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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bod

ies

(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
non-goverhmental, in liaison with ISO, also take part in the work. ISO collaborates closely with
Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internationpl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main ftask of technical committees is to prepare International Standards. Draft International Standa
the technical committees are circulated to the member bodies for voting. Publication as
Internationgl Standard requires approval by at least 75 % of the member bodies casting.a-vote.

In other cjrcumstances, particularly when there is an urgent market requirement for such documents
technical gommittee may decide to publish other types of normative document;

— an ISQ Publicly Available Specification (ISO/PAS) represents an agreement between technical experts
an ISQ working group and is accepted for publication if it is approved by more than 50 % of the memb
of the |parent committee casting a vote;

— an ISO Technical Specification (ISO/TS) represents an agréement between the members of a techn
commfittee and is accepted for publication if it is approved by 2/3 of the members of the committee cast

e years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS
confirmed,|it is reviewed again after a further_three years, at which time it must either be transformed into
Internationgl Standard or be withdrawn.
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Attention i$ drawn to the possibility that some of the elements of this document may be the subject of patent

rights. ISO| shall not be held responsible’for identifying any or all such patent rights.

ISO/TS 19[130 was prepared by-Technical Committee ISO/TC 211, Geographic information/Geomatics.
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Introduction

The purpose of this Technical Specification is to specify the geolocation information that an im
provider shall supply in order for the user to be able to find the earth location of the data using
Sensor Model, a True Replacement Model or a Correspondence Model. Detailed Physical Sensor
defined for passive electro-optical visible/infrared (IR) sensors (frame, pushbroom and whiskbroom
active microwave sensing system (Synthetic Aperture Radar). A set of components from which
other sensors can be constructed is also provided. Metadata required for geopositioningusi
Replacement Model, a Correspondence Model, or ground control points are also specified) The

lack ancillary information necessary for geopositioning and analysing the data. Consequently,

soffware package often has to be developed to deal with data(from each individual sensor or datz
Stgndard sensor models and geolocation metadata allow.agencies or vendors to develop g

SO
a g
prg

ware products that are applicable to data from multiple*data producers or from multiple sensors
moting interoperability of data between application’systems and facilitating data exchange.

Th
oth
loc
pu
fun
pra

s Technical Specification defines the set of metadata elements specified for providing sensor
er geopositioning data to users. For the ease where a Physical Sensor Model is provided, it
ation model and metadata relevant to all sensors; it also includes metadata specific to w
shbroom, frame, and SAR sensors. It also includes metadata for functional fit geopositioning,
ction is part of a Correspondence(Model or a True Replacement Model. This Technical Specifi
vides a schema for all of these metadata elements.

tandard, different producers can describe the geolocation information of their data in the sam¢g

0:2010(E)

agery data
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and for an
models for
hg a True
ntent is to
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rent parametric information, lack parameters required to describe-the sensor that produces the data, or
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TECHNICAL SPECIFICATION

ISO/TS 19130:2010(E)

Geographic information — Imagery sensor models for

geopositioning

1 | Scope

This Technical Specification identifies the information required to determine the relationship bgtween the

position of a remotely sensed pixel in image coordinates and its geoposition. It supports exploitation of

remotely sensed images. It defines the metadata to be distributed with the image to,enable user defermination
of geographic position from the observations.

This Technical Specification specifies several ways in which information in¢Support of geopositioning may be

prqvided.

a) | It may be provided as a sensor description with the associated physical and geometric information
necessary to rigorously construct a Physical Sensor Model‘For the case where precise geoposition
information is needed, this Technical Specification identifies’ the mathematical formulae for| rigorously
constructing Physical Sensor Models that relate two-dimensional image space to three-djmensional
ground space and the calculation of the associated.'propagated errors. This Technical Specification
provides detailed information for three types of -passive electro-optical/infrared (IR) sensars (frame,
pushbroom and whiskbroom) and for an active ‘microwave sensing system [Synthetic Aperfure Radar
(SAR)]. It provides a framework by which these-sensor models can be extended to other sensof types.

b) [ It may be provided as a True Replacement Model, using functions whose coefficients are bHased on a
Physical Sensor Model so that they ‘provide information for precise geopositioning, induding the
calculation of errors, as precisely as the Physical Sensor Model they replace.

c) | It may be provided as a Carrespondence Model that provides a functional fitting based or observed
relationships between the geopositions of a set of ground control points and their image coordinates.

d) | It may be provided as a’set of ground control points that can be used to develop a Correspondence
Model or to refine a:Physical Sensor Model or True Replacement Model.

This Technical Specification does not specify either how users derive geoposition data or thel format or

comtent of the data-the users generate.

2 | Conformance

This Technical Specification specifies four conformance classes. There Is one conformance class for each of

the methods specified for providing geopositioning information. Any set of geopositioning information claiming
conformance to this Technical Specification shall satisfy the requirements for at least one conformance class
as specified in Table 1. The requirements for each class are shown by the presence of an X in the boxes for
all clauses in the application test suite (ATS) required for that class. If the requirement is conditional, the box
contains a C.

© 1SO 2010 — All rights reserved
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Table 1 — Conformance classes

Subclause
A1 | A21 | A22 | A31 | A32 | A33 | A34 | A35 | A4 A5 A6
Correspondence Model X X X

& | Physical SAR X X X X X

% Sensor

o Model electro- X X X X X

é optical

.:g True Replacement Model

3 |Gch Collection X X X C c c c C C c 0
3 Normative references
The following referenced documents are indispensable for the application of this{ decument. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenged
document [including any amendments) applies.
ISO/TS 19[103:2005, Geographic information — Conceptual schema languagé
ISO 19107, Geographic information — Spatial schema
ISO 19108, Geographic information — Temporal schema
ISO 19111[:2007, Geographic information — Spatial referencing by coordinates
ISO 19115:2003, Geographic information — Metadata
ISO 19115-2:2009, Geographic information — Metadata — Part 2: Extensions for imagery and gridded datg
ISO 19123, Geographic information — Schema for coverage geometry and functions
ISO/TS 19[138:2006 Geographic information — Data quality measures
4 Terms and definitions
For the pufposes of this, document, the following terms and definitions apply.
4.1
active sensing system
sensing system that emits energy that the sensor uses to perform sensing
4.2

adjustable model parameters
model parameters that can be refined using available additional information, such as ground control points,

to improve

4.3

or enhance modelling corrections

along-track
direction in which the sensor platform moves

© 1SO 2010 — All rights reserved
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44
ARP
aperture reference point

3D location of the centre of the synthetic aperture

NOTE It is usually expressed in ECEF coordinates in metres.
4.5

attitude

orientation of a body, described by the angles between the axes of that body’s coordinate system and the

ax

s of an external coordinate system

[s

4.6
att

named property of an entity

[1S

NO
cha

D 19116:2004, definition 4.2]

ribute

D/IEC 2382-17:1999, definition 17.02.12]

TE In this Technical Specification, the property relates to a geometrical, topological, themati
racteristic of an entity.

ca
dis
ne

uth resolution
R) resolution in the cross-range direction

E This is usually measured in terms of the impulse reésponse of the SAR sensor and processing sy
tion of the size of the synthetic aperture, or alternativelysthe dwell time (i.e. a larger aperture results in a
results in better resolution).

m width

R) useful angular width of the beam df electromagnetic energy

E Beam width is usually measured in radians and as the angular width between two points that have
er (3 dB below) of the centre of.the beam. It is a property of the antenna. Power emitted outside of this
to provide a usable return.

adside

nadir point of the ARP

ibrated focal length
anCe between the perspective centre and the image plane that is the result of balancing p

c, or other

stem. Itis a
onger dwell

50 % of the
angle is too

R) direction orthogonal to the velocity vector and parallel to the plane tangent to the Earth's ellipsoid at

bsitive and

ative radial lens distortions during sensor calibration

41

1

coordinate
one of a sequence of n numbers designating the position of a point in n-dimensional space

[ISO 19111:2007, definition 4.5]

NO

41

TE In a coordinate reference system, the coordinate numbers are qualified by units.

2

coordinate reference system
coordinate system that is related to an object by a datum

© 1SO 2010 — All rights reserved
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[ISO 19111:2007, definition 4.8]

NOTE

413

For geodetic and vertical datums, the object will be the Earth.

coordinate system
set of mathematical rules for specifying how coordinates are to be assigned to points

[ISO 19111:2007, definition 4.10]

414

Corresp0|||dence Model

functional
ground cd

415

cross-tragk

perpendicd

4.16
data
reinterpret
or process

[ISO/IEC 2
4.17

datum
parameter

relationship between ground and image coordinates based on the correlation between-a ‘'se
ntrol points and their corresponding image coordinates

lar to the direction in which the collection platform moves

hble representation of information in a formalised manner suitable for‘"communication, interpretati
ng

382-1:1993, definition 01.01.02]

coordinate system

[1SO 1911

4.18
detector
device tha

419
Doppler a
(SAR) ang

4.20
Doppler s
wavelengt

NOTE

:2007, definition 4.14]

generates an output signal in tesponse to an energy input

hgle
e between the velogity vector and the range vector

hift
h changedesulting from relative motion of source and detector

In the\SAR context, it is the frequency shift imposed on a radar signal due to relative motion between

transmitter zfnd the object being illuminated.

or set of parameters that define the position of the origin, the scale, and the orientation ¢

of

the

4.21
ellipsoid

surface formed by the rotation of an ellipse about a main axis

[ISO 19111:2007, definition 4.17]

NOTE

The Earth ellipsoid is a mathematical ellipsoid figure of the Earth which is used as a reference frame

computations in geodesy, astronomy and the geosciences.

for

© 1SO 2010 — All rights reserved
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4.22

ellipsoidal coordinate system

geodetic coordinate system

coordinate system in which position is specified by geodetic latitude, geodetic longitude and (in the three-
dimensional case) ellipsoidal height

[ISO 19111:2007, definition 4.18]
4.23

ellipsoidal height
gendn’rih hnigh’r

distance of a point from the ellipsoid measured along the perpendicular from the ellipseid ‘to|this point,
positive if upwards or outside of the ellipsoid

19111:2007, definition 4.19]

NQTE Only used as part of a three-dimensional ellipsoidal coordinate system andnever on its own.

prdcess of determining the uncertainties of derived quantities from the known uncertainties of the qyantities on

NQTE Error propagation is governed by the mathematical function relating the derived quantity to the quantities from

NQTE When there are four fidugcial.marks, fiducial centre is the intersection of the two lines connecting|the pairs of

index marks, typically~our or eight rigidly connected with the camera body, which form images pn the film

frameée sensor
sensor that detects and collects all of the data for an image (frame / rectangle) at an instant of time

4.29

geodetic datum

datum describing the relationship of a two- or three-dimensional coordinate system to the Earth
[ISO 19111:2007, definition 4.24]

NOTE In most cases, the geodetic datum includes an ellipsoid description.

© 1SO 2010 — All rights reserved 5
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4.30

geodetic latitude

ellipsoidal

latitude

4
angle from the equatorial plane to the perpendicular to the ellipsoid through a given point, northwards treated

as positive

[ISO 19111:2007, definition 4.25]

4.31
geodetic |
ellipsoidal
A

angle from

[1SO 1911

4.32
geoid
equipotent
and which

[1SO 1911

4.33
geograph
informatior

[ISO 1910
4.34
geolocati

geopositi

4.35

pngitude

ongitude
the prime meridian plane to the meridian plane of a given point, eastward treated as positive

:2007, definition 4.26]

al surface of the Earth’s gravity field which is everywhere perpendicular_to the direction of gra
best fits mean sea level either locally or globally

:2007, definition 4.27]
c information

concerning phenomena implicitly or explicitly associated with a location relative to the Earth
:2002, definition 4.16]

9
ning an object using a Physical Sensor Model or a True Replacement Model

geolocation information

informatior
[ISO 1911

4.36

used to determine geographic location corresponding to image location

p-2:2009, definition 4.11]

geopositioning

determinin

NOTE
from image

b the geographic position of an object

\While_there are many methods for geopositioning, this Technical Specification is focused on geopositior]
coordinates.

4.37

georeferencing
geopositioning an object using a Correspondence Model derived from a set of points for which both ground
and image coordinates are known

4.38
gimbal

ity

ing

mechanical device consisting of two or more rings connected in such a way that each rotates freely around an

axis that is

NOTE

a diameter of the next ring toward the outermost ring of the set

An object mounted on a three-ring gimbal will remain horizontally suspended on a plane between the rings
regardless as to the stability of the base.

© 1SO 2010 — All rights reserved
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4.39
grazing angle
(SAR) vertical angle from the local surface tangent plane to the slant range direction

4.40

grid

network composed of two or more sets of curves in which the members of each set intersect the members of
the other sets in an algorithmic way

[ISO 19123:2005, definition 4.1.23]

NQTE I'ne curves partiion a space Into gria cells.

4.41
grid coordinates
sequence of two or more numbers specifying a position with respect to its location on a grid

[ISP 19115-2:2009, definition 4.16]

4.42
ground control point
point on the earth that has an accurately known geographic position

[ISP 19115-2:2009, definition 4.18]

point in the
bund, DEM,

xpressed in

ground sampling distance
lingar distance between pixel centres on the ground

NQTE This;definition also applies for water surfaces.
4.46
gyroscope

deyi€e) consisting of a spinning rotor mounted in a gimbal so that its axis of rotation maintains a fixed
orientafion

NOTE The rotor spins on a fixed axis while the structure around it rotates or tilts. In airplanes, the pitch and
orientation of the airplane is measured against the steady spin of the gyroscope. In space, where the four compass points
are meaningless, the gyroscope’s axis of rotation is used as a reference point for navigation. An inertial navigation system
includes three gimbal-mounted gyroscopes, used to measure roll, pitch, and yaw.

4.47
image
gridded coverage whose attribute values are a numerical representation of a physical parameter

[ISO 19115-2:2009, definition 4.19]

NOTE The physical parameters are the result of measurement by a sensor or a prediction from a model.

© 1SO 2010 — All rights reserved 7
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4.48

image coordinate reference system
coordinate reference system based on an image datum

[ISO 19111:2007, definition 4.30]

4.49

image datum
engineering datum which defines the relationship of a coordinate system to an image

[|SO 1911 -’){'\07’ definition 4 '11]

4.50

image distortion

deviation hetween the actual location of an image point and the location that theoretically wouldresult fr
the geometry of the imaging process without any errors

4.51

image formation

(SAR) progess by which an image is generated from collected Phase History Data.in a'SAR system

4.52

image-ideptifiable ground control point

ground control point associated with a marker or other object on the‘ground that can be recognized in
image

NOTE The ground control point may be marked in the image, or.the user may be provided with an unambigu
description pf the ground control point so that it can be found in the image.

4.53

image plahe

plane behihd an imaging lens where images of objects within the depth of field of the lens are in focus
4.54

image point

point on the image that uniquely represents an object point

4.55

imagery

representation of phenomena _as-images produced by electronic and/or optical techniques

[ISO/TS 19101-2:2008, déefinition 4.14]

NOTE In this Technical Specification, it is assumed that the phenomena have been sensed or detected by ong
more devicgs such as\rddars, cameras, photometers and infrared and multispectral scanners.

4.56

impulse résponse

an

pus

or

width of the return generated by a small point reflector, which equates to the smallest distance between two
point reflectors that can be distinguished as two objects

4.57
incident a

ngle

vertical angle between the line from the detected element to the sensor and the local surface normal (tangent
plane normal)

4.58

internal coordinate reference system
coordinate reference system having a datum specified with reference to the object itself

© 1SO 2010 — All rights reserved
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4.59
metadata
data about data

[1ISO 19115:2003, definition 4.5]
4.60
object point

point in the object space that is imaged by a sensor

coordinate

NQOTE 1 This term originated as a.contraction of “picture element”.

NQTE 2 Related to the concept.of a grid cell.

4.65

pldtform coordinate-reference system
engineering coordinate reference system fixed to the collection platform within which positigns on the
collection platform-are defined

4.66
principal;point of autocollimation
point-ofintersection between the image plane and the normal from the perspective centre

4.67
principal point of best symmetry
centre of the circles of equal distortion of the lens positioned in the image plane

4.68

pushbroom sensor

sensor that collects a single cross-track image line at one time and constructs a larger image from a set of
adjacent lines resulting from the along-track motion of the sensor

4.69

range bin
(SAR) group of radar returns that all have the same range

© 1SO 2010 — All rights reserved 9
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4.70

range direction

slant range direction

(SAR) direction of the range vector

4.71
range resolution
spatial resolution in the range direction

NOTE For a SAR sensor, it is usually measured in terms of the impulse response of the sensor and processing
system. It is.afunction of the bandwidth of the pulse

4.72
range vecfor
vector fromp the antenna to a point in the scene

4.73
rectified grid
grid for which there is an affine transformation between the grid coordinates and“the” coordinates of|an
external cpordinate reference system

[1SO 19128:2005, definition 4.1.32]
NOTE If the coordinate reference system is related to the Earth by a datum, the grid is a georectified grid.

4.74
remote sTsing
collection and interpretation of information about an object witheut’being in physical contact with the object

[ISO/TS 19101-2:2008, definition 4.33]

4.75
resolution (of a sensor)
smallest difference between indications of a sensor that can be meaningfully distinguished

[ISO/TS 19101-2:2008, definition 4.34]
NOTE For imagery, resolution refers'te radiometric, spectral, spatial and temporal resolutions.

4.76
SAR
Synthetic |Aperture Radar
imaging rgdar system_that simulates the use of a long physical antenna by collecting multiple returns from
each target as the actual antenna moves along the track

NOTE The electromagnetic radiation is at microwave frequencies and is sent in pulses.
4.77
scan mode

SAR mode in which the antenna beam is steered to illuminate a swath of ground at various angles relative to
flight path throughout the collection

NOTE Steering the antenna also allows dwell time to be increased and provides the ability to collect strips at angles
non-parallel to the flight direction and with better resolution than Stripmap mode.

4.78

ScanSAR mode

special case of stripmap mode that uses an electronically steerable antenna to quickly change the swath
being imaged during collection to collect multiple parallel swaths in one pass

10 © 1SO 2010 — All rights reserved
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4.79

sensor

element of a measuring system that is directly affected by a phenomenon, body, or substance carrying a
quantity to be measured

[ISO/IEC Guide 99:2007, definition 3.8]

4.80
sensor model
(geopositioning) mathematical description of the relationship between the three-dimensional object space and

NQTE Spotlight mode provides the ability to collect higher resolution SAR data over relatively smallef patches of

(SAR) angle measured from the broadside direction vector to the range direction vector in the slapt plane

NOQTE Doppler angle in processed products is fixed for all pixels. It provides the ability to collect SAR data over
strips of land over a fixed swath of ground range parallel to the direction of flight.

sensor that'sweeps a detector forming cross-track image line(s) and constructs a larger image frpm a set of

5 Symbols and abbreviated terms

5.1 Abbreviated terms

ARP Aperture Reference Point
CCD Charge-Coupled Device
CCs Common Coordinate System

© 1SO 2010 — All rights reserved 11
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CM
CRS
DEM
DLT
ECEF
ENU
EO
FSP
GCP
GNSS
GRP
GSD
IMU
INS
IRF

IPR

MSL
NED
PHD

PSM

RMS
RPC
RSM
SAR
SCS
TRM
WGS 84
2D

3D

12

Correspondence Model
Coordinate Reference System
Digital Elevation Model

Direct Linear Transform
Earth-Centred, Earth-Fixed

East-North-Up

Exterior Orientation

Flight Stabilization Platform
Ground Control Point

Global Navigation Satellite System
Ground Reference Point
Ground Sample Distance
Inertial Measurement Unit
Inertial Navigation System
Inertial Reference Frame
Impulse Response

Infrared

Mean Sea Level
North-East-Down

Phase History Data

Physical Sensor Model

Real Aperture'Radar

Root Mean’Square

Rational Polynomial Coefficient

Reéplacement Sensor Model

Synthetic Aperture Radar
Sensor Coordinate System
True Replacement Model
World Geodetic System 1984
Two-dimensional

Three-dimensional
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5.2 Notation

Clauses 6, 7, and 8 of this Technical Specification present a conceptual schema, specified in the Unified
Modeling Language (UML), describing the characteristics of sensor models. ISO/TS 19103 describes the way
in which UML is used in the ISO 19100 family of standards. It differs from standard UML only in the existence
and interpretation of some special stereotypes, in particular, “CodeList” and “Union”. ISO/TS 19103 specifies
the basic data types used in the UML model and the data dictionary in this Technical Specification.

Annex B contains a data dictionary for the UML diagrams in this schema.

IS(’\ITQ 10102 rocutirac that Ao Af TINI Alocconc aan Hh tha avonntioan Af hooin Aots v aloccac InC|Ude a

pro T ToO TOOUITC o tat Moo~ U OV SIS ST o5 v it T tHC- CACC PtoOTT O oo oo ot ty P oiaooT

twao-letter prefix that identifies the standard and the UML package in which the class is defined! Table 2 lists
theg prefixes used in this Technical Specification, the International Standard in which each is(defingd and the
patkage each identifies. UML classes defined in this Technical Specification belong to a|packgge named
Sepsor Data and have the two letter prefix SD.

Table 2 — UML class prefixes

Prefix Standard Package
Cl ISO 19115 Citation
cv 1ISO 19123 Coveragés
DQ ISO 19115 Data quality
GM ISO 19107 Geometry
MD ISO 19115 Metadata
MI 1ISO 19115-2 Metadata for Imagery
SC ISO 19111 Spatial Coordinates
SD ISO 19130 Sensor Data
™ ISO 19108 Temporal Schema

6 | Image geopositioning: overview and common elements

6.1 Introduction

An|“image” is a twosdimensional set of contiguous pixels. Associated with each pixel in the image|is either a
single responsetwalue, as in a panchromatic image; three response values in red, green, and bllie, as in a
colpur image;@r many values, as in multi-and hyper-spectral images. Geopositioning information| applies to
the pixel, regardless of how many response values are associated with that pixel.

Image. geopositioning is the process of determining the Earth coordinates of an object from image doordinates.
Geblocation-information-isthe information-necessary for the geopositioning—methods towork—Heatures in
Earth imagery can be geopositioned by different approaches. The data provider shall identify to the user which
method was used.

In order to determine the three-dimensional Earth coordinates of features and the quality associated with
those coordinates (rigorously expressed by covariance matrices) accurately, two approaches exist, both
ultimately based on the physical configuration of the sensor:

a) Physical Sensor Models (PSMs)

b) True Replacement Models (TRMs)
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A third approach is based on:

c)

Correspondence Models (CMs)

The most rigorous approach for geopositioning of imagery is to use the mathematical representation of the
physics and geometry of the image sensing system, which is referred to as the Physical Sensor Model. That
model is used extensively in photogrammetric applications for precise geopositioning. In order to precisely
determine geoposition from imagery, certain steps need to be performed. The first and most fundamental step
is to construct, mathematically, the sensor model that corresponds to the type of sensor under consideration.
Then, information relating the sensing event to the ground reference coordinate system is needed to apply the

model to a

a)

b) groun
groun

TRMs ar¢
relationshi
describe th

Geopositig
ground co
latitude) ¢
common {
rigorous efror propagation. Thus, Correspondence Models are generally less accurate than methods based
Physical S
its position
sensed im
dimension
the Earth.
corners.

This Tech

approache
covers Tru

6.2 Typ

Geopositid

a)

b)

14

aiven imaae. This information can be in one of two forms:
J ~J

accurate data about the position, attitude, and dynamics of the sensor during imaging; or

A set
ISO 1
inform

e of geopositioning information

j control information such as a set of Global Navigation Satellite System (GNSS)-determir
j control points (GCPs).

produced using Physical Sensor Models. The equations that describe”the sensor and
b to the Earth coordinate reference system are replaced with a set of equations that dire
e relationship between image coordinates and Earth coordinates.

ning that applies correspondence modelling, called georeferencing;. uses image information ¢
ntrol points only. CMs are quite varied and may deal with only “horizontal (e.g., longitude 4
pordinates, or with all three coordinates (e.g., longitude, latitude and elevation). They all have
ne fact that they do not make use of the Physical Sensar*Model and consequently cannot ap

ensor Models. Neither a geometric model of the sensorithat took the image nor information ab
and orientation is required. This georeferencing.miethod has been widely applied to remof
agery. For instance, the geographic location of“an image can be established using a t
bl polynomial function based on a number of cemmon points that relate the image to the surfacq
The simplest way to georeference an image*is by defining the Earth coordinates of the ima

nical Specification defines the _geopositioning information for supporting the above-sta
s for geopositioning images. Clause 7 covers the Physical Sensor Model approach and Claus
e Replacement Models and Carrespondence Models.

ning information shall’be provided in one of the ways shown in Figure 1:
of ground control points (MI_GCPCollection) and optional quality information as specified

ation to generate his own fitting function for use in a Correspondence Model.

A se

SD_SensorModel provides geopositioning information for the single image identified by the attrib

sor\model (SD_SensorModel) as specified in this Technical Specification. An instance

ed

its
Ctly

nd
nd

in
ply
on
put
ely
VO-
of
hge

ted
e 8

in

D115-2 andifurther specified in 6.4 of this Technical Specification. The recipient can use this

of

ute

forimagelD. SD_SensorModel is an aggregate of one or more instances of one, but no more than one, of
the three sensor model types specified in this Technical Specification. This allows for spatial
segmentation of the image such that there is one instance of the model type for each segment. The three

specifi
1) P
2) T

3) C

ied sensor model types are:
hysical Sensor Model (SD_PhysicalSensorModel),
rue Replacement Model ( SD_TrueReplacementModel), and

orrespondence Model (SD_CorrespondenceModel).
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The classes shown in Figure 1, their attributes and their associations shall be used as specified in the data
dictionary of B.2.1.

class SD_SensorModel (1) /

«Abstract»

Metadata for Imagery::
MI_Geolocationinformation
A

SD_SensorModel

AN <> + forlmagelD: CharacterString

{XOR} %
1.* +physicalSensorModel N
SD_PhysicalSensorModel
) ot +trueReplacementModel

SD. TrueReplacementModel

SD_CorrespondenceModel +correspondenceModel

Metadata for Imagery::MI_GCPCollection

Figure 1 — SD_SensorModel
6.3 Calibration data

6.3.1 Introduction

Sensor calibration is a significant input to sensor modelling. There are two types of calibration data: geometric
and radiometric. Geometric calibration data is critical for precise geopositioning from imagery. Radiometric
calibration is needed for quantitative estimation of geophysical parameters and interpretation of the physical
and geographical significance of the measurements.
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6.3.2 Geometric calibration

Sensor geometric calibration data are either available in the metadata from laboratory calibration or can
actually be determined during photogrammetric processing of the imagery. Calibration parameters are defined
according to the type of sensor. For electro-optical sensors, common parameters include calibrated focal
length, principal point offset, radial lens distortion coefficients, tangential or decentring lens distortion
coefficients and sensor array distortions such as differential scale and skew.

6.3.3 Radiometric calibration

Radiometr
amplitude pf the image function. Radiometric calibration includes correcting the data for sensor irregularifies
and unwarjted sensor or atmospheric noise, and converting the data so they accurately represent the(reflected
or emitted radiation measured by the sensor.

This specification is concerned with those aspects of radiometric calibration that involve adjustment of the
non-uniforin response of the different elements of the sensor array to improve the relative spectral and
temporal fidelity of the current data acquisition. In particular, the process which normalizes these responses
and the values from in-flight and laboratory measured pre-flight radiometric empiricah adjustments shall|be
available.

The image location of pixels corresponding to failed or degraded detectorscand line losses as well as the
methods used to address such failure or degradation shall also be recorded,and available.

Except for|atmospheric correction, radiometric corrections for environmental effects due to seasons, terrain,
sensor opgration, and sampling methods within and across data.acquisitions are outside the scope of this
document.

6.4 Ground control points

6.4.1 Introduction

ified by ISO 19115-2, geolocation information may consist of no more than a collection of groynd
control pojnts. In that approach, a set of ground control points and their corresponding image points are
nd provided to the user, who can then derive the object (ground) coordinates of other image points
these correspondences. The-tmethod used for the derivation of these additional point coordinates is

be first fit, [for 3D and 2D control;+esSpectively, and then the function used to calculate the coordinates of the
additional points. AlternativelyZan“interpolation scheme may be used such as nearest neighbour, bilinean or

NOTE
a single im

Physical Senso
Model is developed.

6.4.2 Control point types

A full GCP consists of three parameters: two horizontal coordinates, (X, Y) and one vertical coordinate (Z). A
horizontal GCP has no vertical coordinate and a vertical GCP has horizontal coordinates. A few horizontal
GCPs may suffice for small scale applications with limited accuracy requirements. More points and full GCPs
are required for greater accuracy.
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The use of ground control points to georeference an image requires knowledge of both the object space
coordinates of a point on the ground and the position of the image of that point in an image. There are two
mechanisms for specifying the image position.

One method is to mark the ground control point in the image or to provide the user an unambiguous
description of the ground control point so that the user can find the image of the ground control point and
determine its image coordinates. A common mechanism for doing this is to place a distinctive marker on the
ground prior to image acquisition. The ground control point might also be associated with an image-identifiable
feature on the ground.

ntrol point.
5 means is
al detailed

provide all
he second
rict access

6.4.3 Control point schema

Fidure 2 presents a UML model for ground control points. The classes shown in Figure 2, their attfibutes and
their associations shall be used as described in the data dictienary of B.2.2 and in ISO 19107, ISO 19115,
ISO 19115-2 and ISO 19123.

MIf GCPCollection is a set of ground control points as defined in ISO 19115-2.

The class MI_GCP specifies a ground control point as defined in ISO 19115-2. The attribute
gedgraphicCoordinates provides the ground codrdinates of the ground control point using the| data type
DirpctPosition specified in ISO 19107. DirectPosition has an association to the coordinate referencg system to
whijch the position is referenced.

The subclass SD_LocationGCP specifies a ground control point for which image coordinates have been
determined. The attribute gridCoordinates contains those coordinates using the data type
C\|_GridCoordinates specified in ISO 19123.

The subclass SD_Imageldentifiable GCP specifies a ground control point that is either marked in the image or
desgcribed so that the usér)can find its image. The attribute description provides a description of the ground

comtrol point sufficientto enable the user to find the image of the ground control point in the image to be
gedppositioned.

5 a remote
e attribute

The class SD tGEPRepository is an optional library of ground control points that may be used a
solirce of .€ontrol point information if such information is not provided with the image. Th

ac
poi

essRestricted indicates that the image provider wishes to control or restrict access to the grou
nt data. A value of 'true’ indicates that access is restricted, while a value of 'false’ indicates that

nd control
the data is

pu

liely available. The attribute accessIinformation uses the data type Cl_Contact specified in 1S

D 19115, If

access is resftricted, this atiribute provides information for a point of contact who may authorize access to the
data; if access is unrestricted, the attribute identifies the mechanism for obtaining the ground control point
data.

The class SD_GriddedGCPCollection represents a collection of instances of SD_LocationGCP that is
structured as a rectified grid. The GCPs can be regularly spaced either in image space defined by
SD_ImageGridGCPCollection, where CV_GridCoordinates defines the location of the first GCP in the image
space, or in an object space defined by SD_ObjectGridGCPCollection, where DirectPosition is the origin of
the grid in object space.
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class Control Points (2) /

MI_Geolocationinformation
Metadata for Imagery::MI_GCPCollection +controlPoints

—>

+ collectionldentification: Integer
+ collectionName: CharacterString
+ coordinateReferenceSystem: MD_ReferenceSystem

A

+gep \|/ 1. <> 0.1

0..1

Metadata for Imagery::MI_GCP SD_GCPRepository,
+ geographicCoordinates: DirectPosition + accessRestricted: Boolean

+ accesslnformations €I_Contact

SD_LocationGCP SD.:ImageldentifiableGCP

+ gridCoordinates: CV_GridCoordinates +~description: CharacterString

SD_GriddedGCPCollection

+ dimension: Integer

SD_ImageGridGCPCollection SD_ObjectGridGCPCollection
+ origin: -CV~ GridCoordinates + origin: DirectPosition
+ spacing? Integer [2..3] {ordered} + offsets:Vector [2..3] {ordered}

Figure 2 — GCP model
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7 Physical Sensor Models

7.1 Sensor types

7.1.1 Introduction

Remote sensors can be classified in different ways. They can be classified, for example, by their mounting
platforms, such as spaceborne and airborne, or by the measurand of the sensor, e.g., optical radiation,
microwave energy, sonar (acoustic) energy.

A sensor collects radiation and reports its intensity, usually as a function of position. Separate~¢pmponents

gemerally perform the functions that are part of the process. A pointing system determines the 'dir¢ction from

whijch radiation comes. An optical or antenna system collects the radiation incident on the instr
dirgcts it to the detector. A detector measures the intensity of the incident radiation. Each type of
its pwn components to perform these functions. Parameters describing components such-as the im
plahe and sensor coordinate systems, the positions of these two coordinate systems, and the
offset between them are used in geolocating. Precise geolocation requires jnaformation about
(ISP 19113) of the parameters.

iment and
sensor has
hging focal

angles and

the quality

Sepsor systems and their components are described in 7.1.2 through #1.5. Positions of and im a sensor

sygtem shall be expressed in a coordinate system as defined in Anhex C. Geolocation using e
sensor types is described in greater detail in an informative annex for that type.

7.1.2 Frame sensor

A frame sensor is one that acquires all of the data for an.image (frame) at a single instant of time.
sensor of this class has a fixed exposure and consists of a two-dimensional detector array, e.g.,
Colpled Device (CCD) array. While “sensor” refers to“digital collectors, “camera” is typically used

sition of the film in the sensor coordinate reference system. During the exposure, the fiducial
@aged on the film border. For the purposes of this Technical Specification, a frame camera is tr
rce of digital data. An image recorded on film needs to be scanned if a digital image is de
ages of the fiducial marks,allow for the three-dimensional algorithmic reconstruction of the
tre. This leads to theccomplete reconstruction of the bundle of the rays to all object points. Af
$ been scanned, thelpgsition of every pixel of the image is known or can be determined in the a

ach of the

Typically, a

a Charge-
to denote
ctro-optical

marks are
bated as a
sired. The
erspective
er the film
rea sensor
h positions

ivijdual post-

ete image,

del relates

image pomts to object pomts This model represents all I|ght rays from the object, e.g. the surface of the Earth,

to the image as running through one single point that is called the perspective centre L.

reconstruction of every ray according to its point measurement on the image plane, the three-di

To aIIow
mensional

position of the perspective centre L in relation to the image plane shall be provided. This relation shall be
established through a three-dimensional image coordinate reference system in which both the image point

and the perspective centre can be expressed. In the case of a frame camera, the relation of

the image

coordinate reference system to the image is defined by the calibrated positions of the fiducial marks. The

three-dimensional position of the perspective centre is defined by the coordinates of the princip

al point of

autocollimation (PPA), x, and yo, and by the calibrated focal length f, (z-value). The origin of the x, y, z
coordinate system in Figure 3 is shifted from the Indicated Principal Point, IPP (or fiducial centre) to the PPA

(see Figure C.12).
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Key

1  Sensdr perspective centre
2  Calibrpted focal length, f.
3 Positiye image plane

Figure 3 — Frame sensor image and perspective centre

Frame sensors are discussed in pore detail in Annex D.

7.1.3 Pughbroom sensor:

A pushbropm sensor isa digital collector with a collection array made up of a line of detectors at the fdcal
plane to s¢an over a two dimensional scene. For the pushbroom sensor model, the along track displacement
of all recorded pixels of a scan line is set to zero. For the across track pixel coordinates, a constant spacing of
successivg pixels'is assumed. A typical pushbroom sensor contains one or more linear arrays of detectgrs.
The array jsClined up perpendicular to the direction of platform motion, allowing the sensor to simultaneoysly
collect anarecord—data—foracomptetetineof samptes—inFigure =, fisthe—catibrated-focattengtt; ilg freight
above surface, s the swath width, s’ the length of the detector array, Q the field of view, a’ the sensor detector
size in the cross-track direction and the corresponding image plane field of view (IFOV), a the ground sample
distance (GSD) across track, b’ the sensor detector size in the along track direction and the corresponding
image plane field of view and b = vAt the ground sample distance (GSD) along track, where v is the along-
track platform velocity and At is the dwell time.

To obtain geolocation using a Physical Sensor Model for a pushbroom sensor, it is necessary to know its
geometric properties, including the focal plane coordinate system and the number, size and spatial distribution
of detectors. If the data provider intends to let the data users derive geolocation using a Physical Sensor
Model, this information shall be provided to them. Pushbroom sensors are described in more detail in Annex E.
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Kely

1 | Focal plane

2 | Velocity vector

3 | Corresponds to At

Figure 4 — Optical layout of a pushbroom array

7.1.4 Whiskbroom sensor

A yhiskbroom scanning sensor has. one or more detectors scanning perpendicular to the platfofm moving
dirg¢ction, allowing the sensor totsimultaneously take one or more scan lines of data during a scan| as shown
in Figure 5. In Figure 5, hyis\height above ground, s the swath width, Q the swath field of view| IFOV the
instantaneous field of View, @’ and b’ the dimensions of the sensor detector size, ag the GSD acros$s track, bg
= At the GSD along track,/v the platform velocity and At the dwell time. Whiskbroom sensors are described in
mdre detail in Annex-E:
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Key

1  Opticgl system
2 Focalplane

Figure 5 — Optical layout of a whiskbroom)scanning sensor

7.1.5 Synthetic aperture radar

Remote s¢nsing systems using radar (radio detection and’ranging) send radio signals towards an object gnd
measure the intensity and phase of the reflected wave. The time and the phase difference between fhe
sending of| the signal and its return provide the distance to the object. With the measurement of the timg it
takes for a signal transmitted by an antenna to.return to that antenna (or, in some cases, a different antenna),
as well as the magnitude of the returned signal;»as shown in Figure F.2. being combined with the position and
attitude of|the sensor, the position of a target object can be derived. The intensity of the reflectance allgqws
different types of surfaces to be distinguished.

Synthetic Aperture Radar (SAR) is a-Kind of radar that uses a series of radar pulses transmitted and receiyed
over time from a moving platform_to create an image. SAR differs from other kinds of radars, known as Real
Aperture Radars, by creating. @ large virtual antenna, known as the synthetic aperture, that allows tight
focusing of the virtual beam\jn’the along-track direction.

In SAR, the size of therantenna is synthetically enlarged by treating a series of returns from a much smdller
physical aptenna that is moving relative to the target as one long antenna (aperture). The distance fhe
platform mjoves in.synthesizing the antenna is known as the synthetic aperture. By synthesizing a large array,
SAR can gnjoy\the benefits of improved angular resolution that come with large physical antennas without the
technical gnd_physical problems associated with them. In fact, much larger synthetic apertures can be formed
than would be possible using a real physical antenna. This method improves the geometric resolution of the
system considerably. Real Aperture Radar (RAR) images points along a line perpendicular to the flight track; it
takes advantage of the Doppler shift of the reflected radiation to filter out returns from points ahead of or
behind that line. SAR uses the Doppler shift together with the return time to determine the position (angle and
distance) from which the return was reflected; because of that, it can sum the returns received from any given
point over the time in which the physical antenna is moved along the length of the synthetic antenna.

Raw SAR data can be processed into many products, one of which, known as a "detected image", is
commonly referred to as a SAR image. SAR geopositioning is primarily dependent upon the accurate
measurement of the sensor position and sensor velocity, with acceleration being a secondary factor. SAR
geometric sensor models are completely independent of the sensor’s pointing attitude. This behaviour is quite
different from geopositioning with passive light-sensing systems, such as frame and pushbroom sensors,

22 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=c326b42cc527b6d606241f772629c78e

ISO/TS 19130:2010(E)

because SAR images or other products are created by processing the radar signal's time and frequency
characteristics, rather than physical pointing characteristics. Only the quality of the product (e.g., noise level,
dynamic range) is a function of the pointing direction of the antenna, since the magnitude of the returned
signal depends upon the amount of energy illuminating the region processed into the image, which is a
function of the antenna beam pointing. (This is analogous to a camera with an independently pointed light
source, in which the camera can point in any direction, but the quality of the image depends upon where the
light is pointing relative to the camera.) Annex F describes SAR imaging in more detail. 7.6.5 describes
content that shall be provided in order to geolocate SAR images.

ISO/TS 19101 -2: 2008 7.1.41 has dlscussed the resolutlon of |magery The spat|al resolutlon of a SAR
the return
ectors that
ed in order
that exact
and limited

ency. This
thgorem also applies to spatial signals, such as images, and the practical application of this to imaging is that
in prder to retain all of the information acquired by a sensor (e.g., radan or* optical), the image|should be
saipled at twice the resolution of the signal reaching the sampling devicé-®Other considerations, sych as cost,
efficiency and value, may result in decisions to sample at lower rates. For'SAR, it is common to seg sampling
rates in the range from the Nyquist Rate to 1/2 the Nyquist Rate, which translates to GSDs of 12 the IPR
width to the IPR width, respectively. From the standpoint of SARphotogrammetry, the GSD of tHe pixels is
mdre important than the IPR; although understanding the<sfange and azimuth resolution equations is
fundamental to the photogrammetric process.

The spatial resolution in the range direction (i.e., radially@way from the antenna) is dependent upon the ability
to [measure the pulse arrival times. These times can be measured with high accuracy in mogern radar
sygtems. When a radar system is used to image the\ground, the term s/ant range resolution is useq to refer to
thg resolution in the range direction. Ground.\range resolution, rgg, refers to the resolution off the radar

grqund surface and the direction of travel of the radar energy (Equation (F.2)). Thus, the ground range
regolution is always coarser than the slant range resolution, and the ground range resolution is poorer (i.e.,
degreasing resolvability) at nearer ranges when the platform is at constant height (Figure F.3). This [situation is
opposite of the range-to-resolution relationship for optical systems. As the ground range nears zefo (i.e., the
sensor is pointed nearly straight.down), the cos(p term in Equation (F.2) goes to zero and the ranggq resolution
approaches infinity. This explains why radar imaging systems cannot image directly along the ground track of
theg aircraft, and why they-have a near-range limit for practical utility. This is often set to around a §0° grazing

Repl Aperture Radar systems change the position or pointing of the antenna in order to meagure signal

redolution, 14, i dependent upon the width of the beam at the target (Equation F.3). Since the azimuth
regolution.dssinversely proportional to antenna size and proportional to range to the target, long range imaging
at pven \mnoderate resolution may require an antenna size that exceeds what can be practically built and
cafried on an aircraft. The invention of Synthetic Aperture Radar resolved this problem by using mTtion of the

radarcic cynfhnci7n a-very I:lrgo antenna

SAR systems employ a chirped pulse, which imposes a frequency modulation on each radar pulse. Using this
technique, the radar can better distinguish between overlapping pulses (Equation F.4). Chirped pulses are
used by many types of radars, not just SARs.

7.2 Physical Sensor Model approach

7.2.1 Physical Sensor Model introduction

This approach is the most fundamental way of modelling the relationship between image space and object
(ground) space coordinates. The PSM uses information on the sensor’s properties, attitude and position to
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mathematically derive the geometric relationship between the location of any pixel in the image and its
location in the object (ground). This mathematical description is in the form of equations that relate pixel (line,
sample) coordinates to the their corresponding three-dimensional ground coordinates, either geographic
(A, @, h) or Cartesian (X,Y,Z).

7.2.2 Physical Sensor Model parameters

The mathematical functions describing the PSM contain the most important parameters involved in image
acquisition, both

a) intern jon

coeffigients), and

b) external parameters dependent upon the collection platform (such as sensor location in the object spaice,
sensof orientation and collection platform velocity). Whereas the interior parameters-are usually
independent of time, exterior parameters may or may not be.

For imaging by a passive frame sensor, all pixels in a single frame have one set ‘of)exterior orientation
parameter$ since they are imaged at the same time. On the other hand, all other_sensors involve scannjng
and therefgre the elements of exterior orientation are time-dependent functions.

7.2.3 Interior sensor parameters

These parameters pertain exclusively to the sensor and the mode in whick’it operates. For all passive elecjro-
optical sersors, a lens is used to collect and focus the energy emanating from the object onto the sensjing
medium. Tlhis medium may be film (which is later scanned to convert the image to digital form) or a sensjng
element sych as a CCD. Film and rectangular arrays of sensing€lements are used for frame (area recordihg)
imagery. Linear arrays are used for pushbroom imaging, whilexa single element (or one or a few arrays each
with very few elements) is used to sweep across-track in whiskbroom imaging. Interior orientation parametgers
are listed helow:

a) The calibrated focal length of the lens.

b) Lens fistortion characteristics. They aré in the form of coefficients of polynomials that are specifically
to fit the distortion curves, both for radial as well as decentring (also sometimes called tangerttial

metric) distortion.

c) Size gnd shape of a single detector in the array.
d) Geomeetric distortion of-'the image record. This represents film deformation for cameras and arfay
ined by calibration, using reference points (such as fiducial marks in a frame camera). The mpost
commion transformation is the six-parameter affine transformation, which accounts for two translations,

two sqales, one\rotation and a skew.

e) The Idcation'x,, Y., of the intersection of the optical axis and the image plane, which is usually called the
principal-point offset

Iltems a) through e) constitute a complete list of interior orientation elements that apply to frame imagery. For
pushbroom and whiskbroom passive imagery, only subsets that are physically relevant are used. Model
formulation for all cases includes the pertinent elements.

For what are termed metric sensors, the interior orientation parameters are usually determined a priori,
through laboratory calibration or special field calibration. In some cases, full calibration of the sensor prior to
the imaging is not possible. In such cases, it is possible to refine the available interior parameters and
determine those through a self-calibration.
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7.2.4 Exterior sensor/platform parameters

Exterior orientation parameters pertain to the trajectory of the platform that carries the sensor, and are, in
general, dependent on time. For passive optical sensors, an image coordinate reference system is established
with its origin at the perspective centre, which is physically located at the front node of the lens, the single
point through which the bundle of rays from the object being imaged passes. The position of the origin (often
called perspective centre for frame images) together with the orientation of this coordinate system with respect
to the established ground coordinate system constitutes exterior orientation. The position is determined by

three coordinates and orientation by three independent parameters, usually a sequence of three angles.

space CRS.
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EXAMPLE 1

ich attitude and position can be calculated. Two examples are shown.

and Position (X,Y,Z) for deriving geolocation information for scans.
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Figure 6 shows a geolocation table that contains Date, Time and three columns each for Attitude (w, @, k)
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Date Time K () o X Y V4

Track

Figure 6 — One-dimensional attitude/position table of geolocation information

EXAMPLE 2 Figure 7 shows an example where multiple sets of attitude and position information are ayvailable forl an
image. The|six 2D arrays of Attitude and Position components have been combined into a single 3D arrayfor.conveniehce.
Geolocatior] information may not be needed for every scan; depending upon accuracy requirements, “providing if at
intervals of everal scans may be sufficient.

Track

Geolocation Array

LN

Position (X,Y,Z)

Attitude (0,,K)
Cross Track . fme—yp

Figure 7 — Geolocation array containing attitude and position planes

The physigal arrangement aboard-the platform is very important in the proper construction of the mathemat{cal
model for the sensor. The sensor’may be separated from the GNSS antenna (which provides position) and
from the ipertial navigation system (INS) (which provides orientation angles). Therefore, the offset vectprs
from the ofigin of the platform’ coordinate reference system to the sensor, the GNSS, and the INS are crit{cal
to determining the exterior orientation of the sensor unless the position and orientation of the sensor gre
measured [directly.

7.2.5 Ground-to-image function

The Ground=to-tmmageFunctionm s one of thetwoformsof thefurmdamemntat refatiorship—that mathenmatically
expresses the sensor model. The other form is the reverse Image-to-Ground Function that is discussed in
7.2.6. Figure 8 schematically depicts the role of the ground-to-image function, which applies equally to the
original physical/geometric sensor model currently under discussion, or the TRM, which will be discussed in
8.2. The inputs to this function are the ground coordinates, either geographic (A, @, h) or Cartesian (X,Y,Z),
and their statistical quality, as represented by a 3-by-3 covariance matrix, £ . The output is the pair of image
coordinates in the image record corresponding to the object point represented by the ground coordinates.
Image coordinates can be either grid (line, sample) coordinates in pixels or Cartesian coordinates (x,y) in
linear units such as mm. Also output is the quality of the image coordinates in the form of a 2-by-2 covariance
matrix. The construction of the Ground-to-Image Function depends upon the entire set of parameters involved
in the imaging event. For a Physical Sensor Model, these are the interior and exterior orientation parameters
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discussed in the preceding subclauses, and their covariance information. A different set of parameters is used
in the TRMs discussed in 8.2.

I Interior & Exterior Orientation : - |
| Parameters and Covariance ' OR i TRM Coefficients / !
! I
| | | |

! ]

Information Covariance Information
line,sample (€,s) or x,y E\EN.SOIRDE‘AOPEILI Ao horXY,Z
I {Original-Physieal 3
and 2x2 2 Geometric or TRM) and 3x3 2
Figure 8 — Ground-to-image function
For a frame image, the ground-to-image function is expressed by two._collinearity equations| For fully
caljbrated cameras, they are:
x = —fz
w
(1)
L
7 w
in \Which
U X-X;
Vi i=M|Y-Y,
w zZ-7,
(2)
where
x,y are image point coordinates which have been corrected for all systematic errorg, including
shiftto the principal point (X,,y,), as the origin;
Xo,Yoof are the elements of interior orientation of the calibrated camera; x,,y, are the goordinates
of the principal point, and f is the calibrated focal length;
XYy, Z;  are three positional elements of exterior orientation in the object (ground) CRS;
M is the orthogonal matrix representing the sensor orientation, constructed in terms of the

other three elements of exterior orientation. These elements are usually a set of sequential
rotations, @, ¢, x; called roll, pitch, and yaw;

XY Z are ground coordinates of the object point in the object (ground) CRS whose image is
given by the coordinates x,y.

If uncalibrated or partially calibrated sensors are used, the collinearity equations are extended to

accommodate self-calibration. A pair of equations that include a set of self-calibration parameters is given as
follows:
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Replace
X,y
in which:

X=x-xg y=y-yg and r? =x? +)72 in the following:

X e 2 4 6 2, 2 =g =
Ax = (,Af+x(k1r +hor™ +kar°)+ pi(2x° +r°)+ po(2Xy)+ bix + by

i 3)
Ay = [ AL+ Tkey® +kor® +kar®)+ pi(25)+ pa(257 +1%)

where there are 10 added self-calibration parameters

Xo Vi Af is the interior orientation (Af is a correction to the focal length. f, which will glso
accommodate a uniform scale change);

ki, ki, ks are the radial lens distortion coefficients;
P1, P are the decentring lens distortion coefficients;

by, b] are parameters which collectively accommodate a differential scale in one axis compated
to the other, and a skew between the two axes:

7.2.6 Image-to-ground function

For some $ensor/sensing systems, the ground-to-image function is mathematically invertible uniquely. Such is
the case fqr calibrated frame imagery, resulting directly in the following image-to-ground transformation.

X=X, +(Z2-7,)=
w
) 4)
Y=Y|+ (Z -Z; )—
w
in which
u x
v |=|mT v (3)
w A
NOTE In order to determine (X, Y) of an object point from Equation (4), its third dimension Z (elevation) is requifed.

This is becguse€)one cannot recover all three coordinates of an object point from its two image point coordinates. Once|the
third dimension is 10st in the iImaging process, It cannot be recovered from a single image. It can, however, be calculated if
two or more images of the same object point are used.

For time-dependent imaging systems, such as pushbroom and whiskbroom, the ground-to-image function
cannot be directly inverted algebraically as it is for frame imagery. The image-to-ground function is instead
derived numerically from the ground-to-image function by an iterative procedure, or as

X-X,(t) x
Y=Y, () |=kR(t)| y (6)
Z-Z;(1) z

28 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=c326b42cc527b6d606241f772629c78e

ISO/TS 19130:2010(E)

where

XY Z are object point coordinates;

Xi(t), Yi(t), Z,(t) are coordinates of the perspective centre in the object (ground) coordinate reference
system. They are continuous functions of time, ¢,

k is the scale factor which varies from point to point;

R®) is a 3-by-3 rotation matrix which brings a framelet (which is usually a single image line for a
pushbroom image) coordinate system parallel to the object coordinate systgm. R is a
continuous function of time;

X,z are framelet coordinates of the image point, in the image CRS, corresponding to| X, Y, Z.

This image-to-ground form of the collinearity is chosen because time is usually determined by the |mage line,
thys making this a direct, rather than iterative, approach.

Z dan be determined if two or more images from different viewing angles are used.

Both the ground-to-image and image-to-ground functions form the basis, of the Physical Sensor Madel, which
allows rigorous exploitation of imagery for precise geopositioning based on well established photogrammetric
prdgcesses. These two functions, together with error propagation<and adjustability, which provide the ability to

ref|

7.2

Mo
sto
se
de
cal

detlermination of the Earth coordinates-themselves.

7.2

Fre
to

pa

8

ne or upgrade the sensor parameters, make up the four basi¢' elements of a Physical Sensor Mo

.7 Error propagation

st, if not all, variables involved in sensor models, whether known a priori or estimated, are 1
chastic) variables. This means that variances @nd covariances are associated with the variable
sor model is applied, a set of unknown quantities is calculated from known values. The o
rmining the covariances of the calculated’ quantities from the covariances of the known inpul

del.

landom (or
s. When a
beration of
t values is

ed error propagation. Rigorous error-propagation associated with geopositioning is as important as the

.8 Adjustable model parameters
quently the values of the.sensor parameters available in the metadata are not sufficiently accun

quality geopositioning._Photogrammetric techniques exist that allow refinement of some or g
ameters. The paramieters selected for this refinement are called adjustable model parameters.

Quality associated with Physical Sensor Models

ality information for Physical Sensor Models shall be provided using the appropriate quality
¢cified in ISO/TS 19138:2006, C.3 and D.3. The quality parameters associated with Physig

ate to lead
Il of those

measures
al Sensor
rior, which

adjustable parameters. The primary source of error in object expositions comes from the exterior parameters.
The covariance matrix of the exterior orientation elements is:
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2
GXL Ox.y, Ox1z;, %x0 %x,9p Oxix
2
O_YL vz, Oviw Oy Orvx
2
(o} o o (o}
Yro = Z ZL‘” Zrp YZix (7)
los Owp Ouwx
symmetric 0'3, O ok
2
L O-K'
where
2 ro is the covariance matrix of the exterior orientation elements;
o?; are variances;
o are covariances;

X, 1., Z; is the position of the perspective centre;

w,0,K are the angles that describe the attitude of the sensor.

The diagopal elements of the square symmetric non-singular matrix, > ;, are the variances of the position
(X1, YL, Z}) and orientation ( w, @, k) of the sensor. The off-diagonial-elements are the covariances among the

six orientafion elements. Covariance matrices, as described by-Equation (7), shall be provided with all images
from passiye sensors for which geolocation information is provided as a Physical Sensor Model.

Covariancg¢s will always exist if the image has been processed through either single image resection or|as
part of multi-image triangulation. For an unprocessed(image, > 5, may simply be a diagonal matrix containing

variances, |with all off-diagonal elements being zero: On the other hand, for a processed image, > zo will be a
full matrix] In fact, for two processed images, i, j, their total covariance matrix, ZEOT will be a 12-byt12
symmetric|non-singular matrix of the form;

2E0i  XEoj
2501 =| «r 5 (8)
ZEOij EOj
where
ZE ) is_the total covariance matrix for two images;
T

ZE . is the covariance matrix for image i;

ZEO/ is the covariance matrix for image J;

ZE 0i is the covariance matrix between the two images;

T . . . .
Z O is the transpose of the covariance matrix between the two images.

For a pair of correlated images, the matrix in Equation (8) shall be provided in order to calculate quality
measures associated with Physical Sensor Models.
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7.4 Physical Sensor Model metadata

741

Introduction

The sensor interior and exterior parameters and their associated quality information shall be supplied to
enable the user to construct the sensor model for use in the geolocation of object features. The remainder of
this clause specifies the content of that information about the sensor needed to georeference the data.

This subclause provides an overview of the schema for Physical Sensor Model metadata. The information
needed to determ|ne the location of the platform on wh|ch the sensor is Iocated and the posmon and motion of

m4
rad
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SYS
for
fro
SYS
the

ector system is speC|f|ed in 7 6. It prowdes specmc information for frame, scannlng and radar.se

b content specified in this clause provides components that can be used to construct sehsor
ny of the different systems used for remote sensing, such as those described in>-7:1. It ca

models for
nh apply to

iation measurements at many wavelengths and to sound waves. It can apply to sensors of varying degrees

complexity. Separate content for radar systems may apply to echoing systems“ir general. Ma
tems use scanning sensors. Location might be determined through time and the satellite orbit. T|
optics are used to describe the optical systems and the scans. Frame camera photogrammetry i
m airborne platforms, and it uses the optical system and possibly the distertion classes. Radar
tem used from airborne or satellite platforms. For each kind of sensor,-a model can be constry
UML models in this clause.

7.

Figure 9 illustrates the top of the schema for PhysicalxSensor Models. SD_PlatformParametg
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.2 Overview of the Physical Sensor Model schema

ordinate elements are specified in 7.5, as is SD_PositionAndOrientation; the sensor specific &
I subordinate to SD_SensorParameters are specified in 7.6. The classes shown in Figure 9, thei
i their associations shall be used as specified in-the data dictionary of B.2.3.1.

ny satellite
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lements of
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class SD_PhysicalSensorModel (9)/

SD_PhysicalSensorModel

+ regionOfValidity: CV_GridPoint [3..*] {ordered}

N\ .
\ 1 +sensorinformation

SD_SensorParameters

+controlPointRepository

SD_GCPRepository

+controlPoints 0..1

0..1
+controlPoints

MI_Geolocationinformation

Metadata for Imagery::MI_GCPCollection

0..1

Figure 9 — Overall view of Physical Sensor Model parameters

7.5 Loc

7.51 Oy

The locatig

componen
platform a
described

own coord

ation and orientation

prview

n information specified in_this subclause may be used to describe spatial relationships among
[s of a sensor, between ‘sensor and platform, between a sensor and the Earth, and betweel
nd the Earth. The. rélative spatial positions and attitudes of the two objects involved shall
n terms of two_different coordinate reference systems (Annex C). Each of the two objects has
nate reference system. That of the object to be located is the internal coordinate reference syste

and that of

the
n a
be
its
xm’

the object o which it is located is called the external coordinate reference system. In the procegss
, the axes 'of the internal coordinate reference system are defined in terms of the extennal
reference system. The coordinate and location information is independent of any specific sengor

of locatior
coordinate,
class.

In the simplest case, the location of a sensor coordinate reference system is given directly relative o a ground
coordinate reference system. In other cases, a series of transformations, from the ground to the platform, from
the platform to the sensor and finally from the sensor to the detector are used. The location of a sensor
relative to a platform is called the mounting of the sensor.

If the platform is airborne, land based or waterborne, its location is determined by the platform’s internal
flight/tracking/cruising control system or from the Global Navigation Satellite System. In spaceborne
applications, the position is often derived from the platform orbit. For this reason, the satellite ephemeris data
are a subclass of the location model.

Some applications determine platform position by interpolating between known positions along the track so
this Technical Specification also specifies velocity and acceleration attributes.
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.2 Position

The position vector in three-dimensional space defines the position of a remote sensing platform or a sensor
at a given time. It is measured relative to a coordinate reference system such as a Cartesian system or the
geographic system (latitude, longitude, altitude).

Position information shall be provided as shown in the UML diagram Figure 10. The classes shown in Figure

10,

their attributes and their associations shall be used as specified in the data dictionary of B.2.3.2.

If the platform is airborne, land based, or waterborne, its position is determined by the platform’s internal

flig

t/trackingloruising—control svystem-—or from-the Global Navigation-Satellite _Svstem.—That-information is
) 9 4 ) 4 !

red

If t
de

Th
pla

resented by the class SD_EarthMeasuredLocation

ne platform is a spacecraft, its position can be determined from its orbital characteristics! /An o
bcribed using the Keplerian elements (C.2.2.5 - C.2.2.7).

tform’s instantaneous position and velocity.

rbit can be

b spacecraft’'s orbital tracking data are received by ground stations and are“used to det¢rmine the
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class SD_Position (1 0)/

<<DataType>>
SD_Position

+ timeOfMeasurement: DateTime
+ navigationalConfidence: DQ_PositionalAccuracy [0..1]

constraints

Isolf naviaationalConfidence nameOfMeasure = 'covarianceMatrixl
T ) 7

A

<<DataType>>
SD_EarthMeasuredLocation

+ position: DirectPosition

<<DataType>>
SD_OrbitMeasuredLocation

argumentOfPerigee: Angle
bStarDrag: Real [0..1]

eccentricity: Real

epoch: DateTime

inclination: Angle

meanAnomaly: Angle [0..1]
meanMotion: Real
perigeePassageTime: DateTime [0..1]
period: TM_Duration [0..1}
referenceCRS: SC_CRS

revNumber: Integen[0:..1]
rightAscensionAscendingNode: Angle
semiMajorAxis; .Length [0..1]

+ 4+ + o+ o+

constraints

{(self.meanMotion->size + self.period->>size + self.semimajorAxis->>size) >=1}
{(self.meanAnomaly->size + self.perigeePassTime->size) >=1}

Figure 10 — SD_Position
7.5.3 Attitude
Attitude (Figure 11) describes the orientation of one coordinate reference system with respect to another. It
does this using either a set of rotation angles, one for each axis (SD_AngleAttitude), or using a rotation matrix

(SD_MatrixAttitude). See 7.2.4 and Annex C for more detailed discussion. Attitude information shall be
provided using the classes shown in Figure 11 and their attributes as further specified in B.2.3.3 and B.2.5.4.
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class SD_Attitude (11) /

«DataType»
SD_Attitude

A

«DataType»

SD_MatrixAttitude

+ matrixElements: Real [9] {ordered}

«DataType»
SD_AngleAttitude

«CodelList»
SD_RotationSequence

rotatedAxes: Boolean
rotationAngleX: Angle
rotationAngleY: Angle
rotationAngleZ: Angle
rotationSequence: SD_RotationSequence

+ + 4+ + +

XYZ
XZY
YXZ
YZX
ZXY
ZYX

+ 4+ + + + 4+

Figure 11 — SD_Attitude

7.4 Dynamics

Th
po

shall be used as specified in the data dictionary of B.2.3.4.

b class SD_Dynamics (Figure 12) provides a set of elements for describing the rates at which ¢
Bition and attitude’/change over time. The classes shown in Figure 12, their attributes and their a

lements of
ssociations
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class SD_Dynamics (12)/

SD_Dynamics

attitude: SD_Attitude [0..1]

velocity: Velocity [0..1]

acceleration: Acceleration [0..*]
angularVelocity: AngularVelocity [0..1]

qngularA(‘r‘nlpmﬁnn' AnglllnrAr‘r‘plpmfinn [ﬁ 1]
dateTime: DateTime

+ B+ + + o+

SD_PlatformDynamics

+ trueHeading: Angle [0..1]
+ yaw: Angle [0..1]

constraints
{(self.attitude->size + self.yaw->size) = 1}
{(self.velocity->size + self.trueHeading<>size) <=1}

Figure.12 — SD_Dynamics
7.5.5 Position and orientation of a sensor relative to the platform

The class [SD_PositionAndOrientation, (Figure 13) provides a mechanism for specifying the relative positions
and orientptions of the compongnts of the platform/sensor system. In the simplest case, the position and
orientation| of the sensor arg-deéscribed directly with respect to an earth-fixed geodetic or engineering
coordinate| reference systetr;‘in this case, the associations terminating in the role names ‘platform’ and
‘mounting@bject’ shall both be empty. The other simple case is that in which the sensor is mounted directlyjon
the platform. Its positien‘and orientation are described in terms of the platform coordinate reference system{ In
this case, the multiplicity of the role name ‘platform’ shall be one, while that of the role name ‘mountingObject’
shall be zgro.

However, $ensors are often mounted on a series of one or more gimbals or other movable devices. More than
one instan —Positi i i i i s Situatior: i SO,
there shall be an instance of SD_PositionAndOrientation for each object in the series, ending with the object
that is attached directly to the platform. For every instance of SD_PositionAndOrientation except the last, the
multiplicity of ‘mountingObject’ shall be one and that of ‘platform’ shall be zero. For the instance that describes
the object mounted directly to the platform the reverse shall be true: the multiplicity for ‘platform’ shall be one
and that of ‘mountingObject’ shall be zero. See C.3 for a more detailed discussion of relative orientation. The
classes shown in Figure 13, their attributes and their associations shall be used as specified in the data
dictionary of B.2.3.5.
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class SD_PositionAndOrientation (13) /

SD_PositionAndOrientation

+ dynamics: SD_Dynamics

+ position: SD_Position [0..1] . .

+ offset: Vector [0..1] +*mountingObject
+ CRS: SC_CRS 0..1

<

constraints

{self.position->size + self.offset->size = 1}
{self.position->size + self.mountingObject->size = 1}
{self.mountingObject->size + self.platform->size = 1}

+platform 0.1

SD_PlatformParameters

observedPosition: SD_Position
positionObservationOffset: Vector [0..1]
dynamics: SD_PlatformDynamics [1..*]
offsetOfINS: Vector [0..1]

+ + + +

+platformldentification 1

Metadata for Imagery::MI”Platform

citation: Cl_Citation0..*]

identifier: MD, |dentifier [0..*]
description:~€haracterString
sponsor;~Cl”ResponsibleParty [0..*]

+ + + +

Figure 13 — SD_PositionAndOrientation

7.¢ .Sensor parameters

7.6.1 SD_SensorParameters

The class SD_SensorParameters represents information about the sensor itself, including its position and
orientation relative to the platform (offsetAndOrientation) and its internal characteristics. In addition to its
attributes, it aggregates another four classes that describe specific aspects of the sensor. The classes shown
in Figure 14, their attributes and their associations shall be used as specified in the data dictionary of B.2.3.6
and B.2.5.2.
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class SD_SensorParameters (14) /

SD_SensorParameters

+ offsetAndOrientation: SD_PositionAndOrientation [1..*]
+ operationalMode: CharacterString [0..1]

constraints
{If self.identification.type="frame' or
self identification type="pushbroom' or
self.identification.type='whiskbroom'
then self.detector ->size=1
else self.detector->size=0 endif}

+identification 1 +systemAndOperation 1

SD_Sensor SD_SensorSystemAndOperation

+ calibration: SD_Calibration [0..1]
+ mode: CharacterString [0..1]
+ operationalBand: MI_Band [0..%]

«DataType»
%7 SD_GSD
columnSpacing: Distance
fowSpacing: Distance
gsdCRS: MD_ReferenceSystem
rangelPR: Distance [0..1]

azimuthlPR: SD_AzimuthMeasure [0..1]
referenceSurface: SD_SurfaceCode

+gsdProperties 0.1

Metadata for Imagery::MI_Instrument

citation: CI_Citation [0..*]
identifier: MD_Identifier

type: CharacterString
description: CharacterString [0..1]

+ + + %+ o+

+ + + +

+detector 0..1

«Uniony»
SD_DetectorArray SD_AzimuthMeasure

+ distance: Distance
+ azimuth: Angle

«DataType»
SD_Calibration

«CodelList»

+ calibfationAgency: CIl_ResponsibleParty SD SurfaceCod
_SurfaceCode

+ calibrationDate: Date

ground
nftatedEttipsoid
ortho

slant

+ + 4 +

Figure 14 — SD_SensorParameters
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7.6.2 Detector array

The class SD_DetectorArray (Figure 15) describes the geometry of the set of detectors used to collect the
image values. The attribute numberOfDimensions indicates whether the array is one- or two-dimensional. The
attribute arrayOrigin specifies the position relative to the internal coordinate reference system of the sensor of
the centre of a detector at one of the corners of the array. The attribute arrayDimensions provides the name
and of each dimension and its size, which is the number of detectors along that dimension. The attribute
offsetVectors describes the orientation of each axis (i.e., dimension) of the array. The magnitude of each
vector specifies the spacing between detectors in that direction. The values of the offsetVectors shall be
ordered such that each corresponds to the appropriate dimension in the sequence of arrayDimensions. The
attribute _detectorSize epnr‘ifipc the magnitude aof each dimension of a detector: its values are also ordered
su¢h that each corresponds to the appropriate dimension in the sequence of arrayDimensions.(The attribute
defectorShape specifies the shape of each detector. The optional attribute distortion describes any known
distortions from the geometry described by the other attributes of the class. The classes shown in|Figure 15,
their attributes and their associations shall be used as specified in the data dictionary of B12,3.7 and B.2.5.1.

class SD_DetectorArray (15) /

SD_SensorParameters

+detector 0.1

SD_DetectorArray

numberOfDimensions: Integer

arrayOrigin: DirectPosition

arrayDimensions: SD_ArrayDimension [1..2] {ordered}
offsetVectors: Vector [1.)2] {ordered}

detectorSize: Length-[1..2] {ordered}

detectorShape:  SD-ShapeCode

distortion: SD_Distortion [0..1]

+ + + + + + +

«DataType» «CodeList»
SD_ArrayDimension SD_ShapeCode
+)hame: CharacterString + square
+ size: Integer + circular
+ rectangular
+ elliptical

Figure 15 — SD_DetectorArray

7.6.3 Sensor system and operation

The SD_SensorSystemAndOperation class (Figure 16) describes the properties and operational mechanics of
the sensor system. Two subclasses are defined based on the wavelength on which the sensor works:
SD_Optics and SD_Microwave. The classes shown in Figure 16, their attributes and their associations shall
be used as specified in the data dictionary of B.2.3.8 and B. 2.5.3.
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class SD_SensorSystemAndOperation (1 GV

SD_SensorParameters

SD_SensorSystemAndOperation
1 + collectionStartTime: DateTime
+systemAndOperation + collectionEndTime: DateTime [0..1]

A

———<>| SD_Optics SD_Microwave

¢ Q Zﬁ

SD_SAROperation

+opticsOperation 1

SD_OpticsOperation

+ orientation;~SD_SAROrientationCode
+ grpPositien : DirectPosition

+opticalSystem 1 «CodeList»
prcay SD_SAROrientationCode
SD_OpticalSystem + left

1 calibratedFocalLength: Length + right

1 qualityOfFocalLength: DQ_QuantitativeAttributeAccuracy [0..1]

1 princPointAutocoll: DirectPosition

1 covPrincPtAutocoll: DQ_PositionalAccuragy [0..1]
; 1 +opticalDistortion

constraints
self.qualityofFocallength.nameOfMeasure = 'variance'} SD Distortion
self.covPincPtAutocoll.nameOfMeasure = 'covariance'} —

7.6.4 SD| OpticsOperation

UML mod
as specifi

Informatioi on, the*optical properties and operation of the optical system shall be provided as shown in the

Figure 16 — SD_SensorSystemAndOperation

| of Rigure 17. The classes shown in Figure 17, their attributes and their associations shall be used
in‘the data dictionary of B2 3 9

40
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class SD_OpticsOperation (17) /

SD_SensorSystemAndOperation
SD_Optics

+opticsOperation SD_OpticsOperation

+ instFieldOfView: Angle
1| + swathFieldOfView: Angle

SD_WhiskbroomOperation

+ scanDuration: TM_IntervalLength
pixelScanDuration: TM_IntervalLength
+ scanAngleFunction: SD_ScanAngleFunction

+

«Union»

SD_PushbroomOperation
SD_ScanAngleFunction

] . + groundSamplingTime: TM_IntervalLength
+ angleEquation: CharacterString + forwardLookingAngle: Angle [0..1]

rate: AngularVelocity + sideLookingAngle: Angle [0..1]
+ angleTable: SD_ScanAngleTime

+

«DataType»
SD:“ScanAngleTime

+ time: TM_IntervalLength [1..*] {ordered}
+ angle: Angle’[1..*] {ordered}

Figure 17 — SD_OpticsOperation

7.6.5 - Distortion correction

The class SD_Distortion provides information on different types of distortion in either the optical system (7.2.5)
or the detector array (7.6.2). This information shall be provided as shown in the UML model of Figure 18. The
classes shown in Figure 18, their attributes and their associations shall be used as specified in the data
dictionary of B.2.3.10.
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class SD_Distortion (18) /

SD_SensorSystemAndOperation
SD_Optics

+opticalDistortion 1

SD_Distortion

+ princPointOfSymmetry: DirectPosition
+ qualityOfPrincPointOfSymmetry: DQ_QuantitativeAttributeAccuracy

constraints
{self.qualityOfPrincPointOfSymmetry.nameOfMeasure = ‘covariance matrix’}

SD_DistortionTable

rows: Integer

columns: Integer

xOffset: Integer

yOffset: Integer

xSpacing: Integer

ySpacing: Integer
distortionValues: Real {ardered}

+ + + + + + o+

SD_DistortionPolynomial

polynomjalDecentering: SD_PolynomialFunction [0..1]
polynomialRadial: SD_PolynomialFunction [0..1]
quality©fPolynomialRadial: DQ_PositionalAccuracy [0..1]
qualityOfPolynomialDecentering: DQ_PositionalAccuracy [0..1]

+ + + +

constraints

{self.qualityOfPolynomialRadial.nameOfMeasure = ‘covariance matrix’}
{selt.qualityOtPolynomialDecentering.nameOtMeasure = ‘covariance matrix'}

Figure 18 — SD_Distortion

7.6.6 Microwave sensors

This Technical Specification defines one kind of microwave sensor — Synthetic Aperture Radar (SAR). The
SAR-specific information is defined in classes SD_GSD in Figure 14 and SD_SAROperation in Figure 16.
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These two classes, their attributes and their associations shall be used as specified in the data dictionary of
B.2.3.6, B.2.3.8 and B.2.5.3.

8 True Replacement Models and Correspondence Models

8.1 Functional fitting

A functional fit between image and geographic coordinates may be used to geoposition the image. This
function may be based on a Physical Sensor Model, as in the case of a TRM, or it may be a simple
Col'respondence Model based upon ground control points. The function may be a single polynomigal applying
to the entire image or may be a set of polynomials, each applying to a separate partition. The fit may also be
defived by interpolating between points in a grid where both the grid and geographic coordinates ar¢ known. A
funjction produced by interpolation cannot be expressed in a simple analytic form over the(entire imgge,; its first
defivative is discontinuous at grid cell boundaries. The information for functional fitting shall be ag shown in
thg UML model of Figure 19. The classes shown in Figure 19, their attributes and, their associations shall be
use¢d as specified in the data dictionary in B.2.4.1 and as described in 8.2, 7.3, and 8.5.
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class SD_FittingFunction (19) /

SD_FittingFunction

A

SD_RationalPolynomial

+numerator 1

SD_Polynomial

+ resultDimension: MD_DimensionNameTypeCode | +denominator

+coefficient 1.%

SD_PolynomialCoefficient

+ value: Real

SD_Variable
+variable | *.dimension: MD_DimensionNameTypeCode
+ power: Integer
+ scaleFactor: Real [0..1]
0..*| + translationValue: Real [0..1]

Figure 19 — SD_FittingFunction
8.2 Tru¢ Replacement Model approach

8.2.1 Introduction

H Dl H L o A alal VimYal W PRAY : ol £ | - Lall 4 pu | H
ngOfOUS mysStcar—Sensor—iviotersS—( oSivis)—are—requiréd—ror—obtammg—Tentanre,—accurate, —and—Constst nt
geolocation of imaged objects (terrain). For many sensors, PSMs are complex and their direct use in
exploitation tools may not be the best approach for various reasons, including

a) the mathematical complexity of PSMs makes them difficult to implement in easy-to-use exploitation
software,

b) the software may require long computation time,
c) it may be necessary to develop new software every time there is either a sensor modification/upgrade or

a new sensor, thus incurring additional software cost. Furthermore, every time there is a change, it
impacts many user systems,
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d) configuration management problems may occur due to having different implementation of the same
complex model by different software developers, and

e) use of PSMs may be precluded due to security or proprietary information issues.

Because of these disadvantages of directly using PSMs in exploitation tools, an approach has been
developed that negates these drawbacks. The approach is to use PSMs to produce replacement models that
have a standard form, have the same characteristics, and perform very nearly the same as PSMs. Such
models are referred to as True Replacement Models (TRMs). TRMs have a form that is sufficiently general to
replace Physical Sensor Models for all types of sensors, thus simplifying the exploitation task.

An|original Physical Sensor Model needs to be developed before a TRM can be constructed{ The PSM is
used to construct a large, dense volume of 3D ground points and the corresponding 2D image-points that fully
eng¢ompasses the imaged object space (see Figure 20). One of the forms of the TRM is equations, such as
polynomials or rational polynomials (i.e., ratio of two polynomials), the coefficients ofywhich are| estimated
usipg the dense grid. Another dense grid of check points is always generated from the"\PSM in order to check
thg accuracy of the fit of the equations to the fit grid. One can always ascertain that the fitting gccuracy is
within a specified level, such as a few tenths of a pixel, by increasing the densityof the grid used tg derive the
polynomial coefficients, or segmenting the image, or both. When these proceédures become impractical, the
grigls themselves and an interpolation become the TRM, as discussed in 8.2.2)4.
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2 3D grid of points encapsulates the entire range of practical X, Y, Z values

3 Check Planes

Figure 20 — True Replacement Model generation of points
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A TRM shall have the following properties of the PSM, namely
a) ground-to-image and image-to-ground functions,
b) complete and rigorous error propagation, and

c) adjustability, using carefully designed parameters, is possible.

8.2.2 Types of True Replacement Models

8.2.21 Polynomials
There are fwo approaches to the equations used to construct a TRM: either
a) asing|e polynomial in the object coordinates for the line and another for the sample; or,
b) a ratig of polynomials for each.
The “ratio pf polynomials” approach is referred to as rational polynomials. In order tg-achieve high fit accurdcy,
the polynomials are usually of third or higher order. Since the very dense grid contains an extensive numbef of
points (in the hundreds and even thousands), a correspondingly large number 6f equations result that are then
used to esjimate coefficients.
A third order polynomial in the object (ground) point coordinates, X, Y, Z/is of the form:

Py=do+ a1 X +ayY +a3Z +ag XY +agXZ + agYZ + a7 X% + agV° +agZ? +

a10XYZ+a11X3 +a12XY2 +a13X22 +a14X2Y+a15Y3 +a16Y22 +a17XzZ+a18YZZ+a1gZ3
P, is a polynomial;
ap, a;, az dz, Ay, As, A, A7, As, Ao, A9, A1, A12, A3, 433 A5, A6, 17, A 13 aNd a9 are the polynomial coefficients
XY, Z are the object’s ground coordinates.
There are PO coefficients for this single polynomial. If one polynomial is used for line | and another polynonpial
is used fof sample s then the TRM/ will involve the estimation of 40 coefficients. Alternatively, a rational

polynomial may be used for ¢, and another for s, or:

f:f(X’Y’Z) _ P3(X,Y,Z)

(A1, 2) gz 2 (10)
Py(X,Y,Z) Py(X,Y,Z)

where

Py, ]Tz, P;, P, are the polynomials;

1 is the image line coordinate;
s is the image sample coordinate.

The coefficients within each polynomial, P; through P,, are designated «; through d;, respectively. There are
20 coefficients, a;, in Py, and 20 coefficients, c;, in P;. However, there are only 19 coefficients in each of P,
and P,, because by and d, are both selected to have a unit value to avoid singularities (zero denominators).
Consequently, there are 78 rational polynomial coefficients (RPCs). The most common form of the TRM — the
one used by commercial vendors of satellite imagery — uses RPCs.
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Rearranging the terms in Equation (10):

Pyl —P =~/ Pys— Py =—s (11)
where
Py is the same as P, except that it does not have the unit terms (corresponding to b, as noted
before);
Py is the same as P, except that it does not have the unit terms (corresponding to d, as noted
before).

When a pair of equations is written for each of the grid points and there are n grid points-a.set gf 2n linear
equiations results as follows:

2,11,% 7?36,1 - 22,1 12)
where

A is the matrix containing the X, ¥, and Z terms of the 3"\degree polynomials at each point;

X is an array containing the 78 coefficients of the-third degree rational polynomial;

b is a matrix of ¢and s values at each point.

To|summarize, two equations are written for each 3D/2BJcombination of object/image point corregpondence.
With n such combined 3D/2D points, the number of-linear equations would be 2n. The n can| be in the
hundreds or even thousands, depending upon thessize of the image and the extent of the objeft space it
coyers.

8.2.2.2 Coordinate normalization
Befause of the high power of the polynomials and the likely large numbers involved, it is a good [practice to
nofmalize these original observed.coordinates, referred to hereafter as coord,,s. All five different qoordinates

invplved, ¢, s, X, Y and Z, arenormalized by applying shifts and scales such that the normalized|values fall
befween -1 and +1.

Lef: max = maximuni-value of a coordinate
min = minithum value of a coordinate
Then, the shiftyand scale for the coordinate is given by:

shift="-(max + min) / 2 scale = 2 / (max - min) (13)

Thas;if toordg,s 15 thegivern(ur=normratized)toordimate; thermrthemormmatizedcoordimate; toord, s given by:
coord, = [coordps + shift] e scale (14)
and, the un-normalized coordinate given by:
coordy, = (coord,, / scale) — shift (15)

recognizing that coord,, refers to the same variable as does coords.
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8.2.2.3

Direct Linear Transform

The choice between single polynomial and rational polynomial depends on the type of imagery. For frame
imagery, the RPC usually works well when the object (ground) coordinate system is geographic, or A, @, h.
When the ground coordinates are in a Cartesian system, such as geocentric or local space rectangular, the
RPC model reduces to the special case containing only eleven coefficients of the form:

16)

ine

[ of

ao +a1X+a2Y+a3Z bo +b1X+b2Y+b3Z (
— S —
1+C1X+02Y+C3Z 1+C1X+02Y+C3Z
where
L is a line coordinate;
s is a sample coordinate;
X Y\|Z are object space coordinates;
aop, af, a», a; are the coefficients of the numerator of the rational polynomial that produces a
coordinate;
by, b{, by, b; are the coefficients of the numerator of the rational’ poltynomial that produces a fow
coordinate;
C1, C4 C3 are the coefficients of the denominator of the rational polynomials.
These equations are known as the direct linear transform (DLT). If one attempts to solve for all 78 R
coefficients, the result will be those 11 non-zero coefficients.and the remaining 67 will all be zero.
8.2.2.4 [True Replacement Model based on grid interpolation
For some pushbroom and whiskbroom systems,the images may need to be segmented and a separate se
polynomial coefficients estimated for each segment. As the number of such segments increases, this proc

PSS

may becolne either impractical or uneconomical, or the fit accuracy may simply not be acceptable. In sdich

situations,
using num
interpolatig
(X, Y, 2), 9

If a trilined
require thg
21. The ftril

the grid of 3D ground/2D image-point coordinates becomes the replacement model. In the placg
erical values of the polynomial coefficients to calculate the (¢,s) for a given (X, Y, Z), a pai
n equations is used to evaluate (¢, s ) on the basis of the 3D grid neighbours surrounding the gi
s depicted in Figure 21

r interpolator is“used, 16 parameters are involved; eight for line and eight for sample. This
use of the eight 3D grid points that surround the given point, which is the case depicted in Fig
near interpalation equations are of the form: (7, s )int.

+a1X+a2Y+a3Z+a4XY+a5YZ+a6ZX+a7XYZ

of
of
en

will
Lire

17)

+b1X+b2Y+b3Z+b4XY+b5YZ+b6ZX+b7XYZ
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(tsXY2); (1,5,X,Y,2)s
(05X YZ). E (t.5,XY2),
E X @, (XY, Z)s—(0,5,)
S| A
(Ls.X, ;Z) 1 (1.5.X,¥2),

Figure 21 — Grid interpolation as a replaceméntmodel

The known values (¢ ,s, X,Y,Z);, for j = 1 , 8, result in 16 linear equations in the sixteen unknown
pafameters g; and b; fori =0, ..., 7. Once the estimates, &i,ISi, dre determined, the same pair of eguations is
¢d to calculate (7, s )i for the given point (X,Y,Z)s. When trilinear interpolation is not adequate, {riquadratic

2.2.5 Ground-to-image and image-to-ground transformations

Unlike the Physical Sensor Model, whichimay be expressed directly as either a ground-to-image of

grqund transformation depending on(the type of sensor, a TRM is usually expressed as a groun

, @ 3D check

e grid, the

image-to-
d-to-image

function. Consequently, the image-to-ground transformation is effected through a numerical iterative

prqcedure. Nevertheless, the ‘availability of both transformations constitutes one of the thrg
characteristics of both Physical’Sensor Models and True Replacement Models. The other two a

e primary
e rigorous

errpr propagation and adjustability; discussed in the following subclauses.

.2.2.6

Rigorous’error propagation with a True Replacement Model

hce of the
5 in these
ple, frame
| TRM has
artesian or
v M e matrix of
the exterior orientation parameters is 6 -by-6. If th|s is propagated into the TRM coeff|C|ents an 11 by-11 or 78-
by-78 covariance matrix would result. Both covariance matrices are singular, so each has a rank of 6, that of
the original exterior orientation parameters covariance matrix.

There are two approaches to error propagation in TRMs. The first is to add a set of parameters to the TRM
coefficients. These parameters can be added either on the object side or the image side. For error
propagation only, these added parameters have zero values. However, a covariance matrix can be associated
with them. Such a covariance matrix would play a role similar to the original covariance of the Physical Sensor
Model in the error propagation process. For example, if deriving an object point from two images, its 3-by-3
covariance matrix would have essentially the same value regardless whether it is derived from the physical
model or from its TRM.
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The second approach (called the eigen approach) does not include added parameters. Instead, it propagates
the original covariance matrix of the Physical Sensor Model into a covariance matrix associated with the TRM
coefficients as an intermediate step. However, since this intermediate covariance matrix is singular, its
eigenvalues and eigenvectors are calculated. There will be as many non-zero eigenvalues as the size and
rank of the original covariance matrix. These eigenvalues and their corresponding eigenvectors are then used
in subsequent error propagation, again yielding essentially the same results as those from the original
physical model.

8.2.2.7  Adjustability for True Replacement Model

Adjustabili .
situations, |values of the parameters of the Physical Sensor Model, position, attitude, velocity etc., may.not|be
of sufficiently good quality for certain applications; such as precision geopositioning. Therefore, additional
information, such as ground control information, is used to update the a priori values of the mode| parametgrs.
With TRM/ there is an equivalent process to “upgrade” the TRM so that its performance is similarly improvgd.
The term [upgrade” is used instead of “update”, because none of the coefficients in the ARM functiong is
actually updated in value. Instead, the TRM as a whole is upgraded by one of two approaches. The fjrst
approach is to estimate the same set of added parameters used in error propagation. Therefore, there willlbe
numerical [values for these added parameters, as well as a covariance matrix associated with them. In fhe
second approach, the eigen approach, a set of equivalent parameters associated with the non-zgro
eigenvalugs is estimated on the basis of the available ground control information.“These new parameters are
linear compinations of the original sensor model parameters. While the original parameters may have a [full
covariancg matrix, the covariance matrix of the new set is diagonal in form; the elements are the non zgro
eigenvaludgs. Their estimation involves transformations based on the coftesponding normalized eigenvectgrs,
the details|of which are beyond the scope of this Technical Specification, For more details see 12

8.2.2.8 ummary

A TRM is developed on the basis of the Physical Sensor Madel, which is used to construct two extensive gfids
of (often tHousands of) object points and their corresponding image points for each image. One grid, a fit gfid,
is used to fit a selected function, and the other, a checkgrid, to evaluate the quality of the estimated functipn.
To minimige potential numerical problems, values-of all five coordinates (object and image) are
normalizeq such that those for each coordinate have a range of +1 to -1, and these normalized coordinaltes
are used in estimating the unknowns of the selected function. Next, the function thus determined is applied to
all the points of the check grid and both the ro6t-mean-square (RMS) and maximum discrepancies in line and
sample calculated to assess the fit quality>.Usually the RMS should be a small fraction of a pixel, such as
to 0.3, and the maximum discrepancy less than one pixel. If both of these requirements are not met when
attempting| to fit the function to the )whole image, then an attempt is made to fit a separate function| to
segments |of the image. When(image segmentation still does not reduce the errors below the stated fit
tolerances| the object/image.combined grids are then themselves considered to be the TRM and af 3-
dimensional interpolation function is used to implement the object-to-image function. Both error propagation
and adjustpbility are applied; whether the TRM is accomplished by a functional fit or the very dense grid.

8.3 Quglity associated with a True Replacement Model

Added parpmeters can be either at the ground side or the image side of the TRM ground-to-image function. It
is with thisLset of added (adjustable) parameters that a covariance matrix is assaciated, replacing the quality

measures expressed by the covariance matrix, > ;,, of the exterior orientation parameters of the original
model, or X -, . Consider image side adjustable parameters:

(X,Y,Z) = (TRM ) = {(¢',s") + 4i} — (£,5) (18)
X Y

Ai:|:§£:|:|:p10+p11 + P12 i| (19)
05| | P20+ P21 X +popY
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ere
A is the adjustment;
Y4 is the adjustment in the image line coordinate;
Os is the adjustment in the image sample coordinate;
Pro, P11, P12, P20, P21,P22 are the adjustment polynomial coefficients;
XY~ are-the-ground-ceordinates-of-an-objest:
e covariance matrix is then associated with the six p;; parameters, or:
52 o o o o o |
P10 P10P11 P10P12 P10P20 P10P21 P10P22
2
O pis Opipiz Opir2o Criwr2r O piipaz
2
s O pia Op1ap20 Op1ara1 O pizr2e
PP 0'2 o O
P20 P20P21 P20P22
. 2
symmetric O-P21 O po1pso
o2
L 222"
ere
> o is the covariance matrix;
o?; are variances;
O are covariances;
Di is the ith polynomial coefficient.

(20)

covariance matrix as specified by Equation (20) shall be provided with the TRM of an image whose

adjustable parameters are\associated with the image side in order to calculate quality measures pssociated
with the TRM.
For ground side adjustable parameters, then:
{(X,Y,2)4X} - (XY, Z") = (TRM ) = (¢,5) (21)
with
[OX ] [dx a1 X +q2Y —q3Z |
AX =|0Y |=|qy —q2X +q¥ +q4Z (22)
0Z | |az+a3X —q4Y +q4Z
where
AX is the adjustment matrix;
oX is the adjustment in X coordinate;
oY is the adjustment in Y coordinate;
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oz is the adjustment in Z coordinate;
qi are the coefficients;
XY Z are the object’s ground coordinates.

The covariance matrix qu is constructed similarly to pr in Equation (20). This matrix shall be provided with

the TRM of an image with ground side adjustable parameters in order to calculate quality measures
associated with the TRM.

The approtch above is that used in the widely accepted RSM. An alternative approach, introduced in 82.2.4,

is the eigén approach. The covariance matrix in this approach is simply a diagonal matrix of as“many
eigenvaluds as the number of exterior orientation parameters. For a passive frame image, it is a)matri§ of
order 6:
(4, 0 0 0 0 O]
0 4, 0 0 O O
10 0 43 0 0 O
Z@_00 0 4 0 O (?3)
0 0 0 0 4 O
(0 0 0 0 0 4]
where
P is the covariance matrix of the RSM;
A; are variances.
In order tp perform error propagation, the six eigenvectors, e, e, ..., € associated with A4, 45, ... fg,
respectively, are also required. For a frame image, each e is an 11-by-1 vector.
8.4 Schema for True Replacement Model
As requiredl by 8.2 and 8.3, a TRM shalhprovide the following with each image:
a) either|the coefficients of the(Single polynomial or those of the ratio of polynomials used in the Groundito-
Imagg Function (SD_Fittinghunction), or the 2D/3D combination of object / image point correspondencé.
b) the ogtional scale and. shift values used to normalize each of the image and ground coordinates (8.2.2.2)
as part of SD_FittingFunction.
c) a covariance'matrix to allow rigorous error propagation.
A set of grpund control points may also be provided as ancillary information.
The classes shown in Figure 22, their attributes and their associations shall be used as described in the data
dictionary of B.2.4.2.
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class SD_TrueReplacementModel (22) /

SD_PhysicalSensorModel

/N

1
«derive»

1
1
SD_TrueReplacementModel <
+ regionOfValidity: CV_GridPoint [3..%] +fitAsFunction 0.1

+ accuracy: DQ_PositionalAccuracy
SD_FittingFunction

constraints

{self.accuracy.nameOfMeasure = 'covariance matrix'} >
{self.fitAsGrid->size + self.fitAsFunction->size = 1}

<>

+itAsGrid 0..1

SD_TRMAsGrid | «> [~~~ 777 {XOR}

+ interpolation: CV_InterpolationMethod

+controlPoints 0..1

MI_Geolocationinformation
Metadata for Imagery::MI_GCPCollection

+controlPoints 0..1

v +controlPointRepository 0..1

SD_GriddedGCPCollection —> SD_GCPRepository
0..1 —

Figure 22 — True Replacement Model

8.5 _Correspondence Model approach

8.5.1 Introduction

The Correspondence Model (CM) is a class of approaches to modelling that is not based on the Physical
Sensor Model, even though it may have a functional fit similar to that of a TRM. The Correspondence Model
derives the functional relationship between the image and ground coordinates from ground control points.
CMs are typically used in remote sensing applications.

There are two groups of functional fits for CMs: three-dimensional-to-two-dimensional (3D-to-2D) form and

two-dimensional-to-two-dimensional (2D-to-2D) form. Like TRMs, the first group has the ground-to-image
transformation in analytical form, although the function is not as good a representation as a TRM. The second
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group is a significantly different approach, as it either deals with the image space only, or with object (ground)
and image spaces but considers the object as being only a plane (thus disregarding elevations).
Correspondence Models are sometimes described as ‘rubbersheeting’ or 'warping’ of one plane to match

another.

8.5.2 Limitations of Correspondence Models

In general, CM approaches are not as precise as TRMs and do not have the well-defined error propagation
needed for precise geopositioning. In particular, the contribution of the sensor errors, which can be significant,
cannot be taken into account. CMs have the following limitations:

a) The parameters involved in CM have no physical significance.

b) The 2D-to-2D transformations do not take the terrain shape or ground elevation into account.. Even wh

the 3[

the tefrain surface. Points between the usually sparse set of ground control points may,have signific

errors

c) Since
paran

approgches to CM, even approximate error propagation is not attempted. For other approaches to (

error

d) For G

propagation cannot be done and there is no adjustability.

For image
the transfd
errors, car

image/grodind control correspondence (8.2.2.4).

8.53 3D

The form d
Correspon
but instead

In general
shown in B
of coefficig
then the D

The applic
narrow fie
assumptio

-to-2D transformation is used, the use of only a few object control points cannot fully-account
resulting from the inadequacy of the functional fit to the few points.

the Physical Sensor Model is not used, including the covariance information associated with
eters, complete and rigorous geopositioning error propagation is net._possible. In the simy

ropagation can only partially account for error sources.

orrespondence Models, very limited, if any, check point evaluation is possible, rigorous e

to-image transformation, only errors in image measurements can be included in the estimation
rmation parameters. Errors in the ground control .¢cQordinates, in addition to image measurem
be considered for 3D-to-2D transformations and,also when interpolators are used in the casq

to-2D Correspondence Models

f these models can appear to be quite similar to the TRMs. The polynomial coefficients of 3D-to
dence Models are not derived from the entire 3D object space volume, as is the case with TRI
are derived on the basis of ground control points.

the equations used for\the TRM such as the single polynomial or the rational polynomials
quations (9) and (10) in/8.2.2 may also be used in the CM. These equations, with the large num
nts to be estimated, require a significantly large number of control points. If the image is a frar
| T equations (Equation (16)) containing only 11 coefficients would be used.

ation of this/approach is often based on very specific sensor assumptions, two of which are v
d of viewAe.g., 1°-3°) and long distance from the sensor to the object being imaged. Th
ns may-apply to satellite imaging systems, but may not easily apply to airborne sensors. W

these assy

used for each-section, similar to the procedure followed in the TRM method.

mptions do not apply, the image is quite often segmented into sections with different polynom

en
for
ant

ts
ler
My

ror

of
ent
of

2D
Vis,

as
ber

ery
se
en
als

Variations on the equations mentioned above have been proposed. One is used for linear pushbroom
geometry as it modifies the DLT equations to a single image line, or:

fzao

+ a1X + a2Y + a3Z

_ bo +b1X+b2Y+b3Z (24)

1

54

+ C1X + C2Y + C3Z
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where
4 is a line coordinate;
s is a sample coordinate;
XY Z are object space coordinates;
ao, a;,ax,as  are the coefficients of the polynomial that generates the line coordinate;
by, D1.b;, D3 are the coefficients of the numerator of the rational polynomial that generates
coordinate;
c1, Ca, C3 are the coefficients of the denominator of the rational polynomial that genefates
coordinate.
This pair of Equations (24) is often referred to as the “parallel” perspective.

Af

Th

Lirther simplification is to limit the equations to only the numerators of the BLT equations, or:

€=a0 +a1X+a2Y+a3Z
SZbO +b1X+b2Y+b3Z

bse equations have been given the name “orthographic projéction”. For best applicability, the fi

sh

uld be small and the distance to the object large, so that‘the imaging rays would essentially

However, these restrictions are quite likely violated in the case of segments of optical imagery fro
sefsors.

8.54 2D-to-2D Correspondence Models

2D}to-2D Correspondence Models are similarto the process of “registration” used in the early days

se
(G

ren
(20
2D
tra

sing. At that time, remote sensing imagery from space had a considerably larger ground samp
5D) than the current 1-metre and 0:61-metre commercial satellite imagery. Consequently, f

object). The equations usedirepresented a transformation of the 2D object space coordinates
image space coordinates-(\.; s ). Current 2D-to-2D Correspondence Models use some form of
nsformation such as the general polynomial:

a,.jX"Yf

M:

0

~.

bs 1D
Ndb

b,.jX"Yf

il
Q
~.

0

he sample

he sample

(25)

Bld of view
be parallel.
m airborne

of remote
e distance
or specific

hote sensing applications at thetime, terrain relief was ignored and the terrain was considered to be flat

X,Y) to the
his type of

(26)

chpolynomiats are appiicabte onty i the fotftowing cases:
Large GSD

Narrow field of view

Essentially nadir view of the terrain

Terrain is flat (minimal to no elevation variation)

No elevated objects above the terrain

Relatively small image segment to minimize distortion effects
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With each image that is warped using Equation (26), the coefficients a; and by shall be provided as
parameters in the fitting function (see Figure 19).

8.6 Schema for Correspondence Models

If an image provider chooses to support approximate geopositioning using the Correspondence Model
approach, the information about the fitting function shall be provided as shown in Figure 23. The classes
shown and their attributes and associations shall be used as described in the data dictionaries of B.2.4.3 as
well as in ISO 19115-2.

class SD_CorrespondenceModel (23) /

MI_Geolocationinformation +controlPoints

Metadata for Imagery::MI_GCPCollection

0..1

/E\ +controlPoints 0..1

1
«derive»
|
|
|

SD_CorrespondenceModel

+ regionOfValidity: CV_GridPoint [3..%]
+ fittingFunction: SD_FittingFunction

————————— {XOR} 5

+repositoryGCP 0.1 <> 0.1

SD_GCPRepository

Figure 23 — Correspondence Model
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Annex A
(normative)

Conformance and testing

.1_Geopositioning information

Test purpose: Verify that geopositioning information provided with the image data instantiates
subclasses of MI_GeolocationInformation.

Test Method: Inspect the content of the metadata intended to support geopositioning-
Reference: 6.2

Test Type: Basic

.2 Ground control points

A.2.1 GCP collection

Test purpose: If the metadata intended to support.geopositioning contains ground control pd
that it properly instantiates MI_GCPCollection,and all of its attributes, associated classes
subclasses and their attributes and associated;¢lasses.

Test Method: Inspect the content of the metadata intended to support geopositioning.
Reference: 6.4, ISO 19115-2

Test Type: Capability

A.2.2 GCP repository

A.

Test purpose: If.the metadata intended to support geopositioning contains a reference to
repository of ground control points, verify that it properly instantiates SD_GCPReposito
attributes andassociated classes.

Test Method: Inspect the content of the metadata intended to support geopositioning.

Reference: 6.4.3

one of the

ints, verify
and their

a remote
ry and its

Test Type: Capability

3 Physical Sensor Model

A.3.1 Sensor model completeness

a)

Test purpose: Verify that a sensor description is provided with the image data, that the classes
instantiated are those required to describe the sensor used and that a platform description is present if
the location of the sensor is provided relative to the platform rather than in object space coordinates.
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b) Test Method: Inspect the metadata provided with the image.
c) Reference:7

d) Test Type: Basic

A.3.2 Platform Information

a) Test purpose: If sensor position and orientation are provided relative to platform position and orientation,
verify that metadata intended to support geopositioning instantiates the class SD_PlatformParameters
with itf atinibutes and instantiates the associated class MI_Platform.

b) Test Nlethod: Inspect the metadata provided with the image.

c) Refergnce: 7.4.2,7.5.4;1SO 19111:2007; 1ISO 19115-2:2009, A.2.5.1
d) Test Type: Capability

A.3.3 Sepsor information

a) Test | purpose: Verify that metadata intended to support % geopositioning instantigtes
SD_SensorParameters with its attributes and associated classes.

b) Test Nlethod: Inspect the metadata provided with the image.
c) Refergnce: 7.6

d) Test Type: Capability

A.3.4 Optics

a) Test purpose: Verify that, when an optical system is part of the sensor, metadata intended to support
geopgsitioning includes SD_Optics, its attributes, and associated classes.

b) Test Nlethod: Inspect the metadata.pravided with the image.
c) Refer¢nce: 7.6.4,7.6.5

d) Test Type: Capability

A.3.5 SAR

a) Test purposeVerify that, when the sensor is a SAR, metadata intended to support geopositioning
includes SD>SAROperation, SD_GSD, and their attributes.

b) Test Methodlnspectthe metadata provided with-the image-
c) Reference: 7.6.1,7.6.3,7.6.6

d) Test Type: Capability

A.4 Functional fitting
a) Test purpose: Verify that if the metadata accompanying an image is an instance of

SD_TrueReplacementModel or an instance of SD_CorrespondenceModel, it properly instantiates
SD_FittingFunction and its subclasses.
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b) Test Method: Inspect the content of the metadata intended to support geopositioning.
c) Reference: 8.1

d) Test Type: Capability

A.5 True Replacement Model

a) Test purpose: Verify that metadata sets instantiate SD_TrueReplacementModel.

b) [ Test Method: Inspect the content of the metadata intended to support geolocating.
c) | Reference: 8.4

d) | Test Type: Capability

A.p Correspondence Model

a) | Test purpose: Verify that metadata sets instantiate SD_CorrespondenceModel.

b) [ Test method: Inspect the content of the metadata intended ta support georeferencing.
c) | Reference: 8.6

d) | Test Type: Capability
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B.1 Data dictionary overview
B.1.1 Intfoduction

The layout|is as described in ISO 19115:2003, Annex B except as described in the remainder of B:1.

B.1.2 Data type/class

Specifies a set of distinct values for representing the metadata elements: for example, integer, real, stri

DateTime

is an asso

B.1.3 Obligation/Condition

ISO 19115:2003, B.1.5.3, in describing conditional values for Obligation/Condition, states “If the answer to

condition

9130:2010(E)

Annex B
(normative)

Geolocation information data dictionary

Ciation, it specifies the associated class.

s positive, then the metadata entity or the metadata element shall be mandatory.” Some

ng,

and Boolean. The data type attribute is also used to define metadata entities, stereotypes and
metadata @ssociations. If the data type of an entity or element is a class, it spetifies the name of the class,

if it

the
of

obligationg/conditions in Annex B use this question/answer style of conditions. In addition, Annex B also uges
Object Condition Language (OCL) constraints from the &ML diagrams to express a number of conditions.

OCL const

B.1.4 Domain

For an ent

For a mefadata element, the domain specifies the values allowed or the use of free text. “Unrestrict
indicates that no restrictions are placed upon the content of the field. Integer-based codes shall be used

represent
specifies t
Technical

60

ty, specifies the line numbers.covered by that entity.

values for domains\containing codelists. If the type of a metadata element is a class, the dom

Specification.

raints are not questions and do not have answers either positive or negative. In many cases, QCL
constraintg provide more concise expression of conditions than question/answer conditions.

ad!)
to
ain

ne 1ISO standard-Where the class is defined, and if the domain is blank, the class is defined in this
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B.2 UML models for geolocation information

B.2.1 Overview of geopositioning information (Figure 1)

ISO/TS 19130:2010(E)

Name/Role Name Definition Obllgat!onl Max Data Type/Class Domain
Condition Occurrence
1. |MI_GeolocationIinformation information used to determine Use obligation/ Use Class ISO 19115-2
geographic location condition from maximum <<Abstract>>
corresponding to image location referencing occurrence
object from
referencing
object
2. ||SD_SensorModel information on sensor Model for | Use obligation/ Use Specialised Class Line| 3-6
sensor collecting the image condition from maximum (MI_GeolocationInformation)
referencing occurrence
object from Aggregated Class
referencing (SD_PhysicalSensorModel)
object (SD_TrueReplacementModel)
(SD_CorrespondenceModel)
3. ||forimagelD identification of image to which M 1 CharacterString Unr¢stricted
the sensor model applies
4. ||Role name: Physical Sensor Model for C/ N SD’_PhysicalSensorModel
physicalSensorModel geopositioning of the image trueReplacement
Model or
correspondence
Model not
present?
5. ||Role name: True Replacement Model for C/ N SD_TrueReplacementMode
trueReplacementModel geopositioning of the image physcialSensorM
odel or.
correspondence
Madel not
present?
6. ||Role name: Correspondence Model for C/XOR N SD_CorrespondenceModel
correspondenceModel geopositioning of the image physcialSensorM
odel or
trueReplacement
Model not
present?
B.2.2 Ground control points (Figure 2)
Name/Role Name Definition Obllga!t!onl Max Data Type/Class Domain
Condition Occurrence
7. ||MI_GCPCollection information about a control point| Use obligation/ Use Specialised Class line B-11
collection condition from maximum (MI_GeolocationInformation)
referencing occurrence | Aggregated Class <MI_GCP>
object from
referencing
object
8. ||collectionldentification identifier of the GCP collection 1 Integer Unr¢gstricted
9. |collectionName name of the GCP collection 1 CharacterString Free Text
10. |coordinateReferenceSystem coordinate system in which the 1 MD_ReferenceSystem ISO 19115
ground control points are
defined
11. |Role name: ground control point(s) used in M N MI_GCP ISO 19115-2
gcp the collection
12. |SD_GCPRepository information required to obtain Use obligation/ Use Aggregated Class Lines 13-15
ground control point information | condition from maximum (MI_GCPCollection)
from a repository of ground referencing occurrence
control points object from
referencing
object
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Name/Role Name Definition Obllge!tl-onl Max Data Type/Class Domain
Condition Occurrence
13. |accessRestricted whether image provider is M 1 Boolean 1=true
limiting access to ground control O=false
point information
14. |accessInformation if accessRestricted is true, point M 1 Cl_Contact ISO 19115
of contact who may authorize
access to the data; if
accessRestricted false,
mechanism for obtaining the
ground control point data.
15 Role Nap % ind.iuirluol GCPR llacticn. (‘I!li( 1 MLG | tionlnformaation 1SO. 101452
controlPojnts defined by MI_GCPCollection self.accessRestri
cted = ‘false’ then
self.controlPoints
->size = 1 else
self.controlPoints
->size >= 0 endif}
16. |[MI_GCP information on ground control Use obligation/ Use Class Line 17, also
point condition from maximum 1ISO 19115-2
referencing occurrence
object from
referencing
object
17. |geograph|cCoordinates geographic or map position of M 1 DirectPosition ISO/TS 19103
the control point, in either two or
three dimensions
18. |SD_LocafionGCP ground control point for which Use obligation/ Use Specialised Class (MI_GCP) |Line 19
image coordinates have been condition from maximum,
determined. referencing occutrence
object from
referencing
object
19. |gridCoordinates coordinates of control point in M 1 CV_GridCoordinates 1ISO 19123
imagery grid
20. [SD_ImaggldentifiableGCP ground control point that is Use obligation/ Use Specialised Class (MI_GCP) |Line 21
either marked in the image or condition from maximum
described so that the user can referencing occurrence
find it in the image. object from
referencing
object
21. |description description of thegraound control M 1 CharacterString Unrestricted
point sufficient toenable the
user to find the image of the
ground contrelpoint in the larger
image.
22. |SD_GriddedGCPCollection ground-control points regularly Use obligation/ Use Specialised Class Line 23
spaced in either image condition from maximum (MI_GCPCollection)
coordinates or ground referencing occurrence
coordinates and given as a grid object from
referencing
object
23. |dimensio| number of dimensions in the M 1 Integer >=1
GCP grid
24. |SD_ImaggGridGCPCollection _ [ground control points regularly Use obligation/ Use Specialised Class Lines 25-26
spaced in object coordinates condition from maximum (SD_GriddedGCPCollection)
and given as a grid referencing occurrence
object from
referencing
object
25. |origin position of the first grid cell with M 1 CV_GridCoordinates 1ISO 19123
coordinate [0,0,(0)]
26. |spacing size of the step in the number of M 1 Integer{2..3] {ordered} >=1
pixels for each dimension in
image coordinates
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Name/Role Name Definition Obllga!t!onl Max Data Type/Class Domain
Condition Occurrence
27. |SD_objectGridGCPCollection  |ground control points regularly Use obligation/ Use Specialised Class Line 28-29
spaced in object coordinates condition from maximum | (SD_GriddedGCPCollection)
(e.g., ground coordinates) and referencing occurrence
given as a grid object from
referencing
object
28. |origin position of the first grid cell, with M 1 DirectPosition ISO/TS 19103
coordinate [0,0,(0)], of the GCP
grid in object coordinates
29 offsats. Si fihao st pe in-the. r\l’\jnnf MM 4 \L inr[’) ’l] {,. d »l} 1ISO. TS 19103
coordinates for each dimension
in object coordinates
B.2.3 Physical Sensor Model
B.2.3.1 Overall view (Figure 9)
Name/Role Name Definition Obllga!t!onl Max Data Type/Class Domain
Condition Occurrence
30. ||SD_PhysicalSensorModel Information describing the Use obligation/ Use Aggregated Class Lines 31-34
Physical Sensor Model condition from maximum (SD_PlatformParameters)
referencing occurrence (SD_SensroParameters)
object from
referencing
object
31. ||regionOfValidity grid points that mark the M N CV_GridPoint ISO|19123
boundary of the region of the o
image to which the geolocation Minimum three
information applies ordgred grid points
("C\_GridPoint
[3..*){ordered})
32. ||Role name: sensor parameters Used to M 1 SD_SensorParameters
sensorinformation construct a Physjcal Sensor
Model
33. ||Role name: ground central point repository | C/SD_GCPRepo 1 SD_GCPRespository
controlPointRepository used tazcheck or refine the sitory-
Physical'Sensor Model >size+MI_GCPC
ollection->size
<=1
34. ||Role name: ground control points used to C/SD_GCPRepo 1 MI_GCPCollection ISO|19115-2
controlPoints check or refine the Physical sitory-
Sensor Model >size+MI_GCPC
ollection->size
<=1
B.2.3.2. ‘Position (Figure 10)
Name/Role Name Definition Obllga!t!onl Max Data Type/Class Domain
Condition Occurrence
35. |SD_Position location of either sensor or Use Use Class Lines 36-37
platform obligation/conditi | maximum <<DataType>>
on from occurrence
referencing from
object referencing
object
36. |timeOfMeasurement time when the position is M 1 DateTime ISO/TS 19103

measured
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Name/Role Name Definition Obllge!tl-onl Max Data Type/Class Domain
Condition Occurrence
37. |navigationalConfidence accuracy of position o 1 DQ_PositionalAccuracy self.navigationalCon
fidence.nameOfMea
sure="covarianceMa
trix’
38. |SD_EarthMeasuredLocation location relative to the Earth Use Use Specialised Class Line 39
obligation/conditi | maximum (SD_Position)
on from occurrence
referencing from
object referencing
object
39. |position position of the sensor or M 1 DirectPosition ISO/TS 19103
platform in Earth coordinates
40. |SD_OrbitMeasuredLocation location given by position in Use Use Specialised Class Lines 41<53
orbit obligation/conditi | maximum (SD_Position)
on from occurrence
referencing from
object referencing
object
41. |argumentfOfPerigee angle in the orbital plane from M 1 Anglé 0.0<=argumen{OfPe
the ascending node to the point rigee ‘Value <3p0.0
of perigee, in the direction of
spacecraft motion
42. |bStarDra rate of change of the mean o 1 Real Unrestricted
motion
43. |eccentricify eccentricity of the spacecraft M 1 Real 0.0<=eccentricfty
orbit Value<1,0
44. |epoch time for which the values M 1 DateTime Unrestricted
provided for other orbital
elements are true
45. |inclination] angle at which the orbit plane M 1 Angle 0.0=< inclinatipn
crosses the equatorial plane Value<180.0
46. |meanAnomaly angle between perigee and the c/ 1 Angle 0.0<=meanAndmaly
position of a hypothetical body |self-meanAnomal ->Value <360.(
that has the same orbital period y->size +
as the real satellite but travels at|self.perigreePass
a constant angular speed Time->size > =1
47. |meanMotjon constant angular speed that M 1 Real >=0.0
would be required fér.a body
travelling in an undisturbed
elliptical orbit.of the specified
semimajor axisjto complete one
revolutiomin the actual orbital
period; expressed as number of
revelUtions per day
48. |perigeePgssageTime any one date and time at which Cc/ 1 DateTime As specified by] ISO
the spacecraft passes perigee |self.meanAnomal 8601
y->size +
self.perigreePass
Time->size > =1
49. |period spacecraft orbital period Cc/ 1 TM_Duration 1ISO 19108
self. meanMotion-
>size +
self.period->size
+
self.semiMajorAxi
s->size >= 1
50. |referenceCRS coordinate reference system of M 1 SC_CRS ISO 19111
the orbital coordinates
51. |revNumber ordinal number of the satellite o 1 Integer Unrestricted
revolution at the time given by
epoch
52. |rightAscensionAscendingNode |angle eastward on the M 1 Angle 0.0<=

equatorial plane from the vernal
equinox to the orbit ascending
node

rightAscensionAsce
ndingNode ‘Value
<360.0

64
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Name/Role Name Definition Obllga!t!onl Max Data Type/Class Domain
Condition Occurrence
53. |semiMajorAxis length of the semimajor axis of C/ 1 Length Unrestricted
the spacecraft orbit self. meanMotion-
>size +
self.period->size
+
self.semiMajorAxi
s->size >= 1
B.2:3:3—Attitude(Figure—t1)
Name/Role Name Definition Obllga!t!onl Max Data Type/Class Domain
Condition Occurrence
54. | |SD_Attitude attitude information Use Use Class,
obligation/conditi | maximum <<DataType>>
on from occurrence
referencing from
object referencing
object
55. |[SD_AngleAttitude attitude information as three Use Use Specialised Class Lines 56-60
angles of rotation obligation/conditi | maximum (SD_Attitude)
on from occurrence, <<DataType>>
referencing from
object referencing
object
56. ||rotatedAxes indication whether or not the M 1 Boolean Trug=rotated
axes are rotated. True equals to False=not rotated
rotated
57. ||rotationAngleX angle of the rotation around the M 1 Angle Unr¢stricted
external x axis, often called roll
or abbreviated as “w”.
58. ||rotationAngleY angle of the rotation around the M 1 Angle Unr¢stricted
external y axis often called pitch
or abbreviated as “@”.
59. ||rotationAngleZ angle of the rotatien.around the M 1 Angle Unr¢stricted
external z axig, often called yaw
or abbreviated as “k”.
60. ||rotationSequence sequefice\of rotations about the M 1 SD_RotationSequence
axes
61. ||SD_MatrixAttitude rotation matrix that describes Use Use Specialised Class Linegl 62
aftitude obligation/conditi | maximum (SD_Attitude)
on from occurrence
referencing from
object referencing
object
62. ||matrixElements elements of the 3-by-3 rotation M 9 {ordered} Real
matrix < Real>
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B.2.3.4 Dynamics (Figure 12)

Obligation/

Max

Name/Role Name Definition Condition Occurrence Data Type/Class Domain
63. |SD_Dynamics motion of a body Use Use Class Lines 64-69
obligation/conditi | maximum
on from occurrence
referencing from
object referencing
object
64. |attitude orientation of the body 1 SD_Attitude
65. |velocity linear velocity of the body 1 Velocity ISO/TS 19103
Unrestricted
66. |acceleratipn rate of change of velocity of the (6] 1 Acceleration ISO/TS19103
body
Unrestricted
67. |angularVe¢locity angular velocity of the body O 1 AngularVelocity ISO/TS 19103
Unrestricted
68. |angularAgceleration rate of change of the angular o 1 AngularAccelération ISO/TS 19103
velocity of the a body
Unrestricted
69. |dateTime date and time at which attitude M 1 DateTime ISO/TS 19103
and motion information are valid
Unrestricted
70. |SD_PlatfgrmDynamics directions of platform travel and Use Use Specialised Class Lines 71-72
pointing obligation/conditi | maximumi (SD_Dynamics)
on from occurrence
referencing from
object refefencing
object
71. |trueHead|ng actual direction in which the C/ self.velogity- 1 Angle ISO/TS 19103
platform is travelling relative to >size tsélf. .
North trueHeading- Unrestricted
>size <=1
72. |yaw offset between the true heading, | C7self.attitude- 1 Angle ISO/TS 19103
and the direction of the platfori [\>size + self.yaw- .
positive x-axis >size =1 Unrestricted
B.2.3.5 Position and orientation(Figure 13)
Ngme/Role Name Definition Obllga!tl-onl Max Data Type/Class Domain
Condition Occurrence
73. |SD_PositlonAndOrientation position and orientation of axes Use Use Class Lines 74-79
of a coordinate system of a obligation/conditi | maximum
body relative to an external on from occurrence
coordinate system referencing from
object referencing
object
74. |dynamics motion and orientation of the M 1 SD_Dynamics
nnrd,i,natn £ eycf m-of
a body relative to an external
coordinate system
75. |position position of a body C/{self.position- 1 SD_Position
>size +

self.offset->size =
1 & self.position-
>size
+self.mountingO
bject->size =1 &
self.mountingObj
ect->size +
self.platform-
>size = 1}
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Name/Role Name Definition Obllge!t!onl Max Data Type/Class Domain
Condition Occurrence
76. |offset displacement between origin of | C/ self.position- 1 Vector ISO/TS 19103
the coordinate system of a body >size +
and origin of external coordinate |self.offset->size =
system 1
77. |CRS coordinate reference system on M 1 SC_CRS
which the measures are taken
78. |Role name: description of relative spatial C/ {self.position- 1 SD_PositionAndOrientation
mountingObject relationship between a body and >size
another body upon which the +self.mountingO
latterismountad hjnn+ size=1.2
self.mountingObj
ect->size +
self.platform-
>size = 1}
79. ||Role name: description of the platform on C/ 1 SD_PlatformParameters
platform which an object is mounted {self.mountingObj
ect->size +
self.platform-
>size = 1}
80. ||SD_PlatformParameters information about motion and Use obligation/ Use Class Lines 81-85
configuration of platform condition from maximum
referencing occurrence
object from
referenc€ing
Gbject
81. ||observedPosition position of the platform at the M 1 SD_Position
location of the position
measurement instrument on the
platform
82. ||positionObservationOffset offset from the origin of the O 1 Vector ISOJTS 19103
platform CRS to the position
where the position
measurement instrument is
mounted
83. ||dynamics parameters describing the: M N SD_PlatformDynamics ISOJTS 19103
dynamic behaviour of the
platform
84. ||offsetOfINS vector from GNSS to INS. If (0] 1 Vector ISOJTS 19103
platform gedlocation is provided
by INS;.this.lever arm is
unngcessary
85. ||Role name: identification information of the M 1 MI_Platform ISO|19115-2
platformldentification platform
B.2.3.6 Sensor‘Parameters (Figure 14)
Name/Role Name Definition Obllggt!onl Max Data Type/Class Domain
Condition Occurrence
86. || SD~SensorParameters information about sensor Use obligation/ Use Aggregated Class (SD_GSD) LineF 87-92
prnparﬁne condition from maximum lQn_ancr\rQ\llefnmAndﬂpnrn
referencing occurrence tion)
object from (SD_DetectorArray)
referencing (SD_Sensor)
object
87. |offsetAndOrientation orientation and offset relative to M N SD_PositionAndOrientation
the object on which the sensor
is mounted
88. |operationalMode description of the operational (0] 1 CharacterString Unrestricted

mode of sensor
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Name/Role Name Definition Obllge!tl-onl Max Data Type/Class Domain
Condition Occurrence
89. |Role Name: properties of sensor detector Clif(self.identifica 1 SD_DetectorArray
detector array tion.type="frame’
or
self.identification.
type="pushbroom
"or
self.identification.
type="whiskbroo
m’) then
self.detector-
>size=1 else
seli.detector-
>size=0 endif
90. |Role Nanje: properties of ground sample (0] 1 SD_GSD
gsdPropetties distance
91. |Role Nanje: provides identification M 1 SD_Sensor
identificatjon information for sensor
92. |Role Nane: information describing the M 1 SD_SensorSystemAndOperati
systemAr|dOperation sensor specific properties and on
operations
93. |SD_Senspr characteristics of the sensor Use obligation/ Use Spegialised Class Lines 94-96
condition from maximum (M Instrument)
referencing occurrence
object from
referencing
object
94. |calibratio information about determination O 1 SD_Calibration
of relation between instrument
readings and physical
parameters
95. |mode type of observation being made O 1 CharacterString Unrestricted
by sensor
96. |operationplBand wavelengths of the Q) N MI_Band 1ISO 19115-2
electromagnetic spectrum being
observed by the sensor
97. |SD_Calibfation circumstances of determination” |+ Use obligation/ Use <<DataType>> Lines 98-99
of relation between instrumeént condition from maximum
readings and physical referencing occurrence
parameters object from
referencing
object
98. |calibratiopAgency authority under/which calibration M 1 Cl_ResponsibleParty ISO 19115
took place
99. [calibratiopDate date, Calibration was carried out M 1 Date ISO/TS 19103
100. [SD_GSD properties of ground space Use obligation/ Use Class <<Data Type>> Lines 101-106
distance between neighbouring | condition from maximum
pixels of the image referencing occurrence
object from
referencing
object
101. [columnSgacing ground distance between M 1 Distance ISO/TS 19103
neighbouring columns in image
102. [rowSpacing ground distance between M 1 Distance ISO/TS 19103
neighbouring rows in image
103. [gsdCRS coordinate system used in the M 1 MD_ReferenceSystem ISO 19115
reference surface onto which
the image is projected
104. |rangelPR impulse response width in the O 1 Distance ISO/TS 19103
Range direction relative to the
reference plane
105. |azimuthlPR impulse response width in the (0] 1 SD_AzimuthMeasure

azimuth direction relative to the
reference plane
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Name/Role Name Definition Obllge!t!onl Max Data Type/Class Domain
Condition Occurrence

106. [referenceSurface surface on which image is M 1 SD_SurfaceCode
projected

107. |SD_AzimuthMeasure information about the Use obligation/ Use Class <<Union>> Lines 108-109
measurement of azimuth condition from maximum
properties referencing occurrence

object from
referencing
object

108. |distance smallest distance between two M 1 Distance ISO/TS 19103
nointrafl torsthat can bg
distinguished as two objects 0.

109/} |azimuth smallest difference in azimuth M 1 Angle ISOJTS 19103
angle between two point .
reflectors that can be Unrgstricted
distinguished as two objects

B.2.3.7 Sensor System and Operation (Figure 15)

Name/Role Name Definition Obllga_t!onl Max Data Type/Class Domain
Condition Occurrence

110][SD_DetectorArray dimensions and shapes of Use obligation/ Use Class Lines 111-117

detector array condition from maximum
referencing occurrence
object from
referencing
object

111} |numberOfDimensions number of dimensions of the M 1 Integer >0
detector array

112} |arrayOrigin position of the origin of the M 1 DirectPosition ISOJTS 19103
detector array coordinate
system in external coordinate
system

113}|arrayDimensions names and sizes-of.the M 2 {ordered}
dimensions of/the'detector array <SD_ArrayDimension>

114]|offsetVectors displacement between origin of M 2 {ordered} Sequence ISOJTS 19103
the detector array coordinate <Vector>
systémyand the location of the
first detector in the detector
array

115]|detectorSize size of a detector in a detector M 2 {ordered} Sequence ISOJTS 19103
array dimension specified by <Length>
detectorDimensionName

116/ |detectorShape shape of a detector M 1 SD_ShapeCode

117]|distortion distortion of detector array o 1 SD_Distortion

118]|SD_ArrayDimension information about one Use obligation/ Use <<Data Type>> Lines 119-120
dimension of a detector array condition from maximum

referencing occurrence
object from
referencing
object

119. [name name of a dimension of the M 1 CharacterString free text
detector array

120. [size size of a dimension of the M 1 Integer >=1

detector array
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B.2.3.8 Sensor System and Operation (Figure 16)

Name/Role Name Definition Obllge!tl-onl Max Data Type/Class Domain
Condition Occurrence
121. |SD_SensorSystemAndOperatio |specific properties of sensor Use obligation/ Use Class Lines 122-123
n system and operation condition from maximum
referencing occurrence
object from
referencing
object
122. |collectionStartTime time data collection starts M 1 DateTime ISO/TS 19103
Unrestricted
123. |collectionEndTime time data collection ends o 1 DateTime ISO/T$-19103
Unrestricted
124.|SD_Micrqwave specific properties of microwave | Use obligation/ Use Specialised Class
sensor and its operation condition from maximum | (SD_SensorSystemAndOpera
referencing occurrence tion)
object from
referencing
object
125. |SD_Optigs specific properties of optical Use obligation/ Use Specialised Class Lines 126-128
sensor and its operation condition from maximum | (SD_SensarSystemAndOpera
referencing occurrence tion)
object from Aggregated Class
referencing (SD_OpticsOperation,
object SD_OpticalSystem,
SD_Distortion)
126. |Role Nanje: information describing the M q SD_OpticsOperation
opticsOpgration operation of sensor optics
127.|Role Nanje: properties of the sensor optical M 1 SD_OpticalSystem
opticalSygtem system
128. |Role Nanje: information describing the M 1 SD_Distortion
opticalDigtortion distortion of the sensor optical
system
129. |SD_OptigalSystem information about the geometry, | Use obligation/ Use Class Lines 130-133
of the sensor’s optical system condition from maximum
referencing occurrence
object from
referencing
object
130. |calibratedFocalLength focal length adjusted to M 1 Length ISO/TS 19103
distribute the.effects of lens
distortian more uniformly over
the imagé
131. |qualityOfffocalLength vatiance of the calibrated focal O 1 DQ_QuantitativeAttributeAccu |self.qualityofFofalle
length racy ngth.nameOfMgasu
re = 'variance'
132. |princPoinfAutocoll principal point of M 1 DirectPosition ISO/TS 19103
autocollimation; coordinates of
the foot of the perpendicular
dropped from perspective centre
(focal point) of the camera lens
to the focal plane
133. |covPrincPtAutocoll covariance of the location of the O 1 DQ_PositionalAccuracy self.nameOfMeasur
principal point of autocollimation e = covariance
134. |SD_SAROperation operation properties of SAR Use obligation/ Use Specialised Class of Lines 135-136
system condition from maximum (SD_Microwave)
referencing occurrence
object from
referencing
object
135. |orientation SAR antenna orientation 1 SD_SAROrientationCode
136. [grpPosition coordinates of ground reference 1 DirectPosition ISO/TS 19103
position of SAR image
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Name/Role Name Definition Obllge!t!onl Max Data Type/Class Domain
Condition Occurrence
137. |SD_OpticsOperation configuration and operation of Use obligation/ Use Class Lines 138-139
sensor optics condition from maximum
referencing occurrence
object from
referencing
object
138. |instFieldOfView range of incident angles seen by M 1 Angle ISO/TS 19103
the. ata cinya nstantof
time 2=0
139/ |swathFieldOfView nominal object field of view of M 1 Angle >=0
the sensor, which is the range of
angles from which the incident
radiation can be collected by the
detector array
140} |SD_WhiskbroomOperation configuration and operation of Use obligation/ Use Specialised class of Lines 141-143
whiskbroom optics condition from maximum <<SD(OpticsOperation>>
referencing occurrence
object from
referencing
object
141]|scanDuration time required to acquire one M 1 TM_IntervalLength ISO|19108
scan line of an image
142/ |pixelScanDuration time required to acquire one M 1 TM_IntervalLength ISO|19108
pixel of the whiskbroom sensor
143} |scanAngleFunction description of relationship M 1 SD_ScanAngleFunction
between scan angle and time
144} |SD_PushbroomOperation configuration and operation of Use ‘obligation/ Use Specialised class of Lines 145-147
Pushbroom optics condition from maximum <<SD_OpticsOperation>>
referencing occurrence
object from
referencing
object
145)|groundSamplingTime time required to acquire one M 1 TM_IntervalLength ISO|19108
strip of image in‘pushbroom
operation
146/ |forwardLookingAngle angle in the along-track (0] 1 Angle ISOJTS 19103
direction between the optical .
axis\of the sensor lens and the Unrestricted
vector from the platform to
nadir. Positive if the sensor
looks forward
147]|sideLookingAngle angle in the cross-track direction (0] 1 Angle ISOJTS 19103
between the optical axis of the .
sensor lens and the vector from Unrgstricted
the platform to nadir. Positive if
the sensor looks right side.
148]|SD_ScanAngleFunction alternative ways to provide the Use obligation/ Use Class Lines 149-151
scan rate condition from maximum <<Union>>
referencing occurrence
object from
referencing
object
149. |angleEquation equation to calculate scan angle M 1 CharacterString free text
given time
150. [rate angular velocity of the scan M 1 AngularVelocity ISO/TS 19103
Unrestricted
151. |angleTable table containing scanning angle M 1 SD_ScanAngleTime

and time pairs
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Name/Role Name Definition Obllge!tl-onl Max Data Type/Class Domain
Condition Occurrence

152. |SD_ScanAngleTime table of times and Use obligation/ Use Class Lines 153-154

corresponding scan angles condition from maximum <<Data Type>>
referencing occurrence
object from
referencing
object

153. |time list of times elapsed since start M N {ordered} Sequence 1ISO 19108
of scan <TM_IntervalLength>

154. |angle list of scan angles M N {ordered} Sequence ISO/TS 19103

ponding-to-the-elapsed Angle
times

B.2.3.10 Distortion (Figure 18)

Ngme/Role Name Definition Obllge!t!onl Max Data Type/Class Domain
Condition Occurrence

155. |SD_Distoftion information on distortions Use obligation/ Use Class Lines 156-157
relevant to remotely sensed condition from maximum
imagery referencing object| occurrence

from
referencing
object

156. |princPoinfOfSymmetry principal point of best symmetry, M 1 DirectPosition ISO/TS 19103
the centre of the circles of equal
distortions of the lens

157. |qualityOffPrincPointOfSymmetry |accuracy of the principal point of M 1 DQ_QuantitativeAttributeAccu |qualityOfPrincHoint
symmetry racy OfSymmetry.ngme

OfMeasure="cqvari
ance matrix”

158. |SD_DistoftionPolynomial distortion described using a Use obligation/ Use Specialised Class Lines 159-162
polynomial condition from maximum (SD_Distortion)

referencing object| occurrence
from
referencing
object

159. |polynomiglDecentering polynomial that deseribes (0] 1 SD_Polynomial
decentring distortion

160. |polynomiglRadial polynomial that describes (0] 1 SD_Polynomial
radially symmetrical distortion

161. |qualityOfffolynomialRadial covafiance of the polynomial o 1 DQ_PositionalAccuracy ISO 19115
coefficients for radial distortion

qualityOfPolyngmial
Radial.nameOfjMea
sure="covariang¢e
matrix’

162. |qualityOfffolynomialDecentering |covariance of the polynomial (0] 1 DQ_PositionalAccuracy ISO 19115
coefficients for decentring . .
distortion qualityOfPolyngmial

Decentering.ngmeO
fMeasure='CO\1rian
Ce matrix

163. [SD_DistortionTable table providing distortion Use obligation/ Use Specialised Class Lines 164-170

information condition from maximum (SD_Distortion)
referencing object| occurrence
from
referencing
object

164. [rows number of rows in the table 1 Integer >=1

165. |columns number of columns in the table 1 integer >=1

166. [xOffset image column number 1 integer Unrestricted
corresponding to the first cell in
the table
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Name/Role Name Definition Obllge!tl-onl Max Data Type/Class Domain
Condition Occurrence
167. |yOffset image row number M 1 integer Unrestricted
corresponding to the first cell in
the table
168. |xSpacing number of columns in the image M 1 Integer >=1
corresponding to an interval of
one table column
169. |ySpacing number of rows in the image M 1 integer >=1
corresponding to an interval of
one table row
170/ |distortionValues array of values describing image M 1 {ordered}Sequence real
distortion <Real>>
B.2.4 True Replacement and Correspondence Models
B.2.4.1 Fitting Function (Figure 19)
Name/Role Name Definition Obllga!tl_onl Max Data Type/Class Domain
Condition Occurrence
171]|SD_FittingFunction function relating image and Use obligation/ Use Class
ground coordinates condition from maximum
referencing object| ‘eccurrence
from
referencing
object
172]|SD_Polynomial polynomial used in the fitting Use obligation/ Use Aggregated Class Lings 173-174
function condition from maximum (SD_PolynomialCoefficient)
refereficing object| occurrence Specialised Class
from (SD_FittingFunction)
referencing
object
173]|resultDimension name of the dependent variable M 1 MD_DimensionNameTypeCod
derived from the funectional fit e <<Codelist>>
174])|Role name: coefficient of d term in the M N SD_PolynomialCoefficient
coefficient polynomial function
175} |SD_RationalPolynomial rationakpolynomial used as Use obligation/ Use Aggregated Class Lings 176-177
fitting function condition from maximum (SD_Polynomial)
referencing object| occurrence Specialised Class
from (SD_FittingFunction)
referencing
object
176} |Role name: numerator of the rational M 1 SD_Polynomial
numerator polynomial
177)|Role name: denominator of rational M 1 SD_Polynomial
denominator. polynomial
178)|SD_PatynomialCoefficient coefficient of one term of a Use obligation/ Use Aggregated Class Lings 179-180
polynomial function condition from maximum (SD_Variable)
referencing object| occurrence
from
referencing
object
179. |value numerical value of a coefficient 1 Real Unrestricted
180. |Role name: set of variables to which the N SD_Variable
variable coefficient applies
181. |SD_Variable independent variable used in Use obligation/ Use Class Lines 182-185
polynomial function condition from maximum
referencing object| occurrence
from
referencing
object
182. |dimension name of the independent M 1 MD_DimensionNameTypeCod|ISO 19115

variable

e
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Name/Role Name Definition Obllga!t!onl Max Data Type/Class Domain
Condition Occurrence
183. |power the power of the variable M 1 Integer >=1
184. |scaleFactor scale factor for transforming the o 1 Real real
normalized variable to its true
value
185. |translationValue offset for translating the O 1 Real real
normalized variable to its true
value
B.2.4.2 True Replacement Model (Figure 22)
Ngme/Role Name Definition Obllga!t!onl Max Data Type/Class Domain
Condition Occurrence
186. [SD_TruelReplacementModel information describing the True | Use obligation/ Use Class Lines 187-192
Replacement Model condition from maximum Aggregated Class
referencing object| occurrence (SD_FittingFunetion)
from (SD_GCPRepeository)
referencing (MI_GCPCollection)
object (SD~TRMAsGrid)
187. [regionOf\falidity region of the image to which the M N CV_GridPoint ISO 19123
fitting function applies . .
minimum 3 grid
points.
(CV_GridPoint[B..*])
188. |accuracy accuracy of the result produced M 4 DQ_PositionalAccuracy accuracy.namgOfM
by the fitting function easure="covarignce
matrix’
189. |Role name: using fitting function to relate Cl{self fitAsGrid.+ 1 SD_FittingFunction
fitAsFuncjion image and ground coordinates |self fitAsFungtion-
>size=1}
190. |Role nanie: use of gridded GCP to relate Cl{selfHfitAsGrid- 1 SD_TRMAsGrid
fitAsGrid image and ground coordinates >size +
selffitAsFunction-
>size=1}
191. |Role name: ground control points used to C/{self.controlPoi 1 MI_GCPCollection ISO 19115-2
controlPo|nts check or refine the True nts->size +
Replacement Model self.controlPointR
epository-
>size<=1}
192. |Role nanie: information about repository C/{self.controlPoi 1 SD_GCPRepository
controlPo|ntRepository from which'the collection of nts->size +
GCR used for checking or self.controlPointR
refining the True Replacement epository-
Model may be obtained >size<=1}
193. |[SD_TRMAsGrid True Replacement Model as Use obligation/ Use Specialised Class Line 194
gridded GCPs condition from maximum | (SD_GriddedGCPCollection)
referencing object| occurrence
from
referencing
object
194. |interpolation method 1o interpolate the M i CV_InterpolationMethod SO 19123
location between GCPs
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Name/Role Name Definition Obllge!tl-onl Max Data Type/Class Domain
Condition Occurrence
195. |SD_CorrespondenceModel information about the Use obligation/ Use Aggregated Class Lines 196-199
Correspondence Model condition from maximum (MI_GCPCollection)
referencing object| occurrence (SD_GCPRepository)
from
referencing
object
196. |regionOfValidity region of the image to which the M N CV_GridPoint 1ISO 19123
ﬁ,t{ing function. '_'_"
minimum 3 grid
poings.
(CV| GridPoint[3..*])
197] [fittingFunction function relating image and M 1 SD_FittingFunction
ground coordinates
198} |Role name: collection of control points used | C/(self.controlPoi 1 MI_GCPCallection ISO|19115-2
controlPoints to derive the fitting functions nts->size +
self.repositoryGC
P->size <= 1)
199} |Role name: information about repository Cl/(self.controlPoi 1 SD_GCPRepository
repositoryGCP from which the collection of nts->size +
GCP used for deriving the fitting | self.repositoryGC
function may be obtained P->size <= 1)
B.2.5 Codelists
B.2.5.1 ShapeCode (Figure 15)
Name Domain Code Definition
1. | SD_ShapeCode ShapeCode shape
2. | circular 001 circle
3. | square 002 square
4. | rectangular 003 rectangle
5. | elliptical 004 ellipse
B.2.5.2 SurfaceCode (Figure 14)
Name Domain Code Definition
1 SD, SurfaceCode SurfaceCode Surface onto which the SAR image is projected
2. [ ground 001 ground
3 inflatedEllipsoid 002 inflated ellipsoid
4 ortho 003 orthorectified surface
5 slant 004 slant plane
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B.2.5.3 SAROrientationCode (Figure 16)

Name Domain Code

Definition

1. | SD_SAROrientationCode SAROrientationCode

Orientation of SAR antenna on the platform

2. | left 001

antenna on left side of the platform

3. | right 002

antenna on right side of the platform

B.2.5.4 Iltotation Sequence Code (Figure 11)

Name Domain Code Definition
1. | SD_RofationSequence RotationSequenceCode sequence of rotations used in the description\of angular
attitude

2. | XYz 001 rotation around X axis first, then Y, then Z

3. | XZY 002 rotation around X axis first, then Z(then Y

4. | YXZ 003 rotation around Y axis first, then X;/then Z

5 | YZX 004 rotation around Y axis first, then Z, then X

6. ZXY 005 rotation around Z axis first, then X, then Y

7. ZYX 006 rotation around Z.axis first, then Y, then X
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Annex C
(normative)

Coordinate systems

C.1 Introduction

C.1.1 Overview

The objective of geopositioning is to develop a mathematical relationship between the position of a
Eafth and its image as recorded by a sensor. In order to algorithmically describe the-data flow beg

n object on
nning with

megasurements by an individual sensor and ending with a geopositioned product, it\s" necessary t¢ introduce

cogrdinate reference systems. These coordinate reference systems are each-defined with refe
physical entity. They serve as a reference for related metadata and describe_the steps required to

rence to a
tonvert the

semsor measurements into geographical data. This annex defines those coordinate reference systems that are

neg¢ded for geopositioning but are not defined in other ISO standards. The structure and the terming
descriptions are taken from ISO 19111:2007. Coordinate reference (systems already defined in
standards are not redefined in this document.

Typically, an image’s spatial position will be given, at least initially or in its raw form, in relation to a
reference system that is locally defined or attached (t0,°the engineering datum of the s¢g
cofresponding object’'s geographical or map position will be defined with respect to a coordinatg
sygtem attached to an Earth-based datum. Therefére, transformation from a sensor-based
reference system to an Earth-based coordinate reference system must be accomplished via a s¢
translations and rotations of the sensor coordinate,reference system origin and axes until they co
thg Earth coordinate reference system origin and:axes.

C.1.2 Earth coordinates

Th
available. In projecting, it is not pessible to preserve shape, size and direction at the same time. Th
prdjection depends on which-property is considered most important.

=

Th
refi

e flow of coordinate cenversions and transformations required to relate image coordinates to @
erenced to the Earth,is:

Image CRS > Platform CRS > Global geodetic CRS > National geodetic CRS > Projected CRS (ma
In

or
tra

some cases, for example when the imagery is presented as georeferenced to a global geodetic
more»of these steps may be unnecessary. In other cases there may be additional
nsformations and conversions that may be required between a global geodetic CRS such as WG

q

J

logy in the
other 1ISO

coordinate
nsor. The
reference
coordinate
bquence of
ncide with

e Earth location may be given_in geographical coordinates or on a map projection. Many projections are

b choice of

oordinates

O grid)

CRS, one
teps. The
S 84 and a

madp_grid are not discussed in this Technical Specification

C.1.3 Sensor coordinates

A Physical Sensor Model uses position and attitude information relevant to the sensor in question and the
platform carrying it to find the geographic location corresponding to the coordinates of the measurements in
the detector system. This process requires determination of the relation between the coordinate reference
system for the detector and the geographic coordinate reference system.

In general, it is not possible to do so directly; the position and attitude of the sensor relative to the ground are
not known. The location of the platform is generally expressible in geographic coordinates. The sensor may be
mounted directly on the platform or on one or a series of gimbals. Each component of the mounting has its
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own coordinate reference system, and, by finding the relation between these systems, it is possible to find the
relation between the detector coordinates and those used to geographically locate the platform. This process
is a series of steps; the coordinate reference system for each component is defined in terms of the coordinate
reference system of the component on which it is mounted.

C.2 Platform position with respect to the Earth

C.2.1 Introduction

The positipn of the platform is described in one of two ways. For an aircraft, platform position is normally
described fdirectly in a geodetic coordinate reference system such as the latitude and longitude and height of
the aircraf referenced to a surface point or the Inertial Navigation System’s Inertial Reference Frame (IRF)
that is updated by the Inertial Measurement Unit (IMU). For a satellite, the position may be described in the
same way| but it also may be described using the spacecraft orbital position. In that case; the epheméris
information must be converted into geodetic coordinates.

C.2.2 Gepdetic coordinate reference system

c.2.21 iscussion

Geodetic qoordinates can be provided directly for a collection platform by furnishing its latitude, longitude and
height. Th¢ developer/manufacturer shall define the platform’s coordinate.origin and the offsets to position and
attitude sepsors to that platform’s origin (IRF) and the offsets from that point to the sensor.

For an airgraft, height may be given by radar altimeter or barometric pressure, and it can be assumed that
these heights are referenced to mean sea level at the given latitude and longitude. When a GNSS is used to
determine platform position, height may be given relative tothe surface of the ellipsoid of the CRS used by the
GNSS.

C.2.2.2 Global geodetic coordinate reference systems

Three dimensional global CRSs include geographic CRSs, which use ellipsoidal coordinates, and geoceniric
CRSs, which use Cartesian coordinates, They will be based on a realization of the International Terrestfrial
Reference| System (ITRS). They will usually be included in registers of geodetic parameters and it may|be
possible tq identify them through register reference as well as through the explicit definitions. ISO 19111:2007
and 1SO 19127 specify how such coerdinate reference systems shall be defined or registered.

C.2.2.3 Topocentric coordinate system

To perform tasks such_astarget marking, the position and height of an aircraft may have to be described ih a
topocentri¢ coordinate(system. A topocentric coordinate system is a 3-D Cartesian system having mutually
perpendicudlar axes:U; V, W with an origin on or near the surface of the Earth. The U-axis is locally east, the V-
axis is locglly notth and the W-axis is up, forming a right-handed coordinate system. In the context of imagery,

it has an origin that is of relevance to the imagery, for example the position on the surface of the Earth of the
prInCIpal p'\lnf Tha I'npr\r\anh'lr\ nnnrr’llnoi‘n eyofnm is l’\oear’l on ohrl r‘lQI‘I\IQA 'Frnm nll‘hnr a3 gar\gronhlr\ Qn f‘ S

or a geocentric Cartesian CRS. ISO 19111:2007 specifies how to define elements of a derived CRS.
C.2.2.4 Platform coordinate reference systems

C.2.2.41 Basic platform CRS

The platform coordinate reference system is fixed to the platform structure; e.g. an aircraft as shown in Figure
C.1. The axes are defined such that X is positive along the heading of the platform, the platform roll axis; Y is
positive in the starboard direction along the pitch axis such that the XY plane is horizontal when the platform is
at rest; and Z positive down, along the yaw axis, forming a right-handed Cartesian coordinate system. The
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platform CRS origin may be the platform navigation system reference point; in the example below, for a
platform named abc, the reference point is not at the CRS origin.

Attribute

Engineering CRS name

CRS scope

Entry

Platform abc CRS, where ‘abc’ is platform name described
by MI_Platform

Used for describing position with respect to the abc
platform

Catesian coordinate system name
Coprdinate system axis name
Coprdinate system axis abbreviation
Coprdinate system axis direction
Coprdinate system axis unit identifier
Coprdinate system axis name
Coprdinate system axis abbreviation
Coprdinate system axis direction
Coprdinate system axis unit identifier
Coprdinate system axis name
Coprdinate system axis abbreviation

Coprdinate system axis direction

C

o

pbrdinate system axis unit identifier

Coprdinate system remarks

Engineering datum name

Datum scope

Platform abc in metres
Roll axis
X
Forward
metre
Pitch axis
Y
Starboard
metre
Yaw axis
z

Down, forming a right-handed Cartesian system|with the X
and Y axes

metre
The X axis is approximately along the grqund track
direction of the platform, the Z-axis is approximately in
the direction of the nadir

Platform abc

Used for describing position with respect t¢p the abc
platform

Datum anchor

© 1SO 2010 — All rights reserved

Intersection of the roll, pitch and yaw axes.
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ZLa (T)

' \+Pitch

> Xa ()

a (P

Key
1  Centre¢ of navigation

Figure C.1 — Platform CRS-and attitude

C.2.2.4.2 | Platform CRS corrected for attitude

When the pttitude of a platform changes, the platform CRS rotates and an attitude correction shall be applied
to correct.| After correction for roll, pitch and“yaw the platform CRS may be transformed into an attitufde-
corrected platform coordinate reference system. The following is the altitude-corrected platform coordinpte
reference gystem, defined for an aircraft platform named abc in a flying project named xxxx:

Attribute Entry

Engineering CRS name Platform abc Attitude Corrected CRS

CRS scop¢ Used for describing position with respect to the abc
platform

CRS remarks Derived from the Platform abc CRS after application of foll,

pitch and yaw corrections

Cartesian coordinate sysiem name Plattorm abc attitude corrected, in metres
Coordinate system axis name Roll axis after roll correction applied
Coordinate system axis abbreviation Xa

Coordinate system axis direction Forward

Coordinate system axis unit identifier metre

Coordinate system axis name Pitch axis after pitch correction applied
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Coordinate system axis abbreviation

Coordinate system axis direction

Coordinate system axis unit identifier

Coordinate system axis name
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Ya
Starboard
metre

Yaw axis after yaw correction applied

Coordinate system axis abbreviation Z,

Coprdinate-system-axis-direction Beownformingaright-handed-Cartestan-system
and Y, axes

Coprdinate system axis unit identifier metre

Co

Ba

En

E

>

Da
Co

Co

Co|
Co|
Op
Op
Op
Op

Op

brdinate system remarks

se CRS
hineering datum name

pineering datum scope

fum anchor
brdinate operation name

brdinate operation scope

prdinate operation method name
prdinate operation method formula
eration parameter name

eration parameter valde

eration parameterhame

eration parameter value

eration, parameter name

Op

eration parameter value

with the X,

The X, axis is along the ground“track direction of the

platform, the Z,-axis is in the direction of the nad
Platform abc CRS

Platform abc

r

Used for descfibing position with respect t¢ the abc

platform
Intersection of the roll, pitch and yaw axes.
Project xxxx topocentric origin definition

Defines the origin of the project xxxx topocentric
system with respect to the global WGS 84 CRS

Attitude correction

rotation matrix from XYZ to X,Y.Z,
Roll correction

x degrees

Pitch correction

y degrees

Yaw correction

z degrees

coordinate

C.2.2.4.3 Platform CRS corrected for attitude and heading

If the heading of the platform (the angle from north to the X axis) is known, Figure C2, the attitude-corrected
platform CRS can be rotated to form a North, East, Down (NED) system, Figure C3. Alternatively the attitude
and heading corrections may be applied in one operation.

© 1SO 2010 — All rights reserved
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North, N

A

Heading, o

Xa
& » East, E

Key

1 Centr¢ of navigation

N

Down, D

Figure C.2 — Platform CRS, heading
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North Pole 4
East, E
........ ATXX X 1
Ellipsoid
-'... * .é.arth
_Z Centre\
Greenwich > Y

Latitude
Longitude
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Kely

1 | Platform attitude and heading corrected (NED):coordinate reference system

The following is the altitude- and heading-corrected platform coordinate reference system, defi
reraft platform named abc in a flying project named xxxx:

a

Atfribute

E

>

pineering CRS name
CRS alias

CRS scope

CRS remarks

Equator

eridian

Entry

Platform abc Attitude and Heading Corrected

NED CRS

Figure C.3 — Platform attitude and heading corrected and global coordinate reference systems

hed for an

Used for describing position with respect t¢p the abc

platform

Platform abc CRS after application of attitude and heading

corrections.

Cartesian coordinate system name

Coordinate system axis name

Coordinate system axis abbreviation

Coordinate system axis direction

Coordinate system axis unit identifier

Coordinate system axis name

© 1SO 2010 — All rights reserved

Platform abc attitude corrected, in metres

Roll axis after roll and heading corrections applied

N

North

Metre

Pitch axis after pitch and heading corrections applied
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Coordinate system axis abbreviation
Coordinate system axis direction
Coordinate system axis unit identifier

Coordinate system axis name

E
East
Metre

Yaw axis after yaw correction applied

Coordinate system axis abbreviation D

Coordinatg-systerm-axis-direction Down—forming-a-right-handed-Gartesian-systemwith-the N
and E axes
Metre

Coordinatg system axis unit identifier
Base CRS
Engineering datum name

Datum scdpe

Datum anghor
Coordinatg operation name

Coordinatg operation scope

Coordinatg operation method name
Coordinatg operation method formula
Operation parameter name
Operation parameter value

Operation parameter name
Operation parameter value
Operation parameter name
Operation parameter, yvalue

Operation parameter name

Platform abc CRS

Platform abc

Used for describing position- ‘'with respect to the abc

platform
Intersection of the roll, pitch and yaw axes.
Project xxxx topogcentric origin definition

Defines the origin of the project xxxx topocentric coordin
system with{respect to the global WGS 84 CRS

Attitude’and heading correction
Rotation matrices from XYZ to NED
Roll correction

x degrees

Pitch correction

y degrees

Yaw correction

z degrees

Heading correction

ate

Operation parameter value

A degrees

If the coordinates of the platform navigation point have not been given directly in a global CRS, for example by
using a GNSS, it can now be found indirectly if the platform altitude is known. The coordinates of the platform
navigation point referenced to the attitude and heading corrected platform CRS may be transformed to be
referenced to a topocentric CRS (C.2.2.3) with an origin at the intersection of the platform’s nadir and the
Earth and then to a global geocentric Cartesian or geographic 3D CRS (C.2.2.2). If required, the coordinates
referenced to the global CRS may be transformed to be referenced to a national CRS or map grid.

84
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C.2.2.4.4 Satellite platform coordinate reference system

In contrast to an airborne or marine platform, a satellite may employ a North-East-UP platform coordinate
reference system. The platform coordinate reference system is defined with the yaw axis (Zp) as an extension
of the vector from the geocentre (the origin of the global geocentric CRS) through the satellite inertial
reference point (IRP), the roll axis (Yp) is in the orbital plane perpendicular to the yaw axis, along the velocity
vector; and the pitch axis (Xp) is perpendicular to both the yaw and roll axes forming a right-handed coordinate
system. Satellite attitude rotational values are generally computed in this coordinate reference system, often
from stellar observations or the on-board INS data. In stabilized platform systems, the Inertial Measurement
Unit can be kept allgned to a particular naV|gat|on frame of mterest (for example the global geocentrlc

However, in a strap down inertial system, the IMU is rigidly mounted to the vehicle to be positione
cam have an arbitrary orientation.

Pitch axis - Xp

Yaw axis - Zp

Velocity vector

Roll axis - Yp

Figure C.4 — Satellite platform €ERS with respect to geocentric Cartesian CRS

ar rates.®
d and thus

The following is the satellite platform coordinate reference system, defined for a satellite platform ngmed abc:

Atfribute Entry

Engineering CRS name Satellite abc CRS

CRS scope Used for describing position with respect t¢p the abc
platform

Cartesian coordjnate system name Satellite abc Universal Space Rectangular

Coprdinate system axis name Pitch axis

Coprdifate system axis abbreviation Xp

Coordinate system axis direction Perpendicular 1o the Yp and Zp axes forming a right-

handed coordinate system

Coordinate system axis unit identifier Metre
Coordinate system axis name Roll axis
Coordinate system axis abbreviation Yp

Coordinate system axis direction Velocity vector
Coordinate system axis unit identifier Metre
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Coordinate system axis name Yaw axis, extension of the vector in the orbital plan from
the geocentre (the origin of the global geocentric CRS)

through the satellite IRP

ack

Coordinate system axis abbreviation Zp

Coordinate system axis direction Up

Coordinate system axis unit identifier Metre

Coordinatg-system-remarks The—X—axis—is—approximately—along—the—grounrd—ir

direction of the platform, the Z-axis is approximately in
direction of the nadir

the

Engineering datum name Satellite abc

Datum scdpe Used for describing position with respect to the abc
satellite

Datum anghor Inertial reference point (IRP).

C.2.2.5 latform position extensions for satellite implementation

A satellite [provides a stable and, more importantly, a predictable platform. Thus one can employ constra
dictated by Kepler’s laws of motion to achieve convergence in calculation of the satellite position. In particu
the followimg laws can be used to calculate the position of a satellite.in’its orbit at a particular time.

— The ofbits are elliptical.

— The véctor from the Earth’s centre to the satellite sweeps equal areas in equal intervals of time.

— The ofbital period (P) is given by p? = 467;]\; where a is the semi-major axis of the orbital ellipse, G

the gravitational constant, and M, is the mass of the Earth (GM, = 398600.4415 km®/s?).

The ideal ¢lliptical orbit, with the Earth at one node, is described by 6 Keplerian elements depicted in Figu
C.5 and Cl6:

T true anomaly (instantaneous angle from satellite to perigee);
w argument of perigee — angle between the point of perigee and the ascending no
measured from the ascending node in the direction of the platform's motion along

plane of the orbit;

Q right ascension of the ascending node — angle eastward from the vernal equinox to

nts
ar,

b is

res

de,
the

the

point where the satellite orbit crosses the equator when moving northward;

a semi-major axis of the elliptical orbit — half the major axis of the satellite’s elliptical o

rbit

around the Earth. Instead of the semi-major axis, the orbital period may be provided
directly or as mean motion, the constant angular speed that would be required for a body
travelling in an undisturbed elliptical orbit to complete one revolution in the actual orbital
period, often expressed as number of revolutions per day. The period and semi-major axis

are related;

e eccentricity of the orbit;

i inclination of the orbital plane with respect to the equatorial plane, measured clockwise

from East.
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The size and shape of the orbital ellipse is defined by the semi-major axis of the ellipse “a” and the numerical
eccentricity “e”. The orientation of the orbital plane relative to the equator is defined by orbital inclination i and
the right ascension of the ascending node Q. The argument of perigee w and the true anomaly 7 define the
position of the satellite on the ellipse at a particular time t. The satellite platform position is also represented by
the geocentric vector R. In terms of polar coordinates, the vector R is defined by the geocentric latitude ¥, the
geographic longitude A and the geocentric radius R as a function of time. The following elements are also
used for orbits:

Epoch — The time for which the values provided for other orbital elements are true.

dea otio v v v gndisturbed
elliptical orbit of the specified semimajor axis to complete one revolution in the actual orbitalpgriod, often
expressed as number of revolutions per day.

Mean anomaly — the angle between the satellite position and perigee at the time given-by the epoch.

The orbital elements are time-variant and are defined at a particular time of the orbit\of’a satellite. A|parameter,
epdch, is used to specify the time at which the orbital elements are valid. Instéad of true anomaly, another
pafameter, mean anomaly at epoch, is often used to specify the angle between.the position of a satellite and
pefigee at the time given by the epoch. It is also common to use the orbital period parameter of the mean
mdtion parameter, often expressed as number of revolutions a satellite travelling in an orbit per day| instead of
thg semimajor axis parameter. Because an ideal orbit defined by-the Keplerian elements is |subject to
perturbations, such as gravitational pull by other celestial bodies and atmospheric drag, an| additional
pafameter, drag, may be used to describe the rate of change in mean motion due to perturbations.

Z
A
Orbit
a(l-e)
; R
Q 0 Perigee
i Equator
Vernal 7/ Ascending Node
Equinox
X

Figure C.5 — Orbital geometry
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Figure’C.6 — Keplerian orbit

C.2.2.6 $atellite Platform Time

Time t is
satellite m

he only independent \variable in the orbital relations. Because of the Keplerian character of
ption, the travel angle 7 is not directly proportional to the elapsed time. With knowledge of

mean angllar velocity wn¢the’relation between 7 and t is established by the following three equations:

the
the

cos E|= % (@.1)
M = E|-Lesin E (4.2)
t=M/wp (C.3)
where

E is the eccentric anomaly;

e is the eccentricity of the orbital ellipse;

T is the true anomaly;

M is the mean anomaly;

88
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t is time;
w is the argument of perigee.
Equations (C.1) — (C.3) express the 7 —to—t time conversion:
t=Fup( 7)
where

= ratloo £ 'H [P £4
1 o UIC TUricturrroiatlTry ¢ tu .

C.2.2.7 Earth rotation effect

T

grqund track on Earth. The effect of Earth rotation with respect to the satellite travel.angle 7 can be
by the geocentric latitude W and the geodetic longitude A of the subsatellite point.as:

=2

siny = sin(@w+7)sini

tan A, =tan(w+7)cosi

A=A+
where

W is geocentric latitude;

Ag is geographic longitude;

w is the argument of perigee;

T is satellite travel anglé;

i is inclination of.the orbital plane;

Ag is the longitude change with the angular velocity of the Earth;
A is geodetic longitude;

angl Ae = wet, where’wy; is the angular velocity of the Earth.

Giyen the_orhital ellipse semi-major and semi-minor axes as “a” and “b” respectively, the geograph
@, [can then be derived from the geocentric latitude by:

(C4)

b combination of satellite travel and Earth motion results in a composite motion which causes the satellite

expressed

(C.5)

ic latitude,

tand):(hzlaz)-’ranl-l-’

(C.6)

) = geographic latitude;
a = orbital ellipse semi-major axis;
b = orbital ellipse semi-minor axis.
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C.3 Sensor position relative to platform

C.3.1 Overview

Except for the simplest case in which the position and orientation are described directly with respect to an
earth coordinate reference system, the next stage in finding the geographic location corresponding to a point
in a sensor coordinate is to determine the relationship between the coordinate reference system in which the
sensor measurements are expressed and the platform coordinate reference system.

In the simplest case of sensor to platform mounting, the sensor position and attitude may be described directly
with respeft to the origin of the platform coordinate reference system. Each sensor has its own coordinpte
reference g$ystem which shall be defined for accurate photogrammetric applications.

However, {he system may consist of several components and a progression, either from platform-to.Sensof or
from sensgr to platform, of position and attitude vectors, which define the position and attitude ,of’the collection
platform, the sensor mounting and the sensor itself, is needed. Each stage in this progression consists qf a
position vgctor and an attitude vector described relative to the coordinate system for the previous stage, gnd
these stages form a chain of position and attitude vectors. When transforming from theZposition and attityde

C.3.2.1 Overview

Figure C.7[shows the position and attitude for a gimbal stage relative to the previous one. Figure C.8 contrgsts
single and|multiple stage gimbals.

Key

1 Coordinate System defined by previous stage

2  Gimbals Position Vector

3 Gimbals attitude vector defines new coordinate system

Figure C.7 — Gimbal position and attitude
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The gimbal position vector defines the offset of the axis of rotation from the gimbal’s mounting point.
Depending upon the type of gimbals being described, this vector may vary from one stage to the next.
Typically, however, this vector will be used to describe the static or stationary offset of the centre of the
rotation of this gimbal stage with respect to the previous stage’s coordinate system.

C.3.2.3 Gimbal attitude

The gimbal attitude vector defines the rotation of a gimbal with respect to the previous stage’s coordinate

no{ coaxial then multiple gimbal stages will be needed, as in case 2.

Case 1

Kely

1 | Rotation about Z'
2 | Rotation about X'

C.3.2.4 Gimbal stage reference system
Atfribute

Engineering CRS Qane

CRS scope

Cartesianreoordinate system name

Entry

Gimbal stage CRS

be used to describe the rotations possible with the gimbals, as in case 1 in Figure C.8. If the

Case 2

Figure C.8 — Single and multiple stage gimbals

ude vector
imbals are

Used for describing position with respect to a gimbal

Gimbal Universal Space Rectangular

Cobrdinate-system-axisname
Coordinate system axis abbreviation

Coordinate system axis direction

Coordinate system axis unit identifier
Coordinate system axis name

Coordinate system axis abbreviation

© 1SO 2010 — All rights reserved
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7ay

X

defined from the previous gimbal stage. The initial origin is

with respect to the platform
Radian
y

y
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Coordinate system axis direction
Coordinate system axis unit identifier
Coordinate system axis name
Coordinate system axis abbreviation

Coordinate system axis direction

perpendicular to x-axis and z-axis, in right hand sense
Radian
z

z

perpendicular to x-axis and y-axis; completes right handed

coordinate system

Coordinatg system axis unit identifier

Coordinatg reference system remarks

Engineering datum name
Datum scdpe

Datum anghor

C.4 Paspive detector coordinates

C.4.1 Introduction

Detector cpordinates or sensor sample coordinates are given for a particular (x, y) sample. If they are
given diregtly, they will need to be calculated.from the coordinates of the sensor components. The remain
of this clause describes such coordinate systems.

C.4.2 Frame (area) sensor
Attribute
Engineering CRS name
CRS scop¢

Cartesian goofdinate system name

Radian

The axes of a gimbal stage coordinate reference syst
are defined with respect to the previous stage;.or for std
zero, with respect to the platform. The origin.is provided
a position vector in the coordinate referenee system of
previous frame and the movement of'the axes by attitt

eEm
ge
by
the
de

direction cosine rotations in thé“coordinate referempce

system from the previous frame.
Gimbal stage datum
Used for describing pésition with respect to a gimbal sta

Intersection of the\X; y and z axes

Entry
Frame sensor CRS
Used for describing position with respect to a frame sens

Frame sensor Universal Space Rectangular

je

not
der

or

Coordinate system axis name
Coordinate system axis abbreviation

Coordinate system axis direction

Coordinate system axis unit identifier

Coordinate system axis name

92

X
X

Parallel to the image plane and approximately parallel
one image border. With film-cameras, the positive direct

to
ion

points towards the side of the image on which the

identification is recorded.

Millimetre

y
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Coordinate system axis abbreviation
Coordinate system axis direction
Coordinate system axis unit identifier
Coordinate system axis name

Coordinate system axis abbreviation

dinata cvictam o wraction
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y

perpendicular to x-axis and parallel to the image
Millimetre

z

z

narbandictlarto e avda-and v avic

caomplatac—ric

plane

CC r ad
o etC—Sy SteraxXro—tirCCtom

Coprdinate system axis unit identifier

Coprdinate reference system remarks

E

>

hineering*datum name

Darum scope

perpendictlartox—axis-andy-oxds—cempletes+ight handed

coordinate system

Millimetre

The image coordinate reference system of a frame camera

(Figure C.9) is a right-handed three-dimensiona
system that represents the camera geometry.

defined by the intersection™of the fiducials, ig
perspective centre defined)by the autocollimatio
Normally, the origin and the perspective centr
only a few microns inthe ‘x-coordinate’ direction
coordinate’ direction. The perpendicular distanc
the image plane)and the origin is the calibrated f}

The exact' definition of the coordinate

accomplished during the calibration of the ca
imagepoint with the coordinates x =y = 0 is se
the “principal point of symmetry, which is the
symmetry of the radial distortion influence. The
system is attached to the camera body by ¢
dimensional coordinates to every fiducial mark.
point vertically below the perspective centre is
principal point of autocollimation (PPA). Its coor
Yo mostly are only a few microns off the point x =

If the camera is a film camera, then the
coordinates of the four or more fiducial man
camera frame define the xy-coordinates.

If the camera is a digital camera, then the pi

Cartesian
The origin,

near the
n process.
e differ by
and the ‘y-
e between
bcal length.

bystem  is
mera. The
exactly to
centre of
coordinate
iving two-
The image
called the
dinates X,
y=0.

calibrated
ks on the

els of the

image have a calibrated position in relation to the

perspective centre.

Frame sensor datum

ne sensor

Used for describing position with respect to a fra

Datum anchor
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y
A
: 1
—| i X0
: 2
"x. (Xs,Ys,Zs)
g’o ""“ * > X
L K\ f
/ \ Yo
3 4 \ 4
Key
1 Lens (optical) axis (perpendicular to the page)
2  Perspgctive centre
3 Indicated Principal Point (IPP)
4  Principal Point of Autocollimation (PPA)

Figure C.9 — Frame camera coordinate system

C.4.3 Common Coordinate System

The Common Coordinate System (CCS) (Figure C.10) is an(itmage coordinate reference system originglly
specified in ISO/IEC 12087 using a different format.

Attribute Entry

CRS namg €ommon Coordinate System

CRS alias CCS

CRS scop¢ Used for describing position within an image
Cartesian goordinate system name Common Coordinate System Rectangular
Coordinatg system axis name Row

Coordinatg system axis,abbreviation R

Coordinatg system.axis direction Row positive

Coordinatg system axis unit identifier pixel

Coordinate system axis minimum value 0

Coordinate system axis name Column

Coordinate system axis abbreviation C

Coordinate system axis direction Column positive

Coordinate system axis unit identifier pixel

Coordinate system axis minimum value 0
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Coordinate reference system remarks

Image datum name

Datum scope

Datum-anchor

ISO/TS 19130:2010(E)

The column axis points 90° to the right of the row axis. If
the row axis is considered to be horizontal, the column axis
points down, placing the origin of the coordinate system at
the upper left corner of the image.

CCS image datum

Used for describing position within an image

Quter corner of the first I_r_\ivnl

Datum pixel in cell

C.4.4 Pushbroom sensor

Cell Corner

The pushbroom detector plane coordinate reference system is a three-dimensional orthogonal gngineering
CRS. The origin of this CRS is at its perspective centre (xs,ys, Zs), for which principal point offsets mpay or may
no{ have been provided. The positive x-axis is aligned with the direction of the platform motion, anq the z-axis
is perpendicular to the lens and pointing away from the collection array (Figure C.10). The origin of the sensor
cogrdinate system (SCS) (xs,¥s,Zs) in Figure E.3 is the instantaneous perspective centre. Typical ¢f common
imagery formats, and in particular that specified in ISO/IEC 12087-5, picture elements (pixels) in a pushbroom
image are indexed according to placement within a CCS, as described in C.4.3. The row and colufnn axes of
image CCS are often referred to as line and sample axes, respectively. In a pushbroom sensor, the|coordinate
sygtem for a composite image aggregates the framelets. Each“of those framelets effectively has pnly y (the
arrpy) and z (the focal length) dimensions, since x is always.a-singular value, 0 (zero) as shown in Higure C.10.
Some references denote framelets as “one-dimensionaly’, At some point of time, the detector arfay energy
values are recorded and one framelet of imagery cofsisting of a line of pixels is acquired. Singe each is
scanned at a different time, each scan line of pixels requires its own set of exterior orientation parameters (g,
Vs Zsty Wsry Psyy @Nd Keqy) after transformation.into the SCS coordinate system. A strip image cdnsists of a

number of consecutive framelets.
Atfribute
Engineering CRS name

CRS scope

Caftesian coordinate system name
Coprdinate system axis name
Coprdinate\system axis abbreviation

Coprdinate system axis direction

Entry
Pushbroom sensor CRS

Used for describing position with respect to a pushbroom
sensor

pushbroom sensor Universal Space Rectangular
X
X

The x-axis is perpendicular to the line of deteqgtors in the
pushbroom detector array. It is normally aligngd with the

Coordinate system axis unit identifier
Coordinate system axis name
Coordinate system axis abbreviation
Coordinate system axis direction

Coordinate system axis unit identifier

© 1SO 2010 — All rights reserved

direction of sensor or platform motion.

Metre

y

y

The y-axis is aligned with the detector array long direction.

Metre
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Coordinate system axis name
Coordinate system axis abbreviation

Coordinate system axis direction

Coordinate system axis unit identifier

Coordinate reference system remarks

z
z

The z-axis is perpendicular to the xy plane and along the
axis of the sensor’s lens (optics).

Metre

This is the coordinate system for a pushbroom sensor’s

detaectornlane T vnicallhy thae origin—is—at tha inh:ar-ocar\f'on
G EteEcto—Pprao—ypicam—e—oHgH—1S—at—H et 4

Engineering datum name

Datum scdpe

Datum anghor

between the detector plane and the lens optical axis,
Pushbroom sensor datum

Used for describing position with respect.to.a pushbropm
Sensor.

The intersection between the detector plane and the Ig¢ns
optical axis of a pushbroom sensor.

In accordgnce with the convention above, conversion of the line and sample. pixel coordinates (£, s) to

image coofdinates (x;y and y,)) shall be as follows for the common coofdinate system of the framelet.

X5 1 (zm (me(ey) + o.5)j (@.7)
Vs(r) F (s(t) «(N, 12)+0.5) (§.8)
where
Lo, St are line (row) and sample (column) in image CRS, respectively at scan time (t) (stariing
with £ = 0) with £; nominally determined by dividing image coordinates by d,;
Xs(t)r Ys(t) are coordinate valueS:in image CRS corresponding to £, S, respectively;
Int(£4) is the largest integer which does not exceed ({y);
dy is the lineahdimension of detector, i.e., pixel size; in line of scan direction (typically the line-
of-flight);
d, is-the lineal dimension of detector, i.e., pixel size in the cross track direction;
Ny are the number of pixels (columns or samples) in the array.
Pixel coordinatesforthe pushbroom-sensorare-then given-asfollows:
y, =— N2_1+i :xi=0, withi=0,...,N-1 (C.9)
and the focal length in pixel units given as:
N -1
f= 2 g (C.10)
tanM
2
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where
f is the focal length;
N is number of pixels in the array;
Omax is the maximum angular coverage of the array.

This mode of imaging is called “Pushbroom” imaging. The centre of each pixel has integer values in both row
and column, or line (f) and sample (s) coordinates for the aggregate strip image. However, when the image of

a t:\rgnl- |e mnacnrnrl hr\l-h ||na anrl eamnln can ha\ln 'Frc\rshnnal \IOIIIC\Q c\nri nnnrl Aot hn ||mu+nrl to |nteger

values. Modern measurlng techniques aIIows for sub-pixel capability.

Z
4 scs

Ys
cCS L >
01 2 3/l4 5 column (sample)

1 / ,,,,, ,,,,, / (x y,z) .{gg 1—} /

3///:‘///(///{7

row (line) t 2
(ﬁ(t) S(t)) (2.5,4.5)

N—9

v

Figure C.10 — Pushbroom Detector Coordinate System

Time is proportional to the ifiteger line number coordinate of a point measured in an axis parallel fo the scan
dirgction. For pushbroomssensors, the formula for time is:

t=tg+ dtcoopp{00O0rd-coordg ) (C.11)
where
t is the time corresponding to a framelet containing a point on the image;
coord is the line number parallel to the sensor scan direction of the framelet containing the
point;
to is the time corresponding to the framelet containing the reference point O;
coordy is the line number coordinate parallel to the scan direction of the framelet containing the

reference point 0;
dtcoorp is the time interval corresponding to a unit interval in line coordinates.

For all sensors on an airborne platform the reference point 0 can be the same as the image centre and t, can
be set to zero without loss of generality in the time equations if this value is not known a priori.
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For all sensors on a satellite platform if the value of ty is not known, the satellite orbit is assumed circular.
Refined estimates of t; and other unknown orbit parameters are solved for in a resection or triangulation
procedure where the correction parameters are initialized to zeros and are not adjusted.

C.4.5 Whiskbroom sensor

The origin of the orthogonal, three-dimensional, sensor coordinate system (SCS) is at the perspective centre
(Xs,Ys Zs) Of the lens,®"! for which principal point offsets may or may not have been provided (Figure E.5). The
positive x-axis is aligned with the direction of forward platform motion and the z-axis is perpendicular to the
lens and pointing away from the collection array. Sometimes the lens axis is defined as the x-axis, which is

satisfactor

with its asgociated x and y axes in opposite directions than shown, to account for the “negative” image ‘pl

ed
ne

orientation| For purposes of this development of the image-to-ground transformation, a positive image plane

will be usef for simplicity.

Since the $ensor scans across-track, each pixel in the scan line is scanned at a different time 'and each p
in the line pf pixels has its own SCS set of exterior orientation parameters (Xsq), Vs, Zs(,. Wsg, P sty and K
A strip image consists of a number of consecutive framelets, each with its own exterior.orientation paramete

The opera

Attribute
Engineering CRS name

CRS scop¢

Cartesian goordinate system name
Coordinatg system axis name
Coordinatg system axis abbreviation

Coordinatg system axis direction

Coordinatg system axisdnit’identifier
Coordinatg system axis name

Coordinatg system axis abbreviation

ion of the whiskbroom sensor is similar to that of the pushbroom in-the’sense that both sen
detector afrays scan. The pushbroom sensor scans with the motion of the sensor or the platform while
whiskbroom sensor scans across the sensor or platform’s track of motion:yThus the whiskbroom sen
detector cqordinate reference system is defined similarly to that of the pushbroom

Entry
Whiskbroom sensor CRS

Used forvdescribing position with respect to a whiskbro
sensort

Whiskbroom sensor Universal Space Rectangular

X

X

The x-axis is normally aligned with the direction of sen
or platform forward motion. It is perpendicular to

whiskbroom sensor’s across-platform-track scan directio

Metre

y

y

xel

®)-

brs.

—

sor
the
sor

sor
the

Coordinate system axis direction

Coordinate system axis unit identifier
Coordinate system axis name

Coordinate system axis abbreviation

98

The y-axis is aligned with the across-platform-track scan
mirror direction, which normally is perpendicular to the
forward direction of sensor or platform motion. Scan mirror
angles are rotations about the sensor x-axis and are
measured in the sensor y-z plane with the z-axis

corresponding to a zero scan angle.
Metre
z

z
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axis of the sensor’s lens (optics).

Coordinate system axis unit identifier Metre

Coordinate reference system remarks

The z-axis is perpendicular to the xy plane and along the

This is the coordinate system for a whiskbroom sensor’s

detector plane. Typically, the origin is at the intersection
between the detector plane and the lens optical axis.

Engineering datum name Whiskbroom sensor datum

Dalum scope Used for describing position with respect to, a whiskbroom
Sensor.

Dafum anchor The intersection between the detector.plane and the lens

Th
arg
prg

ch

lim
ad
m4

Fo

on
su

Us

coIventionaI frame camera. The detector elements are equally spaced.and therefore the cross-

optical axis of a whiskbroom sensor-.

b whiskbroom demonstrates a panoramic effect since the ray-of-sight rotatés across the fligh
jection centre. In the pushbroom system each cross-track framelet is formed optically
nges across the array as a function of the cross-track view angle . -However the cross-track vig
ted and the pixels do not significantly change their quadratic shape.But for the whiskbroom, eac
ifferent ground dimension in the x and y direction, with pixelstat nadir quadratic in shape and tf
Ximum scan angle demonstrating a trapezoidal shape.

the whiskbroom sensor model, as shown in Figure C.1%, the recorded pixels in a scan are asst

a straight line. For the across platform track pixelcoordinates, y;, a constant scan angle in
cessive pixels is assumed.

L

. . Omax/ 2 T
yi = ftan () Pixel i /

0; f
scan=1 i / l

Vi '\ y-axis

Reference point

Figure C.11 — Whiskbroom sensor model

t direction

und the sensor’s projection centre and each pixel is projected onto sofme part of a circle around the

s if in a
rack IFOV
w angle is
h pixel has
ose at the

med to be
crement of

led

ds-to the pixel coordinates:

ng’the maximum scan angle (6,,.x) shown in Figure C.11 and the number of pixels (N) in onT scan line

y; = ftan (6;), fori=0, ..., N-1
and

xi=0fori=0, ..., N-1

with the focal length in pixel units given as:

f=N-1/ Bmax
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and the actual scan angle given as:

where

Xi, Vi

Omax 4 Omax
2 N -1

are pixel coordinates;

is the focal length in pixel units;

C.5 SAR

C.5.1 Int

is the actual scan angle;
is the maximum scan angle;

is the number of pixels in one scan line.

 coordinates

roduction

The fundamental reference data needed for performing photogrammetric*processing with SAR images are

Aperture R
S . Unlike
strictly ha
image-like
the sensof

eference Point (ARP), Sg, the Ground Reference Point (GRP), Gy, and the Sensor Velocity Vec
bassive projective imaging sensors (e.g., frame or pushbreom optical sensors), SAR sensors do
e an “interior orientation” that can be physically modelled. This is because the SAR images
products are generated synthetically from the phasehistory data (PHD). Pulses are transmitted
; the magnitude, phase, Doppler-angle, and time“of the returned signal are sensed; and then

SAR procgssor calculates an aggregate magnitude and-phase for each pixel, within the desired footpr
ulations can be output in any desirable coordinate system or projection, although a few comnon

These calg
methods fq

The three
Inflated Ell

C.5.2 Sl

The slant
(GRP) for
straight lin

r calculating the ground coordinates are discussed in C.5.2, C.5.3 and C.5.4.

most common methods for image(formation are to use the Slant Plane, the Ground Plane, and
psoid.

nt plane coordinates

the
or,
not

or
by
the
int.

an

blane is a plane thatpasses through the sensor velocity vector and the Ground Reference Pogint

an image. The_sequence of velocity vectors within a given synthetic aperture usually follow:
B, however, it .often has some variation from it. As a result, the velocity vector is defined at the A

for practic
accommo
is no assu
target loca
other infor
of the ima

ated by the time-dependent nature of the metadata. The GRP is somewhat of a misnomer, as th
ance that'the GRP is actually located on the ground. Instead, it is a predefined coordinate fo
ion<or'targeted centreline that is presumed to be on the ground (based, for example, on a DEM
ation with unknown reliability). SAR products are almost always formed with the GRP at the cer

| purposes:int. Spotlight mode imagery. In the other modes, the variation in the velocity vectof

5 a
RP
is
ere
ra

in

azimuth as well. For other modes, the centre of each image line is defined as the GRP for that line. For non-
Spotlight modes, the variable nature of the GRP and velocity vector implies that the slant plane may vary with
each line and so the image may not actually be formed on a single plane. Nevertheless, it is still usually called
a slant plane image.

The slant plane coordinate system is defined by a unit vector in the range direction, r, that points from the
GRP to the ARP, and an azimuth unit vector, 0, that is in the slant plane, but orthogonal to r and parallel to the
velocity vector.
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Attribute Entry

Engineering CRS name SAR Slant Plane CRS

CRS scope Used for describing position with respect to SAR Slant
Plane

Cartesian coordinate system name SAR Slant Plane Universal Space Rectangular

Coordinate system axis name 0

Coprdinate system axis abbreviation 0

Coprdinate system axis direction

C

o

pbrdinate system axis unit identifier

Coprdinate system axis name

C

o

C

o

brdinate system axis abbreviation

brdinate system axis direction

Coprdinate system axis unit identifier

Co

E

>

Da

Da

Ty,

brdinate system remarks

hineering datum name

fum scope

fum anchor

aligned with r.

NQTE

apy

WH
via

fro X

bically, the image row(/ sample direction (x-axis) is aligned with 8 and the column/line direction|

If an image is collected off of broadside (i.e., with a non-zero squint angle), then the slant plane ir
roximately asparallelogram when projected to the ground.

ile a pelar format can be used for the coordinate system, images are usually generated, either
resampling, onto a pixel coordinate system with pixel spacings that are equidistant along both

axg¢s.-=)as opposed to the polar format, which is equidistant in range and equiangular in azimuth. Th
WWWWI i i WS:

The B-axis is aligned with the azimuthal direc
slant plane, orthogonal to the range-direction a
to SAR’s velocity vector.

Radian

r

The r-axis is-n_the slant direction and points frg
APR.

Metre

This is the coordinate system for a SAR slant
origin is at the SAR ground reference point.

SAR Slant Plane datum

Used for describing position with respect to
Plane

The SAR ground reference point

tion in the
nd parallel

m GRP to

blane. The

SAR Slant

(y-axis) is

hage will be

directly or
orthogonal

e mapping

Given the line, /, and sample, s, of a pixel, the offset of the pixel in pixel coordinates is calculated from the
GRP

wh

Al =1-1y and As =5 —s(

ere
;s are the line and sample of a pixel;
lo, So are the line and sample coordinates of the GRP.
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Calculate the vector, 60 from the ARP, S, , to the GRP, G, , in the ECEF coordinate system

0y =S,-G, (C.14)
where
60 is the vector from the ARP to the GRP;
S0 is the vector of Aperture Reference Point (ARP) coordinates;
G,. is the vector of Ground Reference Point (GRP) coordinates.

Project thg vector 60 into the slant plane (ARP as origin)

Q0:p0|ﬁ1¢ (C./15)

where

U, is a unit vector along the range.

Then, calcplate the pixel’s 3D vector in the slant plane (ARP as origin)

Al p,
Q=0+ 45 p, (C.16)
0
where
Ps, P are slant plane pixel sampling distances in the sample and line directions, respectively.

SAR imagegs are often oversampled during image formation, with pixel sampling distances being smaller than
the image|resolution in order to retain maximum information. Thus, fields labelled as “Resolution” or “IPR”
should not{ be used for this calculation.\Rather, fields marked as “Sample Distance” or “Ground Samjple
Distance” {a misnomer, since it is actually measured in the slant plane) should be used. The slant range, Rs,
and the logal Doppler angle, ¢, for the pixel can now be computed by:

Rg =|0| and a; =cos? 09 +a (C.117)
2l|2|

where

Rs, is slant range, the magnitude of the 3D vector, @, in the slant plane from the Apertlre

ReferencePoint:

o, is local Doppler angle;

104 is Doppler angle of the GRP, calculated as the complement of the squint angle at the GRP.

g =90°-7 (C.18)
where

T is the squint angle at the GRP.
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Alternatively, the Doppler angle can be computed directly using the antenna’s velocity vector, S

(C.19)

The slant plane is sometimes called the SAR plane, because the SAR image is generally formed in that plane.

b ground plane is defined as a plane that is tangent to the Earth’s surface at the GRP. Interesting

o = cos™| &
s
NOTE
C.$.3 Ground plane coordinates
Th
be

“th
to
oth

ly, this can

somewhat ambiguous. First, as stated above, the GRP may not be on the Earth’s surface, and second,
e Earth’s surface” can be defined in a number of ways. Most commonly, the planedhat is used is
he Earth ellipsoid normal and passes through the GRP for Spotlight mode, or through a centr.

er modes.

Atfribute

En

CR

Ca

Co

Co

Co

Co
C

o

C

o

Co

Co

jineering CRS name

S scope

rtesian coordinate system name
prdinate system axis name
prdinate system axis abbreviation

brdinate system axis direction

brdinate system axis unit identifier
prdinate system axis name
prdinate system axis‘abbreviation

pbrdinate system-axis direction

prdinate system axis unit identifier

Entry
SAR Ground Plane(GRS

Used for describing position with respect to S
Plane

SAR Ground Plane Universal Space Rectangulaf

X
X

The x-axis is in the ground plane and is typic3
with the azimuthal and orthogonal to the projed

range vector.

Metre

y

y

The y-axis is in the ground plane and is typice
with the projection of the range vector and ort
the azimuthal vector.

Metre

orthogonal
bl GRP for

AR ground

lly aligned
tion of the

lly aligned
hogonal to

Coordinate system remarks

Engineering datum name

Datum scope

Datum anchor

This is the image coordinate reference system for a ground

plane. The origin is at centre of image.

SAR Ground Plane datum

Used for describing position with respect to SAR ground

Plane

The origin is at centre of image

Ground plane images are most often created by projecting the slant plane image into the ground plane,
requiring a resampling of the slant plane image. However, sometimes images are formed directly into the
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ground plane. Regardless, the mapping from slant plane to ground plane is accomplished using a plane-to-
plane coordinate conversion called a 3D affine transform.

Y=AX+b

where

are the slant plane coordinates in ECEF;

are the ground plane coordinates in ECEF;

(C.20)

> < X

b

The range
affine trans
The projed
floating pa
perform th
ground pla

The groun
each pixel
tangent to

C.5.4 Inf

The inflate
usually thg
system is
makes pl3
photogram

is the 3X3 Affine matrix;

is a 3x1 translation vector.
and Doppler angle can be calculated from ground plane pixel coordinates by first-inverting
ted slant plane coordinates will likely not fall directly on slant plane pixel coordinates, so the use
int numbers to encode pixel coordinates is required. The affine transform “‘parameters used
e coordinate transform from slant plane to ground plane or their inverse must be provided wit

he SAR product in order to allow photogrammetric processing.

] plane is also sometimes called the focus plane, because the image formation process must fo
at a particular range. Commonly, the range used is that to_the "pixel point projected into a pla

ated ellipsoid coordinates

d ellipsoid coordinate system uses a fixed height, h, above the Earth’s ellipsoid. The heigh
t of the GRP, for Spotlight mode, or some average height for the other modes. This coordin
primarily used with non-Spotlight modes that cover large areas, for which the Earth’s curvat

metrically, the method that the SAR provider uses for defining a pixel’s coordinate must be clg

an ellipsoid inflated to the GRP elevation at which a particular SAR imaging campaign is targeted.

the

form to recover the equivalent slant plane pixel coordinates, then applying the method given abgve.

of
to
h a

LUS
ne

is
ate
Lire

nar projections impractical. In order for-an ellipsoidally projected SAR product to be usgful

ar.

Typically, one axis (usually the x-axis) is defined along the surface of the Earth’s ellipsoid in the instantanegus

ground rar|ge direction, and orthogonal to the projection of the other axis (usually the y-axis) that is defined in

the instantaneous velocity vector direction on the surface of the inflated ellipsoid. So for any pixel in the image

or producl, the x and y coordinates will uniquely determine a three-dimensional point, M, in the EQEF

coordinate| system, on the ellipsoid.\M must be calculated by inverting the data provider's method for defining

the pixel’s [coordinate.

Attribute Entry

Engineering CRS nanie SAR Inflated Ellipsoid CRS

CRS scop¢ Used for describing position with respect to SAR Inflated
Ellipsoid

Cartesian coordinate system name SAR Inflated Ellipsoid Universal Space Rectangular

Coordinate system axis name X

Coordinate system axis abbreviation X

Coordinate system axis direction

The x-axis is in the inflated ellipsoid and is aligned with the

azimuthal vector and orthogonal to the projection of the

range vector on the inflated ellipsoid.

Coordinate system axis unit identifier Metre

104
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Coordinate system axis name y
Coordinate system axis abbreviation y
Coordinate system axis direction The y-axis is in the inflated ellipsoid and is aligned with the

projection of the range vector on the inflated ellipsoid and
orthogonal to the azimuthal vector.

Coordinate system axis unit identifier Metre

C ordinate-svetam ramarks Thies ic tha imaaa caoordinate referanca—svs em |n an
FerHetO-SySte-ormiaiks HHS—S—O—HHago—60oraidat +8+e+8H YEAC!

inflated ellipsoid at a defined height at the Eafthls ellipsoid.

The origin is at the centre of image.

Engineering datum name SAR Inflated Ellipsoid datum

Dafum scope Used for describing position with respect to SAR Inflated
Ellipsoid

Datum anchor The origin is at the centre of the image

Fof example, for an ellipsoid inflated by h, and image coordinates x;and y, one might first determine the
gedpgraphic coordinates, latitude, @, and longitude, A, from

¢=F(xy)

A Gle ) (C.21)

usihg the product provider’s conversion method. Then‘three-dimensional Cartesian ground coordindtes can be
calculated by:

‘e (a+ h)-cos(¢)-cos(A)

1- (e"sin(qb))2
)= (a+h)-cos(p)-sin(A)

(C.22)
1-(¢'-sin(g))°
(1-¢"?)sin(¢)
1—(e’-sin(¢))2
hefe
¢ = \/1—{(b+h)/(a+h)}2 (C.23)
The Slant range. Rs. and the local Doppler angle, ¢;. can now be computed directly as
Ry =|M - 8(1) = \/(Mx ~8,()* +(M, —Sy(t))z +(M, -5.(1))° (C.24)
S () (M, -5 () +S, ()M, =S (t))+S.()(M.-S_(t
R (0)+5, ()M, =5, (0))+5. (1) (1)) 25
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Annex D
(informative)

Frame sensor model metadata profile supporting precise geopositioning

D.1 Introduction

The purpoge of this annex is to show how to use a minimum set of the metadata defined in this Techn
Specificatipn to accomplish precise geopositioning of images from a frame sensor imagery system. This
annex is intended to give an example for using the common terminology and a common frame\of ‘referefce

establishe
model. Sp
classes an

in this Technical Specification to perform precise geopositioning using a physical frame sen
ecifically, 7.1.2, 7.2.3t0 7.2.8, 7.3, 7.5, and 7.6 excluding 7.6.4 and 7.6.6 identify.relevant metad
d Annex B provides the expanded definition of these items.

D.2 Frame sensor interior descriptions

D.21 Ty

Typical of
(pixels) ar
examples
imagery: a
i.e., the Cq
system, wi
the first tw
decimals t
Figure D.1
the CCS ¢

bical imagery sensor storage layout

cal

50r
ata

common imagery formats, and in particular that specified.in ISO/IEC 12087-5, picture elements
e indexed according to a two-dimensional array of rows“and columns, as illustrated in the array

n Figure D.1. There are three coordinate systems_cémmonly associated with digital and digitized

) the row, column (r, c) coordinate system with origin being at the outside corner of the first pi
mmon Coordinate Reference System (CCS) defined in C.4.3; b) the line, sample (I, s) coordin

nereof), as will be introduced in D.2.1 to D:2.3, and Figure D.1. The origin of the CCS, as showrn

rigin is the pixel corner, and the(r, ¢ associated with a designated pixel refers to its centre,

el,
ate

th the origin being at the centre of the image;»and c) the x, y coordinate system. The units useq in
p systems are pixels (and decimals thereef), while the x, y are linear measures such as mm (and

In

is the upper left corner of the first (or,0) pixel, which in turn is the upper left of the array. Becadise

the

coordinatep of the various pixels, (0.5, 0.5),(0.5, 1.5), ..., etc., are as shown in Figure D.1.
. C !
CCS (Qrigin | _ Cs N ¢ (columns) CCS Origin ¢ (columns) .
= % — > T >
) 05,0.5) | (0.5,1.5) 0.5,2.5) (0.5,3.5) (0.5.4.5) (0503 1 O313) | 0323 | (0533
[} [} [} [}
° ¢ ° ° o S.C-l) 0.5.C-1)
Cy
e 1508 N (1515 | (1525 [ 1533 (1.5,4.5) (1305 1 (515 (1525 (1535
] [ ) ° [ ) [ ) ¢ ¢ ¢ ¢
A
A X L 4 P S
v O P S
2505 | @515 | @shs | @539 (2.5.4.5) 2303 | @315 | 2523) | 2539
° ° ° ° o ° o °
(6505 | 6515 | Gsps | 6335 | 6545 (305 | G315 F (3525 | (3333
° ° ° ° dy ° ° ° ° d
(R-1,0.5) (R-1,C-1) ¢ (rows) (R-1,0.5) (R-1,C-1)
1 (Tows)
v
"£ y v
Non-Symmetrical Array Symmetrical Array
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Figure D.1 — Pixel orientation within the frame sensor coordinate system
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D.2.2 Pixel-to-image line, sample coordinate transformation

Since all mathematical development to follow is based on the geometric centre of the image as the origin, the
row, column (r, c) system is replaced by the line, sample (£, s) system through two simple translations:

KZI”_Cﬂ (D1)
s=c-C, '
where

C;and C, are half the image pixel array size, in pixels, in the row and column directionsrgspectively.
EXAMPLE 1
Fighre D.1 (Non-symmetrical): For C;=4/2=20 Cs=5/2=25

r, =1.6 pixel ¢, =4.7 pixel

t,=r,-Cy =1.6-2.0 =-0.4pixel

sp,=¢,—Cg =4.7-2.5=2.2pixel

EXAMPLE 2

Figure D.1 (Symmetrical): For C;=4/2=20 Cs=4/2=2.0

Qc

rq = 1.4 pixel cq = 3.1pixel
tq=rq-C,=1.4-2.0=-0.6pixel
sq=cq—Cy =3.1-2.0 = 1.1pixel
D.2.3 Film and charged coupled device array distortions

In the case of film medium, film deformations are accounted for as follows:

x=a1f+b1s+c1 (D 2)
y=ayl+byskio '

This transfofmation accounts for two scales, a rotation, a skew, and two translations. The six parameters are
usdially eStimated on the basis of (calibrated) reference points, such as camera fiducial marKs, or their
equiivalent corner pixels for digital arrays. Here, the (x,y) image coordinate system, as shown in Figure D.2, is
use¢d-in the construction of the mathematical model, and applies to both film and digital sensors.

D.2.4 Principal point

Ideally the lens axis would, as in Figure D.2, intersect the collection array at its centre, (x,y) or (0,0). However,
this is not always the case due to lens flaws, imperfections, or design, and is accounted for by offsets x, and
Yo, @s shown in the figure. xo and yy are in the same linear measure (e.g., mm) as the image coordinates (x,y)
and the focal length, f.
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y
A 1
— <— X0
: -“‘.»"(XS, Ys» Z)
=y T
Yo
2 3
Key
1 Lens (loptical) axis (perpendicular to the page)
2 Indicated Principal Point (IPP)
3 Principal Point of Autocollimation (PPA)
4  Perspgctive centre

Figure D.2 — Placement of lens axis

D.2.5 Optical distortions

Effects dup to optical (lens) distortion are measuréd in terms of radial components. The radial distortion
normally ig approximated by a polynomial functioh-applied to the x and y components, see Figure D.3. The
polynomial may take different forms; e.g., oddpowers of the radial distance, or a scalar applied to the square
of the radial distance.

v

X0 X

Figure D.3 — Radial optical distortion

Sr=kqr> +Kor® +kar’ (D.3)

where:

r=\/)_62+)72 X=x-x3 Y=Yy-—JYg (D.4)
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and k represents the third, fifth, and seventh-order radial distortion coefficients. These k coefficients are
obtained by fitting a polynomial to the distortion curve or tabular data from a camera calibration or the least
squares adjustment results of collinearity equations augmented with additional parameters for self-calibration.
Although the distortion described by the first order terms of the polynomial can be corrected by adjusting the
focal length, the discussion that follows is focussed on the use of polynomials to describe the distortion. The
influence of this distortion is typically described as either a “pincushion” or “barrel” distortion, as shown in

Figure D.4.
® 4
1 2
Kely

1 | Pincushion (positive)
2 | Barrel (negative)

Figure D.4 — Optical radial distortion effects

The resultant x and y radial optical distortion compenents are then:

3 5 7
_Or _Kkq7 +Kkor® +kar
X X 1 2 3

Ax = %(kqr2 +kort +kgr®)

r (D.5)

_6r  _kgd +kord dkArT 9 4 6
Ayradial:yTZy 1 2 S =y(kr© +kor” +kar”)

radial

7

Anpther interior imperfectiof is described in terms of rotational symmetry, or “decentring.” While|in general
thgse effects may be assumed to be minimal, they may be more prominent in variable focus or zoomn cameras.
Cohsideration of this effect is given via reference. "1

AX gocen = p1(2)_52 + 72)+ p2(2x_y)

(D.6)
AY docarl= p1(2ﬁ)+p2(252 +r2)
where”dxgecen and Aygecen are the x and y components of the decentring effect, respectively; p; and p, are
degeniring coefficients. The referenced document included a third coefficient; however, for all practical
purposes, this influence is so small that it can be ignored. Therefore, the contributions of lens radial distortions
and decentring of x and y components are:

Ax s = AX il + AX gocen = )_C(k172 +k27’4 +k37’6)+p1(2)_62 + 72)+p2(2x_)’) (D.7)

- 2 4 6 — =2 2
Aylens:Ayradial+Aydecen:y(k1r +k2r +k3r )+p1(2xy)+p2(2y +r)

© ISO 2010 — Al rights reserved 109


https://standardsiso.com/api/?name=c326b42cc527b6d606241f772629c78e

ISO/TS 19130:2010(E)

Key

Platfofm Coordinate Reference System: (X,Y,Z),
Sensgr Coordinate Reference System: (X,y,2)s
Object Local Coordinate Reference)System: (X,Y,Z)r
Earth Coordinate Reference Systém: (X,Y,Z)

Vectof between local reference and Earth reference

AP WN -

Figure D.5 — Multiple coordinate reference frames

D.2.6 Atmosphericrefraction

—

Adjustments may-be required to account for bending of the image ray path as a result of atmospheric effe¢ts.
These inflbences generally increase as aIt|tude and look angles (vertlcal angles from the platform dgwn
direction) | led
adjustments, |nclud|ng for example con5|derat|on of temperature pressure, relative hum|d|ty, and wavelength.
The following simple approximation is adopted:

Ad = Ktano

where o is the angle the refracted ray makes with the local vertical, Ad (micro-radians) the angular
displacement, and

o 2410xH,g  2410xh, [ By ]
Hmslz — 6H 1 + 250 hmslz _6hmsl + 250 Hms'[

ms
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and

a=tan‘1(rlf)

(D.8)

He is altitude (km, MSL) of the sensor, h, is the object elevation (km, MSL), and K is the refraction constant
(micro-radians). This equation is a good approximation for collection parameters resulting when the optical
axis coincides with the vertical axis (Zy, Figure D.1) from the ground object. Depending on the level of
precision required, off-vertical collections may require more rigorous models.

Therefore, given image coordinates (x , y ), the resulting coordinates (X', ref) are:

wh

It f

D-A

La

’
, _rref
X =X
ref ,
’
’ __rref
yref_y B

Ayl‘ef :yref—y:y[ ref —1J

p.7 Summary

btly, the corrections to the-original image coordinates (x,y) are combined to establish the corre

cogrdinates as follows:

X=X+ Ax g+ Mp

oo
=)_C+f(k1f‘2+k27‘4+k37”6)+p1(2f2+r2)+p2(25)+}[ ref _1]

y,:;*’Aylens +Ayref

(D.9)

(D.10)

tted image

(D.11)

r,
=+ 3(kqr? +kor? +kgr®)+p1(25) +po (257 +r2)+f( i —J
7

where

x’and y’ are the resulting corrected image coordinates.

Simplifying Equation (D.11):

r Itef
)

x'=)_c(k1r2+k2r4+k3r6+ +p1(222+r2)+p2(2x_y)

r/
¥ = 5(kqr? +kor® +kgr® +rTef)+p1(2ﬁ)+p2(2fz +r2)
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Therefore, given pixel coordinates (r,c), calculating the image coordinates, including correction factors
considered, may be accomplished through the use of Equations (D.1), (D.2), (D.4), (D.8), (D.11), and (D.12).

Therefore,

D.3 Coll

(x’,y") are the image coordinates required for the image-to-object transformation.

inearity equations

Deriving the relation between image coordinates and the corresponding point on the Earth’s surface via
translation and rotation from one coordinate system to the other requires a common coordinate system. The
geometry is that shown in Figure 3.

Geometric
point (P)
corrected
clause.

For two v
perspectiv

Further, in[order to associate their components, these vector components must be defined with respect to
same coorgdinate system. Therefore, define this association via the following equation:
a=kMA (D.
where
a is the vector from the perspective centre to an image point;
k is a scalar multiplier;
M is the orientation matrix that accounts.for the rotations (roll, pitch, and yaw);
A is the vector from the perspectivecentre to the object point.
M is requifed to place the Earth coordinate System parallel to the sensor coordinate system. Therefore,
collinearityl conditions represented in the figure become:
x 0 X X
vyl o [|=kml|| Y |-| ¥ (D.
o)|\f Z 2,
The orientation matrix Mds the result of three sequence-dependent rotations:
cosk sink 0 cosg 0 —sing||1 0 0
M=M,MgM;, =| —sinx cosx 0} 0 1 0 0 cosw sinw (D.
0 0 1| sing O cos¢ ||0 —-sihw cosw

Blly, the sensor perspective centre (L), the “ideal” image point (p), and the corresponding.object
are collinear. The “ideal” image point is represented by image coordinates after having bgen
or all systematic effects (lens distortions, atmospheric refraction, etc.), as given in the preceding

pctors to be collinear, one must be a scalar multiple of the other. Therefore,»vectors from the
b centre (L) to the image point and object point, p and P respectively, aré~directly proportional.

the

13)

the

15)

Where the rotation w is about the X-axis (roll), ¢ is about the once rotated Y-axis (pitch), and x is about the
twice rotated Z-axis (yaw), the orientation matrix M becomes:

M=| -cos¢sink COSwCcosk—sinwsingsink sinwCos x + cos wsingsin k¥

112

COSPCOSK COSwSiNK+Sinwsingcoskx sin@sin Kk — COS wSin@Ccos k

sing —sinwcos ¢ COS WCOoS ¢

(D.

16)
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Although the earlier derivation expressed coordinates with regard to the image plane (“negative” plane), the
image point p in Figure 3 is represented by coordinates (x,y), whose relation is simply a mirror of the image
plane. Thus the components of a will have opposite signs of their mirror components (x, y) as follows:

X =—(x—-xq)

y=-(y-y0)

Therefore, for any given object, its “World” coordinates (X, Y, Z) are related to coordinates (x,y) via:

wh
up
po
or

(G
ac
pa

(D.17)

sing(X — X )-sinwcosg(Y —Y,)+coswcosp(Z—-Z, )

cosgsink(X — X )+ (coswcos k —sinwsingsink)(Y —Y; ) +(sinwcos x + cos dsingsin

sz«)(Z—zm}

sing(X — X )-sinwcos¢(Y —Y; )+coswcosp(Z—Z1)

ere the (x, y) represent the “corrected” pair, (x’,y’) from Equation (D.12). A he equations abov
bn the positional and orientation information of the sensor. Unfortunately; inability to measure
ition accurately, due, for example, to system latency (such as timing deJays in detector, positio)
gimbal readout, or transmission) or Global Navigation Satellite ‘System/Inertial Navigatig
NSS/INS) errors, can be the source for a substantial amount, of\uncertainty. The degree to
uracy of these results is required will determine the degree te<which modelling of the collect
ameters is required.

KXZ_ZLq

(D.18)

e also rely
the sensor
n, attitude,
n System
which the
on system
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Annex E
(informative)

Pushbroom / Whiskbroom sensor model metadata profile

E.1 Introduction

The purpgse of this annex is to show how to use metadata defined in this Technical Specification| to
accomplish precise geopositioning of images from pushbroom and whiskbroom sensor imagery systems. This
annex is intended to give an example for using the common terminology and a common frame\of ‘referefce
established in this Technical Specification to perform precise geopositioning using a physical frame sengor
model. Spgcifically, 7.1.2, 7.2.3 to 7.2.8, 7.3, 7.5, and 7.6 excluding 7.6.6 identify relevant metadata classes
and AnneX B provides the expanded definition of these items.

E.2 Pushbroom sensor Interior description

E.2.1 Pushbroom sensor coordinate system

The detailed description of the Pushbroom Sensor is in 7.1.3 and.the Common and Sensor Coordinpte
Reference|Systems are contained in C.4.3 and C.4.4.

Key

1 Lineal collection array/Focal Plane Array (FPA)
2 (diI’Eb forrof ﬂighi)

3 Lens axis

4  Perspective Centre

Figure E.1 — Sensor coordinate system for a pushbroom sensor
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