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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The prog¢edures used to develop this document and those intended for its further maintenance ate
describefl in the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed\for the
different| types of ISO documents should be noted. This document was drafted in accordance, with the
editoriallrules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject pf
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details pf
any patept rights identified during the development of the document will be in the_Introduction and/¢r
on the ISP list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does npt
constitute an endorsement.

For an ¢xplanation of the voluntary nature of standards, the-mganing of ISO specific terms arnd
expressipns related to conformity assessment, as well as jnformation about ISO's adherence to
the World Trade Organization (WTO) principles in the Jechnical Barriers to Trade (TBT), s¢e
www.isa.org/iso/foreword.html.

This dochiment was prepared by Technical Committee {SO/TC 211, Geographic information/Geomatics.
Alist of 1l parts in the ISO 19159 series can be found on the ISO website.

Any feedpack or questions on this document should be directed to the user’s national standards body.|A
completg listing of these bodies can be found-at www.iso.org/members.html.
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Introduction

Imaging sensors are one of the major data sources for geographic information. The image data
spatial and spectral measurements and has numerous applications ranging from road/town
to geological mapping. Typical spatial outcomes of the production process are vector map
elevation models and 3-dimensional city models.

captures
planning
s, digital

In each case the quality of the end products fully depends on the quality of the measuring instruments
that have originally sensed the data. The quality of measuring instruments is determined and

dpcumented by calibration.

Chlibration is often a costly and time-consuming process. Therefore, a number of diffefént s
are in place that combine longer time intervals between subsequent calibrations-with s
ifftermediate calibration procedures that bridge the time gap and still guarantee-a-traceabl
qpality.

This document standardizes the calibration of remote sensing imagery sensot's and the validat

products.

the need for standardization of the various sensor types takes inte-account different priorities

the optical sensors. ISO/TS 19159-2 addresses the airberne lidar (light detection and
s¢nsors. ISO/TS 19159-3 addresses synthetic aperture.xadar (SAR) and interferometric SAR
I§0/TS 19159-4 (this document) covers space-borne passive microwave radiometers.

IMternational Standards, in International Standaxds the decimal sign is a comma on the line.
the General Conference on Weights and Medsures (Conférence Générale des Poids et Mesur
nleeting in 2003 passed unanimously the following resolution:

'he decimal marker shall be either a“poeint on the line or a comma on the line.”

always to be used, for all languages. That practice is used throughout this document.

trategies
mplified
e level of

on of the

calibration information and procedures. It does not address the validatierof the data and th¢ derived

Many types of imagery sensors exist for remote sensing tasks. In addition to the different techinologies,

In order

tq meet such needs, the ISO 19159 series has been split into¢several parts. ISO/TS 19159-1 addresses

ranging)
(InSAR).

I accordance with the ISO/IEC Directives, Part2, 2018, Rules for the structure and drgfting of

However,
es) at its

I practice, the choice between theseé alternatives depends on customary use in the language cgncerned.
In} the technical areas of geodesy and geographic information it is customary for the decimal point

© IS0 2022 - All rights reserved
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TECHNICAL SPECIFICATION ISO/TS 19159-4:2022(E)

Geographic information — Calibration and validation of

remote sensing imagery sensors and data —

Part 4:
pace-horne passive microwave radiometers

=

Scope

This document defines the calibration of space-borne passive microwave radiometers and the v
of the calibrated information.

Normative references

2
The following documents are referred to in the text in such a way_that some or all of theij
c
u

hdated references, the latest edition of the referenced document (including any amendmentsj
[0 19103, Geographic information — Conceptual schema langtuage

[40/TS 19159-1, Geographic information — Calibrationand validation of remote sensing imager,
ahd data — Part 1: Optical sensors

I§0/TS 19159-2, Geographic information — Calibration and validation of remote sensing imager]
and data — Part 2: Lidar

[§0/TS 19159-3, Geographic information*<= Calibration and validation of remote sensing imager
apd data — Part 3: SAR/InSAR

3| Terms and definitions
For the purposes of this document, the following terms and definitions apply.

[40 and [EC maintaifrterminology databases for use in standardization at the following addre;

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3{1
apténna beam width

alidation

" content

nstitutes requirements of this document. For dated references, only the edition cited applies. For

applies.

V sensors

lV sensors

V sensors

Ses:

h lf-pnwpr full width

half-power beam width
full angle at which the antenna's pattern (in power units) is at half its maximum value

Note 1 to entry: In engineering convention, this is also known as the "3 dB beam width."

3.2
antenna main-beam efficiency

v

fraction of the total radiant energy that is received from the main beam (3.29), which is defined as the
ratio of the power received within the "main lobe" to that of the total power received by the antenna

Note 1 to entry: 1, is calculated using the following formula:

© IS0 2022 - All rights reserved
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], Fa(0.0)a2
M iy 00102

where
F, isthe antenna pattern;
0 is the elevation angle;

0] is the azimuth angle;
dQ | isthe differential solid angle;
Y is the main lobe value.
Note 2 tofentry: Main beam (3.29) is also referred as main lobe.

3.3
antennal output temperature

TA out
physical temperature of correctional impedance that delivers to the receiver the same noise power as
the antemna collects

Note 1 tol entry: This includes two terms: the noise coming from the environment attenuated by the antenma
Ohmic effliciency and the thermal noise added by the antenna Ohmic losSes. In the Rayleigh-Jeans approximation,
the following formula applies:

Tao (£20)=NaTa (£20)+(1-1g )T,
where

T, | isthe antenna aperture temperatuxg;
T is the physical temperature of the'antenna;
£, | is the Ohmic loss;

nq | is the Ohmic efficiency-ef the antenna.

Note 2 to pntry: The antenna‘eutput temperature (T, o) is related to the input noise temperature of the receiver
as shownlin the followingAfotmula:

hv

Trecih = T 1
where
Tiecin 1sthe input noise temperature of the receiver;
h is the Plank’s constant (6.626 07x10-34J-s);
1% is the frequency in Hz;
k is the Boltzmann’s constant (1.380 648 52x10-23 ] /K);
e is the base of natural logarithm.

2 © IS0 2022 - All rights reserved
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3.4

antenna pattern

ratio of the electronic-field strength radiated in the direction 8 to that radiated in the beam-maximum
direction

Note 1 to entry: In microwave radiometry, this is the spatial distribution of a quantity (usually proportional to or
equal to power flux density or radiation intensity) that characterizes the electromagnetic field generated by an
antenna.

[SOURCE: ISO/TS 19159-3:2018, 3.2, modified — Note 1 to entry added.]

3{5
aphtenna radiation efficiency
n

ratio of the total radiated power divided by the total power accepted by the antenna

Npte 1 to entry: This is also equivalent to the ratio of the antenna radiation resistance (R,,4) divided by the sum
{the antenna radiation resistance and the antenna Ohmic resistance (R), as described in the following formula:

o

P

rad _

P.

n

R
Rrad + RQ

rad

m=
where

P is the total radiated power;

rad

P.

., Is the total power accepted by the antenna;

R is the antenna radiation resistance;

rad
R, s the antenna Ohmic resistance.

pte 2 to entry: Antenna radiation efficiency((y, ) is also called as Ohmic efficiency (ng).

6

htenna sidelobe
\tenna radiation pattern away from its main beam (3.29), or defined as part of an antenna fesponse
httern which is not contaiped‘in the main beam

7
htenna temperature

—NO W T LMW 2

=t
QD

mperature (KJ equivalent of the power received with an antenna, or physical temperature ([K) of the
tenna radiation resistance’ that delivers to a matched receiver the same noise power as the antenna
llects

Q

3(8
attitude

oHeptation af 2 haod docecribaod hay tha anglac hatwwnan tha avync Afthatr bhody'c ~nnrdinatn oy tem and
y—treahRgressetwe e5-6+ 5y

XL
Tt troT oo oot y;, ot o troto o cTIrcrre—oX o e ooty o cooTraatc

the axes of an external coordinate system
[SOURCE: ISO 19116:2019, 3.3, modified — Note 1 to entry removed.]

39

blackbody load

microwave load with characteristics very close to those of a perfect blackbody (3.30) within a certain
frequency range

©1S0 2022 - All rights reserved 3
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3.10

blackbody radiance

Ly

physical radiance of an absorber determined by applying Planck’s function (either in wavelength space
or in terms of frequencies) to absorber temperature, T,,, as shown in the following formula (in frequency

» twy
space):
L 21
bb,y = T
eow —1
where
T, | isthe temperature of the absorber;
h is the Plank’s constant (6.626 07x10-34J-s);
1% is the frequency in Hz;
c is the velocity of light (2.997 925x108m/s);
k is the Boltzmann’s constant (1.380 648 52x10-23 ] /K);
e is the base of natural logarithm.
Note 1 tojentry: The constants are defined in terms of a perfect blackbody (3.30).
3.11
boresight
calibratipn of a lidar sensor system, equipped with an\inertial measurement unit (IMU) and a glob

navigati¢n satellite system (GNSS), to accurately deterinine or establish its position and orientation

Note 1 to
direction

[SOURCE
note 1 to

3.12
brightne
Ty
descripti
an ident
radiatior

Note 1 to
P, (3.33)1i

entry: In microwave radiometry, the borésight is usually used to characterize the beam-maximu
of a highly directive antenna.

:1SO/TS 19159-2:2016, 4.4, modified — Original note 1 to entry deleted and replaced with ne
entry.]

pSS temperature

ve measure of radiation in terms of the temperature (K) of a hypothetical blackbody emittir
cal amount of yadiation at the same wavelength, which can be derived from the PlancK
law

entry: Ih.the Rayleigh-Jeans limit, the microwave power per unit bandwidth received by a radiomet

5.

m

W

g

Note 2 to

entry: P=k-Tp

Note 3 to

entry: where k is the Boltzmann’s constant (k= 1.380 648 52x10-23 J/K).

Note 4 to entry: For the frequency range of microwave, Planck's radiation law can be well approximated by
the Rayleigh-Jeans formula. Usually the microwave radiometers use the Rayleigh-Jeans equivalent brightness
temperature, which is defined as:

2

T(RIE)= C I
bY 2v2k Y
where

© IS0 2022 - All rights reserved
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7(RE) " is the Rayleigh-Jeans equivalent brightness temperature;

b,v
v is the frequency in Hz;
c is the velocity of light (2.997 925x108m/s);
k is the Boltzmann’s constant (1.380 648 52x10-23 J/K);
I is the radiance.

\%

3

brightness temperature sensitivity
nfinimum detectable change of the brightness temperature (3.12) incident at the antehna-dollecting
aperture

Npte 1 to entry: For the purpose of this document, the noise equivalent delta temperattire (NEDT) va
b¢ defined as the standard deviation of the radiometer (3.33) output in K when the @ntenna is viewing a 300 K
uniform and stable target. For microwave radiometer, this is also called radiometric resolution (3.34).

13

lues shall

Npte 2 to entry: The formula relative to sensitivity is shown in D.2.
3|14
calibration
process of quantitatively defining a system’s response to known, controlled signal inputs
[JOURCE: ISO/TS 19101-2:2018, 3.2]
3|15
calibration equation
efuation relating the primary measure and that of the radiometer (3.33), for example the bfightness
tamperature (3.12), to subsidiary measurands, such as powers, and to calibration quantities| such as
standard values
3|16
cp-polarization
fifaction of total power within the\wiain beam (3.29) that is detected in the main polarization (3.31)
3|17
cpsmic microwave background
CMB
idotropic radiation,_dn,the microwave region that is observed almost completely uniformly in all
d|rections
Npte 1 to entry«This radiation is understood to be the radiation emitted by the universe at an early pefriod of its
history.
Npte 2 to entry: In order to use CMB for calibrating a microwave radiometer operating at microwaye to sub-
miillimetre band, it should be converted into brightness temperature (3.12), Ty, according to the following formula:
L
hv| eXTe +1
LT
2k| eTe —1
where
h is the Planck’s constant (6.626 07x10-34 J-s);
© IS0 2022 - All rights reserved 5
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is the frequency in Hz;
is the Boltzmann'’s constant (1.380 648 52x10-23 J/K);
is the cosmic background temperature (2.736 + 0.017 K);

is the base of natural logarithm.

cross-calibration

process

calibrated, serving as a reference

Note 1 to
wherein i

times, from the same viewing angles.

3.19

cross-pglarization

fraction

3.20

effective blackbody brightness temperature

physical
spectral

3.21

emissivity
ratio of the energy radiated by an emissive surface relati¥eto that of an ideal blackbody source at the
same terpperature

3.22

end-to-gnd calibration

<of micr

observirlg the values of output quantities-(€:g. voltage, power) for known values of incident radiance at

the ante

3.23

experiniental standard deviation

for a seri
of the re

q
n

Note 1 to

mean g, a

pf relating the measurements of one instrument to another instrument which is usually well-

entry: Cross-calibration of instruments operating during the same period requires carefulicollocatign
hstrument outputs are compared when the instruments are viewing the same Earth scenesyat the sanje

bf total power within the main beam that is detected in the orthogonal\pelarization

temperature of a perfect absorber that would produce the same spectral brightness density ¢r
radiance density as that under consideration

bwave radiometer> calibration of thé-entire radiometer (3.33) system as a unit, achieved Qy

na aperture

s of n measurements of the same measurand, the quantity, s(g,), characterizing the dispersiqn
ults and given by.the formula

P “q)’

n-1

)=

is the result of the kth measurement;
is the arithmetic mean of the n results considered;
is the number of the measurements.

entry: Considering the series of n values as a sample of a distribution, g is an unbiased estimate of the

nd s2 is an unbiased estimate of the variance o2 of that distribution. The expression s/ Jn is an estimate

of the standard deviation of the distribution of q and is called the experimental standard deviation of the mean.

[SOURCE: ISO/IEC Guide 98-3:2008 B.2.17, modified — Notes 3 and 4 to entry have been removed.]

© IS0 2022 - All rights reserved
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3.24
external calibration

calibration method that applies reference signals from targets that lie outside the radiometer (3.33)

Note 1 to entry: If these targets illuminate the antenna of the radiometer, an end-to-end calibration
obtained.

3.25
half-power bandwidth
frequency range at which the power response is half the maximum value

3|26
incident angle

(fangent plane normal)

—

JOURCE: ISO/TS 19130-1:2018, 3.13]

3|27

instantaneous field of view

IEOV

irfstantaneous region seen by a single detector element, measured ittangular space

JOURCE: ISO/TS 19130-2:2014, 4.36, modified — Admitted ternr-added.]

—

3|28
inearity

LT =

b a straight line
bte 1 to entry: The formula relative to the linearity:ts shown in D.1.

N

3|29
mjain beam
nlain lobe
nlajor part of the radiated field where maximum radiated energy exists (region around the dif
nfaximum radiation)
N

antenna main beam efficiency.

amgular span betweéen the first pattern nulls (the magnitude of the radiation pattern decreases to zero
irffinity dB) adjacent to the main lobes.

—

3|30

perfectblackbody
perfect@bsorber (and therefore the best possible emitter) of thermal electromagnetic radiatiof
spéetral radiance density (or spectral brightness density, L) is given by the Planck formula

2hv3

where

v isthe frequency in Hz;
h  is Planck’s constant (6.626 07x10-34J-s);

k  is Boltzmann’s constant (1.380 648 52x10-23 ] /K);

© IS0 2022 - All rights reserved

(3.22) is

vertical angle between the line from the detected element to the sensor and the local surfacg normal

roperty of a mathematical relationship or function which means that it can be graphically repjresented

ection of

bte 1 to entry: The main beam is also defined as 2.5 times 3 dB beamwidth for mathematical compptation of

Npte 2 to entry: The width of main beam (which is commonly called "null to null beamwidth") is defimed as the

negative

n, whose
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T  is physical temperature of the blackbody in K;
¢ isvelocity of light (2.997 925x108 m/s).
e isthe base of natural logarithm.

3.31

polarization

restricting radiation, especially light, vibrations to a single plane

Note 1 to
electric fi

Note 2 to
haveits e

E =

where

A~

p arn
Ep ar

Wy

Note 3 to
[SOURCE

3.32
radiancg
IV

point on

by the ar

Note 1 to

per unit area normal to the direction“defined by the solid angle (2:

where

dpP

HQdA,

entry: In microwave radiometry, the direction of the polarization is defined by the direction of.the
eld (E, in most cases) or magnetic field (H) in a propagating electromagnetic wave.

entry: A general, elliptically polarized electromagnetic plane wave propagating in the r direction cqn
ectric field expressed in phasor form as:

Wnr

B - —J
pEp+qEq)e

’

d q  are unitvectors oriented perpendicular to r and satisfying*pxq=r = r / ‘;

]

d E, are the complex amplitudes of the electric field in thep and g directions, respectively
is the wavenumber of the propagating wave, and\r = H .

entry: Vertical polarization and horizontal polarizationare specific cases of elliptical polarization.

: IS0 19115-2:2019, 3.24, modified — Notes toentry added.]

\14

Q.

a surface and in a given direction, the radiant intensity of an element of the surface, divide
ea of the orthogonal projection of this element on a plane perpendicular to the given directi

entry: In microwave radipmetry, radiance can be expressed as the radiated power per unit solid angle

dp

is the differential radiation power;

tha

dQ

ic Aiffarvantial ol d S0 sl
TScrrC O CTeIrerar SOt atrgrs

dA, = cos@ da in which 6’ is the angle between the direction defined by the solid angle and the

normal to the area element dA.

3.33

radiometer

very sensitive receiver, typically with an antenna input, used to measure radiated electromagnetic
power

8 © IS0 2022 - All rights reserved
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3.34

radiometric resolution

smallest change in input brightness temperature (3.12) or radiance (3.32) that can be detected in the
system output

Note 1 to entry: This is often estimated by using the ideal equation for a total-power radiometer (3.33), as shown
in the following formula.

AT _ TSYS
min ~ Jpz
where
AT in is the radiometric resolution;
Tsys is the radiometer system temperature;
B is the bandwidth of the radiometer system;
T is the integral time.

Rpdiometric resolution can be also estimated from the variant of this equation that is appropriate for
the particular radiometer (3.33) in question.

3|35

spatial resolution
lgngth of the major and/or minor axes diameters of‘the 3 dB contour of the antenna pattern (3.4)
projected onto the Earth’s surface

Npte 1 to entry: The diameter of the two axes may differ.
Npte 2 to entry: See also [FOV (3.27).

3{36

pectral response function

SRF

r¢lative sensitivity of the sensor to monochromatic radiation of different wavelengths

%]

bte 1 to entry: For micrawave radiometer (3.33), SRF refers to the receiver's band-pass, B(v), whith can be
ttermined by performing two measurements per frequency at different input power levels, as shovn in the

o =

fallowing formula:
AV (£
B(V) — out ( )
ARy (v)
where
AV . is the output voltage difference;
AP, is the input power difference;
1% is the frequency in Hz.
3.37
spillover

condition where radiation from the feed antenna falls outside the edge of the dish and does not
contribute to the main beam (3.29)

Note 1 to entry: Spillover factor is written as 1-/Ap and can be measured in the field, where A is the ratio of
antenna pattern (3.4) within the Earth to all space of 4.

©1S0 2022 - All rights reserved 9
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Ap = J.Zd.Q (Fn,PP +Fn,PQ )
where
E,pp  isthe co-polarization antenna pattern;
F,pq s the cross-polarization antenna pattern;
dQ is the differential solid angle:
Z is the Earth.
3.38
stability
ability of a measuring instrument or measuring system to maintain its metrological. €haracteristi¢s
constant{with time
3.39
Stokes parameters
set of foyr real quantities, which completely describe the polarization (3.31)-state of monochromatic ¢r
quasi-mg@nochromatic radiation
Note 1 tojentry: The parameters are, collectively, known as the Stokes Realfordered}, a 4 x 1 Real {ordered}.
Note 2 tq entry: The Stokes parameters were introduced as a mathématically convenient alternative by Sir
George Stiokes.[1417] These four parameters are related to the horizontally and vertically polarized componenfs
of electrig field by:
2
(£ [2)+(En )]
I
2
o] | (B )=(Enf*)
UM 2re(E,Ey)
%
| 2m(EE,) |
where
E, | isthe vertically polarized component of electric field;
E,, | is the horizontally polarized component of electric field.
The unitp of the Stokes parameters are W/m2. The first Stokes parameter (I) gives the total radiatiqn
power density, and’the second Stokes parameter (Q) represents the power density difference betwegn
the two linearly-polarized components. The third and fourth Stokes parameters (U and V) describe the
correlatipmbetween these two components.

Note 3 to

entry: For microwave remote sensing, modified Stokes parameters are often used. Under the Rayleigh-

Jeans approximation, the modified Stokes parameters in brightness temperature (3.12) are given by the following
formula:[12]. [37]

10

(£, )

a2 | ()
KNB| 2Re(E, E, )
(s, 57
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where T,, T}, T3 and T, are, respectively, the vertically and horizontally polarized and the third and
fourth Stokes parameters, and B is the radiometer system bandwidth.

[SOURCE: ISO 12005:2003, 3.11, modified — Original notes to entry have been removed and replaced.]

3.40

traceability chain

sequence of measurement standards and calibrations (3.14) that is used to relate a measurement result
to a reference

[eFat A AaYal nl ifelaWidslal¥al A | faYallaYaVale Bla TV Ea L 1 DN o e e 1 1 o i |
[;_ UUINUL. IJU/ ILGUG UUIuUc 77.24U0U7, 4.74, IITIUOUITICU — INULCS LU TIIUL _y IIdVCT DUCCTII 1 ClllUVUu.J
true value

value consistent with the definition of a given quantity

Z.

bte 1 to entry: This is a value that would be obtained by perfect measurement. Howeyer;this value is inf principle
and in practice unknowable.

[YOURCE: ISO 17123-1:2014, 3.1.3]

3|42

two-point calibration
agljustment of the relationship between the input signal and the ‘eutput response of a radiomefer (3.33)
uping two distinct input stimuli

=z

bte 1 to entry: Assuming a linear receiver, all possible input signal levels can now be retrieved|from the
diometer output responses.

—
Q)

Npte 2 to entry: In the case of an external end-to-end calibration (3.22), the input signal equals th¢ antenna
mperature (3.7) of the radiometer.

o~
o

3{43

upcertainty
phrameter, associated with the result'ef measurement, that characterizes the dispersion of values that
could reasonably be attributed tothe measurand

Npte 1 to entry: When the quality of accuracy or precision of measured values, such as coordinates, is to be
characterized quantitatively, the:quality parameter is an estimate of the uncertainty of the measurement results.
Because accuracy is a qualitative concept, one should not use it quantitatively, that is, associate numbefs with it;

nyumbers should be assogiated with measures of uncertainty instead.

[JOURCE: ISO 19116:2019, 3.28]
3|44

validation
ptocess of'assessing, by independent means, the quality of the data products derived from the system
ofitputs

Npté-l to entry: In this document, the term validation is used in a limited sense and only relates to the yalidation
of calibration data in order to control their change over time.

[SOURCE: I1SO 19101-2:2018, 3.41, modified — Note 1 to entry added.]

3.45

viewing angle

angle between the line-of-sight and the line orthogonal to the surface of the display at the point where
the line-of-sight intersects the image surface of the display

[SOURCE: ISO 9241-5:1998, 3.1]
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3.46

vicarious calibration
post-launch calibration of sensors that make use of natural or artificial sites on the surface of the Earth

[SOURCE: ISO/TS 19159-1:2014, 4.41]

4 Symbols, abbreviated terms and conventions

4.1 Abbreviated terms

AMSR-E| advanced microwave scanning radiometer for the Earth observing system
APC antenna pattern calibration

CMB cosmic microwave background

DSB double side band

GNSS global navigation satellite system

HPBW half-power beam width

HPFW half-power full width

[FOV instantaneous field of view

LSB lower side band

MR microwave radiometer

NEDT noise equivalent delta temperature

OMB observation field minus background field
SCF sensor constant file

SRF spectral response function

SSB single side band

SSM/1 special sensafthicrowave/imager

TA antenna témperature

TB brightress temperature

UML unified modeling language

USB upper side band

XML extensible markup language

4.2 Symbols

B radiometer system bandwidth

B(v) spectral response function (receiver's band-pass)

Cy (i,j) hottarget count of the ith scan, jth hot target

12
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Cy (i) mean hot target counts of the ith scan

dA area element

dA| area element normal to the direction defined by the solid angle
dp differential radiation power

dQ differential solid angle

E}, horizontally polarized component of electric field

El amplitude of the electric field in the p direction

Ef amplitude of the electric field in the ¢ direction

E vertically polarized component of electric field

F antenna pattern

Flpp co-polarization antenna pattern

Fl pq cross-polarization antenna pattern

Gl (i) mean antenna gain of the ith scan

h Plank’s constant (6.626 07x10-34J-s)

1 total radiation power density (first Stokes®parameter)

Iy v blackbody radiance

I radiance
J) imagery unit

k Boltzmann’s constant‘(1.380 648 52x10-23 | /K)

L spectral radiance.density of a perfect blackbody

M number of hot'targets viewed during each scan

N numberof scans

n number of the measurements

P power per unit bandwidth received by a radiometer

Pl, total power accepted by the antenna

Prad total radiated power

p unit vector oriented perpendicular to g and satisfying pxgq =r
qx result of the kth measurement

q arithmetic mean of the n results considered

q unit vector oriented perpendicular to p and satisfying pxq =r
R4 antenna radiation resistance

©1S0 2022 - All rights reserved 13
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Rq antenna Ohmic resistance
r unit vector oriented in the wave propagating direction
s experimental standard deviation
T, third modified Stokes parameters in brightness temperature
T, forth modified Stokes parameters in brightness temperature
Ty antenna temperature
Tp out antenna output temperature
TE(;iIE) Rayleigh-Jeans equivalent brightness temperature
T¢ physical temperature of the cold blackbody
T, cosmic background temperature
Tcc effective blackbody brightness temperature of the cold target
Ty physical temperature of the hot blackbody
Ty second modified Stokes parameters in brightness temperature
Thc effective blackbody brightness temperature of the hottarget
Tnep noise equivalent delta temperature
T, physical temperature
Tiecin effective input noise temperature
Toys radiometer system temperature
T, first modified Stokes parameters in brightness temperature
T, temperature of the absorber
U real part of the corkelation between these two components (third Stokes parameter)
u nonlinearity cqefficient
%4 imagery part of the correlation between these two components (forth Stokes parameter)
1% frequency in Hz
Va olutput voltage viewing the scene
Ve output voltage viewing the cold target
Vy output voltage viewing the hot target
w, wavenumber of the propagating wave
main lobe value
Z Earth
AP;, input power difference
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ATgac nonlinear term of antenna temperature

AT correction to the contribution of emissivity and the surroundings of the cold target
ATy correction to the contribution of emissivity and the surroundings of the hot target
AT in radiometric resolution

AV ¢ output voltage difference

n wave impedance

n antenna radiation efficiency

il antenna main-beam efficiency

nh Ohmic efficiency

0 elevation angle

60 angle between the direction defined by the solid angle and.the normal to the area el¢gment dA
A electromagnetic wavelength

14, spillover

T integral time

@ azimuth angle

Q€ Ohmic loss

4{3 Conventions

In} accordance with ISO 19103, the-names of UML classes, with the exception of basic data typeg classes,
shall include a two-letter prefix that identifies the standard and the UML package in which fthe class
g defined. Table 1 lists the prefixes used in this document, the document in which each ig defined
anhd the package each identifies. UML classes defined in this document belong to a package named
"(alibration Validation" dnd shall have the same two letter prefix as in ISO/TS 19159-1, ISO/TY 19159-2
ahd ISO/TS 19159-3: CA)(see Table 1). The XML schema for the UML model defined in this doqument is
described in AnnexC:

—

Table 1 — UML class prefixes prefix standard package

Prefix Document Ppckage
CA. UHSO/TS 19159-1, ISO/TS 19159-2, ISO/TS 19159-3 and ISO/TS 19159-4 (this document) Calibration
Vdlidation

5 Conformance
This document defines one conformance class:

— “Microwave Radiometer Sensors Calibration/Validation” (specification target: Microwave
Radiometer Sensors).

A specification, standard, test suite or test tool claiming conformance to this document shall implement
the conformance class relevant to that specification target.

Conformance with this document shall be assessed using all the relevant conformance test cases
specified in Annex A.
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6 Notation

6.1 UML notation

In this document, conceptual schemas are presented in the Unified Modeling Language (UML).1SO 19103
conceptual schema language presents the specific profile of UML used in this document.

6.2 Identifiers

The com

https://s

The norn

https://s

All requ
which ar

The namle and contact information of the maintenance agency for this docdmjent can be found at www

.dso.org/

plete document 1s 1dentiried by the 1ollowing URI:

tandards.isotc211.org/is019159/-4/1

hative provisions in this document are denoted by the following URI:

tandards.isotc211.org/is019159/-4/1

rements and abstract test cases that appear in this document are denoted by partial UR|s
e relative to this base.

maintenance_agencies.

7 Gen
model

7.1 In

This do
of space
radiance|
paramet

space-bdrne microwave radiometers information processing.

Figure 1
documer

data hav

eral microwave radiometer sensor and data ealibration and validation

'roduction

ument addresses the calibration of spagé;borne microwave radiometers and validatign
-borne microwave radiometers calibratioen information [brightness temperature (TB) ¢r
. Itincludes the detailed description of.space-borne microwave radiometers performance and
brs related to space-borne microwave radiometers calibration, which can be used for refingd

depicts a package diagram ‘that shows all parts of the ISO 19159 series at the time of thjis
t's publication. The calibfation and validation of Optics, LIDAR and SAR/InSAR sensors arnd
e been standardized in [SO/TS 19159-1, ISO/TS 19159-2 and ISO/TS 19159-3 respectively.

CalibrationValidation |

_ s /l \\ I -
7 / N\ =~ ~
s \ N
7 / \ ~
P v N\ ~
Optics r LIDAR ! SAR/InSAR ! MicrowaveRadiometer !

Radiome

Figure 1 — Package diagram of the package Calibration/Validation

ter calibration (which is used as the abbreviation of “space-borne microwave radiometers

calibration” in this document) is the process of quantitatively defining a microwave receiver’s outputs,

whether

in voltages or their counts, to controlled or known TB inputs. The purpose of microwave

radiometer calibration is to characterize the performance of the end-to-end microwave radiometer

16
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system so that the real radiometric parameters can be derived from the measurement of the microwave
radiometer.

Although on-board calibration is usually carried out on the microwave radiometer system, its post-
launch calibration/validation, usually called external calibration, can ensure the differences between
the measurements and the TB or radiance from simulations by microwave transfer models, and can
bridge the time gap between calibrations of the radiometer, as well as radiometers from other platforms,
and ensure a long-term confidence in the quality.

This subclause describes the general model of microwave radiometer sensor calibration and validation.

A[fTow chart for microwave radiometer calibration 1s shown in blgure 2.
i‘ - _A;x_ilizﬁ data 'i Sat.ellite microwave
I I radiometer raw data
| |
| |
| SCF (Sensor N A
r 1
| constant file) | I I
| | I I
: : | Geometric position |
| |
! Satellite attachment I | |
| . . | Sensor
I information I | librati |
I I I calibration |
I I | |
o e a : :
TA calibration
| |
| |
| |
i_ TB true value : I I
I | I Antenna pattern I
I . .
I Vicarious calibration I calibration I
| LN .
I |
I |
I |
| . .
I Cross calibration | TB cal.lbra'tlon/
| | validation
I |
I |
I |
|
I Absolute calibration
|
I | @shold Outside
< B Within
ﬂalibration results
N 4

Figure 2 — Flow chart for microwave radiometer calibration

Calibration of a radiometer begins with “sensor calibration” using “satellite microwave radiometer
raw data”, which usually include data and parameters for producing a two-point calibration equation.
The process of sensor calibration generally includes three stages named as “Geometric position”, “TA
calibration” of the receiver, and “Antenna pattern calibration” of the antenna. Sensor calibration is a
routine in the space-borne microwave radiometer operational system, which is used for producing the
data products of level 1. It is also necessary in “TB calibration/validation” after the differences outside
the given “Threshold”, to find the roots of mismatch.
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In Figure 2, “TB True Value” serves as input for the module “TB calibration/validation” (defined
in the class “CA_TBCalibrationValidation” in 7.5.1) to calibrate “TB to be calibrated”, and the results
will be assessed. If the assessments are within the “Threshold”, the calibrated TB will be outputted
as “recalibrated TB". Otherwise, three main processes in the “Sensor calibration” will follow for
correcting the errors by “Geometric position” (defined in the class “CA_GeometricPosition” in 7.3.1), “TA
calibration” module (defined in the class “CA_TACalibration” in 7.3.2), and “Antenna pattern calibration”
(defined in the class “CA_AntennaPatternCalibration” in 7.3.3). The re-calibrated TB as output from
“Sensor calibration” will be as new input for “TB Calibration/Validation” module, until the final

“recalibrated TB” is generated. The “Calibration results”, including the statistics of calibration errors,
such as hias of each band standard deviation _and uncertaintv etc_should also he prnvidpd

7.2 Top-level model
Figure 3[depicts the top-level class diagram of this document.

Requirement 1/req/specification/Top-levelClass:
The [lasses shown in Figure 3, their attributes and their associations shall be used as described |n
the data dictionary of Tables B.1, B.8, B.14 and B.17.

CA_CalibrationValidation

+ calibrationType: CA_CalibrationType

]

CA_MicrowaveRadiometerSensor

+ observationType: CA_ObservationType
+ receiverType: CA_ReceiverType

T

+geonpetricPosition | +TACalibration | +antennaPatternCalibration 1 +auxiliaryData

1 +TBCalibrationValidation | 1

CA_GeometricPosition CA_TACalibration CA_AntengaPatternCalibration CA_AuxiliaryData CA_TBCalibrationValidation

«CodeList» «CodeList» «CodeList»
CA_ReceiverType CA_ObservationType CA_CalibrationType

lidar
microwaveRadiometer
optics

sarOrlnsar

+ DSB + imager
+ SSB + sounder

P

Figure 3.— Class diagram of ISO/TS 19159-4 (this document)

The clasp CA_MicrowaveRadiometerSensor is a top-level class for all information of calibration and
validation of microwave radiometer sensors. It aggregates five classes named: CA_GeometricPositiop
CA_TACdlibration, CA_AntennaPatternCalibration, CA_AuxiliaryData and CA_TBCalibrationValidatioh.
The first three classes descrlbe the procedure of the sensor callbratlon Detalls of the geometrlc p051t1c n

s

of the antenna pattern callbratlon are shown in Flgure 6. CA Aux111aryData is needed in the callbratlon
and validation activities, and the details are shown in Figure 7. Details of the brightness temperature
(TB) calibration/validation are shown in Figure 8. The details of the classes are shown in Annex B.

The attribute receiverType defines the type of the microwave receiver according to the code list set in
the class CA_ReceiverType. In the calibration view, radiometer receivers can be categorized into two
types: double side band (DSB) ones and single side band (SSB) ones.

The attribute observationType defines the observation type of the microwave radiometer according to
the code list set in the class CA_ObservationType. There are two types of observation: sounders, which
are usually used for sounding the atmosphere profiles, and imagers, which are usually used for sensing
the Earth surface.
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7.3 Sensor calibration

7.3.1 General description

The primary objective of the space-borne satellite radiometer sensor on-board calibration is to find the
relationship between the radiometer’s output (usually voltage) and the input brightness temperature
(TB), by means of well-known internal or external targets at different temperatures. The process
should count antenna pattern into it for correcting antenna sidelobes, cross-polarization, incidence
angle of the boresight and spillover for the reflector-feed system of the antenna.

Ubkually, sensor calibration is first conducted by the ground system of the satellite mission forproducing
lgvel-1 product of TB, which is used as input of calibration/validation in Figure 2. Aceording to the
ppsitions of the calibrators, on-board calibration involves antenna pattern correction|or cdlibration
wihen the antenna is not within the path between the two calibrators, for example, in casés of calibration
at the feeds of the receivers using the hot blackbody load and the cold space for/sensors like|]AMSR-E,
S$M/I, etc. Even if the antenna is within the same path with the calibrators, artenna sidelpbes and
cross-polarization should be corrected in order to derive more accurate TB of.the scene.

The purpose of this document is to address calibration/validation ofthe original TB by finding the
efror through comparing them with those true values and removing them at large from the original TB.
This is achieved by correcting the bias or uncertainties in geometry’computation, TA calibrgtion and
aptenna pattern calibration.

713.2 Geometric position

Gpometric positioning is an important part in the¢process of space-borne microwave rafliometer
calibration. Figure 4 depicts the class diagram of gegmetric position.

Requirement 2 /req/specification/GeometricRgsition:
The classes shown in Figure 4, their attributes and their associations shall be used as desfribed in
the data dictionary of Table B.2.

CA_GeometricPosition

microwaveRadiometerIncidentAngle: Angle
microwaveRadiometerPixelSize: Real [2] {ordered}
micrewaveRadiometerSamplingInterval: Real [0..1]
microwaveRadiometerViewingAngle: Angle
satelliteAttachmentInformation: CA_SatelliteAttachmentInformation

ot + + o+

+

correctGeometry()

Figure 4 — CA_GeometricPosition class diagram

The class CA_GeometricPosition contains all information about the geometric positioning.

The attribute satelliteAttachmentinformation defines the satellite attachment information. The
definition of the class CA_SatelliteAttachmentInformation can be found in Figure 7.

The attribute microwaveRadiometerViewingAngle defines the microwave radiometer viewing angle
(expressed in the nadir angle and azimuth angle of the radiometer boresight).

The attribute microwaveRadiometerIncidentAngle defines the microwave radiometer incident angle
(expressed in the nadir angle and azimuth angle of the incident microwave) at the Earth surface.

©1S0 2022 - All rights reserved 19


https://standardsiso.com/api/?name=e85fa62bf1e90d00ffe22afcb9c0bbfa

ISO/TS 19159-4:2022(E)

The attribute microwaveRadiometerPixelSize defines the microwave radiometer pixel size (including
two elements: the first is the elevation resolution expressed in km, and the second is the azimuth
resolution expressed in km).

The attribute microwaveRadiometerSamplinglnterval defines the microwave radiometer sampling
interval (expressed in ms).

The operation correctGeometry defines the function for realizing the geometric position, the output
being latitude, longitude, elevation angle and azimuth angle of the pixel.

7.3.3 TA calibration

Microwalve radiometer TA calibration is needed in the process of space-borne microwave radiometer
correctign.

Figure 5(depicts the class diagram of CA_TACalibration.

Requirement 3 /req/specification/TACalibration:
The flasses shown in Figure 5, their attributes and their associations shall beised as described |n
the data dictionary of Tables B.3, B.10 and B.12.
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CA_TAcCalibration

coldTargetTBInformation: CA_TargetTBInformation
coldTargetType: CA_ColdTargetType [0..1]
hotTargetTBInformation: CA_TargetTBInformation
hotTargetType: CA_HotTargetType [0..1]

nonlinearity: Real

receiverTemperature: Real

spectralResponseFunction: CA_SpectralResponseFunction [0..1]
TA: Real

o+ o+ o+ o+ o+ o+

+

Caibrate 1 AQ)

«DataType»
CA_TargetTBInformation

targetTB: Real

targetTBBias: Real [0..1]
targetTBUncertainty: Real [0..1]
targetTBVoltage: Real [0..1]

+ o+ o+ o+

+  getTargetTBInformation()

«DataType»,
CA_SpectralResponseFunction

+ frequency: Real [1..*] {ordered},
+  spectralResponse: Real [1..*] {ordered}

+ getBandResponseFunctigh()

«Codekist» «CodeList»
CA_HotTargetType CA_ColdTargetType
HetBlackbody +  ColdBlackbody
matchLoad +  coldSky
noiseDiode

Figure 5 — CA_TACalibration class diagram

he class €A TACalibration contains all information about the microwave radiometer TA calib

he attribute hotTargetTBInformation defines the hot target TB information.

eattribute r‘n]dT;\rgp‘rTRlnfnrm:\finn defines the cold target TR information

ration.

The attribute receiverTemperature defines the receiver temperature (usually detector’s temperature of
the radiometer, or instrument temperature) of the microwave radiometer system.

The attribute hotTargetType defines the type of the hot target according to the code list set in the class
CA_hotTargetType. The most common hot-end reference is the hot blackbody.

The attribute coldTargetType defines the type of the cold target according to the code list set in the
class CA_ColdTargetType. The most common cold-end reference is the cold sky (CMB).

The attribute spectralResponseFunction defines the spectral response function.

© IS0 2022 - All rights reserved
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The class CA_SpectralResponseFunction is a data type that defines the spectral response function with
respect to the frequency expressed in Hz.

The attribute nonlinearity defines the nonlinear term (often expressed in TB) at different instrument

tempera

tures.

The (output) attribute TA defines the antenna temperature.

The operation calibrateTA defines the function to calibrate the antenna temperature.

7.3.4 Antenna pattern calibration

Antenna
calibrati

Require|

The

the d

pattern calibration (APC) is needed in the process of space-borne microwave radiometer
bn. Figure 6 depicts the class diagram of antenna pattern calibration.

ment 4 /req/specification/AntennaPatternCalibration:
classes shown in Figure 6, their attributes and their associations shall be used as described |n
ata dictionary of Table B.4.

CA_AntennaPatternCalibration

+ + + + + + + + +

beamwidth: Angle

coPolAntennaPattern: CA_AntennaPattern
crossPolAntennaPattern: CA_AntennaPattern[0..1]
mainBeamEfficiency: Real [0..1]

satelliteAttitude: SD_Attitude [0..1]
satelliteOrbitalHeight: Real [0..1]

spillover: Real [0..1]

TA: Real

TBWithinTheScene: Real

+

CalibrateAntennaPattern()

«DataType»
CA_AntennaPattern

pattern: CA_AntennaPatternValue [1..*] {ordered}
patternAzimuthAngle: Angle [1..*] {ordered}
patternElevationAngle: Angle [1..*] {ordered}

getAntennaPattern()

«DataType»

CA_AntennaPatternValue

+

amplitude: Real
phase: Real

Figure 6 — CA_AntennaPatternCalibration class diagram

The class CA_AntennaPatternCalibration contains all information about the APC.

The attribute TA defines the antenna temperature inputted from CA_TACalibration.

22
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The attribute spillover defines the spillover factors of the band.

The attribute satelliteAttitude defines the satellite attitude (expressed in the combination of the omega,

phi and kappa components).
The attribute satelliteOrbitalHeight defined the orbital height (expressed in km).
The attribute beamwidth defines the antenna beamwidth (expressed in degrees).

The attribute mainBeamEfficiency defines the antenna main beam efficiency.

The attribute coPolAntennaPattern defines the co-polarization antenna pattern at leasti
Hfcuts.

The attribute crossPolAntennaPattern antenna pattern defines the cross-polarizationantenn
atleast in E- and H-cuts.

The class CA_AnttenaPattern is a data type that defines an antenna pattern Gh two dimensid
réspect to the elevation angle expressed in degrees and the azimuth angle expressed in degreg

The (output) attribute TBWithinTheScene defines the TB within the observed scene.

The operation calibrateAntennaPattern defines the function to calibrate the antenna patterr
coefficients for correcting TA to TB.

4 Auxiliary data

7
The class CA_AuxiliaryData is needed in the process 6f'space-borne microwave radiometer ca
Flgure 7 depicts the class diagram of auxiliary data,

Requirement 5 /req/specification/AuxiliaryData:
The classes shown in Figure 7, their attributes and their associations shall be used as des
the data dictionary of Tables B.5 and B.16.

CA_AuxiliaryData

+satelliteAttachmentInformation

h E- and

W pattern

ns (with

s).

and the

ibration.

cribed in

+SCF 1 1
«DataType» «DataType»
CA_SCF CA_SatelliteAttachmentInformation
+ centg€Fyequency: Real + satelliteOrbitalHeight: Real [0..*] {ordered}
+ bandyidth: Real + satelliteAttitude: SD_Attitude [0..*] {ordered}
+ , BandwidthCorrectionCoefficients: Real [2] {ordered} + timeOfMeasurement: Real [1..*] {ordered}
F N\USBLimit: Real [2] {ordered} + latitudeOfMeasurement: Real [1..*] {ordered}
%) LSBLimit: Real [2] {ordered} + longitudeOfMeasurement: Real [1..*] {ordered
+ polarizationMode: CA_PolarizationMode + satelliteGNSSPosition: DirectPosition [0..*] {ordered}
+ mainBeamEfficiency: Real [0..1] - -
+ thermistorCalibrationCoefficients: Real [3] {ordered} + pgetSatellitelnformation()
+ antennaPattern: CA_AntennaPattern
D)
: " CA_PolarizationMod
+ coldTargetTB: Real [0..1] -rolarizationFode
+ V-pol
F
+ getSCF(Q) + H-pol
+ S3-pol
+ S4-pol
Figure 7 — CA_AuxiliaryData class diagram
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The class CA_AuxiliaryData includes two subclasses: CA_SCF and CA_SatelliteAttachmentInformation.
The former contains the sensor constants needed in the calibration procedure, and the latter provides

the infor

mation of the platform (satellite) for geometric position.

The class CA_SCF is a data type that defines the sensor constants file (SCF) derived from the prelaunch
calibration, which includes centreFrequency (expressed in Hz), bandwidth (usually referring to half-
power bandwidth of the receiver, expressed in Hz), bandwidthCorrectionCoefficients, USBLimit (Upper
Side Band limit expressed in Hz), LSBLimit (lower side band limit expressed in Hz,) polarizationMode
[identifying the polarization mode corresponding to the TB measurement to be calibrated, including
four possibilities: vertical (V-pol), horizontal (H-pol), third (S3-pol) and fourth (S4-pol) Stokes

parametprs], mainBeamEfficiency, thermistorCalibrationCoefficients, antennaPattern, nonlineanif]
hotTargdtBias and coldTargetBias.

The class CA_ SatelliteAttachmentinformation is a data type that defines the satellite attachme
informatlion, which includes satellite orbital height (expressed in km), satellite attitude, (expressed
the combination of the omega, phi and kappa components), time of measurement (with’the data tyj
“DateTinge”), latitude of measurement (expressed in degrees), longitude of measuremeént (expressed

degrees)
7.5 TH

751

TB calibi
applicati
the TB ¢

and standard deviation of the TB relative to an equivalent’TB true value, and to record the results

calibrati

Figure 8

Require]
The
the d

satellite GNSS position ([X, Y, Z] coordinates, expressed in m), etc.
calibration/validation

[B calibration/validation class diagram

ation/validation is needed before it is used for deriving'geaphysical parameters or any oth
pns. The fundamental function of the TB calibration vAvalidation is to calibrate and valida
roducts (not of the higher-level geophysical produets for further uses) to compute the bis

bn/validation to keep the traceability chain complete.
depicts the class diagram of TB calibration/~alidation.

ment 6 /req/specification/TBCalibrationValidation:
classes shown in Figure 8, their attributes and their associations shall be used as described
Jata dictionary of Tables B.6 and/B.15.

Y,

nt
n
e
n

br
fe
NS
Of

n

24

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=e85fa62bf1e90d00ffe22afcb9c0bbfa

ISO/TS 19159-4:2022(E)

CA_TBCalibrationValidation

reCalibratedTB: Real
TBCalibrationBias: Real

TBCalibrationStandardDeviation: Real
TBTrueValue: CA_TBTrueValue [1..*]

calibrationCoefficientAdjustments: CA_CalibrationCoefficientAdjustments [0..1]
calibrationResults: CA_CalibrationResults [0..1]
consistency Threshold: Real [0..1]
payloadOperatingStatus: CA_PayloadOperatingStatus

+l+ + o+ o+ o+ o+ o+ o+

TBWithinTheScene: Real

+

calValTB()

CA_CalibrationCoefficientAdjustments

+ o+ o+ o+

nonlinearity: Real

antennaPatternCorrectionCoefficient: Real
coldTargetTBBias: Real [0..1]
hotTargetTBBias: Real [0..1]

+ getCalibrationParameterAdjustments()

«DataType»
CA_CalibrationResults

calibrationBias: Real
calibrationStability: Real [0..1]
calibrationUncertainty: Real [031]

«CodeList»
CA_PayloadOperatingStatus

+ generateCalibrationResults()

+ o+ o+ o+

normal
otherAbnormal
payloadAbnormal
satelliteAbnormal

T
The attribute TBWithinTheScene defines the TB of the scene.
T
a

Figure'8 — CA_TBCalibrationValidation class diagram

he attribute~payloadOperatingStatus defines the microwave radiometer payload operatiy
rcording’to the code list set in the class CA_PayloadOperatingStatus. The status can be n
abnormal (due to satellite, payload or other factors).

Theattribute CA_TBTrueValue defines the equivalent TB true value, which is shown in detail in

he class CA_TBCalibrationValidation contains all information about the TB calibration/validation.

g status
brmal or

Figure 9.

The attribute consistencyThreshold defines the consistency threshold.

The (output) attribute TBCalibrationBias defines the TB calibration bias.

The (output) attribute TBCalibrationStandardDeviation defines the TB calibration standard deviation

(defined in 3.24).

The (output) attribute calibrationCoefficientAdjustments defines the calibration/validation report,
which includes the hot target TB bias, cold target TB bias, nonlinearity, antenna pattern correction, etc.

The (output) attribute reCalibratedTB defines the re-calibrated TB.

© IS0 2022 - All rights reserved
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The (output) attribute calibrationResults defines statistics of the calibration results, which includes the
calibration bias, calibration uncertainty, calibration stability, etc.

The operation calValTB defines the function to realize the TB calibration/validation.
7.5.2 TB calibration/validation methods

7.5.2.1 General description

methods| named vicarious calibration, cross calibration and absolute calibration, which can be uséd to
produce ['true value” for validating TB. This document does not include pre-launch calibration in thermpl
vacuum fhamber aiming at deriving nonlinearity coefficients of each band of microwave radiometdr,
and doegd not include the process on how to generate the coefficients for on-board calibratjon!

Accordingtothe source of TB true value, there are three categories of TB calibration/validatign

7.5.2.2 | Vicarious calibration

Vicariou calibration, the validation using well-characterized, stable Earth targets}is a fall-back optidn
when a datellite instrument cannot be directly traceable to an agreed reference standard, for example
due to the absence of a reliable on-board calibration device. Data records/frem past instruments cgn
be “re-cdlibrated” retrospectively if additional information on the state ©of'these instruments becomégs
availabld, for example through comparison with reprocessed, well-known historical time series.

The vicafious calibration technique consists of three principle steps. First, calibration algorithms are
coded up for each sensor. These algorithms convert raw (level\0} radiometer digital counts into level
1 radionpetric antenna temperatures by correcting for on board calibration and other instrumentpl
effects, then into level 2 main beam averaged brightness;temperatures by correcting for antenna
pattern and spacecraft attitude effects. The vicarious calibration data allows for the identification pf
errors in[sensor calibration. The third step involves characterization of the calibration errors, typically
by apprdpriate sorting and binning of the results of'step 2, followed by an iterative refinement of the
level 1 apd level 2 algorithms to remove the errors. Adequate characterization of the errors is critical fo
determine which part(s) of the algorithms should be adjusted.

a) Cold-end vicarious calibration

The coldgst possible brightness temperatures observed by a downward-looking microwave radiometer
from spdce are often produced by.calm oceans under cloud free skies and very low humidity. This sgt
of conditfions tends to occur with-sufficient regularity that a space-borne radiometer will accumulate|a
useful nymber of observations within a period of a few days to weeks.

b) Hot{end vicarious-calibration

An ideal|hot-end target would be a large isothermal blackbody extending over the main beam of the
Earth pojinting aniitenna, such as the rainforest.

7.5.2.3 | Cross-calibration by simultaneous observations

Cross-calibration of satellite instruments involves relating the measurements of one instrument to
those of a high-quality, well-calibrated instrument serving as a reference.

Cross-calibration of instruments operated during the same period requires careful collocation wherein
instrument outputs are compared when the instruments are viewing the same Earth scenes, at the
same times, from the same viewing angles.

An alternative approach for instrument cross-calibration, which is less demanding in computation and
applicable posteriori to long data series, is to simply compare the statistical distribution of overlapping
time series of two satellite instrument data records without imposing individual matches of individual
scenes.
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7.5.2.4 Absolute calibration

Based on radiative transfer model, a radiometer observation simulation can be constructed, which
includes the effects of ocean or land surface and atmosphere parameters. A background TB field can be
established from the absolute calibration (also called the OMB method) which is used for deriving the
difference between simulated and measured TB (from the radiometer to be calibrated) to determine
the bias and standard deviation of the radiometer TB measurements.

Generally, absolute calibration usually uses the ocean surface at clear sky for TB simulations, but
the land surface of desert, tropical rainforest and the Antarctic ice sheet are also used for hot TB

C4

7

< N

O o 4

C¢

—
—

\librations.
5.3 TB true value class diagram

5.3.1 General description

gure 9 depicts the class diagram of TB true value which plays an essential role in the TB cal
hlidation and provides data for validating the TB.

equirement 7 /req/specification/TBTrueValue:
The classes shown in Figure 9, their attributes and their associations shall be used as des
the data dictionary of Tables B.7, B.9, B.11 and B.13.

he class CA_TBTrueValue contains all information about the TB true value. CA_TBT]
the parent class of the following three subclasSes: CA_VicariousCalibrationTrueVa
FossCalibrationTrueValue and CA_AbsoluteCalibrationTrueValue. Each subclass correspot
brtain calibration/validation method described in Z.5.2. The attributes TBTrueValue and un
any subclass can be assigned to the class CA_TBTrueValue as required.

bration/

cribed in

rueValue
lue, CA_
nds to a
certainty
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«DataType»
CA_TBTrueValue

+ TBTrueValue: Real
+ uncertainty: Real [0..1]

absoluteCalibrationTrueValue

vicariousCalibrationTrueValue crossCalibrationTrueValue

«DataType»

«DataType»
CA_AbsoluteCalibrationTrueValue

CA_CrossCalibrationTrueValue

«DataType»
CA_VicariousCalibrationTrueValue

calibratedSate atmosphereProfile: CA_AtmosphereProfile

Quali

coldEndTBInformation: CA_TargetTBInformation + 1
+ landSurface: CA_LandSurface [0..1]
+
+

Ty PECA-COMEI Ty PeT0-T] =
hqtEndTBInformation: CA_TargetTBInformation + referenceSatelliteName: CharacterString
hqtEndType: CA_HotEndType [0..1] + referenceSatelliteTB: Real

lliteAttachmentI nformation: CA_ lliteA hmentInformation

+ oo+ o+

oceanSurface: CA_OceanSurface
radiativeTransferModel: CA_RadiativeTransferModél [0..1}

«DataType»
CA_OceanSurface

«DataType»
CA_LandSurface

«DataType»
CA_AtmosphereProfile

atmosphergHumidity: Real [1..*] {ordered}
atmosphergLiquidWater: Real [0..*] {ordered}
atmosphergPresssure: Real [1..*] {ordered}
atmospherglemperature: Real [1..*] {ordered}
cloudCover:fReal

oceanSurfaceRoughness: Real [0..1]
oceanSurfaceSalinity: Real [0..1]
oceanSurfaceTemperature: Real
oceanSurfaceWindDirection: Real
oceanSurfaceWindSpeed: Real
sealceConcentration: Real [0..1]

+ landCoverType: CA_LandCoverType [0,.1},
+ landSurfaceTemperature: Real [0..1]
+  soilMoisture: Real [0..1]

o+ 4+

FoF o+ o+ o+

«DataType»
CA_RadiativeTransferModel

atmosphereAbsorption: Real [0..1]
landSurfaceEmissivity: Real [0..1]
oceanEmissivity: Real [0..1]

«DataType»
CA_GeophysicsQualifyFlags

cloudFlag: Integer [0..1]
oceanLandFlag: Integer
rainFlag: Integer [0..1]

+ o+ o+
P

oceanReflectivity: Real [0..1] sealceFlag: Integer [0..1]

«CodeList» «CodeList» «Codelist»
CA_HotEndType CA_ColdEndType CA LandCoverType
+ desert + ocean + _desert
+ iceSheet + other -+, \forest
+ moon #, grass
+ other + iceSheet
+ rainForest + inlandWater
+ other

Figure 9 —(CA_TBTrueValue class diagram

7.5.3.2 | Vicarious calibrationtrue value class diagram

The class CA_VicariousCalibrationTrueValue contains all information about the vicarious calibration 1B
true valyes.

The attribute hotEndTBInformation defines the TB information (including at least the TB, the TB bias
and the TB uncertainty) of the hot end.

The attribute coldEndTBInformation defines the TB information (including at least the TB, the TB bias
and the TB dncertainty) of the cold end.

The class CA_lTargetTblniormation 1s a data type thatis defined 1n Figure 5.

The attribute hotEndType defines the type of the hot end according to the code list set in the class CA_
HotEndType. The hot-end reference can be rain forest, desert, moon, ice sheet and others.

The attribute coldEndType defines the type of the cold end according to the code list set in the class
CA_ColdEndType. The most common cold-end reference is the ocean surface.

7.5.3.3 Cross calibration true value class diagram

The class CA_CrossCalibrationTrueValue contains all information about the cross calibration TB true
values. There are two types of satellite in this class: the "reference" satellite provides the high-quality
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TB which can be regarded as a true value, and the "calibrated" satellite produces the TB measurement

which needs to be calibrated.

The attribute referenceSatelliteName defines the name of the reference satellite.

The attribute calibratedSatelliteAttachmentIinformation defines the calibrated satellite attachment

information.

The attribute referenceSatelliteAttachmentInformation defines the reference satellite attachment

information.

The attribute referenceSatelliteTBdefines the name TB of the reference satellite.

The attribute referenceSatelliteTBMatchCorretion defines the TB match (with the calibrated
correction term (deviations expressed in K or equation coefficients of the fitting) to that of the 1
sqtellite.

7|5.3.4 Absolute calibration true value class diagram

The class CA_AbsoluteCalibrationTrueValue contains all information about the TB true values
absolute calibration method. The absolute calibration true value is determined from simulati
oh the radiative transfer model. Auxiliary information of the atmesphere, the ocean surfacg
lgnd surface are required in the simulation.

atmosphere temperature, the atmosphere moisture, the atiosphere pressure, etc.

tgmperature, the ocean surface salinity, the oceammwind speed, the ocean wind direction, et]
are used for computing the ocean surface emissivity and the reflectivity, as well as other pa
r¢lated to the scattering of the ocean surface.

The attribute landSurface defines the land surface information, which includes the soil mois
lgdnd surface temperature, the land cdver type, etc., which are used for computing the lang
emissivity and reflectivity, as well.asiother parameters related to the scattering of the land su

—3

rcording to the code list set)in the class CA_LandCoverType. The land cover type can be fore
bsert, inland water, ice sheet and others.

oo

The attribute radiativeFransferModel defines the radiative transfer model parameters, which
thhe atmosphere absoiption, the surface emissivity and reflectivity models, etc.

The attributé/géophysicsQualifyFlags defines a set of geophysics flags such as oceanl]
cloudFlag, rainFlag and sealceFlag. For all these flags, the data should be rejected as low-qualif
the calibration process if the flag value equals 1.

satellite)
eference

from the
bn based
and the

The attribute atmosphereProfile defines the clear skyfatmosphere profile, which inclides the

The attribute oceanSurface defines the ocean surface information, which includes the ocean surface

c., which
fameters

ture, the
| surface
face.

he attribute landCoverType in the data type of CA_LandSurface defines the type of the land cover

st, grass,

includes

andFlag,
y data in

716~ Satellite microwave radiometer

Requirement 8 /req/specification/CalibrationDescription:
For the calibration description of the imagery from the satellite microwave radiometer sensor,
mandatory classes and mandatory attributes described in Clause 7 shall be provided.
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The URI

veRadiometerSensorsCalibrationValidation
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Annex A
(normative)

Abstract test suite

froduction

ex specifies an abstract test suite which shall be passed by any implementation €laimir
hnce with this document, under the specifications of ISO 19105.

hents identifiers below are relative to <http://standards.isotc211.org/is019159/-4>

nformance test class: Microwave radiometer sensors calibtration/
jon

Dbverview

dentifier of this conformance class is: https://standards.isot¢211.org/19159/-4 /conf/Microw

18

ra

The URI

veRadiometerSensorsCalibrationValidation

dentifier of this requirements class is: https://standards.isotc211.org/19159/-4/req/Microw

ra

Tests ide

A.2.2 Metadata validates

a) Test
b) Test
Micr
c) Test
sens

has |
d) Refe

A2.3 (

a) Test

ntifiers in the following subclauses are relatiye‘to http://standards.isotc211.org/is019159/-4

ID: /conf/MicrowaveRadiometerSehsorsCalibrationValidation/Top-levelClass

purpose: Verify that the, metadata provided with the image data instantiates C4
owaveRadiometerSensor with'its attributes and associated classes.

method: Inspectthe content of the metadataintended to supportsatellite microwave radiomet
prs calibration. Test'pdsses if constraint evaluates to be ‘true’. An XML schemaDefinition fi
peen developed forthe test.

Fence: /req/MietowaveRadiometerSensorsCalibrationValidation/Top-levelClass

feometric positioning description validates

DS /conf/MicrowaveRadiometerSensorsCalibrationValidation/GeometricPosition

br
le

b) Test purpose: Verify that the geometric position description provided with the image data
instantiates CA_MicrowaveRadiometerSensor with its attributes and associated classes.

c) Testmethod: Inspectthe contentofthe metadataintended to supportsatellite microwave radiometer
sensors calibration. Test passes if constraint evaluates to be ‘true’. An XML schemaDefinition file
has been developed for the test.

d) Reference: /req/MicrowaveRadiometerSensorsCalibrationValidation/GeometricPosition

A.2.4 TA Calibration description validates

a) Test

30

id: /conf/MicrowaveRadiometerSensorsCalibrationValidation/TACalibration
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Test purpose: Verify that the TA Calibration description provided with the image data instantiates
CA_MicrowaveRadiometerSensor with its attributes and associated classes.

Test method: Inspect the content of the metadata intended to support Satellite microwave
radiometer sensors calibration. Test passes if constraint evaluates to be ‘true’. An XML
schemaDefinition file has been developed for the test.

Reference: /req/MicrowaveRadiometerSensorsCalibrationValidation/TACalibration

A.2.5 Antenna pattern calibration description validates

Al2.6 Auxiliary data description validates

Al2.7 TB calibration/validation description validates

2.8 TBtrue value description validates

Test ID: /conf/MicrowaveRadiometerSensorsCalibrationValidation/AntennaPatternCalibrption

Test purpose: Verify that the antenna pattern calibration description provided with the image data
instantiates CA_MicrowaveRadiometerSensor with its attributes and associated.classes.

Test method: Inspect the content of the metadata intended to suppert Satellite mjcrowave
radiometer sensors calibration. Test passes if constraint evaluatés -to be ‘true’. [An xml
schemaDefinition file has been developed for the test.

Reference: /req/MicrowaveRadiometerSensorsCalibrationValidation/AntennaPatternCalipration

Test ID: /conf/MicrowaveRadiometerSensorsCalibrationValidation/AuxiliaryData

Test purpose: Verify that the auxiliary data prowided with the image data instantigtes CA_
MicrowaveRadiometerSensor with its attributes. and associated classes.

Test method: Inspect the content of the,metadata intended to support Satellite mlcrowave
radiometer sensors calibration. Test, passes if constraint evaluates to be ‘true’. An XML
schemaDefinition file has been developéd for the test.

Reference: /req/MicrowaveRadiometerSensorsCalibrationValidation/AuxiliaryData

Test ID: /conf/MicrowaveRadiometerSensorsCalibrationValidation/TBCalibrationValidatigpn

Test purpose: Verify that the TB calibration/validation description provided with the inmlage data
instantiates CA MierowaveRadiometerSensor with its attributes and associated classes.

Test method; Inspect the content of the metadata intended to support Satellite mjcrowave
radiometér—Sensors calibration. Test passes if constraint evaluates to be ‘true’. An XML
schemaDefinition file has been developed for the test.

Reference: /req/MicrowaveRadiometerSensorsCalibrationValidation/TBCalibrationValidgtion

a)
b)

‘)

d)

Test ID: /conf/MicrowaveRadiometerSensorsCalibrationValidation/TBTrueValue

Test purpose: Verify that the TB true value description provided with the image data instantiates
CA_MicrowaveRadiometerSensor with its attributes and associated classes.

Test method: Inspect the content of the metadata intended to support Satellite microwave
radiometer sensors calibration. Test passes if constraint evaluates to be ‘true’. An XML
schemaDefinition file has been developed for the test.

Reference: /req/MicrowaveRadiometerSensorsCalibrationValidation/TBTrueValue
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A.2.9 Calibration description description validates
a) TestID: /conf/MicrowaveRadiometerSensorsCalibrationValidation/CalibrationDescription

b) Test purpose: Verify that the calibration description provided with the image data instantiates CA_
MicrowaveRadiometerSensor with its attributes and associated classes.

c) Testmethod: Inspectthe contentofthe metadataintended to supportsatellite microwave radiometer
sensors calibration. Test passes if constraint evaluates to be ‘true’. An XML schemaDefinition file
has been developed for the test.

d) Refefence: /req/MicrowaveRadiometerSensorsCalibrationValidation/CalibrationDescription
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This annex provides a detailed description of the classes and each class attribute in the models
this document in the form of a tabular data dictionary. The letters “M” and “O” inxthe "0
Cpndition" column in the tables of this Annex denote “Mandatory” and “Optional”’A‘eSpectively.

i

.1 General

.2 Overview of microwave radiometer sensors

esented
ligation/

The data dictionary of the top-level model is tabulated in Table B.1 (corresponding to Figurg 3). The
ws shaded dark grey in Table B.1 (and the subsequent tables in Aniiex B) are the beginninjgs of the
efinition of self-defined classes in this document.

r
d

Table B.1 — Data dictionary of the top-level model

Line Name/ Definition or descrip-| Obligation/ | Max. occur- | Data type/Class | Dpmain
number| Rolename tion Condition rence
1 CA_Calibra- |Root entity that Use.gﬁ)ga- Use maxi- AggregatedClass |Ling 2
tionValida- defines information ti con- mum occur- |(MD_CoverageDe-
tion about calibration . @ﬁlon from |[rence from |scription)
‘referencing |referencing
«O |object object
2. calibration- |Characterizatioitof the |M 1 CA_Calibration-
Type calibration eoded with Type
the data type’CA_Cali-
brationType
3 CA_Microwa- |To ®>e1 class forall |Useobliga- |Use maxi- SpecifiedClass Lings 4 to 10
veRadiome- ca@hration information |tion/condi- |[mum occur- . :
terSensor _ ({of microwave radiome- |tion from rence from (CA__Ca!lbratlon-
% ter sensors referencing |referencing Vel eiion)
/\% object object
4 obseryation- |Observation type of M 1 CA_observation- |Imager or
Type the microwave radiom- Type sounder
eter sensor
5 receiverType |Type of the microwave |M 1 CA_ReceiverType |SSBjor DSB
radiometer receiver
6 . RUICI[UIIIC. AllLClllld CIHIpPpCTd= IVI 1 CA_TACdllbl dLiUll, Cdll pra-
TACalibration ture calibration, the tion Fo the
antenna temperature receiver of a
is acquired after the microwave
calibration on the radiometer
receiver.
7. Rolename: Antenna pattern cali- |M 1 CA_AntennaPat- |Antenna
bration in which an- ternCalibration |pattern cor-
antennaPat- . .
. tenna pattern sidelobe rection
ternCalibra- N
tion and cross-polarization
should be corrected for
deriving a more accu-
rate TB of the scene
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Table B.1 (continued)

Line Name/ Definition or descrip-| Obligation/ | Max. occur- | Data type/Class Domain
number| Rolename tion Condition rence

8. Rolename: Geometric positioning |M 1 CA_GeometricPo- |Latitude and
geometricPo- |which can account for sition longitude of
sition the bias or uncer- the pixel

tainties in geometry
computation

9. Rolename: Auxiliary data includ- |M 1 CA_AuxiliaryData
auxiliaryData |ing SCF and satellite at-

tachment information
10. Rolename: Calibration and valida- |M 1 CA_TBCalibra-
. tion of the brightness tionValidation

TBCalibra- | s erature product

tionValida- P P

tion
The datq dictionary of the geometric position model is tabulated in Table B2, (corresponding to
Figure 4].

Table B.2 — Data dictionary of the geometric position model
Line Name/ Definition or descrip-| Obligation/ Max, Data type/ Domain

number| Rolename tion Condition | occurrence Class

11. CA_Geomet- |Information related to |Use obliga- Use%&i- Aggregated Lines 12 to 16
ricPosition |the geometric correc- |tion/ con- occur-

: : o Class
tion of the microwave |dition from |rence from
radiometer system referencing %Yeferencing (CA_Microwa-
object $ object veRadiome-
R terSensor)

12. satelliteAt- |[Satellite attachment M 1 CA_satelliteAt-
tachmentIn- |information tachmentInfor-
formation mation

13. microwav- Microwave radiometer | M 1 Angle >0, ISO 19103
eRadiome- |viewing angle with
terViewin-  |respect to theplatform
gAngle

14. microwav- |Microwave radiometer |M 1 Angle 20, ISO 19103
eRadiome- |incidéntangle with
terInciden- |respect to the earth
tAngle surface

15. microwav- Microwave radiometer |M 1 Reall2] >0, the unit i
eRadiome=)" |pixel size (expressed km-km
terPixelSize |with the elevation

spatial resolution mul-
tiplying the azimuth
cnatial vacalitian)

16. microwav- Microwave radiometer |O 1 Real >0, the unit
eRadiom- sampling interval be- is ms
eterSam- tween the successive
plingInterval |samples in a scan

The data dictionary of the TA calibration model is tabulated in Table B.3 (corresponding to Figure 5).
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Table B.3 — Data dictionary of the TA calibration model

Line Name/
number| Rolename

Definition or de-
scription

Obligation/
Condition

Max.
occurrence

Data type/
Class

Domain

18- hot= Hottarget T8 trfor= vt T €A _TargettBhr
TargetTBIn- |mation formation (1,
formation an/
1P. coldTar- Cold target TB infor- |M 1 CA_TargetTBIB‘g,
getTBInfor- |mation formation g/
mation N
20. receiverTem- |Operation tempera- M 1 Real Q)\ 240 <[receiver-
perature ture of the microwave N Tempgrature -
radiometer receiver &% > Valye < 350,
\ the unitis K
1. hotTarget- |Hottarget type 0 1 \% CA_HotTarget-
Type A Type
22. coldTarget- |Cold target type 0 1 Q ~ CA_coldTarget-
Type Q) Type
23. spectralRe- |Spectral response 0 \\:1 CA_SpectralRe-
sponseFunc- |function ;\& sponseFunction
tion O,
24. nonlinearity |Nonlinear term of the |M \\(,\ 1 Real Unresftricted,
antenna temperature $ the unitis K
for the receiver tem- \Q
perature r\\s
25. TA Antenna temper ure |M 1 Real 0<TA->
(output attri téL Value|< 350,
8\ the upitis
. Kelvi

27. frequ @ Frequency M 1 Real {ordered} |>0,thg unitis
‘\é* GHz
28. @XtralRe- Response weights or |M 1 Real {ordered} |Usuallyin
\%mse radio at the frequen- normalized
& I cies within the band- weights in dB,
% width of the receiver -100 § spec-
tratResponse
->Value < 0

30. targetTB TB from the measured |M 1 Real 0 < targetTB -
target, usually form > Value < 350,
varied-temperature the unitis K
blackbody

31. targetTBBias |Bias in TB of the target |O 1 Real the unitis K
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Table B.3 (continued)

Line Name/ Definition or de- Obligation/ Max. Data type/ Domain
number| Rolename scription Condition | occurrence Class
32. tar- Uncertainty in TBof |O 1 Real >0, the unit
getTBUncer- |the target isK
tainty
33. targetTB- Microwave radiometer | O 1 Real the unit is Volt
Voltage output in voltage or or count
count
The datd dictionary of the antenna pattern calibration model is tabulated in Table B.4 (Correspod’élﬂg
to Figurd 6). (19
Table B.4 — Data dictionary of the antenna pattern calibration mode%go‘)'
N
Line Name/ Definition or descrip-| Obligation/ | Max.occur- | Datatyp Domain
number| Rolename tion Condition rence Class
34. CA_Antenna- |Information related to |Use obliga- Use maxi- Aggreéﬁe’d Lines 35 to 43
PatternCali- |the antenna pattern |[tion/ con- mum oceur- |
bration calibration of the dition from rence from
microwave radiometer |referencing referencing _Microwa-
system object object Q eRadiome-
()" |terSensors)
35. TA Antenna temperature |M 1 7 |Real 0<TA->
\§\ Value < 350,
5\ the unitis K
36. spillover Spillover 0 s&" Real 0 < spillover- p
N Value <1
37. satelliteAtti- |Satellite attitude 0 A\ - 1 SD_Attitude ISO/TS 19130}
tude expressed in the o 1
combination of the b\
omega, phi and kappa. C\}‘
components (-}\
38. satelliteOr- |Satellite orbital e‘ig?lf 0 1 Real >0, the unitis
bitalHeight S km
39. beamwidth |Antenna bgaw\/idth M Angle >0
40. main- Antenndmainbeam |0 Real O<mean-
BeamEffi- effi&@y BeamEfficien
ciency %) cy->Value <[l
41. coPolAnten-<x\‘02polarization anten- |M 1 CA_AntennaPa- |Data for anten-
naPattern ?&na pattern ttern na pattern at
Q the co-polari-
s zation
472. [o FolAn- Cross-polarization 0 1 CA_AntennaPa- |Data for anten}-
ténhaPattern |antenna pattern ttern na pattern at
the cross-po-
larization
43. TBWith- TB of the scene within |M 1 Real 0< TBWith-
inTheScene |its spatial resolution inTheScene - >
(output attribute) Value < 350,
the unitis
Kelvin
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Table B.4 (continued)
Line Name/ Definition or descrip-| Obligation/ | Max. occur- Data type/ Domain
number| Rolename tion Condition rence Class
45. patternEle- |Elevation angle M 1 Angle {ordered} |-90 < patter-
vationAngle nElevationAn-
gle - > Value
<90
46. patternAzi- |Azimuth angle M 1 Angle {ordered} [-180 <
muthAngle patternAzi-
muthfngle - >
Valuei< 180
47. pattern Complex pattern in- M 1 CA_Antenna-
cluding the amplitude PatternValue
and phase at different {ordered}
elevation angles and
azimuth angles, at
least given in E- and H-
cuts of the ports of the
antenna
48. CA_Antenna- |Data type that defines |Use obliga- Use max@ Class <<Data Lines 49 to 50
PatternValue |the antenna pattern  |tion/ con- mum dq: r- |type>>
value dition from rence‘from
referencing encing
object Jobject
49 amplitude Amplitude of thean- |M 1 Real <0, the unit
tenna pattern is dB
50 phase Phase of the antenna |M 1 Real 0 < pHase - >
pattern Valuel< 360

Table B.5 — Data dictionary of the auxiliary data model

he data dictionary of the auxiliary data medel is tabulated in Table B.5 (corresponding to Figlire 7).

Line Name/ Definition or descrip- | Obligation/ | Max. occur- | Datatype/ Dgmain
number| Rolename tion Condition rence Class
51. CA_Auxil- Information related Use obliga- |Use maximum |Aggregated Lines p2 to 71
iaryData to auxiliary data tion/ con- occurrence Class
t are needed in the |dition from |from referenc-
\Jnicrowave radiometer |referencing |ing object (CA_Microwa-
% calibration procedure |object veRadiome-
()_Q terSensor)
52. @el- Data type that defines |Use obliga- |Use maximum |Aggregated Lines p0 to 55
ttach- |the satellite attachment |tion/ con- occurrence
“fmentInfor- |information dition from |from referenc- Qass(CA_Aux-
S . . : iliaryData)
& mation referencing |ing object
% object
53. satelliteOr- |Satellite orbital height [O 1 Real {ordered} | >0, the unit is
bitalHeight |with respect to the ref- km
erence ellipsoid
54. satelliteAtti- |Satellite attitude ex- 0 1 SD_Atti- ISO/TS 19130-
tude pressed in the combina- tude{ordered} |1
tion of the omega, phi
and kappa components
55. timeOfMeas- | Time of measurement |M 1 DateTime{or- [ISO 19103
urement dered} Unrestricted
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Table B.5 (continued)

Line Name/ Definition or descrip- | Obligation/ | Max. occur- | Datatype/ Domain
number| Rolename tion Condition rence Class
56. latitudeOf- |Latitude of measure- M Real {ordered} |-90 < lati-
Measure- ment tudeOfMeas-
ment urement
->Value <90,
the unit is
degree
57. longitudeOf- |Longitude of measure- |M Real{ordered} |-180 <
Measure- ment longitudeOf-
ment Measurement
->Value's 180
thealnit is
degree
58. satelliteGNS- |Satellite GNSS position |O DirectPosi- 1SO 19107
SPosition ([X,Y, Z] coordinates, tion{ordered}
expressed in m),
59. CA_SCF Sensor constant file A @Eated Lines 57 to 68§
used for calibration é%
« s(CA_Aux-
_ (yiliaryData)
60. centreFre- |Centre frequency of the |M Real 0.1< centre-
quency microwave radiometer Frequency - >
sensor Value <3 000
the unit is GHx
61. bandwidth |Bandwidth of the M Real >0, the unit is
microwave radiometer GHz
receiver
62. bandwidth- |Bandwidth correction |M Reall2] Including 2
Correction- |coefficients including 2 items: the 1st
Coefficients |items of the first-order item is non-dif
correction mensional, th¢
unit of the 2ndl
isK
63. USBLimit Frequency range'of the |M Real {ordered} >0, the unitis
Upper Side’Band GHz
64. LSBLimit Frequency range of the |M Real {ordered} |>0, the unit is
Lowe¥Side Band GHz
65. polarization- | Pelarization mode of M CA_Polariza- |vertical-po-
Mode the radiometer TB tionMode larization,
measurement, usually horizontal po
referring to vertical or larization, the
horizontal polarization, third Stokes
which corresponding to parameter, the
the first two modified fourth Stokes
STORES parameters, parameter
most generally referring
to one of the four Stokes
parameters
66. main- Antenna main beam 0 Real O<main-
BeamEffi- efficiency BeamEfficien-
ciency cy->Value<1
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Table B.5 (continued)
Line Name/ Definition or descrip- | Obligation/ | Max. occur- | Data type/ Domain
number| Rolename tion Condition rence Class
67. thermistor- |Thermistor calibration |M 1 Reall3] Including 3
Calibration- |coefficients items: the unit
Coefficients of the 1stis K/
V2, of the 2nd
is K/V, of the
3rdisK
68. antennaPat- |Antenna patternata M 1 CA_AntennaP- |Data fpr an-
tern given frequency within attern tennd|pattern
arange of elevation an- abco-polar-
gles and azimuth angles izatiop and
cross-polariza-
tion
ap. nonlinearity |Nonlinear term at 0 1 Real Unresfricted,
different operation the uritis K
temperatures of the
radiometer
70. hotTarget- |Biasin TB of the hot 0 1 Real Unresfricted,
Bias target blackbody the uritis K
7. coldTarget- |Biasin TB of the cold 0 1 Real Unresfricted,
Bias target the uritis K
The data dictionary of the TB calibration validation maedel is tabulated in Table B.6 (correspgnding to
Flgure 8).
Table B.6 — Data dictionary ofithe TB calibration validation model
Line Name/ Definition or descrip-\| Obligation/ | Max. occur- | Datatype/ Dgmain
number| Rolename tion Condition rence Class
72. CA_TBCali- Calibration/val@kﬁon Use obliga- |Use maximum |Aggregated Lines [/3 to 81
brationVali- |of the TB C)\\ tion/ con- occurrence Class
dation o dition from |from referenc- :
. : . : (CAMicrowa-
referencing |ing object :
. veRadiome-
O object t
~\ erSensors)
73. TBWith- TB of the scene within |M 1 Real 0< TBWith-
inTheScene Cfthe spatial resolution of inThepcene
the microwave radiom- ->Value <350
eter the unitis K
7¢. payloadOp- |Payload operating M 1 CA_Payload-
efatingSta- |status OperatingSta-
tus tus
75. TBTrueValue | The equivalent TB true |M 1 CA_TB- 0< TB[lrueVal-
value TrueValue ue > Vplue <
350, the unit
isK
76. consistency- |Consistency threshold |[O 1 Real Unrestricted,
Threshold the unitis K
77. TBCalibra- |TB calibration bias (out- |[M 1 Real Unrestricted,
tionBias put attribute) the unitis K
78. TBCalibra- |TB calibration stand- M 1 Real >0, the unit
tionStand-  |ard deviation (output isK
ardDeviation |attribute)
79. calibration- |Calibration adjustment |O 1 CA_Calibra-
Coefficient- |coefficients (output tionCoefficien-
Adjustments |attribute) tAdjustments
©1S0 2022 - All rights reserved 39


https://standardsiso.com/api/?name=e85fa62bf1e90d00ffe22afcb9c0bbfa

ISO/TS 19159-4:2022(E)

Table B.6 (continued)

Line Name/ Definition or descrip- | Obligation/ | Max. occur- | Datatype/ Domain
number| Rolename tion Condition rence Class
80. reCalibrat- |Re-calibrated TB (out- |M 1 Real >0, the unit
edTB put attribute) isK
81. calibration- |Parameters in the cali- |O 1 CA_Calibra-
Results bration/validation re- tionResults
port (output attribute)

83. hot- Hot target TB bias 0 1 Real estricted,
TargetTB- Nthe unit is K
Bias '\Q)

84. coldTar- Cold target TB bias 0 1 Real ,@ Unrestricted,
getTBBias ~\ the unitis K

85. nonlinearity |Nonlinearity correction |M 1 & Unrestricted,

the unitis K

86. antennaPat- |Antenna pattern correc- |M 1 Q U Real {ordered} |0 < antennaP-
ternCorrec- [tion coefficient Q atternCorrec-
tionCoeffi- Q tionCoefficient
cient N\ ->Value< 1

88. calibration- |Calibration bias M\'O 1 Real Unrestricted,

Bias N the unit is K
\V4

89. calibra- Calibration uncertat?}~ 0 1 Real Unrestricted,
tionUncer- . the unitis K
tainty N\

90. calibration- Calibratioré&\llity 0 1 Real the unitis K/y
Stability .

L ) . . . .
The data|dictionary of th%@true value model is tabulated in Table B.7 (corresponding to Figure 9).
le B.7 — Data dictionary of the TB true value model
Line Na " | Definition or de- Obligation/ Max. occur- | Datatype/ Domain
number| Ro scription Condition rence Class

92. TBTrueValue | TB true value M 1 CA_TB- 0< TBTrueVal-
TrueValue ue-> Value <
350, the unit
is K
93. uncertainty |Uncertainty of the 0 1 Real[0..1]
true value
40 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=e85fa62bf1e90d00ffe22afcb9c0bbfa

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Symbols, abbreviated terms and conventions 
	4.1 Abbreviated terms 
	4.2 Symbols 
	4.3 Conventions 

	5 Conformance 
	6 Notation 
	6.1 UML notation 
	6.2 Identifiers 

	7 General microwave radiometer sensor and data calibration and validation model 
	7.1 Introduction 
	7.2 Top-level model 
	7.3 Sensor calibration 
	7.3.1 General description 
	7.3.2 Geometric position 
	7.3.3 TA calibration 
	7.3.4 Antenna pattern calibration 

	7.4 Auxiliary data 
	7.5 TB calibration/validation 
	7.5.1 TB calibration/validation class diagram 
	7.5.2 TB calibration/validation methods 
	7.5.3 TB true value class diagram 

	7.6 Satellite microwave radiometer  

	Annex A (normative) Abstract test suite 
	Annex B (normative) Data dictionary 
	Annex C (informative) XML schema implementation 
	Annex D (informative) Formula for specification calculation 
	Bibliography 

