointing error with respect to pitch and roll at the time ¢
scene measurement.

The actual pointing error of the satellite and the instrument based on LOS calibrg
measurement is given by:

a) Pointing error related toaxis (pitch)
X(E") = 5 +C, Gogw, Q- 1) - F ) 1)
b) Pointing error related to-gxis (roll)

AL =1, +, Gogw, Q- 1) - F ) 2)

the

-

ition

wheret®**™ is the time related to a measurement which may be the time of Zero Path Difference.

4.7.4.2 Compute actual azimuth pointing angle

This subfunction computes for each scene (sweep) the actual azimuth angle. Pointing errors in

azimuth will not be calibrated during flight operation. However, a correction basedgnouwnd
characterization/alignment measurements must be performed.

cene

The actal azimuth pointing angle at timt is given by:
aact(tscen3 — ameaS(tscers _ Dg (1)

where Da is an azimuth offset characterizedgmound.

4.7.4.3 Compute correction of elevation angle

This subfunction computes the aection to be applied to the measured elevation angle of a scene
(sweep). Inputs to this function are the estimated bias and harmonic pointing errors for rearward

and sideways measurement, the commanded azimuth angle, and the time of data acquisition.
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Note Estimated pointing errors may be based on a single orbit LOS calibration measureme
the following it is assumed that estimated pointing errors are the result of an avera
process over multiple orbits.

The correction to be applied to the meadwkevation angle is given by:
Dé(t scene) — [_ )_((t scene) Qoia act (t scenE)) + ﬁ(t scen3 @lr(a act (t scene))] (l)

act

where & (t>°") is the actual azimuth pointing angle.

4.7.4.4 Compute scan mirror ninearity elevation angle correction

Find the index in the angle correction tabidev(MIP_CA1_AX) whereele\i] > el 2 ele\ji - 1]

and el = e™*t°**") + 90. Then nterpolate the elevation angle correction. No correction is done
el is outside the angle correction table.

(cort[i]- corrli - 1])3 (el - (eleVfi - 1] +corrfi - 1)) &
((eteVi]+corrli])- (elevi - 1]+ corrfi - 1])) 8 (1)

enl(tscen3 — emeas«scena _ %Orr[i _ l]+
¢

4.7.4.5 Compute annual pointing eléga angle correction

Compute a mispointing annual variation where the coefficieptsw,, p,, a., w,, p., mand
offset are defined in MIP_CAL1 fields18-55).

e’ =a sin((w, +orbng2p/ p,) +a, cos(fx, +orbng2p/ p.) + m3 orbno+offset (1)

4.7.46 Compute actual elevation pointing angle

The actual elevation pointing angle at tini€"™ is given by:

eact(tscen3 — enl(tscem) _ Dé(tscem) + eyc (1)

nt. In
ging
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4.7.4 Computational Sequence

The Calculate Pointingfunction receives control from thieoad Datafunction when nominal

measurement data have been found in source packet€aldidate Pointingfunction processes
pointing data belonging to radiometricallgcaspectrally processed spectra and send control bg

to theLoad Datafunction.

The output is generated if the instrument is commanded in measurement mode.

The computational sequence of thalculate Pointingunction is illustrated by the flowchart o

figure 4.7.41.

1ck
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Figure4.7.41 Calculate Pointinglowchart
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4.8 CALCULATE GEOLOCATION

The Calculate Geolocationfunction calculates the tangent point geolocation and relat
information. The function has as input the orbit stedetor and corrected pointing angles and i

makes use of the CFI softwaréd] 20] and RD 19].

4.8.1 Objective

The main objectives of the Calculate Geolocation function are

1 Computethe effective mispointing angles taking into considerations the MIPAS alignme

matrices defined in the MIP_CA1_AX,

E g

Compute tangent height of actual scene,
Compute rms error of tangent height of actual scene,
Compute longitude / latitude of actual scene,
Retrieve day/night flag from CFI S/W

D

C
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4.8.2 Definition of Variables

Calculate Geolocation

Variable Descriptive Name I/O | Type | Ranges / References / Remarks
Calculate Geolocation
4.8.3.1 Compute orbital position
PTIME Time of initial state vector I r |FromMPH state vector
RR Initial state vector position I r
RRD Initial state vector velocity I r
e Onboard time related to actua | r | Time of actual ZPD crossing
scene measurement data FromLoad Datafunction
teef Reference time used to o] r | Time of last ascending node
compute the phase of the crossing
harmonic pointing error Output MIDR of Orbit Propagato
siw
4.8.3.2 Compute effective attitude
information
f Flag if pointing is calculated [ [ MIP_PS1_AX(85.1)
according taestituted attitude
file method
AlignMat | MIPAS alignment matrix i d | MIP_CA1_AX (field 44.1)
M_char MIPAS mispointing [ r | MIP_CA1_AX bias (field 44.5), a
characterization (same as use vector of 3 values: pitch.bias,
for planning) roll.bias and yaw.bias.
MIP_CA1_AX harmonics (field
44.6) 3 vectors(pitch, roll, yaw)
of 9 values : pitch_harm([9]
roll_harm[9], yaw_harm][9]
This x_harm[] vector (where x
stands for pitch, roll and yaw) is
equivalent to a cos, sin and freq
harmonics vectowhere j varies
from O to nharmonicsl.
x.harm[j].cos = x_harm[3*j]
x.harmolj].sin = x_harm[3*j+1]
x.harm[j].freq = x_harm[3*}+2]
dtype Derivative type i i | MIP_CA1_AX (no derivative or %
derivative) (field 44.7)
nharmonics Number of harmonics [ [ MIP_CA1_AX (field 44.8)
possible values: 0 to 3
attOand Constant mispointing angle [ r |MIP_PS1 AX (81,82)
dattO inputs
e _attand | Effective attitude information | i r
e_datt angle outputs at*™"
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4.8.3.3

Compute tangent height

EFCI (t scemj

Actual elevation angle at
timet**"™

From Calculate Pointingunction

a act (t SCEHE)

Actual azimuth angle at time

tscene

From Calculate Pointingunction

h(t>*°"§ Geodetic altitude (tagent O Output RES[6]/(7) of Payload to
height) atts*" Target Parameters Calculation s
MIP_NL__1P(6) MDS 1
long(t>**"§ | Geographic longitude at time | O Output RESJ[3]/(4) of Payload to
{ Scene Target Parameters Calation s/w
MIP_NL_1P(7) MDS 1
lat(t***"j | Geodetic latitude at time*" | O Output RES[5]/(6) of Payload to
Target Parameters Calculation s
MIP_NL_ 1P(7) MDS 1
SIQt**"j | s/C position at time " @) Output PO Orbit Propagator
siw
MIP_NL_1P(4) MDS 1
R Radius of curvature in looking O Output RES[15]/(16) of Payload t
direction at nadir of target Target Parameters Calculation s
MIP_NL_1P(8) MDS 1
% Earthfixed target to satellite | O/o Output RES[37]/(38) of Orbit
rangerate Propagator s/w.
Needed for Doppler shift
MIP_NL__ 1P(9) MDS 1
Vg Geodetic altitudeate of the O Output RES[23]/(24) of Payload t
target Target Parameters Calculation s
MIP_NL 1P(10) MDS 1
AziTopo Target to satellite azimit o] Output RESJ[8] of Payload to
angle (Topocentric CS) Target Parameters Calculation s
MIP_NL 1P(24.11) MDS 1
ElevTopo | Target to satellite elevation o] Output RES[9] of Payload to
angle (Topocentric CS) Target Parameters Calculation s
MIP_NL_ 1P(2.10) MDS 1
day_night | Day/night flag o] Output RES[71]/(72) of Payload t
Target Parameters Calculation s
MIP_NL__ 1P(25.2) MDS 1
4.8.3.4 Estimate error on tangent
height
ar Minimum azimuth angle in a MIP_PS1 AX(77)
' rearward observation geomett
ar Maximum azimuth angle in a MIP_PS1 AX(78)
rearward observation geometi
asse Minimum azimuth angle in a MIP_PS1 AX(76.1)
sideways observation geomet
gside Maximum azimuth anglen a MIP_PS1 AX(76.2)

max

sideways observation geomet
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Wi Angular frequency of first orde a MIP_CL1_AX(3)
harmonic pointing error relate
to x-axis (pitch)

Wh Angular frequency of first orde a MIP_CL1_AX(4)
harmonic pointing errarelated
to y-axis (roll)

fg‘g Vector of averaged variances| a MIP_CL1_AX(11 to 16)
unknown pointing error

s(h) RMS error of tangent height a O MIP_NL__1P(6) MDS 1

tscene
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4.8.3 Detailed structure and formulas

4.8.3.1 Compute orbital position of S/C at ZPD time

This subfunction computes from ZPD time and state vector the satellite position and velocity.
Theorbital position can be calculated usthg orbit propagator or the orbit interpolation.

A) NoDOR_VOR AF file available

The orbital position and velocity of S/C shall be computed using the Envisat CFl software
PPF_ORBIT(po_ppforb)[RD 19] and the initial state vector in auxiliary data arelZPD time.

First, the orbit propagator (po_ppforb) shall be initialized in the longitude dependent mode with the
following input parameters:

Parameters | Values
mode PO_INIT
mjdp PTIME
pos RR

vel RRD

Table 4.8.3.11 Input parameters for orbit propatpr s/w
initialization

Next, it shall be propagatedtdi*"°using absolute time with the following input parameters:

Parameters | Values

mode PO_PROPAG

mjdr MJDR output of orbit propagator
initialization

Xm XM output of orbit propagator
initialization

mjdp tscene

Table 4.8.3.12 Input parameters for orbit propagator s/w

B) UsingDOR_VORADF file

The orbital position and velocity of S/C shall be computed using the Envisat CFl software
PPF_ORBIT(po_interpol) [RD 20] and the closest state vectorauxiliary data and the ZPD time.

n

First, the orbiinterpolation(po_interpol) shall be initialized with the following input parameters:
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Parameters | Values

mode PO_INIT_FILE +
PO_INTERPOL_RESBAS +
PO INTERPOL RES AUX

Choice 0, automatic selection depds on
file provided

Ndc 1

Doris_preci | DOR_VOR filename

se_file

MjdrO MPH SENSING START(decimal
days)

Mijdrl MPH SENSING STOP (decimal
days)

Table 4.83.1-3 Input parameters for orbihterpolations/w

initialization

Next, it shall be propagatedtd*"“using absolute time with the following input parameters:

Parameters

Values

mode

PO_INTERPOLATE +
PO_INTERPOL_RES_BAS +
PO_INTERPOL_RES_AUX

MjdrO

scene
t

Table 4.83.1-4 Input parameters for orbihterpolations/w

propagation

4.83.2 ComputeMIPAS effective attitude information

The S/C attitude information (pitch, roll and yaw angles and rates) must be corrected by
MIPAS alignment matriAlignMatto get the effective attitude informatienattande_datt

The MIPAS alignment matrixAlignMat is a [3,3] dimension matrix and is defined in the
characterization ADF MIP_CA1_AX. The baseline values are the following:

+0.9999997427

+0.0000697013 - 0.0007105313

- 0.0000699291

+0.9999999978 - 0.0001720573

+0.0007105465

+0.0002174480 +0.9999997087

y the
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4.8.3.2.1 Calculate the attitude information at the time of the scene measurement.

A ) Using planned attitude informatiorf € 0 )

Whenf = 0, the S/C attitude information is the one used during the planning (commanding). Para
M_charto calculae sc_attandsc_dattare stored in the MIP_CA1 AX file. Tlee_aocss retrieved
from the MIP_PS1_AX field80). The baseline is§.1672 +0.0501 +3.9284.

nharmonies
sc_ati[l]= & M _char.pitchharn]i]sin3 sin(fp_t) + M _char.pitchharn]i]cos® cos(fp_t) (1)

i=0
where fp_t =PL_to_rafM _ char.pitchharnfi]. freq)s t*,
andt®™ = t°®" t,"® is the timesince ascending node crossing in second.

sc_att[1] =sc_att[1] + M _char.pitch.bias (2)

nharmoniesl

sc_attf2]= g M _charroll .harn{i].sin3 sin(fr _t)+M _char.roll .ham{i].cos3 cos(fr _t)
i=0
3)
where fr _t =PL_to_radM _charroll .harnii] freg)3 t2™.
sc_att[2] =sc_attf[2] + M _ char.roll bias (4)

nharmoniesl
sc_att[3]= J M _char.yawharnfi|sin3 sin(fy _t) + M _char.yawharn{ilcos® cos(fy _t) (5)

i=0

wherefy t= PL_to_racﬂM _char.yawharn{i ] freq)3 e
sc_att[3] =sc_att[3] + M _ char.yawbias (6)
PL_to_rads a function to convert from degrees/sec to radians/sec.

In addition if thedtype= 1 (1st derivative), the rates are calculated for the pitch, roll and yz
otherwise the rates are set to 0 if tiiype= 0 (no derivative)

nharmoniesl

sc_datfl]= § fp3 ( M _char. pitch.harn{i].cos3 sin(fp_t)+M _char. pitch.ham{i].sin3 cos(fp_t)) (7)
i=0

where fp =PL_to_radM _char.pitch.harn]i] freq).

nharmoniesl

sc_datf2]= & fr3 (- M_charroll .harn{i].cos3 sin(fr _t)+M _char.roll .harn{i].sin3 cos(fr _t))
i=0

(8)
where fr =PL_to_radM _char.roll .harnfi]. freq)

meters
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nharmonicl

sc_datf3]= & fy® (- M _char.yawharn]i].cos® sin(fy_t) + M _char.roll.harni].sin® cos(fy _t))

i=0
(9)
Where fy = PL_to_radM _char.yawharndi]. freq)

B ) Using Restituted Attitude filef(= 1)

First, the restituded attitude file (AUX_PPRAX) corresponding to the desired orbit must| be
obtained and the Envisat CFI software PPF_ORBIT [RD 20] module (po_init_attitude_file) shall be
called once after calling the ALoad_datao fun

Parameters Values

mocde_out PP_ATT HARMONIC
mode_perf PP _NO PERFO
mode_stat PP _STATISTIC
perf_param[0] | 100

perf param[1] | 100

perf param[2] | 100

perf param[3] | 1

perf param[4] | 0

perf param[5] | O

Table 4.8.3.2L Input parameters for attitude s/w initialization

The S/C aitude informationsc_aocssc_att sc_dattare obtained from the Envisat CFl software
PPF_POINTING (pp_get_attitude_aocs). It shall be called with the following parameters:

Parameters | Values
utc_time mjdp output of orbit propagator

Table 4.8.3.2 Inpu parameters for get attitude s/w

4.8.3.2.2 Calculate the effective attitude information

1) Calculate the mispointing matrix corresponding to the input mispointing angles by three
consecutive rotations over the pitch, roll and yaw to the relative satmlbrdinate system. At this
stage, additional attitude angles and rates may be specified in processing parameter file
MIP_PS1 AX @tt0 anddatt0) and added to the overall angles/rates.

pitch =PL_to_rad@ttO[1] + sc_atf{1] )
roll = PL_to_rad@ttQ[2] + sc_at{2] )
yaw =PL_to_rad@ttO[3] + sc_at{3])







