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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 'at
describefl in the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor th
different/ types of ISO documents should be noted. This document was drafted in accordance with t}
editoriallrules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention is drawn to the possibility that some of the elements of this document may be the subject
patent rights. ISO shall not be held responsible for identifying any or all such patentwights. Details
any patept rights identified during the development of the document will be in the-Introduction and/
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Introduction

Imaging sensors are one of the major data sources for geographic information. Typical spatial outcomes
of the production process are vector maps, Digital Elevation Models, and three-dimensional city models.

There are typically two streams of spectral data analysis, that is, the statistical method, which

includes

image segmentation, and the physics-based method, which relies on characterization of specific spectral

absorption features.

In each of the cases, the quality of the end products fully depends on the quality of the m

easuring

iffstruments that has originally sensed the data. The quality of measuring instruments 1s de
ahd documented by calibration.

Alcalibration is often a costly and time-consuming process. Therefore,anumber of different’strat
uped that combine longer time intervals between subsequent calibrations with simplified inte
calibration procedures that bridge the time gap and still guarantee a traceable leyel of quali
irftermediate calibrations are called validations in this part of ISO 19159.

This part of ISO 19159 standardizes the calibration of remote sensing imagéry sensors and the v|
of the calibration information and procedures. It does not address the\validation of the dat{
derived products.
M
n

any types of imagery sensors exist for remote sensing tasks. Apart from the different technol
bed for a standardization of the various sensor types has different levels of priority. In orde
those requirements, ISO 19159 has been split into more thah.gne part. Part 1 covers optical sel
afrborne photogrammetric cameras and spaceborne optical sensors. Part 2 is intended to co
s¢anning, also known as LIDAR (Light detection and ranging).

Parts 3 and 4 are planned to cover RADAR (radie detection and ranging) with the subto
(dynthetic aperture radar) and InSAR (interfexgmetric SAR) as well as SONAR (sound deted
ranging) that is applied in hydrography.
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TECHNICAL SPECIFICATION ISO/TS 19159-1:2014(E)

Geographic information — Calibration and validation of

remote sensing imagery sensors and data —

Part 1:

ptical sensors

1| Scope

This part of ISO 19159 defines the calibration and validation of airborne and spaceborne remot
irhagery sensors.

The term “calibration” refers to geometry, radiometry, and spectral, and includes the inj
calibration in a laboratory as well as in situ calibration methods.

he validation methods address validation of the calibration informfation.

T

This part of ISO 19159 also addresses the associated metadata-related to calibration and V|
which have not been defined in other geographic informatiomInternational Standards.
T
s

he specified sensors include optical sensors of the fitame camera and line camera types
anners).

2| Conformance

This partof ISO 19159 standardizes the service metadata for the calibration procedures of opticj
s¢nsing sensors as well as the associatedidata types and code lists. Therefore conformance de
the type of entity declaring conformance.

Mechanisms for the transfer of data’are conformant to this part of ISO 19159 if they can be cons
consist of transfer record and.type definitions that implement or extend a consistent subset of t
types described within thi$ part of ISO 19159.

DEtails of the conform@ance classes are given in the Abstract test suite in Annex A.

3| Normative references

The following documents, in whole or in part, are normatively referenced in this document

P sensing

trument

alidation

(2D CCD

1l remote
bends on

idered to
he object

and are

irfdispensable to its application. For dated references, only the edition cited applies. For|undated
re¢ferénces, the latest edition of the referenced document (including any amendments) applies.

IS C L1115 Z.LCG‘—), GCUHI MlJl’ll.L l.llj[UI lIlM(‘:l‘Ull lnv{ctudutu lnul tZ. EAtCIlDl’UIle[UI l’lllblycl)’ Mlld.yl l.l./ ded data
ISO/TS 19130:2010, Geographic information — Imagery sensor models for geopositioning

4 Terms and definitions

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

4.1

blooming

overflow of an over-saturated signal of one pixel to the neighbouring pixel

© ISO 2014 - All rights reserved 1
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calibration
process of quantitatively defining a system'’s responses to known, controlled signal inputs

[SOURCE: ISO/TS 19101-2:2008, 4.2]

Note 1 to entry: A calibration is an operation that, under specified conditions, in a first step, establishes a
relationship between indications (with associated measurement (4.16) uncertainties) and the physical quantity

(4.27) val

ues (with measurement uncertainties) provided by measurement standards.

4.3
calibrat
expressi

Note 1 to

[SOURCE

4.4
calibrat
process

Note 1 to
a small se

4.5

correctipn

compens
Note 1 to

Note 2 to
a table.

[SOURCH

4.6
dark cuj

output clirrent of a photoelectric-detector (4.9) (or of its cathode) in the absence of incident radiation

Note 1 to
optical ral

4.7
dark cuj
noise (4.4

4.8

on curve

bn of the relation between indication and corresponding measured quantity (4.27) value

: ISO/IEC Guide 99:2007, 4.31]

on validation
f assessing the validity of parameters

t of parameters (attribute values) such as the result of a sensor (432) calibration.

ation for an estimated systematic effect
entry: See ISO/IEC Guide 98-3:2008, 3.2.3, for an explanation of “systematic effect”.

entry: The compensation can take different fornts, such as an addend or a factor, or can be deduced fro

: ISO/IEC Guide 99:2007, 2.53]

'rent

entry: For calibration of optical sensors (4.32) dark current is measured by the absence of incide
diation.

'Tent noise
2) of cufrent at the output of a detector (4.9), when no optical radiation is sensed

dark sig

entry: A calibration curve expresses a one-to-one relation that does not supply a measuremeént (4.1¢
result as {t bears no information about the measurement uncertainty (4.38).

entry: With respect to the general definition of validation the “calibration validation” does only refer f

=)
—

m

nabnon uniformity

DSNU

response of a detector (4.9) element if no visible or infrared light is present

Note 1 to

4.9

entry: This activation is mostly caused by imperfection of the detector.

detector
<electro-optical> device that generates an output signal in response to an energy input

Note 1 to entry: The energy input may be provided by electro-magnetic radiation. The output may be a measurable
and reproducible electrical signal.

[SOURCE: ISO/TS 19130:2010, 4.18, modified]

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=07af8ce5a25730706c43a26179a9c09a

ISO/TS 19159-1:2014(E)

4.10

ground sampling distance

GSD

linear distance between pixel centres on the ground

Note 1 to entry: GSD is a measure (4.15) of one limitation to image resolution (4.30), that is, the limitation due to
sampling distance on the ground that corresponds to the pixel distances in the image plane.

Note 2 to entry: The GSD is the distance between the centre points of surface elements represented by adjacent
elements in the image matrix.

Npte 3 to entry: The GSD depends on flying height, terrain height and observation angle.
Npte 4 to entry: The GSD can also be named ground sample distance.

Npte 5 to entry: This definition also applies for water surfaces.

—

JOURCE: ISO/TS 19130:2010, 4.45, modified — Notes 1 to 4 have been added.]

411
in situ measurement
d|rect measurement (4.16) of the measurand in its original place

4{12

i;Istantaneous field of view

IfOV

irffstantaneous region seen by a single detector (4.9) element, measured in angular space

[JOURCE: ISO/TS 19130-2:2014, 4.36]

4{13

il]radiance

electro-magnetic radiation energy per unit-area per unit time

Npte 1 to entry: The SI unit is watts per sgiiare metre (W/m?2).

4{14

keystone effect

d|stortion of a projected image caused by a tilt between the image plane and the projectipn plane
r¢sulting in a trapezoidalshaped projection of a rectangular image

4{15

njeasure

vilue described{using a numeric amount with a scale or using a scalar reference system
Npte 1 to entry:"When used as a noun, measure is a synonym for physical quantity (4.27).

[JOUREE:1SO 19136:2007, 4.1.41]

4|16
measurement
set of operations having the object of determining the value of a quantity (4.27)

[SOURCE: ISO/TS 19101-2:2008, 4.20]

417

measurement accuracy

accuracy of measurement

accuracy

closeness of agreement between a test result or measurement (4.16) result and the true value

Note 1 to entry: The concept “measurementaccuracy” is not a quantity (4.27) and is not given a numerical quantity
value. A measurement is said to be more accurate when it offers a smaller measurement error (4.18).

© ISO 2014 - All rights reserved 3
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Note 2 to entry: The term “measurement accuracy” should not be used for measurement trueness and the term
measurement precision (4.19) should not be used for “measurement accuracy”, which, however, is related to both
these concepts.

Note 3 to entry: “Measurement accuracy” is sometimes understood as closeness of agreement between measured
quantity values that are being attributed to the measurand.

[SOURCE: ISO 6709:2008, 4.1, modified — The preferred term is “measurement accuracy” rather than
“accuracy” and Notes 1 to 3 have been added.]

4.18
measur¢ment error

error of jneasurement
error
measured quantity (4.27) value minus a reference quantity value

Note 1 tolentry: The concept of “measurement error” can be used both

a) when there is a single reference quantity value to refer to, which occurs if a calibratjon is made by means pf
a megisurement (4.16) standard with a measured quantity value having a negligible méeasurement uncertainfy
(4.39) or if a conventional quantity value is given, in which case the measurementerror is known, and

b) ifanjeasurand is supposed to be represented by a unique true quantity value.or a set of true quantity valug¢s
of negligible range, in which case the measurement error is not known.

Note 2 tofentry: Measurement error should not be confused with production‘error or mistake.
[SOURCH: ISO/IEC Guide 99:2007, 2.16]

4.19
measure¢ment precision
precisior
closeness of agreement between indications or measured quantity (4.27) values obtained by replicate
measurefnents (4.16) on the same or similar objects under specified conditions

Note 1 to|entry: Measurement precision is usudlly expressed numerically by measures of imprecision, such as
standard|deviation, variance, or coefficient of variation under the specified conditions of measurement.

Note 2 t¢ entry: The “specified conditions” can be, for example, repeatability conditions of measuremer
intermed|ate precision conditions of measurement, or reproducibility conditions of measurement (see ISO 5725-3

K

—

Note 3 to pntry: Measurement precision is used to define measurement repeatability, intermediate measuremept
precision| and measurement reproducibility.

Note 4 tojentry: Sometinfes)“measurement precision” is erroneously used to mean measurement accuracy (4.17).
[SOURCH: ISO/IEC-Guide 99:2007, 2.15]

4.20
metric traceability
propertyafthe result ofa megsurement (4 16) orthe value ofa standard wherehyit can be related to stated

references, usually national or international standards, through an unbroken chain of comparisons all
having stated uncertainties

[SOURCE: ISO/TS 19101-2:2008, 4.23]

4.21

metrological traceability chain

traceability chain

sequence of measurement (4.16) standards and calibrations that is used to relate a measurement result
to areference

Note 1 to entry: A metrological traceability chain is defined through a calibration hierarchy.

4 © ISO 2014 - All rights reserved
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Note 2 to entry: A metrological traceability chain is used to establish metrological traceability of a measurement
result.

Note 3 to entry: A comparison between two measurement standards may be viewed as a calibration if the
comparison is used to check and, if necessary, correct the quantity (4.27) value and measurement uncertainty
(4.38) attributed to one of the measurement standards.

[SOURCE: ISO/IEC Guide 99:2007, 2.42]

4.22
noise
uhwanted signal which can corrupt the measurement (4.16)

Npte 1 to entry: Noise is a random fluctuation in a signal disturbing the recognition of a carried’information.
[JOURCE: I1SO 12718:2008, 2.26]

4|23

pixel response non-uniformity

PRNU

ithomogeneity of the response of the detectors (4.9) of a detector array-to a uniform activation

4(24

ppint-spread function

PSF

characteristic response of an imaging system to a high-contrast point target

[OURCE: IEC 88528-11:2004]
4(25
ppsitional accuracy

closeness of coordinate value to the true or acéepted value in a specified reference system

Npte 1 to entry: The phrase “absolute accura¢y” is sometimes used for this concept to distinguish it frofn relative
positional accuracy. Where the true coordinate value may not be perfectly known, accuracy is normally|tested by
cgmparison to available values that can‘bést be accepted as true.

[JOURCE: ISO 19116:2004, 4.20]

4{26

gqnality assurance
part of quality managemient focused on providing confidence that quality requirements will be fulfilled
[S

OURCE: IS0 9060-2005, 3.2.11]

427

gpantity
propertyofa phenomenon, body, or substance, where the property has amagnitude that can be ekpressed
a$ afiumber and a reference

Note 1 to entry: A reference can be a measurement (4.16) unit, a measurement procedure, a reference material, or
a combination of such.

Note 2 to entry: Symbols for quantities are given in the ISO 80000 and IEC 80000 series Quantities and units. The
symbols for quantities are written in italics. A given symbol can indicate different quantities.

Note 3 to entry: A quantity as defined here is a scalar. However, a vector or a tensor, the components of which are
quantities, is also considered to be a quantity.

»n o«

Note 4 to entry: The concept “quantity” may be generically divided into, e.g. “physical quantity”, “chemical
quantity”, and “biological quantity”, or “base quantity” and “derived quantity”.

[SOURCE: ISO/IEC Guide 99:2007, 1.1, modified — The Notes have been changed.]

© IS0 2014 - All rights reserved 5
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4.28

reference standard

measurement (4.16) standard designated for the calibration of other measurement standards for
quantities of a given kind in a given organization or at a given location

4.29

remote sensing

collection and interpretation of information about an object without being in physical contact with the
object

[SOURCH:TSU/ TS T9T01-2:2008, 4.33]

4.30
resolutipn
<imager}> smallest distance between two uniformly illuminated objects that can be separately resolvgd
in an imgge

Note 1 tolentry: This definition refers to the spatial resolution.

Note 2 tolentry: In the general case, the resolution determines the possibility to distinguish between separat¢d
neighboufing features (objects).

Note 3 tofentry: Resolution can also refer to the spectral and the temporal resolution.
[SOURCH: ISO/TS 19130-2:2014, 4.61, modified: Notes 1 to 3 have been added]

4.31
resolutipn
<sensorxsmallestdifferencebetweenindications ofasensor (4.32) thatcanbe meaningfully distinguishgd

Note 1 tofentry: For imagery, resolution (4.30) refers to radiemetric, spectral, spatial and temporal resolutions.
[SOURCH: ISO/TS 19101-2:2008, 4.34]

4.32

sensor
element pf a measuring system that is directly affected by a phenomenon, body, or substance carryinga
quantity (4.27) to be measured

Note 1 tojentry: Active or passive sénsors exist. Often two or more sensors are combined to a measuring systerp.
[SOURCH: ISO/IEC Guide 99:2007, 3.8, modified — The Note has been changed.]

4.33
smile diftortion
centre wpvelength-shift of spectral channels caused by optical distortion

Note 1 tofentrytThis distortion is often simply called smile.

4.34
spectral resolution
specific wavelength interval within the electromagnetic spectrum

Note 1 to entry: The spectral wavelength interval is the least difference in the radiation wavelengths of two
monochromatic radiators of equal intensity that can be distinguished according to a given criterion.

Note 2 to entry: Spectral resolution determines the ability to distinguish between separated adjacent spectral
features.

[SOURCE: ISO 19115-2:2009, 4.30, modified: Notes 1 to 2 have been added]

6 © ISO 2014 - All rights reserved
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4.35
spectral responsivity
responsivity per unit wavelength interval at a given wavelength

Note 1 to entry: The spectral responsivity is the response of the sensor (4.32) with respect to the wavelengths
dependent radiance.

Note 2 to entry: The definition is described mathematically in IEC 60050-845. The spectral responsivity is
quotient of the detector (4.9) output d Y(A) by the monochromatic detector input dXe(A) = Xe, A(A)  dA in the
wavelength interval dA as a function of the wavelength A
_dv(3)

dX ()

s(4)

—

JOURCE: IEC 60050-845]

4{36

standardization
'tivity of establishing, with regard to actual or potential problems, provisions for common and fepeated
be, aimed at the achievement of the optimum degree of order in a given context

c o

Npte 1 to entry: In particular, the activity consists of the processes of fofinulating, issuing and implementing
standards.

Npte 2 to entry: Important benefits of standardization are improvement of the suitability of products, processes
amd services for their intended purposes, prevention of barriers to trade and facilitation of technological
operation.

(@]

[JOURCE: ISO/IEC Guide 2:2004, 1.1]

437
stray light
electromagnetic radiation that has been detected but did not come directly from the IFOV (4.12)

bte 1 to entry: Stray light may be reflected light within a telescope.

bte 2 to entry: This definition is valid/for the optical portion of the spectrum under observation.

ncertainty
hrameter, associated with the result of measurement (4.16), that characterizes the dispersion pf values
that could reasonably-be attributed to the measurand

N
N
4{38
u
p

Npte 1 to entry: The"parameter may be, for example, a standard deviation (or a given multiple of it), or the half-
idth of an intérval having a stated level of confidence.

Npte 2 to entry: Uncertainty of measurement comprises, in general, many components. Some of these components
ay beevaluated from the statistical distribution of the results of series of measurements and can be chaifacterized

by experimental standard deviations. The other components, which can also be characterized by|standard

d¢viations, are evaluated from assumed probability distributions based on experience or other information.

Note 3 to entry: It is understood that the result of the measurement is the best estimate of the value of the
measurand, and that all components of uncertainty, including those arising from systematic effects, such as
components associated with corrections (4.5) and reference standards (4.28), contribute to the dispersion.

Note 4 to entry: When the quality of accuracy or precision (4.19) 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 numbers with it;
numbers should be associated with measures of uncertainty instead.

Note 5 to entry: Measurement uncertainty includes components arising from systematic effects, such as
components associated with corrections and the assigned quantity (4.27) values of measurement standards, as
well as the definitional uncertainty. Sometimes estimated systematic effects are not corrected for but, instead,
associated measurement uncertainty components are incorporated

© ISO 2014 - All rights reserved 7
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Note 6 to entry: The parameter may be, for example, a standard deviation called standard measurement
uncertainty (or a specified multiple of it), or the half-width of an interval, having a stated coverage probability.

Note 7 to entry: Measurement uncertainty comprises, in general, many components. Some of these may be
evaluated by Type A evaluation of measurement uncertainty from the statistical distribution of the quantity
values from series of measurements and can be characterized by standard deviations. The other components,
which may be evaluated by Type B evaluation of measurement uncertainty, can also be characterized by standard
deviations, evaluated from probability density functions based on experience or other information.

Note 8 to entry: In general, for a given set of information, it is understood that the measurement uncertainty
is associated with a stated guality value attributed to the measurand. A modification of this value results in a
modificatiion of the associated uncertainty.

[SOURCH: ISO 19116:2004, 4.26]

4.39
validatipn
process ¢f assessing, by independent means, the quality of the data products derivedfrom the system
outputs

Note 1 to|entry: In this part of ISO 19159, the term validation is used in a limited sense and only relates to the
validation of calibration data in order to control their change over time.

[SOURCH: ISO/TS 19101-2:2008, 4.41]

4.40
verification
provision of objective evidence that a given item fulfils specified requirements

Note 1 tojentry: When applicable, measurement (4.16)uncertainty4.38) should be taken into consideration.

Note 2 to] entry: The item may be, e.g. a process, measurenient procedure, material, compound, or measuring
system.

Note 3 tojentry: The specified requirements may be,€-g. that a manufacturer’s specifications are met.
Note 4 to fentry: Verification should not be confused with calibration. Not every verification is a validation (4.39).
[SOURCH: ISO/IEC Guide 99:2007, 2.44, modified — Note 6 has been deleted.]

4.41
vicarious calibration
post-launjch calibration of sénsors (4.32) that make use of natural or artificial sites on the surface of the
Earth

5 Abbhreviated terms and symbols

5.1 Abhbreéviated terms

ASTER Advanced Spaceborne Thermal Emission and Reflection Radiometer
[METI (Japan); NASA]

BRDF Bi-directional reflectance distribution function
CA Calibration and validation

Calval Calibration and validation

CCD Charge coupled device

CEOS Committee on Earth Observation Satellites

8 © ISO 2014 - All rights reserved
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CEOS WGCV Committee on Earth Observation Satellites Working Group Calibration Validation
ENVISAT Environmental Satellite

EO Earth observation

ERS European Remote Sensing Satellite (ESA)

ESA European Space Agency

FOV- Field-ef-view

GEO Group on Earth Observations

GEOSS Global Earth Observation System of Systems

GMES Global monitoring earth system

GPS Global positioning system

G Ground segment

GUM ISO Guide to the expression of uncertainty in measurement
IHEE Institute of Electrical and Electronics Engineers

ETI

= =
=

Ministry of Economy, Trade and Industry, Japan

Mid infrared

MTF Modulation transfer function

NASA US National Aeronautic and Space‘Administration
NIR Near infrared (spectral regien)

QA Quality assurance

QP4EO Quality assurance framework for earth observation
RMSE Root mean@quare error

RFC Radiativetransfer code

SAA Solar’azimuth angle

SMAC Simultaneous multiframe analytical calibration
SWIR Shortwave infrared

STA Solar zenith angle

TIR Thermal infrared

TOA Top of the atmosphere

VAA View azimuth angle

VIM International Vocabulary of Metrology

VIS Visible

VZA View zenith angle

© ISO 2014 - All rights reserved 9
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5.2 Symbols

0, Solar angle

E (1) Solar irradiance at top of the atmosphere

hc /A Photon elementary energy

Ty (A, ug) Gaseous transmittance of the downward path

Toem(A, 1) Scattering transmittance for the downward path, black ocean and no Fresnel reflestion
Sam(A) Spherical albedo

pw(A) Lambertian surface reflectance (water body + foam)

5.3 Variable names of the Jacobsen model

BSXU x-value of the size of the effectively used original-CGD3size of the UltraCam
BSYU y-value of the size of the effectively used original~€CCD-size of the UltraCam
FACR r’ (distance from image centre) in a camera-hi€éad (original image)

FACRS x-component for an additional parameter

FACTS y-component for an additional parameter

FACRX x-component for a camera head

FACRY y-component for a camera head

RO r’ (distance from jmage centre) in the virtual image

RSING r’ (distance from' image centre) in a camera head (original image)

WR viewingditéction in the virtual image [tan]

WTX x-component of image centre of an image of a camera head (original image) [tan]
WTY y=component of image centre of an image of a camera head (original image) [tan]
WX x-component of the viewing direction in the virtual image

wy y-component of the viewing direction in the virtual image

A camera head is the part of a multihead camera where the original image is taken (6.2.8).

5.4 Conventions

Some of the classes and attributes are defined in other geographic information International Standards.
Those classes and attributes are identified by one of the following two-character codes.

CA = This part of ISO 19159

10 © ISO 2014 - All rights reserved
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CI=1S0O 19115-1
MD =1S0 19115-1
MI =1S0 19115-2
SD =1SO/TS 19130

6 Calibration

6|1 Project

1.1 General

6

This part of ISO 19159 standardizes the calibration of remote sensing imagery sensors and the v
of the calibration information. The ISO 19159 series is split into more thanJone part, each|
agldressing a specific sensor type. This part of ISO 19159 addresses optieal sensors i.e. airb
spaceborne cameras. They include digital frame cameras that take a two“dimensional image af
lihe cameras which apply the pushbroom or whiskbroom principle as Wwell as sensors that ar¢
of recording electromagnetic radiation of the infrared spectrum suth as thermal, multisped
hyperspectral cameras.

All measures of this part of ISO 19159 related to positional aceuracy lead to quantitative results a
tg ISO 19157 and ISO 19115-1.

o

[ this part of ISO 19159.

The CalibrationValidation package represents the top level with only a little additional inform

alidation
of them
brne and
a whole,
b capable
tral, and

ccording

Flgure 1 depicts a package diagram that shows all intetided parts of [SO 19159 at the time of publication

ition.

pkg CalibrationValidation (1) /
CalibrationValidation |
N
> N
/ | N ~
/ I \ >
// I \\ AN N
N
/ | N ~o
/ | N N
y V N 3\
Optics | LIDAR | RADAR | SONAR
/ | AN
| \ N
/ | N\ N
/ \ ~
/ | \ ~
// | \ S -
AN
/ \‘ AN T~
) \' N\ ~\
OpticsSensor | OpticsCaIibrationFaciIity| OpticsValidation | OpticsDocumentation

Figure 1 — Package diagram of the package CalibrationValidation

© IS0 2014 - All rights reserved
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The global settings of ISO 19159 (all parts) are explained in 6.1.2 to 6.1.5. Figure 2 depicts the top-level
class diagram of ISO 19159 (all parts). The specialization for CA_OpticalSensors is shown in Figure 3.

The Optics package and its subordinate packages cover the content of this part of ISO 19159. The LIDAR,
RADAR and SONAR packages show the titles of the intended additional parts of ISO 19159 (all parts).

class CA_CalibrationValidation (2)/

«Abstract»
MD _Contentinformation

i

MD_Cov erageDescription

+ attributeType :RecordType
+ contentType :MD_CoverageContentTypeCode

CA_CalibrationValidation

«Abstract»

+ calibrationType :CA_CalibrationType

< CA_OpticalSensors

CA_PhotoFlight

CA_Radiation

CA_Target

+ numbgqrOfPhotoFlights :Integer

+ photo$cale :Real [1..n]

+ flyingHeight :Length [1..n]

+ flyingAltitudeAboveGround :Length [1..n]
+ terrainHeight :Length

+ along$tripOverlap :Real [1..n]
+ acrossptripOverlap :Real [1..n]
+ base JLength [1..n]

+ numbdqrOfPhotos :Integer
+ numbgqrOfStrips :Integer

+ numbgqrOfPhotosAlongStrips :Integer
+ numbgqrOfPhotosUsed :Integer

+ + + + + + +

atmosphericConditiom» CharacterString
atmosphericModel\*CharacterString
modelType :C).Citation

solarAzimuthx Angle
solarincideftAngle :Angle
solarZenithAngle :Angle
solarirradiance :CA_lrradianceModel

\
\
\
A

Examples for the attribute
modelType (BRDF-model) are

equipment :CharacterString
targetinclination :Angle

targetAzimuth :Angle

targetAltitude :Length

skyViewFactor :Real

viewshed :CharacterString
targetEnvironment :CA_TargetEnvironment
+ targetAccessibility :CharacterString

+ targetStability :CharacterString

+ transmittanceSunToTarget :Real

+ transmittanceTargetToSatellite :Real

+ sunRadiationAtTopOfAtmosphere :Real
+ radianceAtSatellite :Real

+ + + + + + o+

. the semiempirical model, the
«COF’GLISt» linear empirical model, and the
CA_lrradianceModel non-linear semiempirical
: : m I
+ smlthfandﬂgottlleb71974 ode «CodeList
* nickel_labs, 1984 CA_CalibrationType
+ wehgi~J985 - p
+ kuruezv1995 + laboratory
+ thultlier_1996 + testRange «CodeList»
+thuillier_2001 +inSitu CA_TargetEnvironment
% kurucz_2005 + onboard -
T WOrd_radlidion_center T VICATTOUS T Nomogeneous
+ solar_diffuser_panel + Cross +inhomogeneous
+ other + other + other

Figure 2 — Top-level class diagram of ISO 19159 (all parts)

The classes and the attributes are explained in detail in Annex B.

12
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6.1.2 CA_CalibrationValidation

The class CA_CalibrationValidation has one attribute that characterizes the calibration process. The
attribute has the name calibrationType and the code list CA_CalibrationType.

6.1.3 CA_PhotoFlight

The class CA_PhotoFlight has all information about the photo flight that was made to derive the
calibration results from. The length n of each array denotes the number of images in the project.

The attributes numberOfPhotoFlights denotes the quantity of photo flights that are taken for pefforming
the calibration. The data type is Integer.

The attribute photoScale denotes the rounded average photo scale of the calibrationiproject. [[he data
type is Real.

he attributes flyingHeight and flyingAltitudeAboveGround denote the average height of tHe sensor
atform above the reference height plane and above the ground. The data type’is Length in bdth cases.

T

p

The attribute terrainHeight denotes the average height of the terrain where the calibration is pefrformed.
The terrain heightis modelled as one value because itis an aggregate yalue which is often for infoprmation
phirposes or as an approximate value. The data type is Length.

T

he attributes alongStripOverlap and acrossStripOverlap denbte the approximate values for the along
sfrip and the across strip overlap of the photogrammetric-block. The data type of the attribufe values
i Real.

The attribute base denotes the approximate distance between two neighbouring photos. The data type
id Length.

TheattributesnumberOfPhotos,numberOfStrips,numberOfPhotosAlongStrip,andnumberOfPhptosUsed
denote quantities, i.e. the total number of photos in the photogrammetric block, the total nimber of
strips, the number of photos in the alongstrip direction, and the number of photos used for processing
the calibration respectively. The datatizpe is Integer in all cases.

1.4 CA_Radiation

he class CA_Radiation has all information that is necessary to describe the radiative environment
iring the calibration process.

he attribute solarZenithAngle defines the angle from the zenith towards the sun.

lorth.

he attribute atmosphericCondition allows for a general description of the status of the atmosphere

6

T

d

T

The attribute selarAzimuth defines the horizontal angle to the sun counted counterclockwlise from
N

T

dpiring\the calibration. The data type is CharacterString.

The Attribute afmncphnrin]\ﬂnﬂn] statesthe afmncphnrir‘ modelthatis app]inr] inthe calihratia process.

The attribute has the data type CharacterString.

Examples of character strings defining the attribute are 6sv1.1, acorn, actor, atrem(HyspIRI L2), disort,
flash, lowtran, modtran4, modtran5, sbdart, smac (SPOT VEGETATION L2), and tafkaa.

The attribute modelType states the BRDF (Bi-directional Reflectance Distribution Function) model that
is applied in the calibration process. The data type is CI_Citation. Examples of the model type are linear
semiempirical model, linear empirical model, and nonlinear semiempirical model. Normally the citation
will contain a reference to the scientific literature describing the model.

The attribute solarIincidentAngle defines the angle which is calculated from solar zenith angle, solar
elevation angle, target azimuth, and the target Inclination.

© ISO 2014 - All rights reserved 13
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The attribute solarlrradiance defines the irradiance of the sun. The attribute has the data type CA_
IrradianceModel.

6.1.5 CA_Target

The class CA_Target has all information necessary to describe the targets used during the calibration

process.

The attribute equipment is a character string that allows description of additional equipment, for
example measurement instruments.

The attrilbute targetinclination defines the inclination (slope) of a ground target. The data type is Anglle.

The attr
data typ

The attr
vegetati

The attr
data typ

The attr
is a nam

The attr

inhomogeneous. The data type is CA_TargetEnvironment.

The attr]

condition and eventual seasonal changes. The data typeis CharacterString.

The attr

conditioI)s like humidity, heat, and wind. The.data type is CharacterString.

The attri
a target

The attr

target o] Earth to the satellite measured in a part of one hundred. The data type is Real.

The attr

the sun tp the top of the-atihosphere of Earth measured in a part of one hundred. The data type is Rea

The attr
inapart

6.1.6 (A-OpticalSensors

bute targetAzimuth defines the azimuth of the steepest inclination of the ground targeét. Tk
b is Angle.

bute targetAltitude defines the ground elevation of the target. This attribute,does not regat
n and man-made objects. The data type is Length.

bute skyViewFactor defines the portion of the sky that is visible from the ground target. T
b is Real.

bute viewshed defines the area that is visible from a fixed vantage point. The attribute valy
bute targetEnvironment characterizes the environment of target, namely homogeneous
jbute targetAccessibility describes the accessibility of the target primarily regarding rog
bute targetStability describes the mechanical stability of the target depending on weath
ute transmittanceSunToTarget(describes the amount of radiation transmitted from the sun f
bn Earth measured in a part of ‘'one hundred. The data type is Real.

bute transmittanceTargetToSatellite describes the amount of radiation transmitted from

bute sunRadiationAtTopOfAtmosphere describes the amount of radiation transmitted fro

bute radianceAtSatellite describes the amount of radiation received at the satellite measurd
of one htindred. The data type is Real.

e of a file that provides a two-dimensional representation ©f the viewshed. The data type |
CharactdrString.

1S

S

1

r

T

—

d

Figure 3 depicts the top-level class diagram for the calibration of optical sensors (this part of ISO 19159).
Details of the geometric calibration are shown in Figures 4 and 5, of the radiometric calibration
in Figures 6, 7, 8 and 9, of the geometric calibration facility in Figures 10, 11 and 12, of radiometric
calibration facility in Figure 13, and of validation in Figure 14.

14
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class CA_OpticalSensors (3)/

CA_CalibrationValidation

+ calibrationType :CA_CalibrationType

Zr CA_OpticsSensorGeometry
«ADstract»

CA OpficalS + geometryCalibrationDate: DateTime[0..*]
_pticalsensors <F— + geometryCalibrationType: CharacterString[0..%]

CA_OpticsSensorRadiometry

+ case: Integer

+ numberOfPieces: Integer

+ gain: double [1..n]

+ offset: Distance [1..n]

+ signOfGain: Real [1..n}

+ minWavelength: Lepgth [1..n]
+ maxWavelength: Length [1..n]
+ b :Real

+ ¢ :Real

CA_ OpticsFacilityGeometry

«CodelList»
CA_CalibrationType

+ laboratory

+ testRange CA_OpticsFacilityRadiometry
+inSity + radiometricCalibrationDate: DateTime
+ onboard

+ vicarious

+ Cross

+ other «Abstract»

CA_OpticsValidation

Figure 3 —Class diagram of CA_OpticalSensors and its subordinate classes

The class CA_OpticalSensors has five subclasses that contain the attributes of the calibration ¢f optical
s¢nsors. Those five classes are named CA_OpticsSensorGeometry (6.2), CA_OpticsSensorRagliometry
(8.3), CA_OpticsFacilityGeometry (6.4), CA_OpticsFacilityRadiometry (6.5), and CA_OpticsVplidation

4.6).

The €lass CA_OpticsSensorGeometry covers all aspects of the sensor geometry. Its subordinfate class
IntetiorOrientation contains all parameters that describe the geometry of the optical sensor. This part
of ISO 19159 provides a broad approach to distortion models.

The class CA_OpticsSensorRadiometry contains all sensor-related parameters which characterize the
spectral performance of the sensor and which are essential for a controlled transfer from recorded
Digital Numbers (DN) to at-aperture radiances and if the atmosphere is sufficiently known to object
radiances.

The class CA_OpticsFacilityGeometry contains all data related to calibration laboratories and their
equipment and test fields. Those test fields may be installed as a part of a laboratory or outside.

The class CA_OpticsFacilityRadiometry contains all data related to laboratory equipment and test field
installations.
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The class CA_OpticsValidation covers the parameters for performing a calibration validation of a
geometric and a radiometric sensor calibration.

6.1.7 CA_CalibrationType

The code list CA_CalibrationType is a code list that specifies seven types of calibration: laboratory,
testRange, inSitu, onboard, vicarious, cross, and other. This code list is a data type of the class CA_
CalibrationValidation.

6-1-8 CA_le gctEllVil Ulllllcllt

The clas§ CA_TargetEnvironment is a code list that has the codes homogeneous, inhomogeneous, ‘arjd
other.

6.1.9 (A_IrradianceModel

The clasqCA_IrradianceModelisacodelistthathasthe codes smith_and_gottlieb_1974;nickel_labs_198
wehrli_1P85, kurucz_1995, thuillier_1996, thuillier_2001, kurucz_2005, world_radiation_center, sola
diffuser_|panel and other.

s

6.2 Package OpticsSensor, Geometry

6.2.1 eneral

The package OpticalSensors addresses all sensors that record the sensed data as an image which fis
projectedl at a detector where it is recorded. This package includes aerial and spaceborne camerals,
multispectral and thermal cameras, as well as hyperspectral sensors.

The IntefiorOrientation defines the details of the geometry of the sensor system relevant for a geometrjic
calibratipn of this system. The package has two parts, the sensor system and auxiliary devices, whi¢h
are the Global Navigation Satellite System (GNSS)-and Inertial Measurement Unit (IMU). The part sens¢r
system specializes in the subpart optics whichrstands for optical cameras.

The defifpition of metadata for distortion‘is'partly in ISO/TS 19130. This part of ISO 19159 provides fyll
reference to the definitions in ISO/TS%19130.

e

The Figulre 4 depicts the class diagram for geometry of the package OpticsSensor apart from distortio
The distirtion is shown in Figure 5.
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class CA_OpticsSensorGeometry (4)/

CA_OpticalSensors
CA_OpticsSensorGeometry

+ geometryCalibrationDate: DateTime[0..*]
+ geometryCalibrationType: CharacterString[0..*]

7

CA_InteriorOrientation

synchronization: DateTime
synchronizationError: DateTime

CA_Temperature

+ temperature:

Real

CA_TemperatureRange

+ minimumTemperature: CA_Temperature

versionFirmware: CharacterString

+
+
+referencelemperature: CA_lemperature
+
+ versionHardware: CharacterString

+ maximumTemperature: CA_Tempe

rature

4 CA_GNSS
[ | + numberSatellites: Integer
CA_SensorSystem CA_AuxiliaryDevice + registratiofiCycle: Dateflime
+ relativePosition: DirectPosition + timeLeverarm: DateTime
+ relativeAttitude: SD_Attitude + leverarm: DirectPosition CA_IMU
+ stitchiquesiduaIs: Leng.th + errorLeverarm: Length + boresightAngle: SD_Att|tude
+ operationalTemperature: CA_TemperatureRange } dataRate: DateTime
+ atti .
SD_DetectorAray attitudeAccuracy: Angle
+ numberOfDimensions: Integer SD_ShapeCade
+ arrayOrigin: DirectPosition "
+ arrayDimensions: SD_ArrayDimension[1..2] {ordered} N igrléalrzr
+ offsetVectors: Vector[1..2] {ordered} N r;ct:n lar
SD_Optics + detectorSize: Length[1..2] {ordered} + elli ticgaul
<>—— + detectorShape: SD_ShapeCode P
+ distortion: SD_Distortion[0..1]
SD_ArrayDimensipn
CA_GeometricPreCorrection -
+ name: Characterdtring
+ polynomialDegree: Integer + size: Integer
< + polynomialCoefficients: Real JO('n]
+ resamplingDate: DateTime
+ parameters: Real [0..n]
SD_OpticalSystem
<> + calibratedFocallength: Length
+ qualityOfCalibratedFocalLength: DQ_QuantitativeAttributeAccuracy [0..1]
+ princPointAutocoll: DirectPosition
+ covPringPtAutocoll: DQ_PositionalAccuracy [0..1]
I |
CA_Optics SD_Distortion
+ cameraHead: CharacterString| |+ princPointOfSymmetry: DirectPosition
+ channel: CharacterString + qualityOfPrincPointOfSymmetry: DQ_QuantitativeAttributeAccuracy
SD_RotationSequencge SD_Attitude CA_OpticalSystem
+ XYZ + resolvingPower: CA_GeometricResolution
+ XZY + virtualFocalLength: Length
+YXZ A + virtualSensorSize: Length
+YZX + virtualPixelSize: Length
+ ZXY + virtualPrinciplePointAutocoll: DirectPositiop
+ ZYX
I ]
SD_AngleAttitude SD_MatrixAttitude CA_GeometricResolution
+ rotatedAxes: Boolean + matrixElements: Real [9] {ordered} + geometricResolution: Rea
T TOdUONMATIgIEA . ATIJTE
+ rotationAngleY: Angle
+ rotationAngleZ: Angle
+ rotationSequence: SD_RotationSequence

NOTE

© IS0 2014

The classes regarding distortion are excluded and are shown in Figure 5. The classes SD_Attitude,
SD_RotationSequence, SD_AngleAttitude, and SD_MatrixAttitude are described in ISO/TS 19130:2010.

Figure 4 — Class diagram of the geometry of the package OpticsSensor

- All rights reserved
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6.2.2 CA_OpticsSensorGeometry

The class CA_OpticsSensorGeometry contains all information that is valid for the entire geometric
calibration.

The attri

bute geometryCalibrationDate defines the time when the calibration was performed.

The attribute geometryCalibrationType is a free text that allows a more detailed explanation of the type
defined with CA_CalibrationType.

6.2.3

The class
devices 4

The attribute synchronization defines the time between two pulses for the synchronizatien’of the woj

of the atf

A_InteriorOrientation

CA_InteriorOrientation has all information thatis valid for the sensor systems and the auxiliaj
like.

ached components.

The attr

The attribute referenceTemperature defines the temperature for which the calibration is performed.

The attributes versionFirmware and versionHardware are reserved for fiiotes about the versions.

6.2.4 (
The class

The attribute relativePosition holds the position of the origiff of the coordinate system of a camera hes

in relatid

The attribute relativeAttitude holds the rotation ofitlie coordinate system of a camera head in relatia

to the co

The attribute stitchingResiduals holds the géometric error remaining after stitching the multi camer

head im4

The attribute operationalTemperaturehold the temperature range for which the calibration is valid.

6.2.5 S

The clas
classes t

hypersp{
6.2.6 (
The clas

bute synchronizationError defines the error of the attribute synchronization.

A_SensorSystem

CA_SensorSystem defines the details of a multihead .sensors system.

n to the coordinate system of the sensor system.

brdinate system of the sensor system.

ges to one large image.

D_Optics

5 SD_Optics is defined in ISO/TS 19130 and functions as the aggregated class of three oth
hat provide détails about the cameras for visible and infrared light, multispectral sensor
bctral sensors,-and thermal cameras.

A_Optics

y

k

n

29
S,

b CA_Optics has all information necessary to characterize the optical sensor system (camer

)

thatisn

Tdefined In the class SD_UDPUICS o' IdU/ 1S5 17150, The CIasS 1S Sshown 1 Figure 4.

The attribute cameraHead allows for a description of the respective camera head. The data type is
CharacterString

The attribute channel allows for a description of the available spectral channels. The data type is
CharacterString

Figure 5

18

provides the details related to the class SD_Distortion which is defined in ISO/TS 19130.
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6.2.7 SD_OpticalSystem

The class SD_OpticalSystem is defined in ISO/TS 19130 and has information about the calibrated
focal length (attribute calibratedFocalLength), the principle point of autocollimation (attribute
princPointAutocoll), and their positional quality (attributes qualityOfCalibratedFocalLength and
covPrincPtAutocoll).

The calibrated focal length is a computed value. It is similar to the physical focal length butit compensates
deficiencies of the optical system, mostly distortion. The calibrated focal length does not eliminate those
influences but minimizes their absolute value.

2.8 CA_OpticalSystem

he class CA_OpticalSystem has all information of an optical sensor system that ismecessarjy for the
bometric calibration and that is not defined in ISO/TS 19130.

he attribute virtualFocalLength defines the computed focal length of @aCamera system with two or
ore camera heads. Several digital photogrammetric cameras consisteftwo of more separate cameras,
'ten called camera-heads, which are firmly attached by a robust frame. Before delivery the [separate
hages are resampled to a homogeneous large image. This large image is equipped with one fodal length
that approximates the joint image geometry of the two or moreoriginal images. This focal |ength is
named the virtual focal length.

6
T
g
The attribute resolvingPower defines the resolving power of the optical system
T
1]
)
in

—

The attribute virtualSensorSize defines the computed full sensor size of a camera system with two or
njore camera heads.

The attribute virtualPixelSize defines the computed pixel size of a camera system with two|or more
camera heads.

The attribute virtualPrinciplePointAutocoll'defines the computed principle point of autocollimpation of a
camera system with two or more cameraheads.

=)

2.9 SD_DetectorArray

The class SD_DetectorArray is\defined in ISO/TS 19130 and has information about the dimengions and
apes of the detector array.

wn

The attribute numberOfDimensions defines the number of dimensions of the detector array.

The attribute arrayOrigin defines position of the origin of the detector array coordinate system in
external coordinate system.

The attribfite arrayDimensions defines the names and sizes of the dimensions of the detector grray.

The attribute offsetVectors [1..2] defines displacement between origin of the detector array cdordinate
system and the location of the first detector in the detector array.

The attribute detectorSize [1..2] defines size of a detector in a detector array dimension specified by
detectorDimensionName.

The attribute detectorShape defines the shape of a detector.

The attribute distortion defines the distortion of the detector array.

6.2.10 CA_GeometricPreCorrection

The class CA_GeometricPreCorrection has all information about the geometric modification of the image
data during the processing from the status raw-data to the status first original.
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The attri
The attri
The attri

The attri

bute polynomialDegree defines the power of the polynomial (u).
bute polynomialCoefficients [0..n] defines the coefficients of the polynomial.
bute resamplingDate defines the time of processing.

bute parameters [0..n] defines all other involved parameters.

6.2.11 CA_AuxiliaryDevice

411 _ONICC 11

The clas
devices f

The attr
DateTim

The attrit)ute leverarm defines the position-vector from the GNSS-reference point to the'reference point

of the se
platform

The attribute errorLeverarm defines the error of the leverarm. The data typé€ i$ Length.

6.2.12 (

The class
A GNSS ¢

satelliteq.

The atty
perform

The attr
measure

6.2.13 (

The class
calibrati

NOTE 1

The attribute boresightAngle defines the three angles that define the rotation between the coordinate

referenc

€A AuXitiaryDevice s the superctass for CA-GNSSamd- €A MO GNSSanmdtMdare auxitiary
pr the measurement of position and attitude of moving platforms, e.g. airplanes.

jbute timeLeverarm defines the time when the leverarm was calibrated. The data [type s

h

sor system, e.g. the projection centre of the camera, in the Coordinate Reference System of the
The data type of the leverarm is DirectPosition.

A_GNSS

e

CA_GNSS has all information about the satellite navigatidn that is relevant for the calibratio
rovides 3D position information based on electronic distance measurements to four and more

ibutes numberSatellites defines the minimum(number of satellites that is necessary for
ng a calibration measurement. The attribute is\Integer.

bute registrationCycle defines the longest allowed temporal interval between two positign
ments made by the GNSS. The attribute is DateTime.

A_IMU

CA_IMU has all information ‘about the Inertial Measurement Unit (IMU) that is relevant for the
bn. An IMU provides the tliréee attitude angles of a body relative to an initial orientation in space.

The angles are updatédyin intervals of a millisecond and less.

e system of thé.sensor system, e.g. the camera, and the coordinate reference system of the IMU:
Ximu

=Ry | Finu 0y
Zimu

i1 "2 "3

=|T21 T2 723 (2)

20

31 T3 133
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where
ri1= Ccos@ * cosk
riz= -cos@ *sink
ri3= sing@
rp1= cosw * sink + sinw * sing * cosk
2 = CUSW * CUSRKN DillUJ - Dillkl,l - Dilll\
r3= -sinw * cos@
r31 = sinw *sink - cosw * sing * cosk
r3z = sinw * cosk + cosw * sing * sink
r3z= Ccosw * cosy
where
x,y,z is the point vector in the coordinate reference system of the sensor systein;
Rp is the rotation matrix from the IMUrto the sensor system;

Ximw Yimw Zimu 1S the point vector in the coot'dinate reference system of the IMU;

w, QK are the attitude angles:

he attribute dataRate defines the-temporal interval between two registrations.
he attribute attitudeAccuragy defines the quality of an angular measurement.

DTE 2  The attitude accuracy decreases over time.

2.14 CA_TempératureRange

he class CAxTemperatureRange is a data type. It has the attributes minimumTemperaf
aximumfemperature.

2.15 Y"CA_Temperature

ure and

T

e class LCA_lTemperature 1s a data type that defines a temperature. Its attribute temperatur

data type Real.

6.2.16 CA_GeometricResolution

e has the

The class CA_GeometricResolution is a data type that defines the geometric resolution counted in line-
pairs per length-unit [1/Length]. Its attribute geometricResolution has the data type Real.

6.2.17 SD_ShapeCode

The class SD_ShapeCode is a code list that has the codes square, circular, rectangular, and elliptical.
Those codes are used to describe the shape of the detector elements of a detector array.

©
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6.2.18 SD_ArrayDimension

The class SD_ArrayDimension is a data type that names and defines the dimension of a detector array.
The attributes are termed name and size.

class SD_Distortion (SV

SD_Distortion

SD_Optics

+ princPointOfSymmetry: DirectPosition
+ qualityOfPrincPointOfSymmetry: DQ QuantitativeAttributeAccuracy

SO DistortionTable

SD_DistortionPolynomial

CA_Distortion

+rows: inft
+ columng: int
+ xOffset:|int
+ yOffset:| int

+ polynomialDecentering: SD_PolynomialFunction [0..1]

+ polynomialRadial: SD_PolynomialFunction [0..1]

+ qualityOfPolynomialRadial: DQ_PositionalAccuracy [0..1]
+ qualityOfPolynomialDecentering: DQ_PositionalAccuracy [0..1]

+ xSpacing: int
+ ySpacing: int
+ distortiopValues: float {ordered}

i

CA_DistortionPolynomial

+ polynomialDegree: Integer
+ polynomialCoefficients: Real [0..n]
+ thinSplineDegree: Integer

+ selfCalibrationModel: CA SelfCalibrationModel
+ radialDistortion: CA_RadialDistortion

+ decenteringDistortion: '‘€A_DecenteringDistortion
+ affineDistortion: (CAw AffineDistortion

+ tangentialDistértions” CA_TangentialDistortion

+ affineFraserDistortion: CA_AffineFraserDistortion
+ smacPardmeters: CA_SMACParameters

+ ebnerPdaraméters: CA_EbnerParameters

+ jacobsenParameters: CA_JacobsenParameters
+ software: CharacterString

+ propertiesAlgorithm: CharacterString

+ sigmaNaught: Length

«todelisty + thinSplineCoefficients: Real [0..n]
CA_SelfalibrationModel
: z;osv;/: «datatype» «datatype» «datatype» «datatype»
+ smac CA_DecenteringDistortion| |CA_AffineFraserDistortion CA_SMACParameters CA_EbnerParameters
+ ebner +p1: Real +f1: Real +k Real [0..n] {ordered} +e: Real [12] {ordered}
* jacobse +p2: Real + f2: Real +p1: Real
+ other +p2: Real

qdatatype» «datatype» «datatype» «datatype»

CA_RadialDistortion CA_AffineDistortion CA_TangentialDistortion CA_JacobsenParameters

+numberfoefficients: Integer +al: Real + t1Real +j: Real [15] {ordered}
+ ki Real|[1..n] {ordered} +a2: Real +~t2: Real

6.2.19 S§D_Distortion

The clasg SD_Distortiondefined in ISO/TS 19130 is the superclass of the classes SD_DistortionTable, SI
DistortignPolynomial/and CA_Distortion, and has information about the principle point of symmeti
(attributeprincPointOfSymmetry)andthepositionalquality (attributequality Of PrincPointOfSymmetry

6.2.20 §D_PistortionTable

Figure 5 =Class diagram of class SD_Distortion

D

<

h 1 ol Uil o SN — o1 -1 1o . . i . PR | 1 £, 11 1 h 1
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ISO/TS 19130.

The attributes rows and columns define the rows and columns of the distortion table.

n

The attributes xOffset and yOffset define the image column number and row number corresponding to

the first cell in the table.

The attributes xSpacing and ySpacing define the number of columns and the number of rows in the
image corresponding to an interval of one table column respective of one of the table rows.

The attribute distortionValues is an array of values describing image distortion.

22

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=07af8ce5a25730706c43a26179a9c09a

ISO/TS 19159-1:2014(E)

6.2.21 SD_DistortionPolynomial

The class SD_DistortionPolynomial defines the distortion described using a polynomial.

The attribute polynomialDecentering defines a polynomial that describes decentering distortion.
The attribute polynomialRadial defines a polynomial that describes radially symmetrical distortion.

The attribute qualityOfPolynomialRadial defines the covariance of the polynomial coefficients for radial
distortion.

The attribute qualityOfPolynomialDecentring defines the covariance of the polynomial coeffi¢ients for
decentering distortion.

[=))

2.22 CA_DistortionPolynomial

—

he class CA_DistortionPolynomial has all information about the polynomial-distortion modgl that is
pt defined in the class SD_DistortionPolynomial of ISO/TS 19130.

=

The attribute polynomialDegree defines the polynomial degree (u) (data’type Integer) and the pttribute
pplynomialCoefficients[0..n] defines the coefficients of this polynomidl (data type Real).
T

he relation between u and n is
n|= (u+1)(u+2), e.g.ifu=2thenn =12

The attribute thinSplineDegree defines the thin spline degree (u) (data type Integer) and the pttribute
thinSplineCoefficients [0..n] defines the coefficients ofthis thin splinel25] (data type Real).

6|2.23 CA_Distortion

The class CA_Distortion has all distortion.information necessary for the geometric calibratjon of an
optical camera that is not covered by ISQ/TS 19130.

This part of ISO 19159 covers the following models:
—+ Brown model

— Fraser model

—+ SMAC model

— Ebner model

—+ Jacobsen miodel

hese mddels are explained in Annex C.

T
The-attribute selfCalibrationModel sets the applied self-calibration model. The value none m¢ans that
np such model is used

The attributes radialDistortion, decenteringDistortion, affineDistortion, tangentialDistortion,
affineFraserDistortion, smacParameters, ebnerParameters, and jacobsenParameters define the
parameters related to those models. Table 1 explains the full relation:
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Table 1 — Parameters of the self-calibration models

Brown Fraser SMAC Ebner Jacobsen
radial distortion K1, K2, K3 K1, K2, K3 Ko, K1, K2, K3, ..., Kj
decentering distortion P4, Py
tangential distortion T1, T2 T1, T2
affine distortion A1, A
affine fraser distortion Fq, Fp
ebner pafameters e1-e1
jacobsen|parameters j1-J1s

The attripute software denotes the name of the software product applied for the calibration processinjg.

The attrfibute propertiesAlgorithm denotes the name and the properties of the algorithm that s
programmed in the software. The data type is CharacterString.

The attr{bute sigmaNaught contains the overall error of the calibration procéssing. The data type fis

Length.

6.2.24 (A_SelfCalibrationModel

The clas$ CA_SelfCalibrationModel is a code list with the values brown, fraser, smac, ebner, jacobsep,

none ang

6.2.25 (JA_RadialDistortion

The class
Brown- 4

K3, and gventually higher orders too. A full explanation is provided in Annex C.

6.2.26 (A_DecenteringDistortion

The clasp CA_DecenteringDistortion«s a data type with the P-values for describing the decentering
distortion of the SMAC-model. A fullexplanation is provided in C.4.

6.2.27 (

The class

Brown-npodel. A full explanation is provided in C.2.

6.2.28 (
The class

of the Brpwmn- and the Fraser-model. A full explanation is provided in C.3.

other. The codes denote the applied self-calibration medel.

CA_RadialDistortion is a data type with the-K+values for describing the radial distortion. The
nd the Fraser-model use the values K1, Ko,;and K3. The SMAC-model uses the values Ko, K1, K,

A_AffineDistortion

CA_AffineDistortion is a data type with the A-values for describing the affine distortion of the

A_TangentialDistortion

CAiTangentialDistortionisadatatype with the T-values for describing the tangential distortign

6.2.29 CA_AffineFraserDistortion

The class CA_AffineFraserDistortion is a data type with the F-values for describing the affine distortion
of the Fraser-model. A full explanation is provided in C.3.

6.2.30 CA_SMACParameters

The class CA_SMACParameters is a data type with the parameters of the SMAC model. They consist of
two P-values for describing the decentering distortion and an unlimited number of radial distortion
coefficients Kj. A full explanation is provided in C.4.
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6.2.31 CA_EbnerParameters

The class CA_EbnerParameters is a data type with the 12 Ebner-parameters (e1 to e12). A full explanation

is provided in C.5.

6.2.32 CA_]JacobsenParameters

The class CA_JacobsenParameters is a data type with the 15 Jacobsen parameters (j1 to ji5, Tables C.1
and C.2). The distortion model of Jacobsen defines parameters from ji to jgg (Tables C.1 to C.9). However,

only the first 15 are normative because the further have a product-specific meaning. A full ex
id provided in C.6.

6{3 Package OpticsSensor, Radiometry

=)

3.1 Semantics

The package OpticsSensor, part radiometry, contains the information of a radiometric calibrati
r¢lated to the data capturing process and splits into the two subparts tetmed off-sensor and i

tgrm in-sensor refers to the opto-electronic system, to optical filters,and alike.

The conversion of Digital Number (DN) to object radiances is often done using a linear transf

defined in the superclass of the package (Figure 7).

This linear transformation is also applied to model the)in-sensor influences only. Hence it trd
filom Digital Number (DN) to at-sensor irradiances.

[

gure 6 depicts the details of the class CA_OpticsSensorRadiometry and its subclasses apart
s¢nsor characteristics (6.3.14 - 6.3.24) and détectors(6.3.25 - 6.3.30).

lanation

bn that is
N-sensor.

The term off-sensor refers to atmospheric models and transfer methods\of radiometry information. The

brmation

(gain and offset). This approach covers the off-sensor and the in-sensor-influences in one and is thus

insforms

from the
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class CA_OpticsSensorRadiometry (6)/

CA_OpticalSensors
CA_OpticsSensorRadiometry

+ case :Integer

+ numberOfPieces :Integer

+ gain :Real [1..n]

+ offset :Distance [1..n]
+signOfGain :Boolean [1..n]

+ minWavelength :Length [1..n]
+ maxWavelength :Length [1..n]
+b :Real

+ ¢ :Real

i

CA_RadiometryOffSensor

CA_RadiometrylnSensor

Exdmples for the +
attjbute filterType are +
low] pass filter, high + method :CA_Method
pags filter, and edge +
delct. + pathRadiance :Real
+
\\ + skylight :Real
\\ + skylightReflected :Real

atmosphericModel :CharacterString
modelProperties :CharacterString

illumination :CharacterString

backgroundRadiance :Real

+ sensorSystemldentification :MD_Ildentification

\

CA_RadiometryPreCorrection

+ + + + + + +

resamplingDate :DateTime
tonalAdfjustmentType :CA_TonalAdjustment
gammalCorrection
radiomdtricTransformation
lookUpTlable :CA_LUT
filterTyge :Cl_Citation
paramefers :Real [0..n]

:Real

:CA_RadiometricTransformation

CA_OptoElectronic8ystem

+ numberSensorHeads :Integer

CA_SensorCharacteristics

+ +

+

sensorldentification :MD_Identification
cameraHead :CharacterString
channef :CharacterString

CA_SensorPostProcessing

+ colourTransformation :CharacterString

CA_SensorMeasurement

CA_Detector

+ measurementMethodMT¥F" :CharacterString
+ measurementMethodRSF :CharacterString

+ detectorldentification :MD_ldentification

CA_OpticalFilters

+ spectralCharacteristics :CA_Spectrum

«Codelist» «Codeldstn «CodelList» «datatype»
CA_Mgdel CA_Methed CA_RadiometricTransformation CA_LUT
+ acorn + darkPixeJSubtractionMethod | |+ 16T08Bit + identification :CharacterString
+ atcor + semiEmpiricalBRDF + other +in :Integer[0..n]
+ disort + radiatiVe TransferCode + out :Integer[0..n]
+ flaash + otheX
+ modtra «datatype»
* mOg{fa ‘5‘ «CodeList CA_Spectrum
+ modtra ;
+ sbdart CA_TonalAdjustment +numberBands :Integer
+ tafkaa + gammacCorrection + wavelength :Length [0..n]
+ other otret —respomrse—Reatiomt
NOTE The details of sensor characteristics and detector are excluded and are shown in Figures 8 and 9.

Figure 6 — Class diagram of the radiometry part of the package OpticsSensor

6.3.2 CA_OpticsSensorRadiometry

The class CA_OpticsSensorRadiometry is the superclass of CA_RadiometryOffSensor and CA_

RadiometrylnSensor, and is the most general class of the radiometry recording.
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The attributes gain and offset define the transfer from Digital Numbers (DN) to at-sensor radiances.

This part of ISO 19159 provides three cases for the linear transformation:
Case 1:

Lsensor(i;j) = k*DN(i,j) +d

Case 2:

3

L = (DN-1)*UCC

wihere

Liensor(i)j) is at-sensor radiance;

k is the gain;

DIN(i,j) is the digital number;

d is the offset;

V] (0 are the unit conversion coefficients.

Chse 99:

Npne of those formulae

The unit of radiances is watt per steradian’per square metre.
A

steradian is defined as the solid angle subtended at the centre of a sphere of radius r by a port
stirface of the sphere whose area equals r2.

he attribute case defines gne of the above mentioned cases (1 or 2 or 99). The data type is Inf

T
The attribute numberQfPieces defines the number of pieces in the case of a piecewi
tjansformation. The@ata type is Integer.

The attributes gaiyrand offset define the gain and the offset respectively. The multiplicity of n is
fdr those sensers which do not have the same linear sensitivity across the complete spectral rg

The attribuite signOfGain denotes the sign of the gain and has the data type Real with the valug
-1.

(4)

on of the

eger.

e linear

provided
nge.

bs +1 and

Theattributes minWavelength and maxWavelength define the minimum and the maximum way

elengths

for which the respective gain and offset is valid.

The attributes b and c are correction parameters for compensating the effect of path radiance and

illumination factors such as sky light and reflected radiance.
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object radiance at-sensor radiance Digital Number (DN)
at-sensor reflectance

O 0 >0

6.3.3 (
The class

The attr
data typ

off-sensor in-sensor

Figure 7 — Radiation path from an object to a Digital Number (DN)

A_RadiometryOffSensor
CA_RadiometryOffSensor has all information regarding influencesnetgenerated by the sensq

bute atmosphericModel defines the model that is applied for the.atmospheric correction. T}
b is CharacterString. Examples are given in 6.1.4.

The attr

The attribute method defines the method applied for the atmospheric correction.

The attribute illumination defines the light conditions of‘the imaged object.

The attr]
radiation

The attripute backgroundRadiance describes the amount of radiation that is added to the received tot

radiation

bute modelProperties allows for a general description ofithe atmospheric model.

ibute pathRadiance describes the amount@f radiation that is added to the received tot
by influences located along the track. The data type is Real.

by influences from any background. The data type is Real.

The attr

atmosphere measured in a part of(one hundred. The data type is Real.

The attr
from the
inapart

6.3.4 (

The clas
OpticalF

bute skylight describes the.amount of radiation received as scattered solar radiation from t}

ute skylightReflectédydescribes the amount of radiation received as scattered solar radiatid
atmosphere and thien reflected from adjacent objects such as buildings or the ground measure
of one hundred.‘The data type is Real.

A_RadiometryInSensor

b CA_RadiometrylnSensor is the superclass of the classes CA_OptoElectronicSystem and C/
Itets.

=

IS

hl

e

The attri

ute SensorSystemldentification allows for identifying the sensor system.

6.3.5 CA_OptoElectronicSystem

The class CA_OptoElectronicSystem has all information necessary for the radiometric calibration of
such a system. An opto-electronic system consists of one or more sensors such as a camera head.

The attribute numberSensorHeads defines the number of sensors that make up the system. The data
type is Integer.
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6.3.6 CA_SensorMeasurement

The class CA_SensorMeasurement has all information about the measurement methods applied for
determining any of the calibrated parameters.

The attribute measurementMethodMTF defines the measurement method for the determination of the
MTEF.

The attribute measurementMethodPSF defines the measurement method for the determination of the
PSF.

3.7 CA_SensorPostProcessing

6

The class CA_SensorPostProcessing has all information about image modifications’ durjing post
processing.

T

he attribute colourTransformation defines the coefficients that are used ‘to perform p colour
tifansformation.

=)

3.8 CA_RadiometryPreCorrection

—3

he class CA_RadiometryPreCorrection has all information about the radiometric modificatipn of the
hage data during the processing from the status raw-data to thestatus first original.

—
—

he attribute resamplingDate defines the time of processing:

he attribute tonalAdjustmentType defines the type oftonal adjustment.

he attribute gammaCorrection defines the amountof the gamma correction.

he attribute radiometricTransformation defines the change of the grey value depth.

he attribute lookUpTable defines a look-tip-table for a radiometric change of the image.

=4 43 =4 =3 =3 4

he attribute filterType has the datafype CI_Citation and describes the filter applied for the radiometric
Ttange. Examples of the filter typejare low pass filter, high pass filter, and edge detect. Normally the
ation will contain a reference to the scientific literature describing the filter.

a0

The attribute parameters-{0..n] defines other involved parameters.

=)

3.9 CA_OpticalFilters

—

he class CA_QOgpticalFilters has all information about the optical filters involved.

The attribute’spectralCharacteristics defines the transmission-curve of the filter.

6/3.10\(CA_Method

locc CA Maothod acoda licrib ot b

T A a A 1 a actha oo
TCCTaSS G r_ictrnotrrsa CoatTIrST crrac rras cricCo

radiativeTransferCode, and other.

P 1C Lt + carailnanie

a 15zl ra 1anMatlbhad 1 el alBRDF
AT KT TACTO U DT aC oIV IiC Ot SCTIT LI T PIT © )

6.3.11 CA_TonalAdjustment

The class CA_TonalAdjustment is a code list with the codes gammaCorrection and other.

6.3.12 CA_RadiometricTransformation

The class CA_RadiometricTransformation is a code list with the codes 16To8Bit and other.
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6.3.13 CA_LUT

The class CA_LUT is a data type that defines a look-up-table, which is defined by the attributes
identification, in [0..n], and out [0..n]. The value-pairs in-out define the transfer-curve.

6.3.14 CA_SensorCharacteristics

class CA_SensorCharacteristics (8) /

CA_ OptoElectronicSystem
CA_SensorCharacteristics

+ sensorldentification :MD_Identification
+ cameraHead :CharacterString
+ channel :CharacterString

i

CA_SensorParameters CA_SensorQualityEvaluation CA_SensorDefects
+ pointSpreadFunction :CA_PointSpreadFunction| |+ linearity :CA_Linearity + colourAberration :CharacterString
+ fNumberDenominator :Integer + absoluteSpectralError :Integer + straylight_.CharacterString
+ samplingPattern :CA_SamplingPattern + relativeSpectralError :Real + residtialPolarization :CharacterString
+ spectralResponse :CA_Spectrum + dynamicRange :CA_DynamicRange + Smile*:CharacterString
+ spectralSensitivity :CA_SpectralSensitivity +_KeystoneEffect :Boolean
+ signalToNoiseRatio :CA_RadiometricDynamics
+ illuminationLevel :Real
+ modulationTransferFunction[0..m][0..n] :Real
+ modulationTransferFunctionAcross[0..m][0xn] Real
+ modulationTransferFunctionAlong[0..m][0s1} *:Real «datatype» e
- ongL>. CA_SpectralSensitivity
«datatype» + positioninimage[0..m][0..n] :DirectPositior -
CA_PointSpreadFunction + polarization :CharacterString + minimumWavelength :Length
- + radiometricDynamics :CA_RadiorhetricDynamics + maximumWavelength :Length
+ shape :CharacterString [1..n] + antiBlooming :Boolean + sensitivityFunction :CharacterString
+ spreading :CharacterString [1..n]
«datatype»
«Codelist» CA_RadiometricDynamics
CA_SamplingPattern
+ bit :Integer
+ square
+ rectangular
+ other
«datatype»
«datatype» CA_Linearity
CA_Spectrum «datatype» —
- CA_DynamicRange + channelldentification :CharacterString
* numberBands :Integer — + receivedintensity :Real [0..n]
+ wavelength :Length [0..n] + minimumGreyValue :Integer + recordedintensity :Real [0..n]
+ response :Real [0..n] + maximumGreyValue :Integer

Figure 8 — Class diagram of CA_SensorCharacteristics

The clasg CA. SenisorCharacteristics has all identification information about the sensor.

The attribute sensorldentification lets the sensor be identified

The attribute cameraHead defines the camera or sensor head for which the information is valid.

The attribute channel defines the channel for which the information is valid.

6.3.15 CA_SensorParameters

The class CA_SensorParameters has all information that characterizes the imaging performance of the
Sensor.

The attribute pointSpreadFunction defines the point spread function (PSF) of the sensor. The data type
is CA_PointSpreadFunction.
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The attribute fNumberDenominator defines the denominator of the aperture of the sensor.

The attribute samplingPattern defines the spatial distribution of the sampled points. The data type is
CA_SamplingPattern.

The attribute spectralResponse defines the spectral response characteristics of the sensor. The data
type CA_Spectrum is defined in package OpticsCalibrationFacility, part Radiometry.

6.3.16 CA_SensorQualityEvaluation

The class CA_SensorQualityEvaluation has all information about the radiometric quality of thg sensor.
he attribute linearity defines the spectral response-curve of the sensor.

T
The attribute absoluteSpectralError defines the difference between two radiometric measyrements
uhder the same off-sensor conditions, reported with the unit grey values [Integer]-

he attribute relativeSpectralError defines the difference between two radiometric measyrements
hder the same off-sensor conditions, reported as a ratio of the difference-{grey values] and [the total
ey value number [grey values].

—~ 09 £ 3

he attribute dynamicRange defines the range of distinguishable greyvalues of the sensor. The|dynamic

rgnge has the data type integer and is computed from the distinguishable digital numbers| (DN) as
fdllows:

n[dB]=20log DN (5)
of

n dB]

DN =10 20 (6)
where
n is the dynamic range;
DN are the effectivedigital numbers.

The attribute spectralSensitivity defines the spectral sensitivity of the sensor.
The attributgsignalToNoiseRatio characterizes the noise of the sensor.

The attribute illuminationLevel defines the illumination level for which the attribute signalToNgiseRatio
id valid. The unit of illuminationLevel is watts per square metre.

The following four attributes define the Modulation Transfer Function (MTF). It is defined as a matrix
with m rows and n columns.

The attribute modulationTransferFunction defines the Modulation Transfer Function (MTF) of the
Sensor.

The attribute modulationTransferFunctionAcross defines the Modulation Transfer Function (MTF) of
the sensor across the flight-track.

The attribute modulationTransferFunctionAlong defines the Modulation Transfer Function (MTF) of the
sensor along the flight-track.

The attribute positionInlmage specifies the positions in the image to which the MTF-values are related.
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The attribute polarization defines the polarization characteristics of the sensor.

The attribute radiometricDynamics defines the number of distinguishable grey values.

The attribute antiBlooming specifies whether a sensor is equipped with anti-blooming techniques or

not.

6.3.17 CA_SensorDefects

The class CA_SensorDefects has all information about defects of the sensor.

The attr

The datal

The attr:Eute strayLight defines the amount of stray light of the sensor. The data type is CharacterString.

The attri

is Charag

The attrirute smile describes the smile distortion of the optical system. The datatype is CharacterStrinjg.

The attr

perspect
based on

6.3.18 (

The clas;

received

bute colourAberration defines a geometric bias of the co-registration of the colour channéls.
type is CharacterString.

ute residualPolarization defines the non-compensated parts of the polarizatioh, The data typge
terString.

bute keystoneEffect describes the presence of the keystone effectCThis effect is caused by the
ive transformation that is applied while the imaging of an object with an optical sensor thatfis
the central perspective. The data type of the attribute keystone’is Boolean.

A_Linearity

CA_Linearity is a data type that defines the linearity of the sensor response. The value-pairs
ntensity - recordedIntensity define the response=curve of the sensor.

The attribute channelldentification defines the identification for the channel.
The attribute receivedIntensity[0..n] defines theaadiometric activation of the sensor.

The attribute recordedIntensity[0..n] define§ the recorded intensity of the sensor.

6.3.19 (

The class

6.3.20 (

The class

A_RadiometricDynamics

CA_RadiometricDynamics’is a data type that defines a bit-value.

A_SpectralSensitivity

CA_SpectralSemsitivity is a data type that defines the spectral range based on wavelengths.

The attr
The attr

The attri

bute minimumWavelength defines the minimum wavelength.

bute tTnaximumWavelength defines the maximum wavelength.

response.

6.3.21 CA_PointSpreadFunction

The class CA_PointSpreadFunction is a data type which contains characteristic parameters of the point
spread function, shape and spreading. Both can be described with characteristic parameters or as a
discrete function in spatial or Fourier space coordinates.

Both attributes have the data type CharacterString.
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6.3.22 CA_SamplingPattern

The class CA_SamplingPattern is a code list and has the values square, rectangular, and other.

6.3.23 CA_Spectrum
The class CA_Spectrum is a data type that defines a spectrum.

The attribute numberBands defines the quantity of spectral bands and has the data type Integer.

Theattribute wavetengtir {0-11f defines the centrat wavetengtitof the respective band and 11as| the data
type Length.

The attribute response [0..n] defines the intensity of the response in a band and has the data type Real.

=)

3.24 CA_DynamicRange

The class CA_DynamicRange is a data type that defines the range regarding a radiometric property. It
his the two values minimumGreyValue and maximumGreyValue which denote the lower border of the
rgnge and the upper border of the range respectively.

The attribute maximumGreyValue is related to the saturation of the.detector.

6|3.25 CA_Detector

class CA_Detector (9)/

CA_ OptoElectronicSystem
CA_Detector

+\detectorldentification: MD_Identification

i

CA .ElectronicCell CA_DetectorOptics

+ sensitivity:~CharacterString + lightFalloff: CharacterString
+ pixelResponseNonUniformity: CharacterString

+ darkSignd@INonUniformity: CharacterString

+ erforfypeDarkSignalNonUniformity: CA_ErrorType
teerrorDarkSignalNonUniformity: Real

+ defectPixels: CA_DefectPixels «CodelList»

% defectPixelsBrightimage: CA_DefectPixels CA_ErrorType
+ defectPixelsDarkimage: CA_DefectPixels —

+ artifacts: CharacterString + standardDeviation

+ rootMeanSquare

? + other

CA_DetectorDemands «datatype»
CA_DefectPixels

+ maximumAllowedDefectPixels: Integer
+ maximumAllowedDefectPixelsDoubleColumn: Integer T row.integer
+ maximumAllowedDefectPixelsSingleColumn: Integer + column: Integer

Figure 9 — Class diagram of CA_Detector

The class CA_Detector has all information necessary to identify a detector.

The attribute detectorldentification lets the detector be identified and has the data type MD_
Identification.
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6.3.26 CA_ElectronicCell

The class CA_ElectronicCell has all information necessary for the radiometric calibration regarding a
detector element or a detector array.

The attribute sensitivity defines the response of an individual detector element relative to the activation.
The data type is CharacterString.

The attribute pixelResponseNonUniformity (PRNU) defines inhomogenities of the response of the
detectors of a detector array to activation. The data type is CharacterString.

The attribute darkSignalNonUniformity (DSNU) defines the response of a detector element if no Visibie
or infrared light is present. This activation is mostly caused by imperfection of the detector. The data
type is CharacterString.

The attfibute errorTypeDarkSignalNonUniformity (DSNU) defines the type of ¢ervor of the
darkSigrlalNonUniformity and has the data type CA_ErrorType.

The attifibute errorDarkSignalNonUniformity (DSNU) defines the relative error of the attribute
darkSigrlalNonUniformity and has the data type Real.

The attrbute defectPixels defines the image-position of a defect pixel.@nd has the data type CA
DefectPikels.

The attribute defectPixelsBrightImage defines the image-positionofa defect pixel that is defect if the
activatiopn is intense (bright image). The data type is CA_DefectPixels.

The attr{bute defectPixelsDarklmage defines the image-position of a defect pixel that is defect if the
activatioE is low (dark image). The data type is CA_DefectPixels.

The attribute artifact describes other deficiencies of the.detector. The data type is CharacterString.

6.3.27 (A_DetectorOptics
The clas§ CA_DetectorOptics has all information necessary to describe the optics of a detector.

The attripute lightFalloff defines the decréase of activation of detector elements toward the border/end
of the defector array due to the impexfection of the lens. This is also called vignetting. The measurement
is done ih the laboratory using a.uniform light source to create a sensitivity profile. The data type fis
CharactdrString.

6.3.28 (A_DetectorDemiands

The clasp CA_DetecterDemands contains threshold values for the quality parameters found in the
calibratipn process,Those threshold values are defined as a quality measure of the calibration process.

the entire sensor. The data type is Integer.

The attrFute maximumAllowedDefectPixels defines the maximum allowed number of defect pixels qn

The attribute maximumAllowedDefectPixelsDoubleColumn defines the maximum allowed number of
defect pixels on a pair of columns. The data type is Integer.

The attribute maximumAllowedDefectPixelsSingleColumn defines the maximum allowed number of
defect pixels on a single column. The data type is Integer.

6.3.29 CA_DefectPixels

The class CA_DefectPixels is a data type that defines the row and the column of a defect (incorrectly
responding) pixel. The data type is Integer in both cases.
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6.3.30 CA_ErrorType

The class CA_ErrorType is a code list with the codes standardDeviation, rootMeanSquare, and other.

The standard deviation is defined as given by Formula (7):

ou=,-=, (Zi-zp)
N_1i=1

where
oM is the standard deviation of measured differences;
N is the number of observations;
is the ith observable Z;
1
Z is the mean value of the observable Z (arithmetic mean, z, = NZ;‘Z,- ).
i=
The root mean square error (RMSE) is defined as given by Formula (8):

wihere
ol, is the root mean square error (RMSE);
N is the number of observations;
is the ith observable.Z;
Z4 is the true value of the observable Z.
6{4 Package OpticsCalibrationFacility, Geometry

6

1Y 2
0z= _Z(Zi_zt)
NH

4.1 Semantics

T
1

he-package OpticsCalibrationFacility is designed to contain information that is related to a cq

(7)

(8)

libration
lied in a

laboratory calibration while only test fields are common during in-flight calibrations. The package
provides detailed information about the test field targets, the calibration photo flight, and the bundle-
adjustment-based determination of the calibration results, termed self-calibration.

©
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class CA_OpticsFacilityGeometry (1 O)/

CA_OpticalSensors

«Abstract»
CA_OpticsFacilityGeometry

i

«Abstract» CA_Laboratory

PRI TSN
R Imgnt

i

+ calibrationInstrument: CA_InstrumentType
+ pointSuspension: CA_PointSuspension

CA_GeometricTarget CA_TestRange
+ size: Length + controlPoint: DirectPositign T0..n]
+ description: CharacterString + checkPoint: DirectPosition [0..n]
+ type: CA_GeometricTargetType + numberControlPoints:“Integer
+ material: CA_RadiometricTargetMaterial + numberCheckPoints: Mnteger
+ paintType: CharacterString + groundSampleDistance: Length
+ reflectanceProperties: CharacterString + minimumElefatioh: Length
+ maximumeEleyation: Length
+ averageElevation: Length
+ positionatError: CA_PositionalError [0..n]
[ | + leagdthOfTestrange: Length
- ) +wWidthOfTestrange: Length
CA_Siemensstar CA_AirforcePattern +¢&€levationChangeOfTestrange: Length
+ fliameter: Length + minimumBarWidth: Length
+ gector: Angle + maximumBarWidth: Length «datatype»
+ pumberOfBarsinSector: Integer + numberOfBarsinBox: Integer CA PositionalError
+ numberOfBoxes: Integer —
«CodelList» + errorX: Length
CA_RadiometricTargetMaterial «CodelList» «CodelList» +errorY: Length
- CA_GeometricTargetType CA_InstrumentType +errorZ: Length
+ gwning - —— +ermorXY: Length
+ goncrete + airforcePattern +CcalibrationCage + erorXYZ: Length
+ gravel + code‘d. . + cont‘roIPomtArray + pointType: CA_PointType
+ galt + mod|f|edA|rforcePattern + gonllome‘ter + erorType: CA_ErmorType
+ gand . + sne‘men§Star + multicollimator + quantityType: CA_QuantityType
+ yegetation + swissSpiral + wallComer
+ pther + other + other
«CodelList» «CodelList»
CA_PointSuspension «CodeListh «CodelListy CA_QuantityType
+ fage CA_Error]ype CA_PointType + minimum
* fputline + standardDeviation | |+ controlPoint * maximum
+pall + rogtM@anSquare | |+ checkPoint * mean
* pther +(ather + other * other

Figufe 10 —«Class diagram of the geometry part of the package OpticsCalibrationFacility

6.4.2 (A-OpticsFacilityGeometry

The class CA_OpticsFacilityGeometry is an abstract class that is the superclass of all related classes for
geometry calibration facilities.

6.4.3 CA_InFlight

The class CA_InFlight is the superclass of the classes CA_GeometricTarget and CA_TestRange, and has
the stereotype abstract because it has no attributes.

6.4.4 CA_GeometricTarget

The class CA_GeometricTarget has all information about the targets.
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The attribute size defines the width of the two-dimensional bounding box around the target. The data
type is Length.

The attribute description allows for a free text description of the target. An example is “Painted Target”
or “White squares 0.5m on each side”. The data type is CharacterString.

The attribute type defines the characteristic of the target according to the code list set in the class
CA_GeometricTargetType.

The attribute material defines the substance of the target’s surface such as paint or awning.

T
R
T
T
C
6
T
T
T
1
T
p
E

th
In]
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ndiometryCalibrationFacility.

he attribute paintType describes the characteristics of the paint. The data type is CharacterS§
he attribute reflectanceProperties describes the peculiarity of the reflectance) The datg
haracterString.

4.5 CA_Siemensstar

he class CA_Siemensstar has all information about a target of type Siemens star.

he attribute diameter defines the diameter of the Siemens star. The data type is Length.

he attribute sector defines the angular width of the Siemens\star. For example: if the attribut
B0°, then the Siemens star is drawn as a semicircle. The data type is Angle.

he attribute numberOfBarsInSector defines the partitioning of the sector. The attribute defin
hir. A bar-pair is a white sector and a black sector:

KAMPLE If the attribute sector is set to 1802%and the attribute numberOfBarsInSector has a v4
en the Siemens star has 10 white and 10 black“5ections with an angular width of 9° each. The da
teger.

package

tring.

type is

b value is

es a bar-

lue of 10,
ta type is
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2
6.4.6 ( A_Airforcelzg@rn

The clas§ CA_Ai @ ePattern has all information about the target of type airforce pattern.

The attripu &mnimumBarWidth and maximumBarWidth define the minimum and maximum width pf

U
Oggigure 11 — Siemensstar on a roof

the targgt<bars. The data type is Length.

The sections of the airforce pattern are called boxes. The attribute numberOfBarsinBox define the
quantity of bars in one box. The attribute numberOfBoxes defines the quantity of all boxes. The data

type is Integer.
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Figure 12 — Resolution test pattern conforming to MIL-STD-150A standard set by US Air Force
in 1951
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6.4.7 CA_TestRange

The class CA_TestRange has all information that is valid for the entire test range.

The attributes controlPoint [0..n] and checkPoint [0..n] define the control points and the check points

respectively. Their data type is DirectPosition.

The attributes numberControlPoints and numberCheckPoints define their quantity in the test field.

Their data type is Integer.

The attr e_oround mpleDi nce define ho m 2 Groeund mle—Pi nce GSD h La

The attriputes minimumElevation, maximumElevation, and averageElevation define the elevation rang
of the test field and its average elevation. The average elevation should be computed_as.the arithmet]
mean of fll targets. The data type is Length.

The attrjbute positionalError characterizes the geometric accuracy of the test/ratfige. The data type
CA_PositlionalError.

The attrjbutes lengthOfTestrange, widthOfTestrange, and elevationChangeOfTestrange describe t}
three-dijnensional extent of the test range. The data type is Length.

6.4.8 (A_Laboratory
The clas§ CA_Laboratory has information related to the instruments utilized during the calibration.
The attribute calibrationInstrument can be coded according to the code list CA_InstrumentType.

The attr{bute pointSuspension defines the method*of attaching control points and check points to
reference base. This attribute allows for the distinction between a target attached to a cage, a wall, an
a target gttached to a tautline which are is mostly stretched between the floor and the ceiling, and othe
The data[type is CA_PointSuspension.

6.4.9 (A_PositionalError
The clas§ CA_PositionalError is 4 data type that specified the positional error of a point.

One groyp of attributes define,the dimension of the error, i.e. errorX, errorY, and errorZ for 1-dimension
cases, erfor XY for the two-dimensional case, and errorXYZ for the 3-dimensional case. The data type
Length in all cases.

Three other attributes are named pointType to distinguish between control points and check poinf{]
errorlype to distinguish between standard deviation and root mean square error, quantityType {
inform whattheerror represents (minimum, maximum, and mean).

be applied for a sensor calibration on this test range. The targets have a given size. Therefor

re
1c

IS

1S

)

IS

g

NOTE The different qnﬂ]ify measures are defined in ISQ 19157

6.4.10 CA_PointType

The class CA_PointType is a code list with the codes controlPoint, checkPoint, and other.

6.4.11 CA_QuantityType

The class CA_QuantityType is a code list with the codes minimum, maximum, mean and other.

The quantity type is an attribute which defines whether the positional error is the maximum, a mean, or

the minimum of a set of errors.
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6.4.12 CA_PointSuspension

The class CA_PointSuspension is a code list with the codes cage, tautline, wall, and other.

6.4.13 CA_InstrumentType

The class CA_InstrumentType is a code list with the entries calibrationCage, controlPointArray,
goniometer, multicollimator, wallCorner, and other.

6,414 CA GeometricTargetTvpe
—Ha—cA-seometHcdrgetiype

The class CA_GeometricTargetType is a code list with the entries airforcePattern] coded,
nmlodifiedAirforcePattern, siemensStar, swissSpiral, and other.

6{5 Package OpticsCalibrationFacility, Radiometry

6/5.1 Semantics

The part radiometry of the package OpticsCalibrationFacility containg-all information that is rjelated to
the calibration equipment including the laboratory and the in-flight@nvironment.

—3

his part of the package addresses standardized test fields and targets, properties of the sensof system,
ahd environmental conditions.
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class CA_OpticsFacilityRadiometry (1 3)/

CA_OpticsFacilityRadiometry

CA_OpticalSensors

+ radiometricCalibrationDate: DateTime

¢

i

CA_RadiometryLaboratory

CA_RadiometrylnFlight

+ calibrationMethod: CA_CalibrationMethod

+lampType: CharacterString
+ atmosphericCondition: CharacterString
+ aerosolQuantity: Real

MI_Instrument

+ + + +

itation: ClI_Citation[0..*]
dentifier: MD_ldentifier
ype: CharacterString

escription: CharacterString[0..1]

CA_RadiometryTestRange

CA_ObjectToObject

SD_Sensor

+

+

alibration: SD_Calibration[0..1]
hode: CharacterString[0..1]
perationalBand: MI_Band[0..*]

+ + + + 4+ +

numberPoints: Integer
controlPoint[0..n]: DirectPosition
expanse: Area
minimumElevation: Length
maximumElevation: Length
averageElevation: Length

i

+ numberimages:siInteger
+ mse: Re@l

Figur

«CodeList» «CodelList» GA" 2DReflectance Target
CA_CalibrationMethod CA_RadiometricTargetMaterial —
- - + linearSize! Length
+ ntegratmgSphere + awning + targetExpanse: Area
* atField + concrete + shape: CA_RadiometricTargetShape
*+ pacBethColourTarget + gravel +-naterial: CA_RadiometricTargetMaterial
* ronoChromator + salt +spectralCharacteristics: CA_Spectrum
+ falibratedLightSource +sand + measuredReflectance: CA_MeasuredReflectance
* pther *+ vegetation + minimumNominalReflectance: Real
+ other + maximumNominalReflectance: Real
+ radiometricStability: CharacterString
«datatype» + cleanness: CharacterString
SD_Calibration + absoluteAccuracy: Real
+ galibrationAgency: Cl_ResponsibleParty
+ galibrationDate: Date
«CodelList» «datatype»
CA_RadiometricTargetShape «datatype» CA_MeasuredReflectance
CA_Spectrum - -
+ $quare + intensity: Real
+ fectangular + numberBands: Integer + wavelength: Length
+ frregular + wavelength: Length [0..n] + zenithAngle: Angle
+ gther + response: Real [0..n] + azimuth: Angle
e 13.— Class diagram of the radiometry part of the package OpticsCalibrationFacility

6.5.2 CA_OpticsFacilityRadiometry

The class CA_OpticsFacilityRadiometry defines all information that is valid for the entire radiometric
calibration.

The attribute radiometricCalibrationDate defines the date and time when the calibration was performed
and has the data type DateTime.

6.5.3 CA_RadiometryLaboratory

The class CA_Laboratory has all information regarding the radiometric calibration in a laboratory.
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The attribute calibrationMethod defines the method applied for the calibration. The data type is CA_

CalibrationMethod.

6.5.4 CA_RadiometryInFlight

The class CA_RadiometryInFlight is the superclass of the classes CA_RadiometryTestRange
ObjectToObject.

and CA_

The attribute lampType defines the type of illumination used and has the data type CharacterString.

e attribute atmosphericCondition 1s described with a data type Character String.

DTE Two types of the atmospheric condition are tropical and midlatitude summer.

hta type is Real.

irther parameters regarding the properties of test range are defined in theiclass CA_TestRan

T
N
The attribute aerosolQuantity denotes the visibility of the atmosphere as a part of one hund
d
F
package GeometricCalibrationFacility.

6/5.5 CA_RadiometryTestRange

The class CA_RadiometryTestRange is the superclass of the classyCA_2DReflectanceTarget an
irfformation about the test ranges used in the radiometric calibration.

he attribute numberPoints defines the number of targets ifi the test range and has the data typ

T

The attribute controlPoint [0..n] defines the position of the control points and has the d|
DjirectPosition.
T
T
h

he attribute expanse defines the two-dimengional size of the test field and has the data type

he attributes minimumElevation, maximumElevation, and averageElevation define the loy
ghest, and the average elevation of the test field respectively. The data type is Length in all c

6/5.6 CA_2DReflectanceTarget

The class CA_2DReflectangeTarget has all information about the two-dimensional reflectancg
Those targets may be smallyjwith a size of a few square metres as well as large like the large honf
tgst fields prepared foy -satellite applications. In the latter case the area of the two-din]
re¢flectance target istidentical with the area of the test field.

The attribute linearSize defines the width of a square-shaped or round target and has the d
Length.

The attribute targetExpanse defines the two-dimensional size of the target and has the data ty

The-attribute shape defines the shape of the target and has the data type CA_RadiometricTarg

red. The

ge in the

d has all

e Integer.

ata type

Area.

vest, the
hses.

targets.
jogenous
ensional

ata type

'pe Area.

btShape.

The attribute material defines the surface material of the target and has the data type CA_

RadiometricTargetMaterial.

The attribute spectralCharacteristics defines the spectral characteristics of the target under defined

illumination conditions and has the data type CA_Spectrum.

The attribute measuredReflectance defines the reflectance of the target and has the data type CA_

MeasuredReflectance.

The attributes minimumNominalReflectance and maximumNominalReflectance define the
reflectances of the target and has the data type Real.
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The attribute radiometricStability defines the radiometric stability of the target and has the data type
CharacterString.

The attribute cleanness defines the cleanness of the target and has the data type CharacterString.

The attribute absoluteAccuracy defines an estimate of the accuracy of the reference value and has the
data type Real.

6.5.7 CA_ObjectToObject

The clasf CA_ObjectToObject has all information for a radiometric calibration based of an object-tb-
object comparison. With this approach the quality of radiometric corrections is evaluated by comparing
the imagge of an object in two or more photos.

The attrijbute numberlmages defines the number of photos in which the object was photegraphed ard
analysed, and has the data type Integer.

The attrjbute rmse defines the root mean square error of the analysis normalized te the full dynamijic
range of the digital image (see 6.3.30). The data type is Real.

6.5.8 MI _Instrument

The clas§ MI_Instrument is defined in ISO 19115-2 and contains instrument-specific parameters.

The attribute citation [0..*] sets a complete citation of the instrument.
The attribute identifier defines a unique identification of the dnstrument.
The attribute type is a name of the type of instrument.

EXAMPLES framing, line-scan, push-broom, pan-frame; whiskbroom

The attribute description [0..1] sets a textual description of the instrument.

6.5.9 SD_Sensor
The clas§ SD_Sensor is defined in ISOATS 19130 and contains the characteristics of the sensor.

The attribute calibration contains information about determination of the relation between instrument
readings|and physical parameters: The data type is SD_Calibration.

The attribute mode defines the type of observation being made by the sensor and has the data type
CharactdrString.

The attripute operationalBand defines the wavelengths of the electromagnetic spectrum being observed
by the sensor andhas the data type MI_Band.

6.5.10 (A-CalibrationMethod

The class CA_CalibrationMethod is a code list with the codes integratingSphere, flatField,
macBethColourTarget, monoChromator, calibratedLightSource, and other. Those codes are used for
characterizing a laboratory calibration.

6.5.11 CA_RadiometricTargetShape

The class CA_RadiometricTargetShape is a code list with the codes square, rectangular, irregular, and
other.
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6.5.12 CA_RadiometricTargetMaterial

The class CA_RadiometricTargetMaterial is a code list with the codes awning, concrete, gravel, salt,

sand, vegetation, and other.

6.5.13 CA_MeasuredReflectance

The class CA_MeasuredReflectance is a data type that defines the measured reflectance of a target with

respecttoa reference.

The attributes intensity and wavelength define the measured values and has the data type Lef]

The attribute zenithAngle defines the angle from the zenith towards the measuring instxumen
the data type Angle.

Theattributeazimuthdefinesthehorizontalangletothe measuringinstrumentcounted counterc
filom North and has the data type Angle.

NPTE A reflectance measurement requires also the knowledge of the attributes solarZenith/
s@larAzimuth. Those two are defined in the class CA_Radiation.

5.14 SD_Calibration

6

The class SD_Calibration is a data type defined in ISO/TS 19130 and contains the circumst
determination of relation between instrument readings~and physical parameters. The pa
defined here regard the most recent calibration.
T
d
T

hta type CI_ResponsibleParty.

he attribute calibrationDate defines the date,when the calibration was carried out and has
type Date.

6(6 Package OpticsValidation

6.1 General

[=))

he class CA_OpticsValidation is an abstract class that is the superclass of CA_GeometryValidg
A_RadiometryValidatien(see Figure 14). The class OpticsValidation contains all information 1
the validation of the@@eometric and radiometric calibration of a remote sensing imagery senso

O —

gth.

t and has

lockwise

ingle and

ances of
rameters

he attribute calibrationAgency defines the authorjity under which calibration took place and has the

the data

ition and
elated to
" system.
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class CA_OpticsValidation (1 4)/

CA_OpticalSensors

«Abstract»
CA_OpticsValidation

i

CA_GeometryValidation CA_RadiometryValidation

+ validationMethod: CA_ValidationMethod [1..n]| |* MseComparisonObject: Real
+ validationTime: DateTime * validationTime: DateTime

«CodeList»
CA_ValidationMethod

+ testfield

+ crossStripFlight

+ secondFlight

+ secondAltitude

+ measurementActualParameters
+ other

Figure 14 — Class diagram of the packageOpticsValidation

6.6.2 (A_GeometryValidation

The clas§ CA_GeometryValidation has all informatien'necessary to perform a validation of the geometrijic
calibratipn.

The attri{bute validationMethod has inforination about the validation method and has the data type
CA_ValidationMethod.

The attribute validationTime definesithe time of the validation and has the data type DateTime.

6.6.3 (A_ValidationMethod

—
-

The clasp CA_ValidationMethod is a code list with the codes testfield, crossStripFlight, secondFligh
secondAltitude, measurementActualParameters, and other.

6.6.4 (A_RadiometryValidation

The class GA ‘RadiometryValidation has all information necessary to perform a validation of the
radiomefricicalibration.

The attribute rmseComparisonObject defines the result of the validation and has the data type Real.

The attribute validationTime defines the time of the validation and has the data type DateTime.

7 Documentation

7.1 Semantics

The term documentation may refer to any form of documentation of the results.
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7.2 Package Documentation

7.2.1 Semantics

The package Documentation contains the parameters that are useful for the documentation of the
calibration results. The most important definitions are those regarding processing levels and quality

classes (see Figure 15).

class MD_Cov erageDescription (15)/

MI_Instrument MD_Cov erageDescription
0..*
0.7 «Cadelist»
CA )DataProductLevel
Calibration including end-to-end calibration |+ rgZwData
Validation + level
+ levell
0.* 0.* + level2
+ leveld
CA_Documentation + leveld
+ certificateldentification :MD_ldentifier [1..%] + other
+ dataProductLevel :CA_DataProductLevel [0..7]
+ geometricQuality :CA_PositionalError [0..7] «datatype»
+ geometricRadialResolution :CA_GeometricResolutigf [04.%] CA GeometricResolution
+ geometricTangentialResolution :CA_GeometricResolution [0..%] — .
+ radiometricQuality :DQ_QuantitativeAttribute Acctiracy [0..*] + geometricResolution :Real
+ stabilizedPlatform :CharacterString [0..%]

«datatype»
CA_PositionalError

+ errorX :Length

+ errorY :Length .

N ; «CodeList» : -

X :::g:)Z(Y.L'eLl%tgth CA_QuantityType «CodeListy «CodeList»

+ emorXYZ ‘Length T minimom CA_PointType CA_ErrorType

+ pointType :CA_PointType + maximum + controlPoint + standardDeviation
+ errorType :CA_ErrorT ype + mean + checkPoint + rootMeanSquare
+ quantityType :CA_QuantityType| |+ other + other + other

Figure 15 — Class diagram of the package documentation

712.2 CA_Documentation

The clags CA_Documentation has all other information that may be documented.

The=attribute certificateldentification givnc information for the identification-of the certificate and has

the data type MD_Identification.

The attribute dataProductLevel gives information about the processing steps that have been applied to
a data set. The data type is CA_DataProductLevel.

The attribute geometricQuality gives information about the geometric quality. The attribute has the
data type CA_PositionalError.

NOTE The different quality measures are defined in Annex D and in ISO 19157.

The attribute geometricRadialResolution defines the resolution of imagery along a radius from the
image centre. The data type CA_GeometricResolution is defined in the package InteriorOrientation.

© ISO 2014 - All rights reserved 47


https://standardsiso.com/api/?name=07af8ce5a25730706c43a26179a9c09a

ISO/TS 19159-1:2014(E)

The attribute geometricTangentialResolution defines the resolution of imagery in the tangential
direction regarding the image centre. The data type CA_GeometricResolution is defined in the package
InteriorOrientation.

The attribute radiometricQuality characterizes the radiometric quality, and the data type is DQ_
QuantitativeAttributeAccuracy.

The attribute stabilizedPlatform gives information about the applied stabilized platform, and the data
type is CharacterString.

7.2.3 (A_DataProductLevel
The clas§ CA_DataProductLevel is a code list with the codes listed and explained in Table 2.

The datd product levels defined in this class are individually defined by the data providers and vafy
considerpbly. The lowest level refers to the raw data or alike while higher levels are related to varioys
stages off processing.

Table 2 — Data product levels (example)

raw data Unprocessed original data.

levelO Reconstructed unprocessed data at full space-time resolution-with all available supplementall
information to be used in subsequent processing (e.g. eph€meris, health and safety) appended.

levell Reconstructed unprocessed data at full resolution, tinrereferenced, and annotated with ancil{
lary information, including radiometric and geometric calibration coefficients and geo-refer-
encing parameters (e.g. ephemeris) computed and-appended but not applied to the LO data.
Radiometrically corrected and calibrated data.if¥ physical units at full instrument resolution
as acquired.

level2 Derived geophysical parameters (e.g. sea’surface temperature and surface reflectance) at the
same resolution and location as L1 soukce data.

level3 Data or retrieved geophysical paranieters (e.g. leaf area index) which have been spatially and
or temporally re-sampled (i.e. derived from L1 or L2 products), usually with some complete-
ness and consistency. Such rezsampling may include averaging and compositing.

level4 Model output or resultsifrom analysis of lower level data (i.e. parameters that are not directly]
measured by the instfuments, but are derived from these measurements).

other
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Annex A
(normative)

Abstract test suite

A1 Semantics

A

aJ

bnformance to this part of ISO 19159 consists of either service conformance or data cénform

he Abstract test suite has six conformance classes.

A.2 Project

2.1 Service conformance

2.2 Data conformance

Project;

OpticsSensor: Geometry;
OpticsSensor: Radiometry;
OpticsCalibrationFacility: Geometry;
OpticsCalibrationFacility: Radiometry;
OpticsValidation;

Documentation.

Test purpose: to verify the us€ of the appropriate interface for a project.

Test method: inspect the \documentation of the service interface to verify the use of il
defined in the references)in c).

References: 6.1.2 to'6.1.6.

Test purpese: to verify an adequate application class for the expression of a project servicg.

Testmethod: inspect the documentation of the application schema or profile and exhibit the
eorrespondence.

pnce.

hterfaces

h

required

References &1 ictuding the folftowing data types:
1) CA_CalibrationType, 6.1.7;
2) CA_TargetEnvironment, 6.1.8;

3) CA_IrradianceModel, 6.1.9.

A.3 Sensor Geometry

A.3.1 Service conformance
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a) Test purpose: to verify the use of the appropriate interface for a sensor geometry service.

b) Test method: inspect the documentation of the service interface to verify the use of interfaces
defined in the references in c).

c) References: 6.2.1 to 6.2.13 and 6.2.19 to 6.2.23.

A.3.2 Data conformance

a) Test Purpose: to verify an adequate application class for the expression of an interior orientation.

b) TestMethod: inspectthe documentation of the application schema or profile and exhibit the required
corrpspondence.

c) Refefences: 6.2, including the following data types and code lists:
1) CA_TemperatureRange, 6.2.14;
2) (CA_Temperature, 6.2.15;

3) (A_GeometricResolution, 6.2.16;

4) §$D_ShapeCode, 6.2.17;

5) §$D_ArrayDimension, 6.2.18;

6) (CA_SelfCalibrationModel, 6.2.24;
7) CA_RadialDistortion, 6.2.25;

8) (A_DecenteringDistortion, 6.2.26;

9) (CA_AffineDistortion, 6.2.27;

10) CA_TangentialDistortion, 6.2.28;
11) CA_AffineFraserDistortion, 6.2.29;
12) CA_SMACParameters, 6.2.30j

13) CA_EbnerParameters, 6:2.31;

14) CA_]JacobsenParameters, 6.2.32;

A.4 Sensor Radiomietry

A.4.1 §erviceconformance

a) Test[purpose: to verify the use of the appropriate interface for an optics sensor, radiometry servide.

b) Test method: inspect the documentation of the service interface to verify the use of interfaces
defined in the references in c).

c) References: 6.3.1 to 6.3.9 and 6.3.19 to 6.3.26.

A.4.2 Data conformance

a) Test purpose: to verify an adequate application class for the expression of an optics sensor,
radiometry.

b) Testmethod:inspectthe documentation of the application schema or profile and exhibit the required
correspondence.
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c) References: 6.3, including the following data types and code lists:

1) CA_Method, 6.3.10;
2) CA_TonalAdjustment, 6.3.11;

3) CA_RadiometricTransformation, 6.3.12;
4) CA_LUT, 6.3.13;
5) CA_Linearity, 6.3.18;

6) CA_RadiometricDynamics, 6.3.19;
7) CA_SpectralSensitivity, 6.3.20;
8) CA_PointSpreadFunction, 6.3.21;

9) CA_SamplingPattern, 6.3.22;

10) CA_Spectrum, 6.3.23;

11) CA_DynamicRange, 6.3.24;
12) CA_DefectPixels, 6.3.29;
13) CA_ErrorType, 6.3.30.

A.5 Calibration Facility Geometry

AL5.1 Service conformance

service.

b] Test method: inspect the doeumentation of the service interface to verify the use of ii
defined in the references in c).

c] References: 6.4.1 to 6.48)

AL5.2 Data conformance

a] Test purposei-to verify an adequate application class for the expression of a calibratior
geometryx

b] Testniethod: inspectthe documentation of the application schema or profile and exhibit the
corfespondence.

c] CReferences: 6.4, including the following data types and code lists:

] Test purpose: to verify the use of the appropriate interface for a calibration facility, g

eometry

hterfaces

cacility,

required

1) CA_PositionalError, 6.4.9;

2) CA_PointType, 6.4.10;

3) CA_QuantityType, 6.4.11;

4) CA_PointSuspension, 6.4.12;

5) CA_InstrumentType, 6.4.13;

6) CA_GeometricTargetType, 6.4.14.
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A.6 Calibration Facility Radiometry

A.6.1 Service conformance

a) Test purpose: to verify the use of the appropriate interface for a calibration facility, radiometry
service.

b) Test method: inspect the documentation of the service interface to verify the use of interfaces
defined in the references in c).

c) Refefences: 6.5.1 to 6.5.9.

A.6.2 IData conformance

a) Test[Purpose: to verify an adequate application class for the expression of a RadiometryRecordin

03

b) TestMethod: inspectthe documentation of the application schema or profile and exhibit the requirgd
corrgspondence.

c) Refefences: 6.5, including the following data types:
1) (CA_CalibrationMethod, 6.5.10;

2) (CA_RadiometricTargetShape, 6.5.11;
3) (CA_RadiometricTargetMaterial, 6.5.12;

4) (A_MeasuredReflectance, 6.5.13;
5) §$D_Calibration, 6.5.14.

A.7 Vdlidation

A.7.1 S§ervice conformance
a) Test[purpose: to verify the use of the appropriate interface for a validation service.

b) Test|method: inspect the dodumentation of the service interface to verify the use of interfac¢s
defimed in the reference in c).

c) Refefence: 6.6.

A.7.2 Dpata conformance
a) Test|purposetito'verify an adequate application class for the expression of a validation.

b) Testjmethad: inspectthe documentation of the application schema or profile and exhibit the requirgd
corrgspondence.

c) References: 6.6, including the following data types:

— CA_ValidationMethod, 6.6.3.

A.8 Documentation

A.8.1 Data conformance

a) Test purpose: to verify an adequate application class for the expression of a documentation.
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b) Testmethod:inspectthe documentation of the application schema or profile and exhibit the required
correspondence.

c) References: 7.2, including the following data types:

— CA_DataProductLevel, 7.2.3.

© IS0 2014 - All rights reserved 53


https://standardsiso.com/api/?name=07af8ce5a25730706c43a26179a9c09a

ISO/TS 19159-1:2014(E)

Annex B
(normative)

Data dictionary

B.1 General
Annex B|provides a detailed description of each of the classes and each class attribute in thé)models
presented in this Technical Specification in the form of a tabular data dictionary.
B.2 Semantics
Obliga-
Ngme/role name Definition tion/ Max. occur-_(“Patatype/ | p, 0000
rence class
condition
1. |CA_CalibrationVali- |root entity that defines Use obliga- |Use maximum |Aggregated
dation information about calibra- |tion/ con- |occurrence Class
tion dition from |frém refe (MD_Coverage
referencing [r¥encing object|Description)
object
2. |caliprationType characterization of the M 1 CA_Calibration
calibration coded with the Type
data type CA_Calibration-
Type
3. |CA_PhotoFlight information about the Use obliga- |Use maximum |Aggregated
61k photo flight that was tion/ con- |occurrence Class (CA_Cali-
=T performed to derive'the dition from |from refe bration Valida-
calibration resultsfrom referencing |rencing object |tion)
object
4. |nunpberOfPhoto quantity.of photo flights |M 1 Integer
Flights that are:taken for perform-
ing the)calibration
5. |phofoScale average photo scale of the |M N Real 0,0to 1,0
cdlibration project
6. |flyihgHeight average height of the sen- |M N Length
sor platform above the
reference height plane
7. |flyingAltitudeAbove |average height of the sen- |M N Length
Gropnd sor platform above the
ground
8. |terrainHeight average height of the ter- |M 1 Length
rain where the calibration
is performed
NOTE The terrain height
is modelled as one value
because it is an aggregate
value which is often for
information purposes or as
an approximate value.
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Name/role name

Definition

Obliga-
tion/

condition

Max. occur-
rence

Data type/
class

Domain

9. |alongStripOverlap

approximate value for the
along strip overlap of the
photogrammetric block.

NOTE The attribute values
are given in percent.

M

Real

0,0 to
100,0

10 [acrossStripOverlap

approximate values for the
across strip overlap of the
photogrammetric block.

NOTE The attribute val-
ues are given in percent.

M

Real

U,p to
10,0

Base

approximate distance
between two neighbouring
photos

Length

numberOfPhotos

total number of photos
of the photogrammetric
block

M

Integer

numberOfStrips

total number of strips
of the photogrammetric
block

Integer

numberOfPhotos
Along Strip

total number of photos in
one strip of the photo-
grammetric block

M

Integer

numberOfPhotos
Used

number of photo used for
processing the calibration

M

Integer

CA_Radiation
6.1.4

information that js\neces-
sary to describe the radia-
tive environment during
the calibration process

Use obliga-
tion/ con-
dition from
referencing
object

Use maximum
occurrence
from refer-
encing object

Aggregated
Class (CA_Cali-
bration Valida-
tion)

solarZenithAngle

anglefrom the zenith
towards the sun

M

Angle

0,p to 90,0

solarAzimuth

horizontal angle to the sun
counted counterclockwise
from North

M

Angle

0,p to
360,0

atmosphefic€ondi-
tion

general description of the
status of the atmosphere
during the calibration

Character-
String

atmosphericModel

characterization of the
atmospheric model

Character-
String

Examples of character
strings defining the attrib-
ute are 6sv1.1 (), acorn (),
actor (), atrem (), disort
(), flash (), modtran (),
modtran4 (), modtran5

(), sbdart (), smac (), and
tafkaa ().

21. |modelType

characterization of the
BRDF model (Bi-direc-
tional Reflectance Distri-
bution Function)

CI_Citation
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Obliga-
Name/role name Definition tion/ Max. occur- | Data type/ Domain
™ rence class
condition

22. |solarIncidentAngle |definition of the angle M 1 Angle
which is calculated from
solar zenith angle, solar
elevation angle, target
azimuth, and the target
Inclination

23. solalrlrradiance irradiance of the sun 0 1 CA_Irradiance

Model
24. |CA_[farget information necessary to |Use obliga- |Use maximum |Aggregated
6.1k describe the targets used |[tion/ con- |occurrence Class (CA_Cali-
2eep during the calibration dition from |from refer- bration Validas
process referencing |encing object |tion)
object

25. |Equlipment description of additional |M 1 Chardcter-
equipment, for example String
measurement instruments

26. |targetInclination inclination (slope) of a M 1 Angle 0,0 to 90,
ground target

27. |targetAzimuth azimuth of the steepest M 1 Angle 0,0 to
inclination of the ground 360,0
target

28. |targetAltitude ground elevation of the M 1 Length
target
NOTE This attribute does
not regard vegetation and
man-made objects.

29. |skyyiewFactor the portion of the sky'that |M 1 Real 0,0 to
is visible from the ground 100,0
target

30. |Vieyshed area that iswisible froma |M 1 Character-
fixed vantage point String
NOTE-, The attribute value
is a=name of a file that pro-
vides a two-dimensional
representation of the
viewshed.

31. |targetEnviromment |characterization of the M 1 CA_target
environment of a target, Environment
namely homogeneous or
inhomogeneous

32. |targeTAccessIbility |accessIbility of the target  |M T Character-
primarily regarding road String
condition and eventual
seasonal changes

33. |targetStability description of the mechan- |M 1 Character-
ical stability of the target String
depending on weather
conditions like humidity,
heat, and wind
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Obliga-
Name/role name Definition tion/ Max. occur- | Data type/ Domain
rence class
condition
34. |transmittanceSunTo |description of the amount |M 1 Real 0,0 to
Target of radiation transmitted 100,0
from the sun to a target on
Earth measured in a part
of one hundred
0. ltransmittanceTar- description of the amount [M 1 Real 0.0to
getTo Satellite of radiation transmitted 100,0
from a target on Earth to
the satellite measured in a
part of one hundred
3/6. [sunRadiationAt- description of the amount |M 1 Real 0,p to
TopOf Atmosphere |of radiation transmitted 100,0
from the sun to the top of
the atmosphere of Earth
measured in a part of one
hundred
37. |radianceAtSatellite |description of the amount |M 1 Real 0,0 to
of radiation received at 1Q0,0
the satellite measured in a
part of one hundred
318. [CA_OpticalSensors |top level class for all Use obliga- |Use maximum |Specified
6.1.6 calibration information of |tiomy/)con- |occurrence abstract Class
I optical sensors dition from |from refer- (CA_Calibra-
referencing |encing object |tion Validation)
object
B.3 Package OpticsSensor: Geometry
Obliga-
Name/role name Definition tion/ Max. occur- Data type/ Domain
" rence class
condition
39. |CA_OpticsSensor Use obliga- |Use maximum |Specified Class
Geometr tion/ con- |occurrence (CA_Optical
y dition from |from refer- Sensor)
6.2.2 referencing |encing object
object
40. |geometryCalibra- |the time when the calibra- |O N DateTime
tionDate tion was performed
41. |geometryCalibra- |free textthatallowsa 0 N Character-
tionType more detailed explanation String
of the type defined with
TA_CalibrationType
42. |CA_InteriorOrienta- |details of the geometry of |Use obliga- |Use maximum |Specified Class
tion the sensor system includ- |tion/ con- |occurrence (CA_OpticsSen-
6.2.3 ing the auxiliary devices dition from |from refer- sorGeometry)
E— relevant for a geometric referencing |encing object
calibration object
43. |synchronization time between two pulses |M 1 DateTime
for the synchronization of
the work of the attached
components
44. |synchronizationEr- |error of the attribute syn- |M 1 DateTime
ror chronization
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Obliga- | v/ v occur- | Datat e/
Name/role name Definition tion/ ) yp Domain
L5 rence class
condition
45. |referenceTempera- |temperature for which the |M 1 CA_Tempera-
ture calibration is performed ture
46. |versionFirmware note about the firmware |M 1 Character-
version String
47. |versionHardware |note aboutthe hardware |M 1 Character-
version String
48. |CAJSensorSystem |details of a multihead sen- |Use obliga- |Use maximum |Specified Class
6.2l sors system tion/ con- |occurrence (CA_Interior
=T dition from |from refer- Orientation)
referencing |encing object
object
49. |reldtivePosition position of the origin of M 1 DirectPoSition
the coordinate system of a
camera head in relation to
the coordinate system of
the sensor system
50. [reldtiveAttitude rotation of the coordinate |M 1 SD_Attitude
system of a camera head
in relation to the coordi-
nate system of the sensor
system
51. |stitfhingResiduals |geometric error remaining |M 1 Length
after stitching the multi
camera-head images to
one large image
52. |opedrationalTem- temperature range for M 1 CA_Tempera-
perpture which the calibration is ture Range
valid
53. |SD_Optics specific properties of opti- |Use obliga- |Use maximum |Aggregated
cal sensor and itsopera-  [tion/ con- |occurrence Class (CA_Sen-
6.215 . .
tion dition from |from refer- sor System)
referencing |encing object
object
54. |CA[Optics infermation necessary to |Use obliga- |Use maximum |Specified Class
characterize the optical tion/ con- |occurrence (SD_Optics)
6.216 .
sensor system (camera) dition from |from refer-
thatis not defined in the |referencing |encing object
class SD_Optics of ISO/ object
TS 19130
55. |canjeraHead description of the respec- |M 1 Character-
tive camera head String
56. |chanTet description of the avattabte [ M T Character-
spectral channels String
57. |SD_OpticalSystem |information about the Use obliga- |Use maximum |Aggregated
6.2.7 geometry of the sensor’s  |tion/ con- |occurrence Class (SD_
optical system dition from |from refer- Optics)
referencing |encing object
object
58. |calibratedFocal- focal length adjusted to M 1 Length
Length distribute the effects of
lens distortion more uni-
formly over the image
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Name/role name

Definition

Obliga-
tion/
condition

Max. occur-
rence

Data type/
class

Domain

59. |qualityOfCalibrat-

edFocalLength

quality of the calibrated
focal length

0

DQ_Quantita-
tive Attrib-
uteAccuracy

60. |princPointAutocoll

principal point of autocol-
limation; coordinates of
the foot of the perpendicu-

M

DirectPosition

far dropped from perspec-
tive centre (focal point)

of the camera lens to the
focal plane.

covPrincPtAutocoll

covariance of the location
of the principal point of
autocollimation

0

DQ_Pgsitional
Acguftacy

CA_OpticalSystem
6.2.8

information of an optical
sensor system that is nec-
essary for the geometric
calibration and that is not
defined in ISO/TS 19130

Use obliga-
tion/ con-
dition from
referencing
object

Use maximum.
occurrence
from refer>
encingobject

Specified Class
(SD_Optical
System)

resolvingPower

definition of the resolv-
ing power of the optical
system

M

CA_Geometric
Resolution

virtualFocalLength

definition of the computed
focal length of a camera
system with two or more
camera heads

NOTE Several digital
photogrammetric-eameras
consist of two of more
separate canteras, often
called camera-heads, that
are firmly attached by a
robust\frame. Before deliv-
erfy the separate images
are resampled to a homo-
geneous large image. This
large image is equipped
with one focal length that
approximates the joint
image geometry of the two
or more original images.
This focal length is named
the virtual focal length.

M

Length

virtualSensorSize

definition of the computed

M

Length

Tull sensor size of a camera
system with two or more
camera heads

66. |virtualPixelSize

definition the computed
pixel size of a camera
system with two or more
camera heads

Length

67. |virtualPrinciple-

Point Autocoll

definition of the computed
principle point of autocolli-
mation of a camera system
with two or more camera
heads

M

DirectPosition
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Obliga- | v/ v occur- | Datat e/
Name/role name Definition tion/ ) yp Domain
Lk rence class
condition
68. |SD_DetectorArray |dimensions and shapesof |[Use obliga- |Use maximum |Aggregated
6.29 detector array tion/ con- |occurrence Class (SD_
dition from |from refer- Optics)
referencing |encing object
object
69. |numberOfDimen- number of dimensions of |M 1 Integer
siofis the detector array
70. |arrayOrigin position of the origin of the | M 1 DirectPosition
detector array coordinate
system in external coordi-
nate system
71. |arrpyDimensions names and sizes of the M 2 SD_Array
dimensions of the detector Dimension
array
72. |offdetVectors displacement between ori- |M 2 Vector
gin of the detector array
coordinate system and the
location of the first detec-
tor in the detector array
73. |detgctorSize size of a detector in a M 2 Length
detector array dimension
specified by detectorDi-
mensionName
74. |detgctorShape shape of a detector M 1 SD_ShapeCode
75. |distortion distortion of detector 0 1 SD_Distortion
array
76. |CA|GeometricPre |information about the Use obliga- |Use maximum |Aggregated
Corfrection geometric modification of |tion/con- |occurrence Class (SD_
the image data during the |dition from |from refer- Optics)
processing from the status |referencing |encing object
raw-data to.the status first |object
original
77. |polynomialDegree |definition of the power of |M 1 Integer 20
the-polynomial
78. |polynomialCoef- definition of the coeffi- 0 N Real
ficignts cients of the polynomial
79. |resamplingDaté definition of the time of M 1 DateTime
processing
80. |parpmetérs definition of all other 0 N Real
involved parameters
81. |CA AuxittaryDevice [superciass for CA_GINSS Useobtiga= TUse Tmaximum Specified €iass
and CA_IMU tion/ con- |occurrence (CA_Interior
6.2.11 o . .
dition from |from refer- Orientation)
GNSS and IMU are aux- : . .
o . referencing |encing object
iliary devices for the :
. object
measurement of position
and attitude of moving
platforms.
82. |timeLeverarm time when the leverarm M 1 DateTime
was calibrated
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Name/role name Definition tion/ Max. occur- Data type/ Domain
Lk rence class
condition
83. |leverarm definition of the position- |M 1 DirectPosition
vector from the GNSS-
reference point to the ref-
erence point of the sensor
system, e.g. the projection
centre of the camera,
given in the Coordinate
Reference System of the
platform.
84. |errorLeverarm definition of the error of |M 1 Length
the leverarm
85. |CA_GNSS information about the Use obliga- |Use maximum |Specified Class
6.212 satellite navigation thatis |[tion/con- |occurrence (CA_Auxiliary
— relevant for the calibration |dition from |from refer- Device)
referencing |encing object
object
86. |numberSatellites minimum number of satel- |M 1 Integer 24
lites that is necessary for
performing a calibration
measurement
87. |registrationCycle longest allowed temporal |M 1 DateTime
interval between two posi-
tion measurements made
by the GNSS
88. |CA_IMU information about the Use obliga- |Use maximum |Specified Class
6.2.13 Inertial Measurement®nit |tion/ con- |occurrence (CA_Auxiliary
I (IMU) that is relevant for |dition from |from refer- Device)
the calibration referencing |encing object
object
809. |boresightAngle three angles-that define M 1 SD_Attitude
the rotation between the
coordinate reference sys-
tein'of the sensor system,
e.g. the camera, and the
coordinate reference sys-
tem of the IMU
90. |dataRate temporal interval between |M 1 DateTime
two registrations
9l. |attitudeAccuracy quality of an angular M 1 Angle
measurement
92. ASD_Distortion defined in ISO/TS 19130; |Use obliga- |Use maximum |Specified Class
6219 cnpprr]nu ofthe classes tlon/ CIOn- IoccurreInC(_e [SD_OpthS)
SD_DistortionTable, SD_ | ¢ 00N Irom [Irom reter
. . ! referencing |encing object
DistortionPolynomial, and obiect
CA_Distortion. )
93. |princPointOfSym- |position of the principle M 1 DirectPosition
metry point of symmetry
94. |qualityOf- Quality of the principle M 1 DQ_Quantita-
PrincPointOf Sym- |point of symmetry tive Attrib-
metry uteAccuracy
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95. |SD_DistortionTable |distortion information Use obliga- |Use maximum |Specified Class
6.2.20 in a tabular form and is tion/ con- |occurrence (SD_Distortion)
— defined in ISO/TS 19130  |dition from |from refer-
referencing |encing object
object
96. |rows number of rows of the M 1 int =1
[ distortion tabie
97. colllmns number of columns of the |M 1 int 21
distortion table
98. |xOffset image column number cor- |M 1 int =0
responding to the first cell
in the table
99. |yOfffset image row number cor- M 1 int =0
responding to the first cell
in the table
100. |xSpjacing number of columns in the |M 1 int
image corresponding to
an interval of one table
column
101. |ySpacing number of rows in the M 1 int
image corresponding to an
interval of one table row
102. |distortionValues array of values describing |M N float
image distortion
103. |SD_|Distortion Poly- |distortion described using |Use obliga- |Use maximum |Specified Class
norial a polynomial. tion/ con- |occurrence (SD_Distortion)
dition from |from refer-
bzl referencing |encing object
object
104. |polynomialDecen- |polynomial that describes |O 1 SD_Polynomi-
tering decentering'distortion alFunction
105. |polynomialRadial |polynorial that describes |O 1 SD_Polynomi-
radidlly symmetrical dis- alFunction
toftion
106. |qualityOfPolynomi-~Covariance of the polyno- |O 1 DQ_Positional-
alRpdial mial coefficients for radial Accuracy
distortion
107. |quality Of Rolywomi- |covariance of the poly- 0 1 DQ_Positional-
alDecentfting nomial coefficients for Accuracy
decentering distortion
108. | CA _Distortiom Poty-Timformatiomabout tie Useobtiga= TUse Tmaximum Specified €iass
nomial polynomial distortion tion/ con- |occurrence (SD_Distortion
6.2.22 model that is not defined |dition from |from refer- Polynomial)
— in the class SD_Distortion- |referencing |encing object
Polynomial object
109. |polynomialDegree |power of distortion poly- |M 1 Integer =0
nomial
110. |polynomialCoef- coefficients of the dis- 0 1 Real
ficients tortion polynomial, i.e.
polynomialCoefficients
= (polynomialDegree + 1) *
(polynomialDegree + 2)
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111. [thinSplineDegree  |power of the thin spline M 1 Integer >0
112.|thinSplineCoeffi- coefficients of the thin 0 1 Real
cients spline
113.|CA_Distortion distortion information Use obliga- |Use maximum |Specified Class
6.2.23 necessary for the geomet- |tion/ con- |occurrence (SD_Distortion)
- ric calibration of an optical [dition from |from refer-
camera thatis not covered |referencing |encing object
by ISO/TS 19130. object
1{14. | selfCalibration- name of the self-calibra- M 1 CA_SelfCalibra-
Model tion model with details tionModel
defined in the data type
CA_SelfCalibrationModel

115. |radialDistortion distortion developed along |M 1 CA_Radial
aradius from the centre of Distortion
the image

116. |decenteringDistor- |distortion caused by a M 1 CA_Decenter-

tion misalignment of the lens ing Distortion
elements

1[17. |affineDistortion distortion that can be M 1 CA_AffineDis-
compensated by an affine tortion
transformation

1118. |tangentialDistor- distortion developed nor- |M 1 CA_Tangential

tion mal to a radius from the Distortion
centre of the image

1{19. |affineFraserDistor- |distortion that can be M 1 CA_Affine-

tion compensated by the Fraser Fraser Distor-
model (see C.3) tion

1]20. | smacParameters distortion that can be M 1 CA_SMAC
compensatéd by the SMAC Parameters
model (see C.4)

121. |ebnerParameters distertion that can be M 1 CA_Ebner
compensated by the Ebner Parameters
model (see C.5)

122. |jacobsenParameters |distortion that can be com- | M 1 CA_Jacobsen
pensated by the Jacobsen Parameters
model (see C.6)

123. | software name of the software M 1 Character-
product applied for the String
calibration processing

124~)propertiesAlgo- name and the properties of |M 1 Character-

TTChT threatgorithmr that s pro- String
grammed in the software

125. |sigmaNaught overall error of the calibra- |M 1 Length
tion processing

126.|CA_RadialDistor- data type with the Use obliga- |Use maximum |dataType

tion K-values for describing the |tion/ con- |occurrence
radial distortion dition from |from refer-
6.2.25 referencing |encing object
object
127. [numberCoefficients |quantity of values applied |M 1 Integer >0
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128. |k coefficients of the radial 0 N Real
distortion model
129.|CA_Decentering data type with the Use obliga- |Use maximum |dataType
Distortion P-values for describing the |tion/ con- |occurrence
6.2.26 decentering distortion of |dition from |from refer-
I the SMAC-model referencing |encing object
object
130. |pl first coefficient of the M 1 Real
description of the decen-
tering distortion
131. |p2 second coefficient of the M 1 Real
description of the decen-
tering distortion
132.|CAJTangential Dis- |data type with the Use obliga- |Use maximum |dataType
torfion T-values for describing the |tion/ con- |occurrence
6.218 tangential distortion of the |dition from |from refer-
: Brown- and the Fraser- referencing |encing object
model object
133.t1 first coefficient of the M 1 Real
description of the tangen-
tial distortion
134.(t2 second coefficient of the M 1 Real
description of the tangen-
tial distortion
135.|CA JAffineDistortion|data type with the Use obliga- |Use maximum |dataType
6.27 A-values for describing tion/ con- |occurrence
I the affine distortion of the)|dition from |from refer-
Brown-model referencing |encing object
object
136.|al first coefficient.of the M 1 Real
description.ofithe affine
distortion
137.|a2 second ceefficient of the M 1 Real
description of the affine
distertion
138.|CA |AffineFraser data type with the Use obliga- |Use maximum |dataType
Disfortion F-values for describing tion/ con- |occurrence
the affine distortion of the |dition from |from refer-
Fraser-model referencing |encing object
object
139.|f1 first coefficient of the M 1 Real
description of the affine
fraser distortion
140. |f2 second coefficient of the M 1 Real
description of the affine
fraser distortion
141. |CA_EbnerParam- data type with the 12 Use obliga- |Use maximum |dataType
eters Ebner-parameters (e1 until [tion/ con- |occurrence
e12) dition from |from refer-
6.2.31 . . .
referencing |encing object
object
142. |e coefficients of the Ebner M 12 Real
model
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Name/role name Definition tion/ Max. occur- Data type/ Domain
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143.|CA_Jacobsen data type with the 15 Use obliga- |Use maximum |dataType
Parameters Jacobsen parameters (j1 tion/ con- |occurrence
s22 i 1) dion rom |rom elr
NOTE The distortion Cbiact 8 §00)
model of Jacobsen defines J
parameters from j1 until
Jag- However, only the [irst
15 are normative because
the further have a product-
specific meaning
144. |j coefficients of the Jacobsen |[M 15 Real
model
B.4 Package OpticsSensor: Radiometry
Obliga-
Name/role name Definition tion/ Makyeccur- Data type/ Domain
L rence class
Condition
145.|CA_OpticsSensor information about the Use obliga- )| Use maximum |Specified Class
Radiometry radiometric calibration tion/.con- |occurrence (CA_Optical
ditionfrom |from refer- Sensor)
6.3.2 referencing |encing object
object
146.| case definition one of the cases: |M 1 Integer 1,12,99
1: Lsensor(i,j) = k*DN(,])
+d
2: L = (DN-1)*H6C
99: None(of,those formulae
147. |numberOfPieces number of pieces in the M 1 Integer >
case of a piecewise linear
transformation
148.|gain gain of the curve M N Real
1#.9.| offset offset of the curve M N Distance
150.|signOfGain sign of the gain M N Real 1 E plus
-1 = minus
151. | minWavelength minimum wavelengths for |M N Length
which the respective gain
is valid
15Z.maxWavelength maximum wavelengths for |[M N Length
which the respective offset
is valid
153.|b correction parameter for |M N Real
compensating the effect
of path radiance and
illumination factors such
as sky light and reflected
radiance
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154.|c correction parameter for |M N Real
compensating the effect
of path radiance and
illumination factors such
as sky light and reflected
radiance
155.|CA_|RadiometryOff [information regarding Use obliga- |USE maximum | Specitied Class
Senkor influences on the radiom- |[tion/ con- |occurrence (CA_Optics-
6.3.8 etry not generated by the |dition from |from refer- SensorRadiom-
- sensor referencing |encing object |etry)
object
156.|atmosphericModel |model thatis applied for |M 1 Character-
the atmospheric correc- String
tion.
157.|modelProperties general description of the |M 1 Character-
atmospheric model String
158.|method method applied for the M 1 CA_Method
atmospheric correction
159.|illumination definition of the light M 1 Character-
conditions of the imaged String
object
160.|pathRadiance definition of the amont of |M 1 Real 0,0 to
radiation that is added to 100,0
the received total radia-
tion by influences located
along the track
161.|backgroundRadi- description of the amont ‘)| M 1 Real 0,0 to
ance of radiation that is added 100,0
to the received totahradia-
tion by influences.from
any background
162.|skylight descriptian’of the amount |M 1 Real 0,0 to
of radiation received as 100,0
scattened solar radia-
tiomfrom the atmosphere
measured in a part of one
hundred
163.|skylightReflected description of the amount |M 1 Real 0,0 to
of radiation received as 100,0
scattered solar radia-
tion from the atmosphere
and then reflected from
adjacent objects such as
buildings or the ground
measured in a part of one
hundred
164.|CA_Radiometryln |information regarding Use obliga- |Use maximum |Specified Class
Sensor influences on the radi- tion/ con- |occurrence (CA_Optics-
6.3.4 ometry generated by the |dition from |from refer- SensorRadiom-
— sensor referencing |encing object |etry)
object
165.|SensorSystem Iden- |identification of the sensor |M 1 MD_Identifica-
tification system tion
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166.|CA_OptoElectronic |information necessary for |Use obliga- |Use maximum |Specified Class
System the radiometric calibra- tion/ con- |occurrence (CA_Radiom-
3.5 tion of an opto-electronic |dition from |from refer- etry InSensor)
== system referencing |encing object
object
167. |[numberSensor- definition of the number of |M 1 Integer =1
Heads SENSOors that Make up the
system
168.|CA_Sensor Measure- |information about the Use obliga- |Use maximum |Specified Glass
ment measurement methods tion/ con- |occurrence (CA_OptoElec-
applied for determin- dition from |from refer- tronicSyStem)
6.3.6 . . . . .
ing any of the calibrated referencing |encing object
parameters object
169. | measurement- definition of the measure- |M 1 Character-
Method MTF ment method for the deter- String
mination of the modula-
tion transfer function
1[70.| measurement- definition of the meas- M 1 Character-
Method PSF urement method for the String
determination of the point
spread function
171.|CA_SensorPost Pro- |information aboutimage |Useobliga- |Use maximum |Specified Class
cessing modifications during post |tien/ con- |occurrence (CA_Opto Elec-
6.3.7 processing dition from |from refer- tronicSystem)
— referencing |encing object
object
1J72.| colourTransforma- |coefficients that are used |M 1 Character-
tion to perform a colour trans- String
formation
173.|CA_RadiometryPre |information about the Use obliga- |Use maximum |Aggregated
Correction radiometric modification |[tion/con- |occurrence Class
of theimage data during dition from |from refer-
6.3.8 . . . . (CA_Opto Elec-
the-processing from the referencing |encing object tronicSystem)
status raw-data to the object y
status first original
174.| resamplingDadte time of processing M 1 DateTime
1175.| tonal AdjuStment- type of tonal adjustment |M 1 CA_Tonal
Type Adjustment
176.| gammaCorrection |amount of the gamma cor- |M 1 Real =0,0
rection
177-yradiometric Trans- |definition the change of M 1 CA_Radiomet-
formation The grey vaiue depth Tic Transfor-
mation
178.|lookUpTable definition a look-up-table |M 1 CA_LUT
for a radiometric change of
the image
179.|filterType filter applied for the radio- |M 1 CI_Citation
metric change
180.| parameters definition other involved |O N Real
parameters
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181.|CA_OpticalFilters information about the Use obliga- |Use maximum |Specified Clas
optical filters involved tion/ con- |occurrence (CA_Radiom-
6.3.9 .
dition from |from refer- etry InSensor)
referencing |encing object
object
182.|spectralCharacter- |transmission-curve of the |M 1 CA_Spectrum
isti¢s Tilter
183.|CA_DefectPixels data type that defines Use obliga- |Use maximum |dataType
6.3.80 the row and the column tion/ con- |occurrence
- of a defect (incorrectly dition from |from refer-
responding) pixel referencing |encing object
object
184.|row definition of the row M 1 Integer 20
of a defect (incorrectly
responding) pixel
185. |colymn definition of the column M 1 Integer =0
of a defect (incorrectly
responding) pixel
186.|CA_lLinearity data type that defines the |Use obliga- |Use makimum |dataType
linearity of the sensor tion/ con- |occurrence
6.3.19 .
response. dition from |from refer-
NOTE The value-pairs ref_erencmg encing object
. . object
receivedIntensity -
recordedIntensity define
the response-curve of the
Sensor.
187.|channelldentifica- |alpha-numerical identifica?| M 1 Character-
tion tion for the channel String
188.|recgivedIntensity radiometric activation of |O N Real 0,0 to
the sensor 100,0
189.|rec¢grdedIntensity |recorded intensity 0 N Real 0,0 to
100,0
190.|CA_Radiometric data(type that defines a Use obliga- |Use maximum |dataType
Dynlamics bit-value specifying the tion/ con- |occurrence
6.3.p0 mymber of greyvalue steps |dition from |from refer-
I within the radiometric referencing |encing object
range object
191. |bit number of bits within the |M 1 Integer 21
range
192.|CA_ISpectralSensi- |data type that defines the |Use obliga- |Use maximum |dataType
tivity spectral range based on tion/ con- loccurrence
wavelengths dition from |from refer-
6.3.21 . . X
referencing |encing object
object
193.|minimumWave- lower border of the range |M 1 Length
length
194. | maximumWave- upper border of the range |M 1 Length
length
195. |sensitivityFunction |function that relates the M 1 Character-
received radiation to the String
sensor’s response
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196.|CA_LUT data type that defines a Use obliga- |Use maximum |dataType
look-up-table tion/ con- |occurrence
6.3.13 .
dition from |from refer-
referencing |encing object
object
197.|identification Characterization of the M 1 Character-
TUT String
1P8.|in value in the input column |0 N Integer >(]
199.|out value in the input column |0 N Integer >(
2000.|CA_Sensor Charac- |information about the Use obliga- |Use maximum |Specified Class
teristics sensor tion/ con- |occurrence (CA Opto Elec-
dition from |from refer- tfonicSystem)
6.3.14 . . .
referencing |encing object
object
201.|sensorldentification |identification of the sensor |M 1 MD_Identifica-
tion
2002.|cameraHead camera or sensor head for |M 1 Character-
which the information is String
valid
203.| channel channel for which the M 1 Character-
information is valid String
2l04.|CA_SensorParam- information that charac- . j/UUse obliga- |Use maximum |Specified Class
eters terizes the imaging perfor=\tion/ con- |occurrence (CA_Sensor
mance of the sensor dition from |from refer- Characteris-
6.3.15 . . . .
referencing |encing object |tics)
object
205.|pointSpreadFunc- | Point Spread Eunction M 1 CA_Point-
tion (PSF) of thesehsor Spread Func-
tion
206.|fNumberDenomina- |denominator of the aper- |M 1 Integer 2]
tor tureof the sensor
207.|samplingPattern shape of a ground pixel M 1 CA_Sampling
Pattern
2008.|spectralResponse  |spectral response charac- |M 1 CA_Spectrum
teristics of the sensor
2009.|CA_SensorQuality |information about the Use obliga- |Use maximum |Specified Class
Evaliation radiometric quality of the |[tion/ con- |occurrence (CA_Sensor
sensor dition from |from refer- Characteris-
6316 . . . .
referencing |encing object |tics)
object
210.|linearity definition of the spectral |M 1 CA_Linearity
response-curve of the
sensor
211.|absoluteSpectralEr- |definition of the difference |M 1 Integer
ror between two radiometric
measurements under the
same off-sensor conditions
212.|relativeSpectralEr- |definition of the difference |M 1 Real 0,0 to
ror between two radiometric 100,0
measurements under the
same off-sensor conditions
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rence

Data type/

Domain
class

213.

dyn

amicRange

definition of the range of
distinguishable grey val-
ues of the sensor

NOTE The dynamic range

has the data type integer
and is computed from the

M

CA_Dynami-
cRange

distinguishable digital
numbers (DN) as follows:

n[dB]=20log DN o

dB]
DN=10 20

where
n is the dynamic range

DN is the effective digital
numbers

214.

spe

CtralSensitivity

definition of the spectral
sensitivity of the sensor

CA_Spectral
Sensitivity

215.

sign

alToNoiseRatio

characterization of the
noise of the sensor

CA_Radiomet-
ric Dynamics

216.

illuninationLevel

definition of the illumina-
tion level for which the
attribute signalToNoiseRa-
tio is valid

NOTE The unit of illumi-
nationLevel is watts pér

square metre (11x =1/
m2).

Real

217.

mod
Fun

ulationTransfer
ction

definition of the Modula-
tion Transfer*Function
(MTF) ¢f the sensor

Real

218.

moq
Fun|

ulationTransfer
ctionAcross

definition of the Modula-
tien-Transfer Function
(MTF) of the sensor across
the flight-track

Real

219.

mod
Fun|

ulationTransfer
ctionAlong

definition of the Modula-
tion Transfer Function
(MTF) of the sensor along
the flight-track

Real

220.

pos

LiUIllIllIIldge

POSTHIONS T the TTage to
which the MTF-values are
related

NOTE The MTF is defined
as a matrix with m rows
and n columns. This attrib-
ute is a vector of those
mxn positions.

DirectPosition

221.

polarization

definition of the polariza-
tion characteristics of the
sensor

Character-
String
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222.|radiometricDynam- |definition of the number M 1 CA_Radiomet-
ics of distinguishable grey ric Dynamics
values
223.|antiBlooming information whether a M 1 Boolean 1=yes
sensor is equipped with 0=no
anti-blooming techniques -
OT ot
2P24.|CA_SensorDefects |information about the Use obliga- |Use maximum |Specified Class
£.3.17 defects of the sensor tion/ con- |occurrence (CA_Sensor
- dition from |from refer- Characteris-
referencing |encing object |tics)
object
2P5.| colourAberration definition of a geometric |M 1 Character-
bias of the co-registration String
of the colour channels
2P6.|strayLight definition of the amount of |M 1 Character-
stray light of the sensor String
227.|residualPolarization |definition of the non- M 1 Character-
compensated parts of the String
polarization
2P8.|smile description of the smile M 1 Character-
distortion of the optical String
system
2P29.| keystoneEffect description of the presente |M 1 Boolean 1 Eyes
of the keystone effect N
0 F no
NOTE This effectdis
caused by the perspec-
tive transformation that is
applied while the imaging
of an object with an optical
sensorthat is based on the
central perspective.
2B0.|CA_Detector information necessary to |Use obliga- |Use maximum |Specified Class
identify a detector tion/ con- |occurrence (CA_Opto Elec-
6.3.25 o :
dition from |from refer- tronicSystem)
referencing |encing object
object
2B1.|detectorldentifica- |information necessaryto |M 1 MC_Identifica-
tion identify the detector tion
2B2.4CA_ElectronicCell |information necessary for |Use obliga- |Use maximum |Specified Class
% 2 96 the radiometric calibration |tion/ con- |occurrence (CA_Detector)
Tegarding a detector ele-  [dition {rom |{TOm reter-
ment or a detector array  |referencing |encing object
object
233.|sensitivity response of an individual |M 1 Character-
detector element relative String
to the activation
234.|pixelResponseNon |inhomogenities of the M 1 Character-
Uniformity response of the detec- String
tors of a detector array to
activation
NOTE The attribute is
abbreviated with PRNU.
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235.|darkSignalNonUni- |response of a detector M 1 Character-
formity element if no visible or String
infrared light is present
NOTE This activation is
mostly caused by imper-
fection of the detector. The
attribute 1s abbreviated
with DSNU.
236.|errqrTypeDarkSig- |type of error of the attrib- |M 1 CA_ErrorType
nallNonUniformity |ute darkSignalNonUni-
formity
237.|errgrDarkSignalNon |relative error of the M 1 Real =0
Uniformity attribute darkSignalNonU-
niformity
238.|defgctPixels image-position of a defect |M 1 CA_DefectPix-
pixel els
239.|defgctPixelsBright |image-position of a defect |M 1 CA_DefectPix-
Imalge pixel that is defect if els
the activation is intense
(bright image)
240.|def¢ctPixelsDarklm- |image-position of a defect |M 1 CA_DefectPix-
age pixel that is defect if the els
activation is low (dark
image)
241.|artifacts description of other defi- |M 1 Character-
ciencies of the detector String
242.|CA_[DetectorOptics |information necessary,to~ |Use obliga- |Use maximum |Specified Class
describe the optics.of'a tion/ con- |occurrence (CA_Detector)
6.3.7 .
detector dition from |from refer-
referencing |encing object
object
243.|lighkFalloff decrease ofactivation of |M 1 Character-
detector-€lements toward String
the-border/end of the
detector array due to the
imperfection of the lens
NOTE This is also called
vignetting. The measure-
ment is done in the labora-
tory using a uniform light
source to create a sensitiv-
ity prnfilp
244.|CA_DetectorDe- threshold values for the Use obliga- |Use maximum |Specified Class
mands quality parameters found |[tion/ con- |occurrence (CA_Electronic
in the calibration process |dition from |from refer- Cell)
6.3.28 : : .
referencing |encing object
object
245.|maximumAllowed- |maximum allowed number |M 1 Integer =0
DefectPixels of defect pixels on the
entire sensor
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Name/role name Definition tion/ Max. occur- Data type/ Domain
L rence class
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246.|maximumAllowed- |maximum allowed number |M 1 Integer =0
DefectPixelsDou- of defect pixels on a pair of
bleColumn columns
247. |maximumAllowed- |maximum allowed number |M 1 Integer =0
DefectPixelsSin- of defect pixels on a single
gleColumn column
B.5 Package OpticsCalibrationFacility: Geometry
Obliga-
Name/role name Definition tion/ Max. occur- Datatype/ Domain
Lk rence class
condition
2#8.|CA_OpticsFacility  |information related to a Use obliga- |Use maximum,|Specified Class
Geometry calibration laboratory and |tion/ con- |occurrence (CA_Optical
6.4.2 to an in-flight calibration |dition from |from refey* Sensor)
" referencing |encirgobject
object
209.|CA_InFlight abstract superclass of the |Use obliga-{JUse maximum |Specified Class
6.4.3 classes CA_GeometricTar- |tion/ con% )|occurrence (CA_Optics
— getand CA_TestRange dition from |from refer- FacilityGeom-
referéncing |encing object |etry)
object
250.|CA_GeometricTarget |information about the Use obliga- |Use maximum |Specified Class
targets tion/ con- |occurrence (CA_InFlight)
bA dition from |from refer-
referencing |encing object
object
251. |size the width of the two- M 1 Length
dimensiofiabbounding box
aroundthé target
252.|description freetext description of the |M 1 Character-
target String
263.|type characteristic of the target |M 1 CA_Geometric
according to the code TargetType
list set in the class CA_
GeometricTargetType
254.| material substance of the target’s |M 1 CA_Radiomet-
surface such as paint or ric TargetMate-
awning rial
255:| paintType characteristics of the paint |[M 1 Character-
String
256.|reflectanceProper- |peculiarity of the reflec- |M 1 Character-
ties tance String
257.|CA_Siemensstar information about a target |Use obliga- |Use maximum |Specified Class
of type Siemens star tion/ con- |occurrence (CA_Geometric
6.4.5 o
dition from |from refer- Target)
referencing |encing object
object
258.|diameter length of two radiuses of |M 1 Length
the Siemens star
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259.[sector angular width of the Sie- |M 1 Angle 0,0 to 360
mens star
Example: if the attribute
value is 180°, then the
Siemens star is drawn as a
semicircle.
260.| nunjberOfBarsIn- partitioning of the sector. |M 1 Integer >0
Sector The attribute defines a
bar-pair. A bar-pairis a
white sector and a black
sector.
Example: if the attribute
sector is set to 180° and
the attribute numberOf-
BarsInSector has a value of
10, then the Siemens star
has 10 white and 10 black
sections with an angular
width of 9° each.
261.|CA_|AirforcePattern |information about the tar- |Use obliga- |Useimaximum |Specified Class
6.4.6 get of type airforce pattern|tion/ con- |oceurrence (CA_Geometric
=T : ition from_[from refer- arget
i NOTE 1: An airforcepat- dition f ) f Target)
tern has: a set of white and ref_erencing éncing object
black target-bars with object
variable widths.
NOTE 2: The sections of
the airforce pattern are
called boxes.
262.|minfimumBarWidth |smallest width ofatarget- (M 1 Length
bar
263.|majimumBarWidth |widest width.of a target- |M 1 Length
bar
264.|numberOfBarsInBox | quantity of bars in one box |M 1 Integer >0
265. nuanerOfBoxes quantity of all boxes M 1 Integer >0
266.|CA_[TestRange information valid to Use obliga- |Use maximum |Specified Class
6.4 describe the entire test tion/ con- |occurrence (CA_InFlight)
- range dition from |from refer-
referencing |encing object
object
267. |confrelPoint position of control points |0 DirectPosition
268.|checkPoint position of check points [0) N DirectPosition
269. numberControl- quantity of control points |M 1 Integer =0
Points
270.|numberCheckPoints |quantity of check points M 1 Integer >0
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Name/role name Definition tion/ Max. occur- Data type/ Domain
Lk rence class
condition
271.|groundSampleDis- |smallest Ground Sample M 1 Length
tance Distance (GSD) that can
sensibly be applied for a
sensor calibration on this
test range
NOTE The targets have a
gIven size. T herefore they
may not be small enough
to be used for a calibration
process with a smaller GSD
than stated in the attribute
groundSampleDistance.
2[72.|minimumElevation |smallest elevation of a M 1 Iiength
target of the test range
2[73.|maximumElevation |highestelevationofatar- |M 1 Length
get of the test range
2[74.|averageElevation average elevation of tar- M 1 Length
gets of the test range
NOTE The average eleva-
tion should be computed
as the arithmetic mean of
all targets.
2[75.|positionalError geometric accuracy of the O N CA_Position-
test range alError
276.|lengthOfTestrange |length of larger edge of M 1 Length
bounding box of testrange
277.|widthOfTestrange |length of smaller'edge of |M 1 Length
bounding box of test range
2[78.|elevation- elevation\range of test M 1 Length
ChangeOfTestrange |range
279.|CA_Laboratory information related to the |Use obliga- |Use maximum |Specified Class
6.4.8 instruments utilized dur- |tion/ con- |occurrence (CA_Optics
I ing the calibration dition from |from refer- FacilityGeom-
referencing |encing object |etry)
object
280.| calibratiofilnstru-  |type of calibration instru- |M 1 CA_Instru-
ment ment coded with the data mentType
type CA_InstrumentType
281.| paeintSuspension method of attaching M 1 CA_PointSus-
control points and check pension
pnin'rc to a fundament
282.|CA_PositionalError |data type that specified Use obliga- |Use maximum |dataType
the positional error of a tion/ con- |occurrence
6.49 : e
point dition from |from refer-
referencing |encing object
object
283.|errorX geometric accuracy M 1 Length
regarding the x-dimension
284.|errorY geometric accuracy M 1 Length
regarding the y-dimension
285.|errorZ geometric accuracy M 1 Length
regarding the z-dimension
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condition
286.|errorXY geometric accuracy M 1 Length
regarding the xy-plane
287.|errorXYZ geometric accuracy M 1 Length
regarding the 3-dimen-
sional space
288.|pointType characterization of the M 1 CA_PointType
point coded with the data
type CA_PointType
289.|errgrType characterization of the M 1 CA_ErrorType
error coded with the data
type CA_ErrorType
290.|quaptityType information about the M 1 CA_Quantity-
meaning of the error coded Type
in the attribute CA_Quan-
tityType
B.6 Pdckage OpticsCalibrationFacility: Radiometry
Obliga-
Ndme/role name Definition tion/. Max. occur- Data type/ Domain|
. rence class
condition
291.|CA_DOpticsFacility information related to the |Useobliga- |Use maximum |Specified Class
Radfiometry equipment for a radiomet- [tion/ con- |occurrence (CA_Optical
6.5b ric calibration including dition from |from refer- Sensor)
T the laboratory and the referencing |encing object
in-flight environment object
292.|radlometricCalibra- M 1 dateTime
tion Date
293.|CA_Radiometry informationyregarding the |Use obliga- |Use maximum |Specified Class
Labpratory radiomeétnic calibration in |tion/ con- |occurrence (CA_Optics
6.5k a laboratory dition from |from refer- Facility Radi-
I referencing |encing object |ometry)
object
294. | caliprationMethod M 1 CA_Calibration
Method
295.|CA_Radiometryln- |superclass of the classes |Use obliga- |Use maximum |Specified Class
Flight CA_RadiometryTestRange |tion/ con- |occurrence (CA_Optics
6.54 and CA_ObjectToObject dition from |from refer- Facility Radi-
L referencing lencing object |ometry)
object
296.|lampType type of illumination used |M 1 Character-
String
297.|atmosphericCondi- |state of the atmosphere M 1 Character-
tion described with terms such String
as tropical and midlatitude
summer
298.|aerosolQuantity notation of visibility of the |M 1 Real 0,0 to
atmosphere as a part of 100,0
one hundred
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299.|CA_RadiometryTest [superclass of the class Use obliga- |Use maximum |Specified Class
Range CA_2DReflectanceTarget |[tion/ con- |occurrence (CA_Radiom-
5.5 dition from |from refer- etry nFlight)
- referencing |encing object
object
300.|numberPoints number of targets inthe |M 1 Integer =0
[ testrange
3|01. controlPoint position of the control 0 N DirectPosition
points
302.|expanse two-dimensional size of M 1 Area >
the test field
303.|minimumElevation |lowest elevation of the test |[M 1 IEngth
field
304.| maximumElevation |highest elevation of the M 1 Length
test field
305.|averageElevation average elevation of the M 1 Length
test field
306.|CA_2DReflectance |information about the two-|Use obliga-{Use maximum |Specified Class
Target dimensional reflectance  |tion/ con-\/|occurrence (CA_Radiome-
6.5.6 targets ditionfrom |from refer- try TestRange)
0 referencing |encing object
object
307. |linearSize width of a square-shaped "M 1 Length
or round target
308.|targetExpanse two-dimensional size of M 1 Area 2
the target
309.|shape shape of the target M 1 CA_Radiomet-
ric Target-
Shape
3]10.| material material of the target M 1 CA_Radiomet-
ric TargetMate-
rial
311.|spectralCharactérs ~ |spectral characteristics of |M 1 CA_Spectrum
istics the target under defined
illumination conditions
312.| measuredReflec- reflectance of the target |M 1 CA_Measured
tance Reflectance
313.|minimumNominal |lower end of the range of |M 1 Real 0,p to
Reflectance reflectances of the target 1Q0,0
3t mmaximuiN oAt Tupperend of the rangeof —ivt T Reat ;0 to
Reflectance reflectances of the target 100,0
315.|radiometricStability |description of the M 1 Character-
radiometric stability of the String
target
316.|cleanness description of the clean- M 1 Character-
ness of the target String
317.|absoluteAccuracy |estimate of the accuracy of |M 1 Real 0,0 to
the reference value for the 100,0
reflection
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318.{CA_ObjectToObject |information for a radio- Use obliga- |Use maximum |Specified Class
6.57 metric calibration based  |tion/ con- |occurrence (CA_Radiom-
— of an object-to-object dition from |from refer- etry InFlight)
comparison referencing |encing object
object
319.|numberlmages number of photos in which |M 1 Integer =0
the object was photo-
graphed and analysed
320.|rmde root mean square error of |M 1 Real 0,0te
the analysis normalized to 100,0
the full dynamic range of
the digital image
321.|MI_|nstrument instrument-specific meta- |Use obliga- |Use maximum |Aggregated
6.58 data tion/ con- |occurrence Class{CA_
=T dition from |from refer- OpticsFacility
referencing |encing object [Radiometry)
object
322.|citafion complete citation of the 0 N CI_Citation
instrument
323.|identifier unique identification of the | M 1 MD_Identifier
instrument
324.|type name of the type of instru- |M 1 Character-
ment NOTE Examples are String
framing, line-scan, push-
broom, pan-frame and
whiskbroom.
325.|des¢ription textual description of the')|0 1 Character-
instrument String
326.|SD_Bensor characteristics of the sen- |Use obliga- |Use maximum |Specified Class
6.5 sor tion/ con- |occurrence (MI_Instru-
T dition from |from refer- ment)
referencing |encing object
object
327.|calipration infermation about deter- |0 1 SD_Calibration
nmindtion of the relation
between instrument read-
ings and physical param-
eters
328.|mode type of observation being |O 1 Character-
made by sensor String
329.|opefdtionalBand wavelengths of the electro-|0 N MI_Band
TNAagNeTic SPECTIUm Deing
observed by the sensor
330.|CA_Spectrum data type that defines a Use obliga- |Use maximum |dataType
spectrum tion/ con- |occurrence
6.3.24 .
dition from |from refer-
referencing |encing object
object
331.{numberBands quantity of spectral bands |M 1 Integer
332.|wavelength central wavelength of the |0 N Length
respective band
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Name/role name Definition tion/ Max. occur- Data type/ Domain
A rence class
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333.|response intensity of the response |0 N Real
in a band
334.|CA_Measured data type that defines the |Use obliga- |Use maximum |dataType
Reflectance measured reflectance of  [tion/ con- |occurrence
atarget with respecttoa |dition from |from refer-
6.5.13 . . .
reference referencing |encing object
object
3B5. |intensity measured value of the M 1 Real 0,0 to
intensity 1Q0,0
3B6.|wavelength measured value of the M 1 Length
wavelength
337.|zenithAngle angle from the zenith M 1 Angle 0,0 t0 90,0
towards the measuring
instrument
3B8.|azimuth horizontal angle to the M 1 Angle 0,p to
measuring instrument 360,0
counted counterclockwise
from North
3[39.|SD_Calibration circumstances of determi- |Use obliga-)|Use maximum |dataType
nation of relation between |tion/con- |occurrence
6.5.14 . . .
instrument readings and |ditionfrom |from refer-
physical parameters referencing |encing object
object
310.|calibrationAgency |authority under which M 1 CI_Responsible
calibration took place Party
341.| calibrationDate date calibration was car- |M 1 Date
ried out
B.7 Package OpticsValidation
Obliga-
Name/role name Definition tion/ Max. occur- Data type/ Domain
A rence class
condition
342.|CA_GeometryVali- |information necessaryto |Use obliga- |Use maximum |Specified Class
dation perform a validation of the [tion/ con- |occurrence (CA_Geometry
2 geometric calibration dition from |from refer- Validation)
6.6.2 referencing |encing object
object
343.4validationMethod information about the M N CA_Validation
method applied for the Method
validation
344.|validationTime information about the time |[M 1 DateTime
when the validation was
done
345.|CA_Radiometry information necessary to |Use obliga- |Use maximum |Specified Class
Validation perform a validation of the |tion/ con- |occurrence (CA_Geometry
6.6.4 radiometric calibration dition from |from refer- Validation)
0 referencing |encing object
object
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346.|rmseComparisonOb- |definition of the result of |M 1 Real 0,0 to
ject the validation 100,0
347.|validationTime information about the time |[M 1 DateTime
when the validation was
done
B.8 D¢cumentation
Obliga-
Ndme/role name Definition tion/ Max. occur- Data type/ Domain|
Lk rence class
condition
348.|CA_Documentation |descriptive information of |Use obliga- |Use maximum |Specified Class
79 b remote sensing imagery tion/ con- |occurrence (MD¢clmage
=T dition from |from refer- Description)
referencing |encing object
object
349.|certlificateldentifica- |information for the identi- |M 1 MD_Identifier
tion fication of the certificate
350.|dataProductLevel information about the M 1 CA_DataProd-
processing steps that have uct Level
been applied to a data set
351.|geometricQuality information about the M 1 CA_Position-
geometric quality alError
NOTE The different
quality measures are
defined in Annex B and in
ISO 19157.
352.|geometricRadial definition of the réselution |M 1 CA_Geometric
Resplution of imagery along aTadius Resolution
from the image centre
353.|geometricTangential | definitien‘ef the resolution |M 1 CA_Geometric
Resplution of imagery in the tangen- Resolution
tial-direction regarding
theimage centre
354. |radjometricQuality’ |characterization of the M 1 DQ_Quantita- [=0
radiometric quality tive Attrib-
uteAccuracy
355. [stahilizedPlatform |information about the M 1 Character-
applied stabilized platform String
B.9 Codelists
Name Domain Definition
Code
1. |CA_CalibrationType caTyCd type
6.1.7
2. |laboratory 001 calibration performed in a laboratory
3. |testRange 002 calibration performed at a testfield or a test range
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