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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria nee
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orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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5 document was prepared by Technical Committee ISO/TC 211, Geographic information/G

5 first edition of ISO 19130 cancels an@replaces ISO/TS 19130:2010, which has been
sed.

main changes compared to the previous edition are:

part number 1 was added.-to-reflect that ISO 19130 is now divided into several parts;
normative references are updated to reflect revisions;

Annex B is updated®to reference the updated versions of the ISO geographic information
5t of all the parts'in the ISO 19130 series, can be found on the ISO website.
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Introduction

The purpose of this document is to specify the geolocation information that an imagery data provider
shall supply in order for the user to be able to find the earth location of the data using a Physical Sensor
Model (PSM), a True Replacement Model (TRM) or a Correspondence Model (CM). Detailed PSMs are
defined for passive electro-optical visible/ IR sensors (frame, pushbroom and whiskbroom) and for an
active microwave sensing system (SAR). A set of components from which models for other sensors can
be constructed is also provided. Metadata required for geopositioning using a TRM, a CM, or ground
control points (GCPs) are also spec1f1ed The intentis to standardlze sensor descrlptlons and spec1fy the

mapping
useful in extraction of geographic information, it requires further processing. Geopositioning, which
determine$ the ground coordinates of an object from image coordinates, is a fundamental proces$ing
step. Becauise of the diversity of sensor types and the lack of a common sensor model’standard, data
from diffefent producers can contain different parametric information, lack paranieters requirefl to
describe the sensor that produces the data, or lack ancillary information necegsary for geopositiofing
and analyding the data. Consequently, a separate software package often hds-to be developed to ¢leal
with data [from each individual sensor or data producer. Standard sensor models and geolocation
metadata gllow agencies or vendors to develop generalized software preducts that are applicablg to
data from multiple data producers or from multiple sensors. With suchya standard, different produgers
can descrilpe the geolocation information of their data in the same way, thus promoting interoperabllity
of data betfween application systems and facilitating data exchange.

This docuipent defines the set of metadata elements specified for providing sensor model and other
geopositioning data to users. For the case where a PSM .isvprovided, it includes a location model and
metadata 1jelevant to all sensors; it also includes metadata specific to whiskbroom, pushbroom, frgme,
and SAR sdnsors. It also includes metadata for functignal fit geopositioning, where the function is part
of a CM or 3 TRM. This document also provides a schema for all of these metadata elements.

vi © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=ffb28b980fb93908027c24daa6d2381b

INTERNATIONAL STANDARD

ISO 19130-1:2018(E)

Geographic information — Imagery sensor models for
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5 document identifies the information required to determine the relationship.between t
remotely sensed pixel in image coordinates and its geoposition. It supports@exploitation

praphic position from the observations.

5 document specifies several ways in which information in support of geoposition
vided.

It may be provided as a sensor description with the associated physical and geometric i
necessary to rigorously construct a PSM. For the caseiwhere precise geoposition infd
needed, this document identifies the mathematical equiations for rigorously constructing
relate 2D image space to 3D ground space and the calculation of the associated propaga
This document provides detailed information ferthree types of passive electro-optical
(frame, pushbroom and whiskbroom) and for_an-active microwave sensing system SAR.
a framework by which these sensor models@an be extended to other sensor types.

It can be provided as a TRM, using functions whose coefficients are based on a PSM s
provide information for precise geopositioning, including the calculation of errors, as
the PSM they replace.

It can be provided as a CM that provides a functional fitting based on observed re
between the geopositions-of-a set of GCPs and their image coordinates.

It can be provided as-a set of GCPs that can be used to develop a CM or to refine a PSM of

5 document does niotspecify either how users derive geoposition data or the format or cos
h the users generate.

Normative references

following referenced documents are indispensable for the application of this document

he position
f remotely

Ged images. It defines the metadata to be distributed with the image to emable user determination of
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rmation is
¥ PSMs that
ted errors.
IR sensors
[t provides
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htent of the

. For dated

refq

refices, only the edition cited applies. For undated references, the latest edition of the

referenced

doc
ISO
ISO
ISO
ISO
ISO

ument (including any amendments) applies.

19103:2015, Geographic information — Conceptual schema language
19107, Geographic information — Spatial schema

19108, Geographic information — Temporal schema

19111:2007, Geographic information — Spatial referencing by coordinates

19115-1:2014, Geographic information — Metadata — Part 1: Fundamentals

IS0 19115-2:2009, Geographic information — Metadata — Part 2: Extensions for imagery and gridded data

ISO

©IS

19123, Geographic information — Schema for coverage geometry and functions
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[SO 19157:2

3 Term

013, Geographic information — Data quality

s and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

ISO O

[EC Electropedia: available at http://www.electropedia.org/

line hrnurcing p]:\ffnrm- available at http: //raariso org /obp

3.1
active sen
sensing sy:

3.2

adjustable
model par
points (3.4

3.3

along-tradk

direction i

3.4
aperture 1
APR

3D locatior

5ing system
tem that emits energy that the sensor (3.79) uses to perform sensing

model parameters
hmeters that can be refined using available additional information,such as ground con
), to improve or enhance modelling corrections

1 which the sensor (3.79) platform moves

eference point

of the centre of the synthetic aperture

Note 1 to enftry: It is usually expressed in ECEF coordinates*(3.11) in metres.

3.5
attitude
orientatior
and the ax{

[SOURCE: I

3.6
attribute
named pro

Note 1 to
characteris

[SOURCE: ]
3.7

of a body, described by the angles between the axes of that body’s coordinate system (3|
s of an external coordinate system

SO 19116:2004, 4.2, modified - NOTE is deleted.]

[perty of an enfity

bntry: In this document, the property relates to a geometrical, topological, thematic, or o
ic of an-entity.

SO/IEC 2382:2015, 2121440, modified - Note 1 to entry has been added.]

trol

113)

ther

azimuth resolution

(SAR) reso

lution in the cross-range direction

Note 1 to entry: This is usually measured in terms of the impulse response (3.56) of the SAR (3.76) sensor (3.79)
and processing system. It is a function of the size of the synthetic aperture, or alternatively the dwell time (i.e. a
larger aperture results in a longer dwell time results in better resolution).

© ISO 2018 - All rights reserved
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beam width
(SAR) useful angular width of the beam of electromagnetic energy

Note 1 to entry: Beam width is usually measured in radians and as the angular width between two points that
have 50 % of the power (3 dB below) of the centre of the beam. It is a property of the antenna. Power emitted
outside of this angle is too little to provide a usable return.

3.9
bro

adside

(SAR) direction orthogonal to the velocity vector and parallel to the plane tangent to the Earth's ellipsoid

(3.2

[T) at the nadir point of the ARP(3.4)

31

calibrated focal length
distlance between the perspective centre (3.62) and the image plane (3.53) that isthe result o
posjtive and negative radial lens distortions during sensor (3.79) calibration

31
co
one

Not
[SO
31

coordinate reference system

CRY
coo

Not
[SO
3.1

coordinate system

set
[SO

3.14
Cor
CM
fun
bet

3.1

dinate
of a sequence of n numbers designating the position of a point in n=dimensional space

URCE: 1SO 19111:2007, 4.5]

A

-

rdinate system (3.13) that is related to an object'by a datum (3.17)

b 1 to entry: For geodetic and vertical datums, the object will be the Earth.
JRCE: 1SO 19111:2007, 4.8]

B

bf mathematical rules for@Specifying how coordinates (3.11) are to be assigned to points
URCE: ISO 19111:2007,4.10]

&
respondence‘Model

ctional rélationship between ground and image (3.47) coordinates (3.11) based on the
veen asset of ground control points (3.42) and their corresponding image coordinates

D

e 1 to entry: In a coordinate reference system (3.12), the coordinatenumbers are qualified by units.

f balancing

rorrelation

Cro

ss-track

perpendicular to the direction in which the collection platform moves

3.16

dat

a

reinterpretable representation of information in a formalised manner suitable for communication,
interpretation, or processing

[SOURCE: ISO/IEC 2382:2015, 2121272]

©IS
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3.17

datum

parameter or set of parameters that define the position of the origin, the scale, and the orientation of a
coordinate system (3.13)

[SOURCE: ISO 19111:2007, 4.14]

3.18
detector
device that generates an output signal in response to an energy input

3.19
Doppler angle
(SAR) angle between the velocity vector and the range vector (3.72)

3.20
Doppler shift
wavelength change resulting from relative motion of source and detector (3.18)

Note 1 to eptry: In the SAR (3.76) context, it is the frequency shift imposed on a rddar signal due to reldtive
motion betyeen the transmitter and the object being illuminated.

3.21
ellipsoid
surface formed by the rotation of an ellipse about a main axis

Note 1 to enptry: The Earth ellipsoid is a mathematical ellipsoid figure-of the Earth which is used as a refer¢nce
frame for cqmputations in geodesy, astronomy and the geosciences;

[SOURCE: SO 19111:2007, 4.17, modified - a new Note 1.toe entry replaces NOTE.]

3.22
ellipsoidal coordinate system
geodetic cqordinate system

coordinate|system (3.13) in which position-isspecified by geodetic latitude (3.30), geodetic longifude
(3.31) and [(in the three-dimensional case) ellipsoidal height (3.23)

[SOURCE: ISO 19111:2007, 4.18]

3.23
ellipsoidal height
geodetic Weight

h
distance of a point fromthe ellipsoid (3.21) measured along the perpendicular from the ellipsoid to this
point, positive if upwards or outside of the ellipsoid

Note 1 to enfry«Only used as part of a three-dimensional ellipsoidal coordinate system (3.22) and never on its gwn.

10444.20007
TJITI.ZUU7,

[SOURCE: IS

101
17]

P
:{>

3.24

error propagation

process of determining the uncertainties of derived quantities from the known uncertainties of the
quantities on which the derived quantity is dependent

Note 1 to entry: Error propagation is governed by the mathematical function relating the derived quantity to the
quantities from which it was derived.

3.25
external coordinate reference system
coordinate reference system (3.12) whose datum (3.17) is independent of the object that is located by it

4 © ISO 2018 - All rights reserved
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3.26
fiducial centre
point determined on the basis of the camera fiducial marks (3.27)

Note 1 to entry: When there are four fiducial marks, fiducial centre is the intersection of the two lines connecting
the pairs of opposite fiducial marks.

3.27

fiducial mark

index marks, typically four or eight rigidly connected with the camera body, which form images (3.47)
on the film negative and define the image coordinate reference system (3.48)

Note¢ 1 to entry: When a camera is calibrated the distances between fiducial marks are precisely m¢asured and
assipgned coordinates (3.11) that assist in correcting for film distortion.

3.28
frame sensor
sengor (3.79) that detects and collects all of the data (3.16) for an image (3.4Z)(frame/rectdngle) at an
insflant of time

3.29
geddetic datum
datym (3.17) describing the relationship of a two- or three-dimensional coordinate systefn (3.13) to
the|Earth

Not¢ 1 to entry: In most cases, the geodetic datum includes an éllipsoid (3.21) description.
[SOPRCE: ISO 19111:2007, 4.24, modified - Note 1 to efitry has been added.]

3.3p
geddetic latitude
ellipsoidal latitude

angle from the equatorial plane to the,perpendicular to the ellipsoid (3.21) through a gjiven point,
norfthwards treated as positive

[SOPRCE: I1SO 19111:2007, 4.25]

3.3

geddetic longitude
ellipsoidal longitude
A

anglle from the prime meridian plane to the meridian plane of a given point, eastward treated|as positive

[SOPRCE: 1SO 19111:2007, 4.26]
3.3

geoid

equipotential surface of the Earth’s gravity 1ield which 1s everywhere perpendicular to the direction of
gravity and which best fits mean sea level either locally or globally

[SOURCE: ISO 19111:2007, 3.27]

3.33
geographic information
information concerning phenomena implicitly or explicitly associated with a location relative to the Earth

[SOURCE: ISO 19101-1:2014, 4.1.18]

3.34
geolocating
geopositioning (3.36) an object using a Physical Sensor Model (3.63)or a True Replacement Model (3.86)

© IS0 2018 - All rights reserved 5
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3.35
geolocation information
information used to determine geographic location corresponding to image (3.47) location

[SOURCE: ISO 19115-2:2009, 4.11]

3.36
geopositioning
determination of the geographic position of an object

Note 1 to entry: While there are many methods for geopositioning, this document is focused on geopositioning
from image (3&7)coordimates (3-11):

3.37
georeferencing
geopositioning (3.36) an object using a Correspondence Model (3.14)derived from a set ,of points| for
which botlf ground and image (3.47) coordinates (3.11) are known

3.38

gimbal
mechanical device consisting of two or more rings connected in such a way that each rotates fregely
around an pxis that is a diameter of the next ring toward the outermost ring of the set

Note 1 to dntry: An object mounted on a three-ring gimbal will remain~horizontally suspended on a pjane
between th¢ rings regardless as to the stability of the base.

3.39
grazing angle
(SAR) vertical angle from the local surface tangent plane to.the slant range direction (3.70)

3.40
grid
network cpmposed of two or more sets of curves in which the members of each set intersect|the
members df the other sets in an algorithmic way

Note 1 to enftry: The curves partition a space into grid cells.
[SOURCE: SO 19123:2005, 4.1.23]

3.41
grid coordinates
sequence df two or more nimbers specifying a position with respect to its location on a grid (3.40)

[SOURCE: ISO 19115-2:2009, 4.16]

3.42
ground coptrel\point
GCP

: alo ol o] ol 1ok ie:
pOll’lt on theearthrthathasatraceur atery RITOwWirgeograpcposttion

[SOURCE: ISO 19115-2:2009, 4.18]

3.43
ground range
(SAR) magnitude of the range vector (3.72) projected onto the ground

Note 1 to entry: Ground range of an image (3.47) is represented by the distance from the nadir point of the

antenna to a point in the scene. Usually measured in the horizontal plane, but can also be measured as true
distance along the ground, DEM, geoid (3.32) or ellipsoid (3.21) surface.

6 © ISO 2018 - All rights reserved
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3.44

ground reference point

GRP

3D position of a reference point on the ground for a given synthetic aperture

Note 1 to entry: It is usually the centre point of an image (3.47) (Spotlight) or an image line (Stripmap). It is
usually expressed in ECEF coordinates (3.11) in metres.

3.45
ground sampling distance
linear distance between pixel (3.64) centres on the ground

Note 1 to entry: This definition also applies for water surfaces.

3.4

gyrjoscope
devijice consisting of a spinning rotor mounted in a gimbal (3.38) so that its axisief’rotation rhaintains a
fixeld orientation

Note 1 to entry: The rotor spins on a fixed axis while the structure around if totates or tilts. In aifplanes, the
pitch and orientation of the airplane is measured against the steady spin of-the gyroscope. In spac¢, where the
fourl compass points are meaningless, the gyroscope’s axis of rotation is used as a reference point foil navigation.
An inertial navigation system includes three gimbal-mounted gyroscopes,used to measure roll, pitcl, and yaw.

3.47
imgge
gridded coverage whose attribute (3.6) values are a numerical representation of a physical pjarameter

Notg¢ 1 to entry: The physical parameters are the result<of measurement by a sensor (3.79) or a prediction from
a medel.

[SOPRCE: ISO 19115-2:2009, 4.19]

3.48
imgge coordinate reference system
coordinate reference system (3.12) based on an image datum (3.49)

[SOPRCE: ISO 19111:2007, 4.36]

3.49
imgge datum
engfineering datum (3.17) which defines the relationship of a coordinate system (3.13) to an image (3.47)

[SOPRCE: ISO 19241:2007, 4.31]

3.5
imgge distortion
devjiation'between the actual location of an image point (3.54) and the location that theoreti¢ally would

reswlifrom the geometry of the imaging process withoutanyerrors |

3.51

image formation

(SAR) process by which an image (3.47) is generated from collected phase history data in a SAR
(3.76) system

3.52

image-identifiable ground control point

ground control point (3.42) associated with a marker or other object on the ground that can be
recognized in an image (3.47)

Note 1 to entry: The ground control point may be marked in the image, or the user may be provided with an
unambiguous description of the ground control point so that it can be found in the image.

© ISO 2018 - All rights reserved 7
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3.53

image plane

plane behind an imaging lens where images (3.47) of objects within the depth of field of the lens are
in focus

3.54
image point
point on the image (3.47) that uniquely represents an object point (3.60)

3.55
imagery
representation of phenomena as images (3.47) produced by electronic and/or optical techniques

Note 1 to enftry: In this document, it is assumed that the phenomena have been sensed or detected by eneor more
devices such as radars, cameras, photometers and IR and multispectral scanners.

[SOURCE: ISO 19101-2:2018, 3.14]

3.56

impulse r¢sponse
IPR

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

3.57
incident apgle
vertical arfgle between the line from the detected element to\the sensor (3.79)and the local surface
normal (tapgent plane normal)

3.58
internal cpordinate reference system
coordinatelreference system (3.12) having a datum,(3.17) specified with reference to the object itself

3.59
metadata
informatioph about a resource

[SOURCE: ISO 19115-1:2014, 4.10]

3.60
object poipt
point in the¢ object space that’is imaged by a sensor (3.79)

Note 1 to eptry: In remote sensing (3.74) and aerial photogrammetry an object point is a point defined ip an
Earth-fixed|coordinate peference system (3.12).

3.61
passive sen'sor
sensor (3.79) that detects and collects energy from an independent source

EXAMPLE Many optical sensors collect reflected solar energy.

3.62

perspective centre

projection centre

point located in three dimensions through which all rays between object points (3.60) and image points
(3.54) appear to pass geometrically

3.63

Physical Sensor Model

PSM

sensor model (3.80) based on the physical configuration of a sensing system
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3.64
pixel
smallest element of a digital image (3.47) to which attributes (3.6) are assigned

Note 1 to entry: This term originated as a contraction of “picture element”.
Note 2 to entry: Related to the concept of a grid (3.40) cell.
[SOURCE: I1SO 19101-2:2018, 3.28]

3.65

pla
engiineering coordinate reference system (3.12) fixed to the collection platform within which positions
on the collection platform are defined

3.6¢
principal point of autocollimation
point of intersection between the image plane (3.53) and the normal from the perspective ceftre (3.62)

sengor (3.79) that collects a single cross-track (3.15) image{8.47) line at one time and construgts a larger

slant range direction
(SAR) direction of the range vector (3.72)

Note 1 to entry: For,a.SAR (3.76) sensor (3.79), it is usually measured in terms of the impulse response [3.56) of the

vecforArdm the antenna to a point in the scene

3.73
rectified grid

grid (3.40) for which there is an affine transformation between the grid coordinates (3.41) and the
coordinates (3.11) of an external coordinate reference system (3.25)

Note 1 to entry: If the coordinate reference system (3.12) is related to the Earth by a datum (3.17), the grid is a
georectified grid.

[SOURCE: ISO 19123:2005, 4.1.32]
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3.74

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

the object
[SOURCE: I
3.75

S0 19101-2:2018, 3.33]

resolution (of a sensor)

smallest di

Note 1 to ellfry: For imagery T 3.55 T, Tesolution refers to raalomefrlc, specEral, spaflal and Eemporal Tesolutio

[SOURCE: I

3.76
Synthetic
SAR
imaging ra
from each

Note 1 to enftry: The electromagnetic radiation is at microwave frequencies and is'sent in pulses.

3.77

scan modg
SAR (3.76)
relative to

fference between indications of a sensor (3.79) that can be meaningfully distinguished

SO 19101-2:2018, 3.34]

Aperture Radar

dar system that simulates the use of a long physical antenna by collecting multiple rety
farget as the actual antenna moves along the track

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

Note 1 to e

strips at angles non-parallel to the flight direction and with bétter resolution than stripmap mode (3.85).

3.78

ScanSAR mode
special casg of stripmap mode (3.85) that uses atrelectronically steerable antenna to quickly change

swath bei

3.79
sensor
element of
quantity tg

[SOURCE: 1

3.80

Sensor ma
(geopositid
space and {

try: Steering the antenna also allows dwell time to‘be increased and provides the ability to co

g imaged during collection to collect multiple parallel swaths in one pass

A measuring system thatis directly affected by a phenomenon, body, or substance carryi
be measured

SO/IEC Guide 99:2007, 3.8]

del
ning) fmathematical description of the relationship between the three-dimensional ob
he2Dplane of the associated image (3.47) produced by a sensor (3.79)

rns

bles

lect

the

g a

ject

3.81

slant plane
(SAR) plane that passes through the sensor (3.79) velocity vector and the GRP

3.82
slant rang

e

(SAR) magnitude of the range vector (3.72)

3.83

spotlight mode
(SAR) SAR (3.76) mode in which the antenna beam is steered to illuminate one area during collection

Note 1 to entry: Spotlight mode provides the ability to collect higher resolution SAR data (3.16) over relatively
smaller patches of ground surface.

10
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3.84

squint angle

(SAR) angle measured from the broadside (3.9) direction vector to the range direction (3.70) vector in
the slant plane (3.81)

3.85
stripmap mode
(SAR) SAR (3.76) mode in which the antenna beam is fixed throughout the collection of an image (3.47)

Note 1 to entry: Doppler angle (3.19) in processed products is fixed for all pixels (3.64). It provides the ability to
collect SAR data (3.16) over strips of land over a fixed swath of ground range (3.43) parallel to the direction of flight.

'?I,'l? e Replacement Model

TR

modlel using functions whose coefficients are based on a Physical Sensor Model (3:63)
3.8y

whiskbroom sensor

sengor (3.79) that sweeps a detector (3.18) forming cross-track (3.15) image (3.47) line(s) and|constructs
a lafger image from a set of adjacent lines using the along-track (3.3).motion of the sensor’s collection
plafform

4 (Symbols and abbreviated terms

ARP Aperture Reference Point

CCh Charge-Coupled Device

CCS§ Common Coordinate System

CM Correspondence Model

CCS Common Coordinate System

CRS Coordinate Reference System

DEM Digital Elevationf Model

DLT Direct lsinear Transform

ECHF Earth-Centred, Earth-Fixed

ENU East-North-Up

EO Exterior Orientation

FSP Flight Stabilization Platform

GCP Ground Control Point

GNSS Global Navigation Satellite System

GRP Ground Reference Point

GSD Ground Sample Distance

IMU Inertial Measurement Unit

INS Inertial Navigation System
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IRF Inertial Reference Frame
[PR Impulse Response

IR Infrared

MSL Mean Sea Level

NED North-East-Down

PHD Phase History Data

PSM Physical Sensor Model

RAR Real Aperture Radar

RMS Root Mean Square

RPC Rational Polynomial Coefficient
RSM Replacement Sensor Model
SAR Synthetic Aperture Radar
SCS Sensor Coordinate System
TRM True Replacement Model
VPHD Video Phase History Data
WGS 84 World Geodetic System 1984
2D Two-dimensional

3D Three-dimensional

5 Confgrmance

This document specifies four ¢onformance classes. There is one conformance class for each of|the

methods s
claiming c
class as sp
boxes for 2
conditiona

, the boxcontains a C.

pecified for providiiig geopositioning information. Any set of geopositioning informag
bnformance to-this document shall satisfy the requirements for at least one conformgnce
bcified in Tabled. The requirements for each class are shown by the presence of an X in|the
I clauses in-the application test suite (ATS) required for that class. If the requirement is

Table 1 — Conformance classes

—e

on

Subclause
Conformance classes Al |A21|A.2.2|A.31|A.3.2|A.3.3|A.3.4|A3.5| A4 | A5 | A6
Correspondence model X X X X X
i SAR X X X X
Physical sensor
model electro- X X X X
optical

True replacement model X X

GCP collection X X X C C C C C C C
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6 Notation

Clauses 7, 8, and 9 of this document present a conceptual schema, specified in the Unified Modeling
Language (UML), describing the characteristics of sensor models. ISO 19103 describes the way in which
UML is used in the SO 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 19103 specifies
the basic data types used in the UML model and the data dictionary in this document.

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

ISO 19103 requires that names of UML classes, with the exception of basic data type classes, include a
twd-letter prefix that identifies the standard and the UML package in which the class is defijed. Table 2
list$ the prefixes used in this document, the document in which each is defined and thé\pagckage each
identifies. UML classes defined in this document belong to a package named Sensor Data anjd have the
twd letter prefix SD.

Table 2 — UML class prefixes

Prefix International standard Package
Cl ISO 19115-1 Citation
Ccv ISO 19123 Coverages
DQ ISO 19157 Data-qdality
GM ISO 19107 Géogmetry
MD IS0 19115-1 Metadata
MI ISO 19115-2 Metadata for imagery
SC ISO 19111 Spatial coordinates
SD IS0 19130-1 Sensor data
™ ISO 19108 Temporal schema

7 |Image geopositioning: Overview and common elements

7.1 General

An |mage is depicted as a.2D’set of contiguous pixels. Associated with each pixel in the image is either
a sipgle response value, as in a panchromatic image; three response values in red, green, dnd blue, as
in a colour image; or.tmdany values, as in multi-and hyper-spectral images. Geopositioning ipformation
applies to the pixel, yégardless of how many response values are associated with that pixel.

Imdge geopositioning is the process of determining the Earth coordinates of an object from image
coofdinate$. Geolocation information is the information necessary for the geopositioning methods to
wortk. Features in Earth imagery can be geopositioned by different approaches. The data prqvider shall
identifyto the user which method was used.

In order to determine the 3D 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)
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 PSM. That model is used
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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 given image. This information can be in one of two forms:

a) accurate data about the position, attitude, and dynamics of the sensor during imaging; or
b) ground control information such as a set of GNSS-determined GCPs.

TRMs are produced using PSMs. The equations that describe the sensor and its relationship to the
Earth CRS[are replaced wi age

Geopositioning that applies correspondence modelling, called georeferencing, uses image, information

coordinatels, or with all three coordinates (e.g., longitude, latitude and elevation), ‘Phey all havg in
common the fact that they do not make use of the PSM and consequently cannot apply rigorous efror
propagatidgn. Thus, CMs are generally less accurate than methods based on PSMs. Neither a geomdtric
model of the sensor that took the image nor information about its position and.orientation is requifed.
This georeferencing method has been widely applied to remotely sensed ‘imagery. For instance,|the
geographid location of an image can be established using a 2D polynomialfunction based on a nunjber
of common points that relate the image to the surface of the Earth. Thesimplest way to georeference an
image is byf defining the Earth coordinates of the image corners.

This docurhent defines the geopositioning information for suppoxting the above-stated approachegq for
geopositionhing images. Clause 8 covers the PSM approach and;Clause 9 covers TRMs and CMs.

7.2 Type of geopositioning information

Geopositioning information shall be provided in one of the ways shown in Figure 1:

a) Asetdf GCPs (MI_GCPCollection) and optional quality information as specified in ISO 19115-2 and
furthef specified in 7.4. The recipient ¢anruse this information to generate his own fitting function
for usg in a CM.

—e

b) A senspr model (SD_SensorModel) “as specified in this document. An instance of SD_SensorMgdel
provides geopositioning information for the single image identified by the attribute forimaggID.
SD_SemsorModel is an aggregate of one or more instances of one, but no more than one, of the three
sensor| model types specified in this document. This allows for spatial segmentation of the injage
such that there is oneinstance of the model type for each segment. The three specified sernsor
modeljtypes are:

1) Physical Sénsor Model (SD_PhysicalSensorModel),

2) Trpe Replacement Model (SD_TrueReplacementModel), and

3) Correspomdence Modet{SPD-_CorrespondenceModet):

The classes shown in Figure 1, their attributes and their associations shall be used as specified in the
data dictionary of B.2.1.
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Spatial representation
information - Imagery::
Mi_Geolocationinformation

SD_SensorModel

~ + forlmagelD: CharacterString

1.% +physicalSensorModel S.

SD_PhysicalSensorModel

1.% +trueReplacementModel

| SD_TrueReplacementModel

*

Ay,
>
o~

SD_CorrespondenceModel
| - P +correspondenceModel

Spatial representation information - Imagery::
MI_GCPCollection

Figure 1 — SD_SensorModel

7.3| Calibration data

7.3]1 General

Senpor calibfation is a significant input to sensor modelling. There are two types of calibration data:
geometrictand radiometric. Geometric calibration data is critical for precise geopositidning from
imalgery. Radiometric calibration is needed for quantitative estimation of geophysical parajneters and
intdrpretation of the physical and geographical significance of the measurements.

7.3.2 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.

7.3.3 Radiometric calibration

Radiometric calibration refers to operations intended to remove systematic or random noise that affect
the amplitude of the image function. Radiometric calibration includes correcting the data for sensor
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irregularities and unwanted 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-uniform 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 empirical
adjustments shall be available.

The image location of pixels corresponding to failed or degraded detectors and 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 seas
terrain, sefisor operation, and sampling methods within and across data acquisitions are outside
scope of thiis document.

bns,
the

7.4 Groynd control points

7.4.1 Gelneral

CPs.
1 to
ese

As specified by ISO 19115-2, geolocation information may consist of no moge than a collection of G
In that approach, a set of GCPs and their corresponding image points’are identified and provide
the user, who can then derive the object (ground) coordinates of other image points based on t}

correspon
the user’s

be first fit,
of the addi
bilinear or

NOTE j
point from 4§

However,

ences. The method used for the derivation of these additional point coordinates is le
"hoice, depending upon the application. For example,*@3D-to-2D or 2D-to-2D function
for 3D and 2D control, respectively, and then the function used to calculate the coordin
Fional points. Alternatively, an interpolation schethe may be used such as nearest neighb
bicubic for 2D; and trilinear or triquadratic for’\3D.

or 3D-to-2D transformations, it is not possible to derive the 3D object coordinates of an additi
single image.

LCPs are also used in the developnient of sensor models and may be provided as ancil

informatiopn with any sensor model. They ‘are often used to adjust the values of parameters for P

and TRMs

7.4.2 Co

A full GCP
(Z). A hori
horizontal
points and

The use of

hnd are the basis from whichva €M is developed.

htrol point types

b

to
ay
htes
our,

bnal

ary
bM's

consists of three parameters: two horizontal coordinates, (X, Y) and one vertical coordipate

rontal GCP has.noyvertical coordinate and a vertical GCP has horizontal coordinates. A
GCPs may suffice for small scale applications with limited accuracy requirements. M
full GCPs arerequired for greater accuracy.

GCPs ta-georeference an image requires knowledge of both the object space coordinates

pointon t

l1e

grotind and the position of the image of that point in an image. There are two mechani

few
ore

of a
5ms

for specifyjigthe image position.

One method is to mark the GCP in the image or to provide the user an unambiguous description of the
GCP so that the user can find the image of the GCP 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
GCP might also be associated with an image-identifiable feature on the ground.

The second method is to provide previously determined image coordinates for each GCP. Often, the
image coordinates of these points are determined by using a PSM. This means is often used because the
organization responsible for image acquisition does not wish to reveal detailed characteristics of the
sensor to users of the imagery.

There are also two mechanisms for providing GCP information to the user. One is to provide all
information with the image; the other is to provide a pointer to a remote source of the information. The
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second method is often used when the image provider wishes to provide a functional fit model and to
restrict access to information about the GCPs.

7.4.

3 Control point schema

Figure 2 presents a UML model for GCPs. The classes shown in Figure 2, their attributes and their
associations shall be used as described in the data dictionary of B.2.2 and in ISO 19107, ISO 19115-1,

ISO
MI_

19115-2 and ISO 19123.
GCPCollection is a set of GCPs as defined in ISO 19115-2.

Thd
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class MI_GCP specifies a GCP as defined in ISO 19115-2. The attribute geographicQ
vides the ground coordinates of the GCP using the data type DirectPosition specifiedun
ectPosition has an association to the CRS to which the position is referenced.

subclass SD_LocationGCP specifies a GCP for which image coordinates have(tbéen deter
ibute gridCoordinates contains those coordinates using the data type CV_GridCoordinatg
50 19123.

subclass SD_ImageldentifiableGCP specifies a GCP that is either marked in the image o1
hat the user can find its image. The attribute description provides‘a-description of the GC
nable the user to find the image of the GCP in the image to be gegpositioned.

class SD_GCPRepository is an optional library of GCPs that'may be used as a remote sourc
1t information if such information is not provided with ‘the image. The attribute acces;

cates that access is restricted, while a value of 'false’ indicates that the data is publiclj
attribute accessInformation uses the data type. CI_Contact specified in ISO 19115-1.

ricted, this attribute provides information foria point of contact who may authorize ad
h; if access is unrestricted, the attribute idéntifies the mechanism for obtaining the GCP ¢

class SD_GriddedGCPCollection represents a collection of instances of SD_Location(
Ictured as a rectified grid. The GCPs)can be regularly spaced either in image space defi

ImageGridGCPCollection, where CV/GridCoordinates defines the location of the first GCP in

spa
oft

Ce, or in an object space defined by SD_ObjectGridGCPCollection, where DirectPosition if
he grid in object space.

oordinates
ISO 19107.

mined. The
s specified

described
P sufficient

e of control
Restricted

cates that the image provider wishes to control or restrict access to the GCP data. A value of 'true'

 available.
f access is
cess to the
ata.

CP that is
ned by SD_
the image
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MI_Geolocationinformation

—|> Spatial representation information - Imagery:: *controlPoints

MI_GCPCollection 0.1

TP [y 1.

Spatial representation information - Imagery: SD_GCPRepository

:MI_GCP + accessinformation: Cl_Contact
+ accessRestricted: Boolean

| SD_LocationGCP | SD_ImageldentifiableGCP

+ gridCoordinates: CV_GridCoordinate [1..*] + description: ChardgterString

SD_GriddedGCPCollection

+ dimension: Integer

SD_ImageGridGCPCollection SD_ObjectGridGCPCollection
origin: CV_GridCoordinate + offsets: Vector [2..3] {ordered}
spacing: Integer [2..3] {ordered} + origin: DirectPosition

Figure 2 — GCP model

8 Physical Sensor-Models
8.1 Sensor types

8.1.1 Gejneral

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, and sonar (acoustic) energy.

A sensor collects radiation and reports its intensity, usually as a function of position. Separate
components generally perform the functions that are part of the process. A pointing system determines
the direction from which radiation comes. An optical or antenna system collects the radiation incident
on the instrument and directs it to the detector. A detector measures the intensity of the incident
radiation. Each type of sensor has its own components to perform these functions. Parameters
describing components such as the imaging focal plane and SCSs, the positions of these two coordinate
systems, and the angles and offset between them are used in geolocating. Precise geolocation requires
information about the quality (ISO 19157) of the parameters.
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Sensor systems and their components are described in 8.1.2 through 8.1.5. Positions of and in a sensor
system shall be expressed in a coordinate system as defined in Annex C. Geolocation using each of the

Sen

8.1.

sor types is described in greater detail in an informative annex for that type.

2 Frame sensor

A frame sensor is one that acquires all of the data for an image (frame) at a single instant of time.
Typically, a sensor of this class has a fixed exposure and consists of a 2D detector array, e.g. a CCD array.
While “sensor” refers to digital collectors, “camera” is typically used to denote film-based collectors.
Although the descriptions in this document are of electro-optical (visible/near IR) frame sensors, the

def

Afi
of t
the
dat
fidy
con
the

framne sensor has sensor elements that have individual known position®’in the area sensor C

Fra
pos
ind
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m camera is called a frame camera if it has a frame with fiducial marks that allow the det
he position of the film in the sensor CRS. During the exposure, the fiducial marks are
film border. For the purposes of this document, a frame camera is treated as'a sourc
h. An image recorded on film needs to be scanned if a digital image is desired. The im
cial marks allow for the 3D algorithmic reconstruction of the perspective centre. This |
plete reconstruction of the bundle of the rays to all object points. Afterthe film has bed
position of every pixel of the image is known or can be determined i the area sensor CR

me sensors with several heads are in use. Joining the partial images is a matter of the]
L-processing software of the sensor system. This document always refers to the comp
bpendent of whether it is joined partial images or taken at'one shot such as a film image.

tes image points to object points. This model represénts all light rays from the object, e.g.
he Earth, to the image as running through one single point that is called the perspectiy
\llow reconstruction of every ray accordingste its point measurement on the image plz
tion of the perspective centre L in relation to the image plane shall be provided. This re
stablished through a 3D image CRS in.Wwhich both the image point and the perspective
xpressed. In the case of a frame camera, the relation of the image CRS to the image is def
brated positions of the fiducial midrks. The 3D position of the perspective centre is defi
Fdinates of the principal point ofautocollimation (PPA), xo and y¢ and by the calibrated f
-value). The origin of the X, y)\z coordinate system in Figure 3 is shifted from the Indicate
it, IPP (or fiducial centre)to,the PPA (see Figure C.12).
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v

Key
1  sensor perspective centre
2 calibrated focal length, f;
3 positivg¢ image plane

Figure 3 — Framie sensor image and perspective centre

Frame sensors are discussed in‘more detail in Annex D.

8.1.3 Pushbroom sensor

A pushbropm sensor.isa digital collector with a collection array made up of a line of detectors at|the
focal plang to scanvever a two dimensional scene. For the pushbroom sensor model, the along tfack
displacemdnt of\all recorded pixels of a scan line is set to zero. For the across track pixel coordindtes,
a constant(spacing of successive pixels is assumed. A typical pushbroom sensor contains one or njore

i £ daot 4+ Tl 3 1 | P H | s s N P H e S PYY Y 4
hnear arr yo U GCTCCTOT S ric—artay 15 ot oap- perpeTrarcarar co— orc— aIT CCTroTT UT PTactroOT T Hotion,

allowing the sensor to simultaneously collect and record data for a complete line of samples. In Figure 4,
f1s the calibrated focal length, hg height above surface, s the swath width, s’ the length of the detector
array, {2 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 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 GSD along track, where v is
the along-track platform velocity and At is the dwell time.

To obtain geolocation using a PSM 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 PSM, this
information shall be provided to them. Pushbroom sensors are described in more detail in Annex E.
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Figure 4 — Opticallayout of a pushbroom array

4 Whiskbroom sensor

skbroom sensors-are described in more detail in Annex E.

rhiskbroom scanning senser‘has one or more detectors scanning perpendicular to th
ring direction, allowing the sensor to simultaneously take one or more scan lines of d
an, as shown in Figure\5. In Figure 5, hg is height above ground, s the swath width, ()

of view, IFOV the instantaneous field of View, a’ and b’ the dimensions of the sensor de
he GSD across track, bg = vAt the GSD along track, v the platform velocity and At the

e platform
ata during
the swath
fector size,
{well time.
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Figure 5 — Optical layout of a whiskbroom.scanning sensor

8.1.5 Synthetic Aperture Radar (SAR)

Remote semsing systems using radar (radio detection aird ranging) send radio signals towards an objject
and measie the intensity and phase of the reflected wave. The time and the phase difference betwjeen
the sending of the signal and its return provide the distance to the object. With the measuremer]t of
the time it{takes for a signal transmitted by-ad 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 bg¢ing
combined yvith the position and attitude.of'the sensor, the position of a target object can be derived. [The
intensity of the reflectance allows different types of surfaces to be distinguished.

Synthetic Aperture Radar (SAR)}isa kind of radar that uses a series of radar pulses transmitted and
received oyer time from a mowing platform to create an image. SAR differs from other kinds of radars,
known as Real Aperture Radars (RAR)s, by creating a large virtual antenna, known as the synthfetic
aperture, that allows tight focusing of the virtual beam in the along-track direction.

In SAR, th¢ size of the antenna is synthetically enlarged by treating a series of returns from a much
smaller physical @nténna that is moving relative to the target as one long antenna (aperture). [The
distance the platform moves in synthesizing the antenna is known as the synthetic aperture| By
synthesizinga large array, SAR can en]oy the beneflts of lmproved angular resolutlon that come w1th
large phystes 5 : - v - act,
much larger synthetic apertures can be formed than would be possible usmg a real physmal antenna
This method improves the geometric resolution of the system considerably. 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
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pushbroom sensors, 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. 8.6.5 describes content that shall be provided in order to geolocate SAR images.

n of a SAR
the return
erated by a small point reflector, which equates to the smallest distance between two paing reflectors
can be distinguished as two objects shown in Figure F.1[13]. SAR images are very often-oyersampled
in order to retain as much information as possible. The Nyquist-Shannon Sampling Théerem|states that
exaft reconstruction of a continuous-time baseband signal from its samples is possible if the signal is
band limited and the sampling frequency is greater than twice the signal bandwidth.

[SO/TS 19101:2008, 7.1.4.1 has discussed the resolution of imagery. The spatial resolutio
system i . ) ok :

gen
tha

Thg minimum sampling rate is sometimes referred to as the Nyquist Rate~or the Nyquist|Frequency.
5 theorem also applies to spatial signals, such as images, and the practical application of this to
ing is that in order to retain all of the information acquired by-a Sensor (e.g. radar pr optical),

ice. Other

whilch translates to GSDs of 1/2 the IPR width to the IPR width, respectively. From the stdndpoint of
SAR photogrammetry, the GSD of the pixels is more important than the IPR; although understanding
the[range and azimuth resolution equations is fundamental to the photogrammetric process.

The spatial resolution in the range direction (i.e. radially away from the antenna) is depende
abiliity to measure the pulse arrival times. These times can be measured with high accuracy
radpr systems. When a radar system is used to\image the ground, the term slant range resolu
to refer to the resolution in the range direction. Ground range resolution, rgg, refers to the
of the radar information projected onto.the ground surface, which varies with the grazing
angle between the ground surface and\the direction of travel of the radar energy [Formula ([F.2)]. Thus,
the[ground range resolution is always coarser than the slant range resolution, and the gr¢ound range
lution is poorer (i.e. decreasing resolvability) at nearer ranges when the platform is 4t constant
ight (Figure FE.3). This situation is the opposite of the range-to-resolution relationship [for optical
ems. As the ground range nears zero (i.e. the sensor is pointed nearly straight down)} the cos(y)
in Formula (F.2) goeés to zero and the range resolution approaches infinity. This explains why
r imaging systems<annot image directly along the ground track of the aircraft, and why they have
ar-range limit-fop practical utility. This is often set to around a 60° grazing angle, atf which the
nd range resplution is twice the slant range resolution.

ht upon the
in modern
Fion is used
resolution
hngle - the

systenis )change the position or pointing of the antenna in order to measure signal|returns in

rent_directions. Their resolution in the direction of rotation or translation, known
lution, ra, is dependent upon the width of the beam at the target [Formula (F.3)]. Since t
lution is inversely proportional to antenna size and proportional to range to the target,

hs azimuth
he azimuth
long range

imaging at even moderate resolution may require an antenna size that exceeds what can be practically
built and carried on an aircraft. The invention of SAR resolved this problem by using motion of the
radar to synthesize a very large 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 [Formula (F.4)]. Chirped
pulses are used by many types of radars, not just SARs.
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8.2 Physical Sensor Model approach

8.2.1 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 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 3D ground coordinates, either
geographic (A, ¢, h) or Cartesian (X,Y,Z).

8.2.2 Phlysical Sensor Model parameters

The mathsg d in

image acqu

a)

matical functions describing the PSM contain the most important parameters, involve
isition, both

intern fion
coeffig

il sensor characteristics (such as focal length, principal point offset, pixel'size and distor
ients), and

extern|
space,
usuall

b) al parameters dependent upon the collection platform (such as senSor location in the ob
sensor orientation and collection platform velocity). Whereas-the interior parameters

 independent of time, exterior parameters may or may not bé.

ject
are

For imagi
they are i
the eleme

by a passive frame sensor, all pixels in a single frame have one set of EO parameters s
ged at the same time. On the other hand, all other sensors involve scanning and there

nce
fa
s of EO are time-dependent functions.

fore

8.2.3 Infterior sensor parameters

These para
electro-opf
the sensing
form) or a
frame (are
(or one or

meters pertain exclusively to the sensor-and the mode in which it operates. For all pas
ical sensors, a lens is used to collect and focus the energy emanating from the object d
b medium. This medium may be film(which is later scanned to convert the image to dig
bensing element such as a CCD. Eilntrand rectangular arrays of sensing elements are used
h recording) imagery. Linear arrays are used for pushbroom imaging, while a single ele

a few arrays each with veryfew elements) is used to sweep across-track in whiskb;I

Kive

nto
ital
for
ent
om

imaging. I

a)
b)

terior orientation parameéters are listed below:

The callibrated focal length ©fjthe lens.

are
mnes

Lens distortion characteristics. They are in the form of coefficients of polynomials that
specifically derivedto.fit the distortion curves, both for radial as well as decentring (also someti
called fangential erfasymmetric) distortion.

Size arjd shape-of a single detector in the array.

Geomdtric ‘distortion of the image record. This represents film deformation for cameras
array b isital imagery—t b distortiomisrenresented b coptficier
a transformation, determined by calibration, using reference points (such as fiducial marks in a
frame camera). The most common transformation is the six-parameter affine transformation,
which accounts for two translations, two scales, one rotation and a skew.

e)

The location x, yo, of the intersection of the optical axis and the image plane, which is usually called
the principal point offset.

Items 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
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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.

8.2.4 Exterior sensor/platform parameters

EO 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 CRS 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
reS lCLt tU thc Cotab};ohcd 51 Uulld CUVUIL d;uatc o_yotcul LUllDt;tutCO EO- Thc lJUDit;Ull ;D dCt rmined by

thre¢e coordinates and orientation by three independent parameters, usually a sequence ofthree angles.

The position of the origin of the SCS shall be described in the simplest case by a set-of object space
coofrdinates; the external CRS may be a global geocentric or geodetic CRS or ah engingering CRS
refdrenced to a point on the surface of the Earth.

Mofe often, the position of the origin of the SCS is specified in relation to a céordinate system defined
for the platform upon which the sensor is mounted. In this case, the position of the origin| of the SCS
shall be described by an offset vector from the origin of the platform &RS. The position of the origin of
the [platform CRS shall be specified in relation to the object space CRS.

Forfa gimbal mounted sensor, a local CRS shall be defined for each stage of the gimbal, with the origin of
the|CRS for the first stage being located at the point where ifis‘mounted to the platform and the origin
for the CRS of each subsequent stage being at its centre of retation. In this case, the origin of tlie SCS shall
be described by a sequence of offset vectors from the origin of the platform CRS to the origin pf the SCS.

Attitude describes the orientation of the internal cordinate system of a body such as a sengor relative
to gn external CRS. This description may consist*of a sequence of angles, each of which glescribes a
rotation of the internal coordinate system arouird one axis of the external CRS. Generally, w [roll) is the
angle of rotation around the x axis, ¢ (pitch) the rotation around the y axis, and x (yaw) the rotation
aropind the z axis. A rotation is positive if it‘appears clockwise when looking in the positive direction of
thejaxis around which the rotation takés'place. The order of rotation shall be specified since|the results
of a|sequence of rotations are not commutative.

Altgrnatively, attitude may be-described by a 3x3 rotation matrix built up by the multiplication of three
mafrices that consecutivelyrotate the internal coordinate system around each axis of the exfernal CRS.

As in the case of positien, the attitude of a sensor may be described relative to the object sppce CRS, to
theplatform CRS, or-te the CRS of the final stage of a gimbal mounting.

In ghotogrammétric applications, the EO information of the sensor at exposure time, either directly
the sensoroer derived from the platform, is critical since it provides the parameters inclpded in the
colljnearity~equation.

For|pushbroom and whiskbroom sensors, which acquire imagery by scanning the object (t¢rrain), the
EO parameters are time-dependent. Each EO element or parameter is determined for a ddqtector at a
specific instance of time. This is usually accomplished by a polynomial, fitting to non-time congruent
platform EO data but could also be accomplished through interpolating such tabulated data.

The data set may provide the attitude and position information directly or it may contain other
information from which attitude and position can be calculated. Two examples are shown.

EXAMPLE 1 Figure 6 shows a geolocation table that contains Date, Time and three columns each for Attitude
(w, ¢, k) and Position (X,Y,Z) for deriving geolocation information for scans.
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Figure 7 — Geolocationarray containing attitude and position planes
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al arrangement aboard.the platform is very important in the proper construction of

cal model for the sensor. The sensor may be separated from the GNSS antenna (which

psition) and from‘the inertial navigation system (INS) (which provides orientation ang
the offset vectors’/from the origin of the platform CRS to the sensor, the GNSS, and the

es).
INS

are critica are

measured

to determining the EO of the sensor unless the position and orientation of the sensor
lirectly.

8.2.5 Grpund:to-image function
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The grour that
mathematically expresses the sensor model. The other form is the reverse image-to-ground function
that is discussed in 8.2.6. 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 9.2. 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, X . 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 PSM, these are the interior and EO parameters discussed in 8.2.1 to 8.2.4, and their covariance
information. A different set of parameters is used in the TRMs discussed in 9.2.
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Figure 8 — Ground-to-image function
For|a frame image, the ground-to-image function is expressed by two collinearityleguation
caliprated cameras, they are:
, U
X'=—f—
w
y=fo
w
in which
U X-X;
V |=M|Y-Y,
w Z-7;
whgre
x,y' are image point coordinatescwhich have been corrected for all systematic err
cluding shift to the principal point (x,,y,), as the origin;
Xo, Yo, f  are the elements of iiterior orientation of the calibrated camera; x4,y are the
nates of the pringipal point, and fis the calibrated focal length;
Xy, Y1, Z, are three positional elements of EO in the object (ground) CRS;
M is the orthogonal matrix representing the sensor orientation, constructed in
the other three elements of EO. These elements are usually a set of sequentia
w,,K; called roll, pitch, and yaw;
XY Z are ground coordinates of the object point in the object (ground) CRS whose
given by the coordinates x, y.

If

s. For fully

)

(2)

ors, in-

coordi-

terms of

rotations,

mage is

ktended to

calibrated or partially calibrated sensors are used, the collinearity equations are e
acctmmodate self-calibration. A pair of equations that include a set of self-calibration paj
given as follows:

Replace

’

x,y'by: X'=Xx+Ax y'=y-Ay

in which:

X=X-Xg y=y-y,and r? :)72+)72 in the following:
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Ax=%Af+)?(k1r2 +hor* +kar®)+py (282 +12)+ po(2%9)+ b1 X + b,y

Ay:%ﬁf+)_’(k1r2+k2’”4+k3’”6)+l’1(2@)+l’2(2)72+"2)

where ther

e are 10 added self-calibration parameters

(3)

X0, Yo, Af is the interior orientation (Afis a correction to the focal length f, which will also accom-

modate a uniform scale change);

k1, k2,
P1, P2
b1, bz
8.2.6
For some s
Such is th
transformd
X = XL
Y = YL 1
in which
u
v |=1]
w
In order tg

required. T

point coordlinates. Once the third dimension is lost in the imaging process, it cannot be recovered f

a single im

For time-dg
cannot be
instead def

Image-to-ground function

ATe the radiat fens distortion coetficients:
are the decentring lens distortion coefficients;

are parameters which collectively accommodate a differential scale in one axis com-
pared to the other, and a skew between the two axes.

his is because one cannotTecover all three coordinates of an object point from its two im

hge. It can, however, be)calculated if two or more images of the same object point are use

bpendent imagingsystems, such as pushbroom and whiskbroom, the ground-to-image func

ived numerically from the ground-to-image function by an iterative procedure, or as

ensor/sensing systems, the ground-to-image function is mathematieally invertible uniqyely.
e case for calibrated frame imagery, resulting directly in the\following image-to-ground
ition.
+(2-2,)=
w
) (4)
FH(Z—-Z;)—
(2-2,)"
XI
T ’
1|y (5)
-f
determine (X, Y) of an objéct point from Formula (4), its third dimension Z (elevation) is

age
fom
.

fion

directly inverted algebraically as it is for frame imagery. The image-to-ground function is

(6)

X-X|(t) X
A CAS O
Z—ZL(L)J 7]
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where

XY Z

XL (t)' YL (t)' ZL (t)

are object point coordinates;

continuous functions of time, t;

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

R(0)
image line for a pushbroom image) coordinate system parallel to the o

Thi

imalge line, thus making this a direct, rather than iterative, approach.
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pad to quality geopesitioning. Photogrammetric techniques exist that allow refineme

dinate system. R is a continuous function of time;

are framelet coordinates of the image point, in the image CRS, corresp
XY, Z

Xz
image-to-ground form of the collinearity is chosen because time is usually determi

n be determined if two or more images from different viewing anglés are used.

are coordinates of the perspective centre in the object (ground) CRS. They are

is a 3-by-3 rotation matrix which brings a framelet (which is usually a single

bject coor-

bnding to

hed by the

h the ground-to-image and image-to-ground functions form the basis of the PSM,

resses. These two functions, together with error propagation and adjustability, which

7 Error propagation

t, if not all, variables involved in sensor models, whether known a priori or estimated, 3
ctochastic) variables. This means that varialices and covariances are associated with th
en a sensor model is applied, a set of unknown quantities is calculated from known ¥
ration of determining the covariances oftthe calculated quantities from the covariances of
it values is called error propagatien.;Rigorous error propagation associated with geopo
mportant as the determination df the Earth coordinates themselves.

8 Adjustable model parameters
uently the values of thesensor parameters available in the metadata are not sufficient

1l of those parameters. The parameters selected for this refinement are called adjust
hmeters.

Quality associated with Physical Sensor Models

lity\information for PSMs shall be provided using the appropriate quality measures s

ISO

3

abillity to refine or upgrade the sensor parameters, make up the four basic elements of a PSM.

ich allows

rous exploitation of imagery for precise geopositioning based on well established photogrammetric

rovide the

re random
b variables.
ralues. The
the known
Sitioning is

y accurate
ht of some
hble model

pecified in

19157:2013. The quality parameters associated with PSMs fall into two categories: intg

rior, which

pertain predominantly to the sensor design, and exterior, which reflect more the properties of the
collection platform trajectory than those of the sensor. Variances and covariances should be provided
for the interior parameters since any or all of them may be carried as adjustable parameters. The
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primary source of error in object expositions comes from the exterior parameters. The covariance
matrix of the EO elements is:

(7)

2
2
2
2
Op Owp Ouwx
symmetric 63, (o
or

where

YEo is the covariance matrix of the EO elements;

o2 are variances;

jj are covariances;

X1, Y1,V is the position of the perspective centre;

W, P, K are the angles that describe the attitude of the sensan
The diagomal elements of the square symmetric non-singularmatrix, ) go are the variances of|the
position (Xf, Y1, Z1) and orientation (w, ¢, k) of the sensor. The®ff-diagonal elements are the covariances

among thesix orientation elements. Covariance matrices, as.described by Formula (7), shall be provided

with all impges from passive sensors for which geolocatign information is provided as a PSM.

Covariancgs will always exist if the image has been.processed through either single image resectioh or
as part of multi-image triangulation. For an unprocessed image, Y'rp may simply be a diagonal majtrix

containing|
image, Y gd
ZEOT will

20 T
where

2 ko,

YE0i

2poi Xgoj

| <T
2 Foij 2k0j

YE0j

is the'covariance matrix for image i;

iSithe covariance matrix for image j;

is the total€ovariance matrix for two images;

variances, with all off-diagonal eléments being zero. On the other hand, for a procegsed
will be a full matrix. In fact, for,two processed images, i, j, their total covariance matrix,
be a 12-by-12 symmetric non-singular matrix of the form:

(8)

YE0ij

T
2 Foij

is the covariance matrix between the two images;

is the transpose of the covariance matrix between the two images.

For a pair of correlated images, the matrix in Formula (8) shall be provided in order to calculate quality
measures associated with PSMs.
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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 8.4 specifies the content of that information about the sensor needed to georeference the data.

8.4.1 provides an overview of the schema for PSM metadata. The information needed to determine the
location of the platform on which the sensor is located and the position and motion of the sensor is

spe
sys

The
for

tor
deg|

Many satellite systems use scanning sensors. Location might be determiined through tin

sate
can
pos
eac

8.4

Figuire 9 illustrates the top of the schema for PSMs. SD_PlatformParameters and its subordina

are
to S
ass

content specified in this clause provides components that can be used to construct’'sen
many of the different systems used for remote sensing, such as those described\in 8.1. |
hdiation measurements at many wavelengths and to sound waves. It can apply.to sensor{
rees of complexity. Separate content for radar systems may apply to echeing systems

llite orbit. The classes for optics are used to describe the optical Systems and the sc
era photogrammetry is generally from airborne platforms, and-it uses the optical s
Kibly the distortion classes. Radar is an echo system used from:airborne or satellite pla
h kind of sensor, a model can be constructed using the UML models in this clause.

2 Overview of the Physical Sensor Model schema

specified in 8.5, as is SD_PositionAndOrientatioh;the sensor specific elements of and s
D_SensorParameters are specified in 8.6. The classes shown in Figure 9, their attribute
ciations shall be used as specified in the data dictionary of B.2.3.1.
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4
N 4
N . 4
N 1 +sensorinformation ’
~ 4

A
X, ( SD_SensorParameters ] P
< ’

SD_PhysicalSensorModel 1

regionOfValidity: CV_GxidPoint [3..*] {ordered}
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KOr'S.
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L can apply
of varying
in general.
he and the
hins. Frame
ystem and
forms. For

e elements
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s and their

0.1

+controlPoints

0..1

+controlPointRepository

+controlPoints

Mi_Geolocationinformation
Spatial representation information - Imagery::

SD_GCPRepository

I

Figure 9 — Overall view of Physical Sensor Model parameters
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8.5 Location and orientation

8.5.1 Overview

The location information specified in 8.5 may be used to describe spatial relationships among the
components of a sensor, between sensor and platform, between a sensor and the Earth, and between a
platform and the Earth. The relative spatial positions and attitudes of the two objects involved shall be
described in terms of two different CRSs (Annex C). Each of the two objects has its own CRS. That of the
object to be located is the internal CRS, and that of the object on which it is located is called the external
CRS. In the process of location, the axes of the internal CRS are defined in terms of the external CRS.
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ies of transformations, from the ground to the platform, from the platform to the-sensor

ng of the sensor.

form is airborne, land based or waterborne, its location is determined”by the platfoy
ght/tracking/cruising control system or from the GNSS. In spaceborne applications,
often derived from the platform orbit. For this reason, the satellite ephemeris data a
the location model.

cations determine platform position by interpolating between known positions along
s document also specifies velocity and acceleration attributes.

sition
n vector in 3D space defines the position of a remote sensing platform or a sensorata g

measured relative to a CRS such as a Cartesian system or the geographic system (latit
hititude).

fformation shall be provided as showf.in the UML diagram Figure 10. The classes show
their attributes and their associatiens shall be used as specified in the data dictionar

orm is airborne, land based; or waterborne, its position is determined by the platfoy

D_EarthMeasuredLoeation

'ribed using thie'Keplerian elements (C.2.2.5 to C.2.2.7).

raft’s orbitdl tracking data are received by ground stations and are used to determine
nstantaneous position and velocity.
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«DataType»
SD_Position

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

constraints
{self.navigationalConfidence.nameOfMeasure = 'covarianceMatrix'}

A

«DataType»
SD_EarthMeasuredLocation

l+ position: DirectPosition ’

«DataType»
SD_OrbitMeasuredLocation

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

eccentricity: Real

epoch: DateTime

inclination: Angle

meanAnomaly: Angle [0..1]
meanMotion: Real
perigeePassageTime: Dat€lime [0..1]
period: TM_Duration [041]
referenceCRS: SCAERS

revNumber: Integer[0..1]
rightAscensionAscendingNode: Angle
semiMajorAXis: Length [0..1]

+ 4+ F o+ o+ + A+ o+ o+ o+ o+

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

Figure 10 — SD_Position

8.5.3 Attitude

Attitude (Figure 11) describes the orientation of one CRS 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 8.2.4 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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«DataType»
SD_Attitude

«DataType»
SD_MatrixAttitude

+ matrixElements: Real [9] {ordered}

«DataType» «CodelList»
SD_AngleAttitude SD_RotationSequence
+ rotatedAxes: Boolean + XYZ
+ rotationAngleX: Angle +  XZY
+ rotationAngleY: Angle + YX¥&
+ rotationAngleZ: Angle + X
+ rotationSequence: SD_RotationSequence +  ZXY
) £ ZYX

Figure 11 — SD_Attitude

8.5.4 Dynamics

The class S
of position|
associatior

s shall be used as specified.inthe data dictionary of B.2.3.4.

D_Dynamics (Figure 12) provides'aset of elements for describing the rates at which elemgnts
and attitude change over time."Fhe classes shown in Figure 12,

their attributes and their
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SD_Dynamics

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

attitude: SD_Attitude [0..1]

dateTime: DateTime

velocity: Velocity [0..1]

+ o+ o+ o+ o+ 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

5 Position and orientation of a sensor relative to the platform

class SD_PositionAndOrientation (Figure' 13) provides a mechanism for specifying t
tions and orientations of the componénts of the platform/sensor system. In the simple
tion and orientation of the sensor@re described directly with respect to an earth-fixq
bngineering CRS; in this case,(the associations terminating in the role names ‘pla
untingObject’ shall both be empty. The other simple case is that in which the sensor 1}
ctly on the platform. Its_pesition and orientation are described in terms of the pla
his case, the multiplicity.of the role name ‘platform’ shall be one, while that of the
untingObject’ shall be.zero.

vever, sensors aré.oeften mounted on a series of one or more gimbals or other moval
e than one insfance of SD_PositionAndOrientation will be needed to describe this
ting from the-sensor, there shall be an instance of SD_PositionAndOrientation for ead
series, ending with the object that is attached directly to the platform. For every instz:
tionAndOrientation except the last, the multiplicity of ‘mountingObject’ shall be one
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brse ‘shall be true: the mult1p11c1ty for platform shall be one and that of mountmgOb]e
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8.6 Sensor parameters
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SD_PositionAndOrientation

+ CRS:SC_CRS

+ dynamics: SD_Dynamics

+ offset: Vector [0..1] +mountingObject
+ position: SD_Position [0..1] 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

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

+ + + +

+platformldentification 1

Acquisition information - Imagery::MI_Platform

citation: Cl_Citation [0..*]
description: CharacterString
identifier: MD_Identifier

sponsor: Cl_ResponsibleParty [0..*]

+ + + +

Figure 13 — SD-PositionAndOrientation

| SensorParameters

D_SensorParamgters represents information about the sensor itself, including its posi

its attributes, it aggregates another four classes that describe specific aspects of the sen
b shownnin/Figure 14, their attributes and their associations shall be used as specified in
hary ofB.2.3.6 and B.2.5.2.

ation relative_to the platform (offsetAndOrientation) and its internal characteristicy.

[ion
In
Sor.
the
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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

. T 1
*identification +systemAndOperation 1

SD_Sensor ]

| SD_SensorSystemAndOperation ]

+ calibration: SD_Calibration [0..1]
+ mode: CharacterString [0..1]

+ operationalBand: MI_Band [0..*] +gsdProperties D..1
¢ «DataType»
SD_GSD
Acquisition information - Imagery:: A )azimuthlPR: SD_AzimuthMeasure [0..1
MLInstrument + columnSpacing: Distance
+ citation: CI_Citation [0.."] : ?::iﬁfli?MDPs_t:s(f;rTgc?]System
+ description: CharacterString [0..1] N fg S :f 'SD“S faceCod
+ identifier: MD_lIdentifier referencesurtace. SL_suriacel.ode
+ type: CharacterString ‘+ rowSpacing: Distance
Fdetector 0.1 «Union»

SD_AzimuthMeasure

l SD_DetectorArray J

+ azimuth: Angle
+ distance: Distance

«DataType»
SD_Calibration
+ galibrationAgency: Cl_ResponsibleParty «CodeList»
+¢ ) calibrationDate: Date SD_SurfaceCode
+ ground
+ inflatedEllipsoid
+ ortho
+ slant

Figure 14 — SD_SensorParameters

8.6.2 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 2D. The
attribute arrayOrigin specifies the position relative to the internal CRS 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
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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 specifies the magnitude of each dimension of a detector; its values are also
ordered such that each corresponds to the appropriate dimension in the sequence of arrayDimensions.
The attribute detectorShape 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 B.2.3.7 and B.2.5.1.

[ SD_SensorParameters

+detector 0..1

SD_DetectorArray

+ arrayDimensions: SD_ArrayDimension [1..2] {ordered}

+ arrayOrigin: DirectPosition

+ detectorShape: SD_ShapeCode

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

+ distortion: SD_Distortion [0..1]

+ numberOfDimensions: Integer

+ offsetVectors: Vector [1..2] {ordered}

«DataType» «CodelList»
SD_ArrayDimension SD_ShapeCode

+ name: CharacterString + circular

+ size: Integer + elliptical
+ rectangular
+ square

Figure 15 — SD_DetectorArray

8.6.3 Sensor system and operation

The SD_Sd¢nsorSystemAndOperation class (Figure 16) describes the properties and operatignal
mechanics|of the sensofsystem. Two subclasses are defined based on the wavelength on which|the
sensor wotks: SD_Optics and SD_Microwave. The classes shown in Figure 16, their attributes and their
associatior}s shalkbe“used as specified in the data dictionary of B.2.3.8 and B. 2.5.3.
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[ SD_SensorParameters

SD_SensorSystemAndOperation

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

JA

+systemAndOperation ~ 1

SD_Optics SD_Microwave

SD_SAROperation

+opticsOperation 1

l SD_OpticsOperation +, orpPosition: DirectPosition

+\ orientation: SD_SAROrientatignCode

+opticalSystem 1 «Coc.:leLisj?
SD_SAROrientationCode
SD_OpticalSystem + left
calibratedFocalLength: Length +_right
covPrincPtAutocoll: DQ_PositionalAccuracy [0..1]
princPointAutocoll: DirectPosition
qualityOfFocalLength: DQ_QuantitajiveAttributeAccuracy [0..1]
constraints 1 +opticalDistortion
self.qualityofFocallength.nameOfMeasure = 'variance'}
{self.covPincPtAutocoll.name®fMeasure = 'covariance'} SD_Distortfon

Figure 16 — SD_SensorSystemAndOperation

8.6{4 SD-OpticsOperation

Infqrimation on the optlcal propertles and operatlon of the optical system shall be prov1ded ds shown in
the U}\V{L lllUdC} Ul l IS Ul U LI I hc \,}aaaca DhUVV I 11T Fl Ul o 17, Lhcll aLLl lbuLCD aud Lhcll doouUtll tlons Shal]

be used as specified in the data dictionary of B.2.3.9.
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SD_SensorSystemAndQOperation
SD_Optics

+opticsOperation SD_OpticsOperation

y + instFieldOfView: Angle
| + swathFieldOfView: Angle
A
SD_WhiskbroomOperation
+ |pixelScanDuration: TM_IntervalLength
+ |scanAngleFunction: SD_ScanAngleFunction
+ |scanDuration: TM_IntervalLength
«Union» SD_PuishbroomOperation
SD_ScanAngleFunction
- - + forwardl@okingAngle: Angle [0..1]
*+ |angleEquation: CharacterString + groundSamplingTime: TM_IntervalLength
+ angleTable: SD_ScanAngleTlme + SideLOOkingAngle: Angle [01]
+ [rate: AngularVelocity
«DataType»
SD_ScanAngleTime
+ |angle: Angle [1..*] {ordered}
+ [time: TM_IntervalLength([1;~*] {ordered}
Figure 17 — SD_OpticsOperation
8.6.5 Distortion<orrection
The class PD_Distortion provides information on different types of distortion in either the opt
system (8.R(5) or the detector array (8.6.2). This information shall be provided as shown in the U

ical
ML

d OWI gu pute U O O pe U
ata dictionary of B.2.3.10.

model of FiguTe
as specified in the d

40
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SD_SensorSystemAndQOperation
SD_Optics

+opticalDistortion 1

SD_Distortion

+ princPointOfSymmetry: DirectPosition
+ qualityOfPrincPointOfSymmetry: DQ_Quantitative Atiribute Accuracy

constraints
{self.qualityOfPrincPointOfSymmetry.nameOfMeasure = 'covariance matrix'}

SD_DistortionTable
+ columns: Integer
+ distortionValues: Real {ordered}
+ rows: Integer
+ xOffset: Integer
+ xSpacing: Integer
+ yOffset: Integer
+ ySpacing: Integer

SD_DistortionPolynomial

+ polynomialRegentering: SD_Polynomial [0..1]
+ polynomialRadial: SD_Polynomial [0..1]
+ qualityOfPolynomialDecentering: DQ_PositionalAccuracy [0..1]
+

gualityOfPolynomialRadial: DQ_PositionalAccuracy [0..1]

constraints
{self.qualityOfPolynomialRadial.nameOfMeasure = 'covariance matrix'}
{self.qualityOfPolynomialDecentering.nameOfMeasure = 'covariance matrix'}

Figure 18 — SD_Distortion

8.6.6 Microwave sensors
This document defines one kind of microwave sensor -SAR. The SAR-specific information is defined in

classes SD_GSD in Figure 14 and SD_SAROperation in Figure 16. 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.
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9 True Replacement Models and Correspondence Models

9.1 Functional fitting

A functional fit between image and geographic coordinates may be used to geoposition the image. This
function may be based on a PSM, as in the case of a TRM, or it may be a simple CM based upon GCPs.
The function may be a single polynomial applying to the entire image or may be a set of polynomials,
each applying to a separate partition. The fit may also be derived by interpolating between points in a
grid where both the grid and geographic coordinates are known. A function produced by interpolation
cannot be expressed in a simple analytic form over the entire image; its first derivative is discontinuous

at grid cel[ boundaries. The mformation for functional fitting shall be as shown 1n the UML mgdel
of Figure 19. The classes shown in Figure 19, their attributes and their associations shall be useg as

specified i the data dictionary in B.2.4.1 and as described in 9.2, 9.3, and 9.5.

SD_FittingFunction

SD_RationalPolynomial

42

+numerator. 1
SD_Polynomial 1
+ resultDimension: MD_DimengsishNameTypeCode +denominator
+coefficient 1.7
SD_PolynomialCoefficient ]
+ value: Real J
S SD_Variable
tvariable [ + dimension: MD_DimensionNameTypeCode
+ power: Integer
+ scaleFactor: Real [0..1]
U..m 1+ translationValue: Real [0..1]

Figure 19 — SD_FittingFunction
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True Replacement Model approach

1 General

Rigorous PSMs (PSMs) are required for obtaining reliable, accurate, and consistent 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 e
software,

xploitation

b)
‘)

d)

Bec
dev|
tha
Suc
PSN

An

larg
the
orn
den
acc
is W
der
imp

the software may require long computation time,

it may be necessary to develop new software every time there is either a sensor mo
upgrade or a new sensor, thus incurring additional software cost. Furthermorejyevery ti
a change, it impacts many user systems,

configuration management problems may occur due to having different implementa
same complex model by different software developers, and

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

puse of these disadvantages of directly using PSMs in exploitation tools, an approacl

have a standard form, have the same characteristics,and perform very nearly the san
h models are referred to as TRMs (TRMs). TRMs haveia form that is sufficiently genera
[s for all types of sensors, thus simplifying the expleitation task.

priginal PSM needs to be developed before a TRMcan be constructed. The PSM is used to

e, dense volume of 3D ground points and thexgorresponding 2D image points that fully en
imaged object space (see Figure 20). One of the forms of the TRM is equations, such as p
ational polynomials (i.e. ratio of two pelyhomials), the coefficients of which are estimate
se grid. Another dense grid of checkpoints is always generated from the PSM in order t

ithin a specified level, such as.a*few tenths of a pixel, by increasing the density of the g
ve the polynomial coefficients, or segmenting the image, or both. When these procedus
ractical, the grids themselves and an interpolation become the TRM, as discussed in 9.2.]

dification/
e there is

kion of the

h has been

eloped that negates these drawbacks. The approach is to.fise'PSMs to produce replacemgent models

e as PSMs.
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1 physicdl model
2 3D grid| of points encapsulates the entire range of practical X, Y, Z values
3 check pglanes

Figure 20 -= TRM generation of points

A TRM shall have the following properties of the PSM, namely
a) ground-to-image and image=to-ground functions,
b) compléte and rigorouserror propagation, and

c) adjustability, usinglearefully designed parameters, is possible.

9.2.2 Types ofFrile Replacement Models

9.2.2.1 Rolynomials

There are two approaches to the equations used to construct a TRM: either
a) asingle polynomial in the object coordinates for the line and another for the sample; or,
b) aratio of polynomials for each.

The “ratio of polynomials” approach is referred to as rational polynomials. In order to achieve high fit
accuracy, the polynomials are usually of third or higher order. Since the very dense grid contains an
extensive number of points (in the hundreds and even thousands), a correspondingly large number of
equations result that are then used to estimate coefficients.
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A third order polynomial in the object (ground) point coordinates, X, Y, Z, is of the form:

P, =ag+a, X +a,Y +a3Z +a, XY +asXZ +agYZ +a,X* +ag¥* +aqZ” +

a0 XYZ +a1,X> + a1, XY +ay3XZ +ap XY +asY3 +a Y22 va, X2 Z+a gV *Z +ay9Z°

P is a polynomial;

(9)

ap, az, az, as, a4, as, de, Az, ag, ag, Ao, A11, d12, A13, 14, A15, A6, A17, A1g and azg are the polynomial
coefficients;

X, Y Zare the obhject’s ground coordinates

There are 20 coefficients for this single polynomial. If one polynomial is used for line™l.a
polynomial is used for sample s then the TRM will involve the estimation of 40 coefficients. Alf

ar

whg

The
The
ine
den

ional polynomial may be used for ¢, and another for s, or:
. P(X,Y,Z) oo Py(X,Y,Z)

P)(X,Y,Z) Py (X,Y,Z)
re

Py, Py, P3, P4 are the polynomials;
c is the image line coordinate;
s is the image sample coordinate.

coefficients within each polynomial, P; through P4, are designated a; through d;, re
re are 20 coefficients, aj, in P1, and 20 coeffieients, cj, in P3. However, there are only 19 ¢

ominators). Consequently, there are 78 rational polynomial coefficients (RPCs). The mo

foralr
Redrranging the terms in Formula (10):

of the TRM - the one used by commercial vendors of satellite imagery - uses RPCs.

Py(—P;=—( Pys—P;=-s

hd another
ernatively,

(10)

spectively.
oefficients

nch of P2 and Py, because bg and dg are both.selected to have a unit value to avoid singulafrities (zero

5t common

(11)

5 noted

5 noted

a set of 2n

whére
Py’ isthe same-as P, except that it does not have the unit terms (corresponding to bg a
before);
P4 isthe'same as P4 except that it does not have the unit terms (corresponding to dyp a
before).
When-g pair of equations is written for each of the grid points and there are n grid points
linearequations Tesuits a5 fotows:
A x=0>
2n,7878,1 2n,1
where
A isthe matrix containing the X, ¥, and Z terms of the 3rd degree polynomials at each
X  isanarray containing the 78 coefficients of the third degree rational polynomial;
b isamatrix of / and s values at each point.
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To summarize, two equations are written for each 3D/2D combination of object/image point
correspondence. 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 the size of the image and the extent of the
object space it covers.

9.2.2.2 Coordinate normalization

Because of the high power of the polynomials and the likely large numbers involved, it is a good practice
to normalize these original observed coordinates, referred to hereafter as coordyps. All five different
coordinates involved, 7, s, X, Y and Z, are normalized by applying shifts and scales such that the

3 ] £211 1 1 P |
normallzed vdaluco Idall UCtVVCCll L dllu T 1.

Let: max=maximum value of a coordinate
min|= minimum value of a coordinate
Then, the ghift and scale for the coordinate is given by:
shift = | (max + min) / 2 scale = 2 / (max - min) 13)
Thus, if coprdeps is the given (un-normalized) coordinate, then the normmalized coordinate, coordy is
given by:

coordy|= [coordgps + shift] - scale (14)

and, the url-normalized coordinate given by:

coordy}, = (coordy / scale) - shift 15)

recognizing that coordyy, refers to the same variable as does coordgps.

9.2.2.3 Direct Linear Transform

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

/=% 1a1X +a,Y +azz - by +b; X +byY +b3Z

(16
1‘|‘C1X+C2Y+C32 1+C1X+C2Y+C3Z [ )

where

¢ is a line coordinate;

S is a sample coordinate;
XY Z are object space coordinates;

ap, ai, az, a3 are the coefficients of the numerator of the rational polynomial that produces a line
coordinate;

bo, b1, b2, b3 are the coefficients of the numerator of the rational polynomial that produces a row
coordinate;

c1,C2,C3 are the coefficients of the denominator of the rational polynomials.
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These equations are known as the DLT. If one attempts to solve for all 78 RPC coefficients, the result
will be those 11 non-zero coefficients and the remaining 67 will all be zero.

9.2.2.4 True Replacement Model based on grid interpolation

For some pushbroom and whiskbroom systems, the images may need to be segmented and a separate
set of polynomial coefficients estimated for each segment. As the number of such segments increases,
this process may become either impractical or uneconomical, or the fit accuracy may simply not be
acceptable. In such situations, the grid of 3D ground/2D image point coordinates becomes the
replacement model. In the place of using numerical values of the polynomial coefficients to calculate the
(g ) O) fUl A s;VCll (X, }/, Z)’ ad Pﬂ;l Uf ;utcx PU}at;Ull C\.iuatiuuo ;D uocd tU Cva}uatc (_f ) O) JIl thc aSiS Of the

3D grid neighbours surrounding the given (X, Y, Z), as depicted in Figure 21.

If aftrilinear interpolator is used, 16 parameters are involved; eight for line and eight for sgmple. This
will require the use of the eight 3D grid points that surround the given point, which is the cage depicted
in Higure 21. The trilinear interpolation equations are of the form: (¢, s)int.

l=ay+a X +a,Y +azZ+a, XY +asYZ +agZX +a,XYZ

17
(¢,s,XY2); (0,s,XYZ)s
((’ ¢ XYZ) i((ISrX/KZ)S
29050, 5 |
E X -« (XY2Z)e>(2,5,)int
IR 2

,(//’ SXYZ) ((‘ISIXI)/IZ)4
Re SR AL ATRY 3

’
’

(0,5 %%2) (£,5,XYZ)
Figure’21 — Grid interpolation as a replacement model

Thd known values~(?/ s, X, Y, Z);, for j = 1, .., 8, result in 16 linear equations in the sixteett unknown
parpmeters a; and-bj fori=0, ..., 7. Once the estimates, a;,b;, are determined, the same pair of equations

is used to caletilate (7, s)int for the given point (X,Y,Z)g. When trilinear interpolation is nof adequate,
triquadratiesinterpolation, which requires 27 grid points nearest to the given point, may be used, or
tricubie interpolation, which uses 64 grid points to estimate aj and b;, may be used. As with the case of a
polynemial fit, a 3D check grid shall be created to assess the quality of the selected intefpolator. In
gen

9.2.2.5 Ground-to-image and image-to-ground transformations

Unlike the PSM, which may be expressed directly as either a ground-to-image or image-to-ground
transformation depending on the type of sensor, a TRM is usually expressed as a ground-to-image
function. Consequently, the image-to-ground transformation is effected through a numerical iterative
procedure. Nevertheless, the availability of both transformations constitutes one of the three primary
characteristics of both PSMs and TRMs. The other two are rigorous error propagation and adjustability;
discussed in 9.2.2.6 and 9.2.2.7.
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9.2.2.6 Rigorous error propagation with a True Replacement Model

TRMs use mathematical functions such as single polynomials and ratios of polynomials in place of the
mathematical representation of the PSM. The number of coefficients in these functions is usually much
higher than the number of parameters involved in the PSM. For example, frame imagery has six EO
parameters in its model. The corresponding frame image model TRM has 11 coefficients in the DLT,
or as many as 78 coefficients in the RPC, depending upon whether a Cartesian or geographic object
coordinate system, respectively, is used. The size of the PSM’s a priori covariance matrix of the EO
parameters is 6-by-6. If this is propagated into the TRM coefficients, 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

EO parameters covariance matrix

There are

wo approaches to error propagation in TRMs. The first is to add a set of parameters\to

TRM coefilcients. These parameters can be added either on the object side or the image sidé.)For e

propagati

associated
the PSM in
3-by-3 cov
the physica

The secon
propagates
coefficient
eigenvalue
and rank o
then used

the origina

9.2.2.7 A

n only, these added parameters have zero values. However, a covariance matrix car
with them. Such a covariance matrix would play a role similar to the original)covariand
the error propagation process. For example, if deriving an object point fréom-two images
hriance matrix would have essentially the same value regardless whether'it is derived fi
1 model or from its TRM.

the
'ror

be
e of
, its
fom

l approach (called the Eigen approach) does not include added parameters. Instead, it

the original covariance matrix of the PSM into a covariance matrix associated with the T
5 as an intermediate step. However, since this intermediate-€évariance matrix is singulat
5 and eigenvectors are calculated. There will be as many non-zero eigenvalues as the
[ the original covariance matrix. These eigenvalues and-their corresponding eigenvectors
n subsequent error propagation, again yielding essentially the same results as those f
| physical model.

\djustability for True Replacement Model

Adjustability is the third characteristic that makés’a TRM equivalent to the PSM. In many situati

values of t
quality for
such as grd
TRM, there
The term
is actually
first appro
there will

with them
the non-ze

he parameters of the PSM, positionyattitude, velocity etc., may not be of sufficiently g
certain applications; such as précision geopositioning. Therefore, additional informat
und control information, is used-to update the a priori values of the model parameters.
is an equivalent process to Upgrade” the TRM so that its performance is similarly impro
upgrade” is used instead (©f)“update”, because none of the coefficients in the TRM funct
updated in value. Instead, the TRM as a whole is upgraded by one of two approaches.
ach is to estimate the same set of added parameters used in error propagation. Theref]
be numerical valueSfor these added parameters, as well as a covariance matrix associd
In the second approach, the Eigen approach, a set of equivalent parameters associated
Fo eigenvalu€s is estimated on the basis of the available ground control information. T}

new paranjeters are linear combinations of the original sensor model parameters. While the orig

parameter

5 may have'a full covariance matrix, the covariance matrix of the new set is diagonal in fo
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ts are~-the non zero eigenvalues. Their estimation involves transformations based on

n(iing normalized eigenvectors, the details of which are beyond the scope of this docu

nt.

tails see [41]

9.2.2.8 Summary

A TRM is developed on the basis of the PSM, which is used to construct two extensive grids of (often
thousands of) object points and their corresponding image points for each image. One grid, a fit grid,
is used to fit a selected function, and the other, a check grid, to evaluate the quality of the estimated
function. To minimize potential numerical problems, values of all five coordinates (object and image)
are first normalized such that those for each coordinate have a range of +1 to -1, and these normalized
coordinates 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 root-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 0,1 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
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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 a 3-dimensional interpolation function is used to implement
the object-to-image function. Both error propagation and adjustability are applied, whether the TRM is

accomplished by a functional fit or the very dense grid.

9.3 Quality associated with a True Replacement Model

Added parameters can be either at the ground side or the image side of the TRM ground-to-image
function. It is with this set of added (ad]ustable) parameters that a covariance matrix is associated,

I'ep dl,lllg LllC LllellL_y HICASUI'CS CAPDI CDDCU U_y LllC covdl ldllLC llldLl 1)&, Lb(), Ul LllC DU pdldlllg
original model, or Y gp. Consider image side adjustable parameters:

(X,Y,Z)—(TRM) = {(¢',s)+ Ai} - (¢,s)

. [55} [P10+P11X+P12Y}
Ai= =

0s] | Pao+P21X+p22Y
whgre
Al is the adjustment;
YA is the adjustment in the image line coordinate;
Ss is the adjustment in the image sample coordinate;

P10, P11, P12, P20, P21, p22 are the adjustment polynomial coefficients;
XY Z are the ground ceordinates of an object.

The covariance matrix is then associatediwith the six p;; parameters, or:

-, -
Op1o Cprop11 Opioriz Cpior20 Cpior2r Cpioraz
2
P11 Opip1z Opipz0 Opirzr Opirpze
2
y - Opiz pipao Opupn Opizpz
pp 2
S0 Opyop21 Op2op2z
. 2
symmetric Opy O py1pan
2
L Opa
whegre
Yoh s the covariance matrix;
021, are variances;
ojj are covariances;
Di is the ith polynomial coefficient.

ters of the

(18)

(19)

(20)

A covariance matrix as specified by Formula (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

associated with the TRM.
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with

For ground side adjustable parameters, then:
{(X,Y,2)+AX} —(X",Y',Z')—(TRM) —(¢,s) (21)
O0X | |dx tq1X+q,Y —q3Z

0Z | |az+asX—q4Y+q:Z

where

AX
X
&Y

oZ

qi
XYZ

The covar
provided w
measures 4

The approach above is that used in the widely accepted*RSM. An alternative approach, introduce
9.2.2.4, is the Eigen approach. The covariance matrix\in this approach is simply a diagonal matrix d

is the adjustment matrix;

is the adjustment in X coordinate;

is the adjustment in Y coordinate;

is the adjustment in Z coordinate;
are the coefficients;

are the object’s ground coordinates.

ance matrix )gq is constructed similarly to )44 iniFormula (20). This matrix shal
ith the TRM of an image with ground side adjustable’parameters in order to calculate qu4
ssociated with the TRM.

be
lity

1 in
fas

many eigenvalues as the number of EO parameters: For a passive frame image, it is a matrix of ordefr 6:
(A, 0 0 0 0 O]
0 4, 0 0 0 O
0 0 A3 0 0 O
Z6_000/1400 23)
0 0 0 0 A0
0 0 0 0 0,7]
where
e isfhe covariance matrix of the RSM;
Aj arp variances.
In order tq perform error propagation, the six eigenvectors, e, ez, ..., €6 associated with A1, 12..| A,
respectively, are atso required. For a frame image, each € 15 an 1 1-by-1 vector.

9.4 Schema for True Replacement Model

As required by 9.2 and 9.3, a TRM shall provide the following with each image:

a) either the coefficients of the single polynomial or those of the ratio of polynomials used in the
Ground-to-Image Function (SD_FittingFunction), or the 2D/3D combination of object/image point
correspondence.

b) the optional scale and shift values used to normalize each of the image and ground coordinates
(9.2.2.2) as part of SD_FittingFunction.

€) acovariance matrix to allow rigorous error propagation.

50
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A set of GCPs 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.

SD_PhysicalSensorModel

A\

«derjve»
1
<>
SD_TrueReplacementModel
+ accuracy: DQ_PositionalAccuracy +fitAsFunction 0.1

+ regionOfValidity: CV_GridPoint [3..*]

) SD_FittingFunction
constraints

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

+fitAsGrid 0..1 )

[ SD_TRMAsGrid | -------- {XORY} 5

l+ interpolation: CV_InterpolationMethod I

+controlPoints 0..1

MI_Geolocationinformation

Spatial representation information - Imagery::
MI_GCPCollection

%7 +caontrolPoints 0.1
+controlPointRepository \V 0.1
I SD_GriddedGCPCollection <>

SD_GCPRepository

Figure 22 — True Replacement Model

9.5 Correspendence Model approach

9,5]1 _General

ThaCM is a class of qnnrnnr‘hpc to mndpl]lnc that is not based on the PSM_even fhmloh it may have a

functional fit similar to that of a TRM. The CM derives the functional relatlonshlp between the image
and ground coordinates from GCPs. 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 2D-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 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). CMs are sometimes described as ‘rubbersheeting’ or 'warping’ of one plane to match
another.
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9.5.2 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
when the 3D-to-2D transformation is used, the use of only a few object control points cannot fully
account for the terrain surface. Points between the usually sparse set of GCPs may have significant
errors[resulting from the inadequacy of the functional it to the few points.

c) Since the PSM is not used, including the covariance information associated with its pafameters,
complg¢te and rigorous geopositioning error propagation is not possible. In the simpler approaghes
to CM,| even approximate error propagation is not attempted. For other approaches-to CM, efror
propagation can only partially account for error sources.

d) For CMs, very limited, if any, check point evaluation is possible, rigorous errorpropagation cajnot
be donfe and there is no adjustability.

For imagelto-image transformation, only errors in image measurements’ can be included in |the

estimation| of the transformation parameters. Errors in the ground eontrol coordinates, in addifion

to image measurement errors, can be considered for 3D-to-2D <{thansformations and also when
interpolatqrs are used in the case of image/ground control correspondence (9.2.2.4).

9.5.3 3D-to-2D Correspondence Models

The form ¢f these models can appear to be quite simila\to the TRMs. The polynomial coefficients of

3D-to-2D (Ms are not derived from the entire 3D objétt space volume, as is the case with TRMs,|but

instead arg

In general,
as shown i
number of
image is a

The applic
Very narro

These assumptions may apply~to satellite imaging systems, but may not easily apply to airborne sens

When thes
polynomia

Variations
geometry ¢

derived on the basis of GCPs.

the equations used for the TRM such-as the single polynomial or the rational polynom
h Formulae (9) and (10) in 9.2.2 niay also be used in the CM. These equations, with the Iz
coefficients to be estimated, require a significantly large number of control points. If]
rame, then the DLT equations\(Formula (16)) containing only 11 coefficients would be us

htion of this approach i§ often based on very specific sensor assumptions, two of which
w field of view (e.g.(19-3°) and long distance from the sensor to the object being ima

e assumptions,de’not apply, the image is quite often segmented into sections with diffe
s used for eagh.section, similar to the procedure followed in the TRM method.

s it modifies the DLT equations to a single image line, or:

6200'1

ials
rge
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ed.

are
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on the equations mentioned above have been proposed. One is used for linear pushbr¢om

FdeX tayY +asZ

S_b0+b1X+b2Y+b3Z

1+C1X+C2Y+C3Z

where

XY Z
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is a line coordinate;

is a sample coordinate;

are object space coordinates;
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ao, a1, az, a3 are the coefficients of the polynomial that generates the line coordinate;

bo, b1, b, b3 are the coefficients of the numerator of the rational polynomial that generates the
sample coordinate;

€1, €2, €3 are the coefficients of the denominator of the rational polynomial that generates the

sample coordinate.

This pair of Formula (24) is often referred to as the “parallel” perspective.

A further simplification is to limit the equations to only the numerators of the DLT equations, or:

The
viey
par

from airborne sensors.

9.5

2D-
tha
and
the
use
coo
gen

Suc

€=a0 +611X+612Y+GSZ
S:bo +b1X+b2Y+b32
se equations have been given the name “orthographic projection”. For best applicability,

v should be small and the distance to the object large, so that the imaging rays would ess
hllel. However, these restrictions are quite likely violated in the case ofisegments of optig

4  2D-to-2D Correspondence Models

Lo-2D CMs are similar to the process of “registration” used\in the early days of remote
time, remote sensing imagery from space had a considerably larger GSD than the currg
0,61-metre commercial satellite imagery. Consequently; for specific remote sensing app
time, terrain relief was ignored and the terrain was considered to be flat (2D object). The
d represented a transformation of the 2D object space coordinates (X,Y) to the 2D in
Fdinates (7, s). Current 2D-to-2D CMs use same form of this type of transformation s
eral polynomial:

m n i .
€=22aU-X'Y1

i=0 j=0

m n
5= > byX'v/
i=0 j=0
h polynomials are applicable only in the following cases:

Large GSD;
Narrow fieldofview;
Essentially nadir view of the terrain;

Terrain is flat (minimal to no elevation variation);

(25)

the field of
entially be
al imagery

Sensing. At
nt 1-metre
lications at
e equations
hage space
uch as the

(26)

f)

AL 1 1 ) 1 1 .
NOCICVAdlLEU ODJECLS dDOUVE LIIC LET T alll,

Relatively small image segment to minimize distortion effects.

With each image that is warped using Formula (26), the coefficients ajj and bj; shall be provided as
parameters in the fitting function (see Figure 19).

9.6

Schema for Correspondence Models

If an image provider chooses to support approximate geopositioning using the CM 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 [SO 19115-2.
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Mi_Geolocationinformation

Spatial representation information - Imagery::
MI_GCPcCollection

/:\ +controlPoints 0..1

|

|

|
«denive»

SD_CorrespondenceModel

+ fittingFunction: SD_FittingFunction
+ regionOfValidity: CV_GridPoint [3..7]

............ {XOR}

)

+repositoryGCP 0.1

SD_GCPRepository

Figure 23 — Correspondence Model
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Annex A
(normative)

Conformance and testing

A 1_Geobnositioning information
J—G&eoepositionin £ nformation
a) |Test purpose: Verify that geopositioning information provided with the image data i

A.2

A2

b)

d)

A2

b)

)
d)

one of the subclasses of MI_GeolocationInformation.
Test method: Inspect the content of the metadata intended to support geopositioning.
Reference: 7.2

Test type: Basic

Ground control points

.1 GCP collection

Test purpose: If the metadata intended to suppert geopositioning contains GCPs, ve
properly instantiates MI_GCPCollection and all*of its attributes, associated classes
subclasses and their attributes and associated\classes.

Test method: Inspect the content of the metadata intended to support geopositioning.
Reference: ISO 19115-2:2009, 6.4

Test type: Capability
.2 GCP repository

Test purpose: If the metadata intended to support geopositioning contains a reference t
repository of GCPSverify that it properly instantiates SD_GCPRepository and its atty
associated classes:

Test method: Inspect the content of the metadata intended to support geopositioning.
Reference: 7.4.3

Test.type: Capability

hstantiates

rify that it
and their

0 a remote
ibutes and

A.3 Physical Sensor Model

A3
a)

b)
c)

.1 Sensor model completeness

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.
Test method: Inspect the metadata provided with the image.

Reference: Clause 8.
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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 its attributes and instantiates the associated class MI_Platform.

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

c) Reference: 8.4.2,8.5.4; 1SO 19111:2007; ISO 19115-2:2009, A.2.5.1

d) Testtype: Capability

A.3.3 Sensor information

a) Test purpose: Verify that metadata intended to support geopositioning , instantiates [SD_
SensoiParameters with its attributes and associated classes.

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

c) Reference: 8.6

d) Testtype: Capability

A.3.4 Optics

a) Test pprpose: Verify that, when an optical system ispart of the sensor, metadata intendeg to
support geopositioning includes SD_Optics, its attributes, and associated classes.

b) Test meethod: Inspect the metadata provided with'the image.

c) Reference: 8.6.4,8.6.5

d) Testtype: Capability

A.3.5 SAR

a) Test pyirpose: Verify that, when'the sensor is a SAR, metadata intended to support geopositiofing
includ¢s SD_SAROperation,'SD_GSD, and their attributes.

b) Test method: Inspect th®metadata provided with the image.

c¢) Reference: 8.6.1, 8.6.3,8.6.6

d) Testtype: Capability

A.4 Functional fitting

a)

b)

d)

56

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.

Test method: Inspect the content of the metadata intended to support geopositioning.
Reference: 9.1

Test type: Capability
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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: 9.4

d) Testtype: Capability

e

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

b) |Test method: Inspect the content of the metadata intended to support georeferéncing.
c) |Reference: 9.6

d) |Testtype: Capability
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string, Daf
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answer to
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number of
negative. |
answer co

B.14 D

(1m
For an entity, specifies the line numbers covered by that entity.

For a meta
indicates t
to represe
domain sp
defined in

Annex B
(normative)

Geolocation information data dictionary

eral

is as described in ISO 19115-1:2014, Annex B except as described in the remainder of B.1|

a type/class

set of distinct values for representing the metadata elements: fof example, integer, 1
eTime and Boolean. The data type attribute is also used tosdefine metadata enti
s and metadata associations. If the data type of an entity or element is a class, it specifies
b class, if it is an association, it specifies the associated class¢

ligation/Condition

£1:2014, B.1.4.3, in describing conditional values-for Obligation/Condition, states “If
'he condition is true, then the metadata entity orthe metadata element shall be mandatq
ligations/conditions in Annex B use this question/answer style of conditions. In addif
so uses Object Condition Language (OCL) censtraints from the UML diagrams to expre
conditions. OCL constraints are not questions and do not have answers either positiv
many cases, OCL constraints provide miore concise expression of conditions than questi
ditions.

ain

data element, the dofnain specifies the values allowed or the use of free text. “Unrestric
hat no restrictions.dre placed upon the content of the field. Integer-based codes shall be
it values for demains containing codelists. If the type of a metadata element is a class,
pcifies the ISO-document where the class is defined, and if the domain is blank, the clas
this document.
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B.2 UML models for geolocation information

1ISO 19130-1:2018(E)

Table B.1 — Overview of geopositioning information (Figure 1)

Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
1. MI_GeolocationIn- |information used to Use obliga- Use Class ISO 19115-2
formation determine geographic |tion/ condi-| maxi- <<Abstract>>
location correspond- | tionfrom | mum oc-
ing-to-imagelocation—referencingeurrence
object from ref-
erencing
object
2. | |SD_SensorModel information on sensor | Use obliga- Use Specialised €lass | Lfine 3-6
Model for sensor col- |tion/ condi-| maxi- (MI_GeolocationIn-
lecting the image tion from | mum oc- formation)
refergncmg currence Aggregated Class (SD_
object from ref- \
erencing PhysicalSensorModel)
object (SD_TrueReplace-
mentModel)
(SD_Correspondenc-
eModel)
3. | |forlmagelD identification of image M 1 CharacterString Unrestricted
to which the sensor
model applies
4. | | Role name: PSM for geoposition- CAtru- N SD_PhysicalSensor-
physicalSensorModel|ing of the image eReplace- Model
mentModel
or corre-
spondenc-
eModel not
present?
5. | | Role name: TRM for geoposition- C/ phys- N SD_TrueReplace-
trueReplacement- ing ofithe image cialSen- mentMode
Model sorModel
or corre-
spondenc-
eModel not
present?
6. | | Role name: CM for geopositioning | C/XOR phy- N SD_Correspondenc-
correspondenc- of the image scialSen- eModel
eModel sorModel
or trueRe-
placement-
Model not
present?
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Table B.2 — Ground control points (Figure 2)

Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
7. MI_GCPCollection information about a Use obliga- Use Specialised Class (MI_ |line 8-11
control point collec- |tion/ condi-| maxi- GeolocationInforma-
tion tion from | mum oc- | tion) Aggregated Class
referencing | currence <MI_GCP>
object from ref-
erencing
object
8. |colledtionldentifica- |identifier of the GCP M 1 Integer Unrestrict-
tion collection ed
9. |colledtionName name of the GCP col- M 1 CharacterString Free Text
lection
10. |coordinateRefer- coordinate system in M 1 MD_ReferenceSystem |ISO 19115-1
encelystem which the GCPs are
defined
11. |Role name: GCP(s) used in the M N M1/ GCP 1S0 1911l5-2
gcp collection
12. |SD_G{PRepository |information required | Use obliga- Use Aggregated Class (ML_ | Lines 1315
to obtain GCP infor-  |tion/ condi-| maxi- GCPCollection)
mation from a reposi- | tion from | mum.ec-
tory of GCPs referencing | currence
object from'ref-
erencing
object
13. |accespRestricted whether image pro- M 1 Boolean 1=true
vider is limiting access O=false
to GCP information
14. |accespInformation |if accessRestricted is M 1 CI_Contact ISO 19115-1
true, point of contact
who may authorize
access to the data; if
accessRestricted false,
mechanism/for ob-
taining the GCP data.
15. |Role Name: indiyidual GCP col- C/{if self. 1 MI_GeolocationInfor- 1S0 191152
contrplPoints lection defined by accessRe- mation
MI_GCPCollection stricted =
‘false’ then
self.con-
trolPoints-
>size =1
else self.
control-
Points-
>size >= 0
endif}
16. |MI_GCP information on GCP Use obliga- Use Class Line
tion/ condi-| maxi- 17, also
tion from | mum oc- [SO 19115-2
referencing | currence
object from ref-
erencing
object
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Table B.2 (continued)

1ISO 19130-1:2018(E)

Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
17. |geographicCoordi- |geographic or map M 1 DirectPosition 1SO 19103
nates position of the control
point, in either two or
three dimensions
18. |SD_LocationGCP GCP for which image | Use obliga- Use Specialised Class Line 19
coordinates have been|tion/ condi-| maxi- (MI_GCP)
determined. tion from | mum oc-
referencing | currence
object from ref-
erencing
object
19.| |gridCoordinates coordinates of control M 1 CV_GridCoerdinates |[SO 19123
point in imagery grid
20.| | SD_Imageldentifia- |GCP thatis either Use obliga- Use Specialised Class Line 21
bleGCP marked in the image |[tion/ condi-| maxi- (MI_GCP)
or described so that tion from | mum oc
the user can find itin |referencing|currence
the image. object fromref-
erencing
object
21.] |description description of the GCP M 1 CharacterString Unrestrict-
sufficient to enable ¢d
the user to find the
image of the GCP in
the larger image.
22.| | SD_GriddedGCPCol- |GCPs regularly spaced | Use obliga- Use Specialised Class (MI_ | Line 23
lection in either image.go- tion/ condi-| maxi- GCPCollection)
ordinates or.gfound tion from | mum oc-
coordinates and given | referencing | currence
as agrid object from ref-
erencing
object
23.| |dimension number of dimensions M 1 Integer 1=1
in the GCP grid
24.| | SD_ImageGridGEBC- | GCPs regularly spaced | Use obliga- Use Specialised Class (SD_ | Lines 25-26
ollection in object coordinates |tion/ condi-| maxi- |GriddedGCPCollection)
and given as a grid tion from | mum oc-
referencing | currence
object from ref-
erencing
object
25.7Jortgm posttionm of the first vt T CVGridCoordimates 1150 19123
grid cell with coordi-
nate [0,0,(0)]
26. |spacing size of the step in the M 1 Integer[2..3] {ordered} |>=1
number of pixels for
each dimension in
image coordinates
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Table B.2 (continued)

Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
27. |SD_objectGridGCPC- |GCPs regularly Use obliga- Use Specialised Class (SD_ | Line 28-29
ollection spaced in object coor- |tion/ condi-| maxi- |GriddedGCPCollection)
dinates (e.g., ground tion from | mum oc-
coordinates) and referencing | currence
given as a grid object from ref-
erencing
object
28. |origif position of the first M 1 DirectPosition 1SQ.191(3
grid cell, with coor-
dinate [0,0,(0)], of the
GCP grid in object
coordinates
29. |offsets size of the steps in the M 1 Vector[2..3] {okdered} [ISO 191(3
object coordinates
for each dimension in
object coordinates
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B.2.1 Physical Sensor Model
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Table B.3 — Overall view (Figure 9)

Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
30. |SD_PhysicalSensor- |Information describ- | Use obliga- Use Aggregated Class |Lines 31-34
Model ing the PSM tion/ condi-| maxi- | (SD_PlatformParam-
tion from | mum oc- | eters) (SD_SensroPa-
YDFQ'I‘Q“!"';Y\(T clrrence V'QmeDYC\
object from ref-
erencing
object
31.] |regionOfValidity grid points that mark M N CV_GridPoint ISQ 19123
the boundary of the 1.
. . Mipimum
region of the image to thiee ordered
which the geolocation .
X . i grid points
information applies
("¢V_Grid-
Polnt [3..*]
{o1jdered})
32.| | Role name: sensor parameters M 1 SD_SensorParam-
sensorinformation |used to constructa eters
PSM
33.| | Role name: control- |GCP repository used C/SD_ 1 SD_GCPRespository
PointRepository to check or refine the GCRRep-
PSM ository-
Ssize+MI_
GCPCollec-
tion->size
<=1
34.| | Role name: GCPs used to.check or C/SD_ 1 MI_GCPCollection [IS() 19115-2
controlPoints refine the RSM GCPRep-
ository-
>size+MI_
GCPCollec-
tion->size
<=1
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Table B.4 — Position (Figure 10)

Obliga- Max
Name/Role Name Definition tion/ occur- | Datatype/Class Domain
Condition | rence
35. [SD_Position location of either sen- | Use obliga- Use Class Lines 36-37
sor or platform tion/condi- | maxi- <<DataType>>

tion from | mum oc-
referencing | currence
object from ref-

erencing
object
36. |time(fMeasurement |time when the posi- M 1 DateTime ISO 19103
tion is measured
37. |navigptionalConfi- |accuracy of position 0 1 DQ_PositionalAc- [ISO.19157
dencsg curacy .
self.naviga-
tionalConfi-
dence.nameOf
Measure="c¢va
rianceMatrix’
38. |SD_EarthMeasured- |location relative to Use obliga- Use Specialised Class |Line 39
Locatjon the Earth tion/condi- | maxi- (SD_Position)
tion from | mum oc;
referencing | currence
object from ref-
erencing
object
39. |position position of the sensor M 1 DirectPosition |1SO 19103
or platform in Earth
coordinates

40. |SD_OfbitMeasured- |location given by posi-| Useobliga- Use Specialised Class |Lines 41-53
Locatjon tion in orbit tion/condi- | maxi- (SD_Position)
tion from | mum oc-
referencing | currence
object from ref-
erencing
object

41. |argumentOfPerigee |angle inthe orbital M 1 Angle
planéfrom the as-
cending node to the
point of perigee, in the
direction of space-
craft motion

42. |bStarPrag rate of change of the 0 1 Real Unrestrictefl
mean motion

43. |eccenkricity eccentricity of the M 1 Real
spacecraft orbit
44. |epoch time for which the M 1 DateTime Unrestricted

values provided for
other orbital elements

are true

45. |inclination angle at which the M 1 Angle 0,0=<in-
orbit plane crosses clination
the equatorial plane Value<180,0
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Table B.4 (continued)
Obliga- Max
Name/Role Name Definition tion/ occur- | Datatype/Class Domain
Condition | rence
46. |meanAnomaly angle between peri- C / self. 1 Angle
gee and the position meanA-
of a hypothetical body| nomaly-
that has the same >size + self.
orbital period as peri-
the real satellite but greePass-
Travetsat a ConsStant | 1 1Mme->3iZe
angular speed >=1
47.| | meanMotion constant angular M 1 Real >=0}0
speed that would be
required for a body
travelling in an undis-
turbed elliptical orbit
of the specified semi-
major axis to complete
one revolution in the
actual orbital period,
expressed as number
of revolutions per day
48.] |perigeePassageTime |any one date and time | C / self. 1 DateTime As dpecified by
at which the space- meanA- ISOB601
craft passes perigee nomaly-
>size~+Self.
peri-
greePass-
Time->size
>=1
49.| | period spacecraft orbjtal C / self. 1 TM_Duration ISO|19108
period meanMo-
tion->size +
self.period-
>size + self.
semiMajo-
rAxis->size
>=1
50.| |referenceCRS CRS of the orbital M 1 SC_CRS ISO[19111
coordinates
51.| [revNumber ordinal number of 0 1 Integer Unrpstricted
the satellite revolu-
tion at the time given
by epoch
52.| ItightAscensionAs- |angle eastward on M 1 Angle 0,04=rightA-
cendingNode the equatorial plane scensionAs-
from the vernal cendingNode
equinox to the orbit ‘Value <360,0
ascending node
53. |semiMajorAxis length of the semima- | C/ self. 1 Length Unrestricted
jor axis of the space- meanMo-
craft orbit tion->size +
self.period-
>size + self.
semiMajo-
rAxis->size
>=1
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Table B.5 — Attitude (Figure 11)

Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
54, |SD_Attitude attitude information | Use obliga- Use Class
tion/condi- | maxi- <<DataType>>
tion from | mum oc-
referencing | currence
object from ref-
erencing
object
55. |SD_AngleAttitude attitude information | Use obliga- Use Specialised Class |Lines 56-¢0
as three angles of tion/condi- | maxi- (SD_Attitude)
rotation tion from | mum oc- <<DataType>>
referencing | currence
object from ref-
erencing
object
56. |rotat¢dAxes indication whether M 1 Boolean True=rotated
or not the axes are False=not
rotated. True equals rotated
to rotated
57. |rotationAngleX angle of the rotation M 1 Angle Unrestricted
around the external x
axis, often called roll
or abbreviated as “w”.
58. |rotatjonAngleY angle of the rotation M 1 Angle Unrestrictpd
around the external y
axis often called pitch
or abbreviated as “@”.
59. |rotatijonAngleZ angle of the rotation M 1 Angle Unrestrictpd
around the externalz
axis, often called yaw
or abbreviated,as “k”.
60. |rotatjonSequence sequence ofrotations M 1 SD_RotationSe-
about the'axes quence
61. |SD_MptrixAttitude |rotation)matrixthat | Use obliga- Use Specialised Class |Line 62
describes attitude tion/condi- | maxi- (SD_Attitude)
tion from | mum oc-
referencing | currence
object from ref-
erencing
object
62. |matrixEléments elements of the 3-by-3 M 9 {ordered} Real
rotation matrix < Real>
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Table B.6 — Dynamics (Figure 12)

Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
63. |SD_Dynamics motion of a body Use obliga- Use Class Lines 64-69
tion/condi- | maxi-
tion from | mum oc-
referencing | currence
object from ref-
erencing
object
64.] |attitude orientation of the body 0 1 SD_Attitude
65.| |velocity linear velocity of the 0 1 Velocity IS} 19103
body Unfrestricted
66.| |acceleration rate of change of ve- 0 1 Acceleration IS} 19103
locity of the body Unkestricted
67.] |angularVelocity angular velocity of 0 1 ApngularVelocity [ISQ 19103
the body Unjrestricted
68.| |angularAcceleration |rate of change of the 0 ¥ AngularAcceleration | ISQ) 19103
?ﬁlfglsgé’;baty of Unfrestricted
69.| |dateTime date and time at M 1 DateTime IS® 19103
which attitude and Unkestricted
motion information
are valid
70.| | SD_PlatformDy- directions of plat- Use obliga-| Use Specialised Class |Lines 71-72
namics form travel and tion/condi-| maxi- (SD_Dynamics)
pointing tion from mum
referenc- | occur-
ing object | rence
from
refer-
encing
object
71.| |trueHeading actual direction in C/ self. 1 Angle ISQ 19103
which the platformis | velocity- Unkestricted
travelling relative to | >size + self.
North trueHead-
ing->size
<=1
72. |yaw offset between the C /self. 1 Angle IS® 19103
true heading and the attitude- Unkestricted
direction of the plat- | >size + self. nlr
forTT positive x-axis yaw->3izZe
=1
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Table B.7 — Position and orientation (Figure 13)

Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
73. |SD_PositionAndOri- |position and orien- Use obliga- Use Class Lines 74-79
entation tation of axes of a tion/condi- | maxi-
coordinate system of | tion from | mum oc-
abody relative toan |referencing | currence
external coordinate object from ref-
system erencing
[ object
74. dynalllics motion and orienta- M 1 SD_Dynamics
tion of the CRS of a
body relative to an
external coordinate
system
75. |position position of a body C/{self. 1 SD_Position
position-
>size + self.
offset->size
=1 &self.
position-
>size +self.
mountin-
gObject-
>size =1 &
self.mount-
ingObjectx
>size + self.
platform-
>size = 1}
76. |offset displacement between|N—C/ self. 1 Vector [SO 19103
origin of the coordj- position-
nate system of a body | >size + self.
and origin of external | offset->size
coordinate system =1
77. |CRS CRS on which the M 1 SC_CRS
measures-are taken
78. | Role ame: description of rela- C/ {self. 1 SD_PositionAndOri-
mounjingObject tive spatial relation- position- entation
ship between a body | >size +self.
and another body mountin-
upon which the latter | gObject-
is mounted >size =1 &
self.mount-
ingObject-
>Size+setf:
platform-
>size = 1}
79. | Role name: description of the C/ {self. 1 SD_PlatformParam-
platform platform on which an | mountin- eters
object is mounted gObject-
>size + self.
platform-
>size = 1}
68 © ISO 2018 - All rights reserved



https://standardsiso.com/api/?name=ffb28b980fb93908027c24daa6d2381b

1ISO 19130-1:2018(E)

Table B.7 (continued)
Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
80. |SD_PlatformParam- |information about Use obliga- Use Class Lines 81-85
eters motion and configura- |tion/ condi-| maxi-
tion of platform tion from | mum oc-
referencing | currence
object from ref-
erencing
object
81.| |observedPosition position of the plat- M 1 SD_Position
form at the location of
the position measure-
ment instrument on
the platform
82.| |positionObserva- offset from the origin 0 1 Vector IS® 19103
tionOffset of the platform CRS to
the position where the
position measurement
instrument is mounted
83.| |dynamics parameters describ- M N SD_PlatformDynam- | IS} 19103
ing the dynamic ics
behaviour of the
platform
84.| |offsetOfINS vector from GNSS to 0 1 Vector ISP 19103
INS. If platform geolo-
cation is provided by
INS, this lever arm is
unnecessary
85.] | Role name: identification infor*- M 1 MI_Platform ISP 19115-2
platformldentifica- |mation of the platform
tion
Table B.8 — Sensor parameters (Figure 14)
Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
86.| |SD_SensorParam- information about Use obliga- Use Aggregated Class | Limes 87-92
eters sensor properties tion/ condi-| maxi- (SD_GSD)
tion from | mum oc- | (SD_SensorSystem-
referencing | currence AndOperation)
object from ref- | (SD_DetectorArray)
erencing (SD_Sensor)
n]‘\jnr‘f
87. |offsetAndOrienta- orientation and offset M N SD_PositionAndOri-
tion relative to the object entation
on which the sensor
is mounted
88. |operationalMode description of the 0 1 CharacterString |Unrestricted
operational mode of
sensor
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Table B.8 (continued)

Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
89. |Role Name: properties of sensor 1 SD_DetectorArray
detector detector array
90. |Role Name: properties of GSD 0 1 SD_GSD
gsdPijoperties
91. |Role Name: provides identification M 1 SD_Sensor
identfification information for sensor
92. | Role Name: information describ- M 1 SD_SensorSystent:
systemAndOpera- |ing the sensor spe- AndOperatien
tion cific properties and
operations
93. |SD_S¢nsor characteristics of the | Use obliga- Use Specialised Class |Lines 94-96
sensor tion/ condi-| maxi- (MIXnstrument)
tion from | mum oc-
referencing | currence
object |from refs
erencing
object
94. |calibyation information about (0} 1 SD_Calibration
determination of rela-
tion between instru-
ment readings and
physical parameters
95. |mode type of observation 0 1 CharacterString  |Unrestrictpd
being made by sensox:
96. |operdtionalBand wavelengths of the 0 N MI_Band ISO 1911542
electromagnetic.spec-
trum being(observed
by the sehsor
97. |SD_C4libration circumstances of Use obliga- Use <<DataType>> Lines 98-99
determination of rela- | tion/ condi-| maxi-
tion between instru- tion from | mum oc-
ment readings and referencing | currence
physical parameters object |from ref-
erencing
object
98. |calibjationAgency |authority under which M 1 CI_ResponsibleParty [ISO 19115{1
calibration took place
99. |calibrationDate date calibration was M 1 Date 1SO 19103
carried out
100. |SD_GSD properties of ground | Use obliga- Use Class <<Data Type>> | Lines 101-106
space distance be- tion/ condi-| maxi-
tween neighbouring tion from | mum oc-
pixels of the image referencing | currence
object from ref-
erencing
object
101. |columnSpacing ground distance be- M 1 Distance 1SO 19103
tween neighbouring
columns in image
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of the detector array
coordinate system in
external coordinate
system

Table B.8 (continued)
Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
102. |rowSpacing ground distance be- M 1 Distance IS0 19103
tween neighbouring
rows in image
103. |gsdCRS coordinate system M 1 MD_ReferenceSys- [ISO 19115-1
used in the reference tem
surface onto which
the image is projected
104. |rangelPR [PR width in the Range 0 1 Distance ISP 19103
direction relative to
the reference plane
10§. |azimuthIPR IPR width in the 0 1 SD_AzimuthMeasure
azimuth direction
relative to the refer-
ence plane
104. |referenceSurface surface on which M 1 SD_SurfaceCode
image is projected
107. | SD_AzimuthMeasure |information about Use obliga- Use Class <<Union>> |Limes 108-109
the measurement of |tion/ condi- | ~maxi-
azimuth properties tion from | thum oc-
referencing }currence
object from ref-
erencing
object
108. |distance smallest distance M 1 Distance ISP 19103
between two point ~do
reflectors that canbe ’
distinguished as:two
objects
109. |azimuth smallest difference M 1 Angle IS) 19103
in azigh anglg Unjrestricted
betivéen two point
reflectors that can be
distinguished as two
objects
Table B.9 — Sensor system and operation (Figure 15)
Obliga- Max
Nameé/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
11(.[SD DetectorArray |dimensions and Use obliga- Use Class Lipes 111-117
shapes of detector tion/ condi-| maxi-
array tion from | mum oc-
referencing | currence
object from ref-
erencing
object
111. |numberOfDimen- number of dimensions M 1 Integer >0
sions of the detector array
112. |arrayOrigin position of the origin M 1 DirectPosition ISO 19103
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Table B.9 (continued)
Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
113. |arrayDimensions names and sizes of M 2 {ordered}
the dimensions of the <SD_ArrayDimen-
detector array sion>
114. | offsetVectors displacement between M 2 {ordered} Sequence |ISO 19103
origin of the detector <Vector>
array coordinate sys-
tem and the location
of the first detector in
the detector array
115. | detecforSize size of a detector in M 2 {ordered} Sequence |ISO'19103
a detector array di- <Length>
mension specified by
detectorDimension-
Name
116. |detecforShape shape of a detector M SD_ShapeCode
117. | distortion distortion of detector 0 SDiDistortion
array
118. |SD_AtrayDimension |information about one| Use obliga- Use <<Data Type>> Lines 119-[120
dimension of a detec- |tion/ condi-| maxi-
tor array tion from | mum'oc-
referencing | currence
object from ref-
erencing
object
119. |name name of a dimension M 1 CharacterString | free text
of the detector array
120. |size size of a dimension of M 1 Integer >=1
the detector array.
Table B.10 —Sensor system and operation (Figure 16)
Obliga- Max
Nanje/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
121.|SD_Sé¢nsorSystem- _<{speécific properties Use obliga- Use Class Lines 1221123
AndOpperation of sensor system and |tion/ condi-| maxi-
operation tion from | mum oc-
referencing | currence
object from ref-
erencing
object
122.|collectionStartTime |time data collection M 1 DateTime ISO 19103
starts Unrestricted
123.|collectionEndTime |time data collection 0 1 DateTime [SO 19103
ends Unrestricted
124.|SD_Microwave specific properties of | Use obliga- Use Specialised Class
microwave sensor and | tion/ condi-| maxi- | (SD_SensorSystem-
its operation tion from | mum oc- AndOperation)
referencing | currence
object from ref-
erencing
object
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Table B.10 (continued)
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Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
125.|SD_Optics specific properties of | Use obliga- Use Specialised Class |Lines 126-128
optical sensor and its |tion/ condi-| maxi- | (SD_SensorSystem-
operation tion from | mum oc- AndOperation)
referencing | currence | Aggregated Class
object fromref-| (SD_OpticsOpera-
erencing | tion, SD_OpticalSys-
object | tem, SD_Distortion)
128. | Role Name: information describ- M 1 SD_OpticsOperation
opticsOperation ing the operation of
sensor optics
127. | Role Name: properties of the sen- M 1 SD_OpticalSystem
opticalSystem sor optical system
128. | Role Name: information describ- M 1 SD\Distortion
opticalDistortion ing the distortion of
the sensor optical
system
129.|SD_OpticalSystem |information about the | Use obliga- Use Class Lipes 130-133
geometry of the sen- |tion/ condi-| maxi-
sor’s optical system tion from |9mum oc-
referencing\\currence
object from ref-
erencing
object
13(). |calibratedFocal- focal length adjusted M 1 Length ISP 19103
Length to distribute the ef-
fects of lens distortion
more uniformly ovér
the image
131. |qualityOfFocal- variance of'the cali- 0 1 DQ_QuantitativeAt- [ISQ 19157
Length bratedfocal length tributeAccuracy .
self.quali-
tyofFocal-
lerfgth.name-
OfMeasure =
'vgriance'
133. | princPointAutocell |principal point of M 1 DirectPosition ISP 19103
autocollimation; co-
ordinates of the foot
of the perpendicular
dropped from per-
spective centre (focal
point) of the camera
Tens to the focal plane.
133.|covPrincPtAutocoll |covariance of the 0 1 DQ_PositionalAc- [ISO 19157
location of the princi- curacy
pal point of autocol- self.name- _
limation OfMe;.asure -
covariance
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Table B.10 (continued)

Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
134.|SD_SAROperation operation properties | Use obliga- Use Specialised Class of |Lines 135-136
of SAR system tion/ condi-| maxi- (SD_Microwave)
tion from | mum oc-
referencing | currence
object from ref-
erencing
ObjecT
135. |orientation SAR antenna orienta- M 1 SD_SAROrientation-
tion Code
136. | grpPasition coordinates of ground M 1 DirectPosition ISO'19103
reference position of
SAR image
Table B.11 — Optics operation (Figure 17)
Obliga- Max
Nanje/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
137. | SD_OpticsOperation |configuration and Use obliga- Use Class Lines 138-[139
operation of sensor tion/ condi-| maxis
optics tion from | mum‘oc-
referencing | cirrence
object from ref-
erencing
object
138.|instF1eldOfView range of incident M 1 Angle ISO 19103
angles seen by the ~=0
sensor at a single -
instant of time
139. |swathFieldOfView |nominal objectifield M 1 Angle >=0
of view of thesénsor,
which is therange of
anglesfrom which the
incidentradiation can
be collected by the
detector array
140. | SD_Whiskbroom@p¥ [configuration and Use obliga- Use Specialised class of |Lines 141-143
eratign operation of whisk- tion/ condi-| maxi- | <<SD_OpticsOpera-
broom optics tion from | mum oc- tion>>
referencing | currence
object from ref-
object
141. | scanDuration time required to ac- M 1 TM_IntervalLength [ISO 19108
quire one scan line of
an image
142. |pixelScanDuration |time required to ac- M 1 TM_IntervalLength [ISO 19108
quire one pixel of the
whiskbroom sensor
143. |scanAngleFunction |description of rela- M 1 SD_ScanAngleFunc-
tionship between scan tion
angle and time
74 © ISO 2018 - All rights reserved



https://standardsiso.com/api/?name=ffb28b980fb93908027c24daa6d2381b

1ISO 19130-1:2018(E)

Table B.11 (continued)
Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
144.|SD_PushbroomOp- |configuration and op- | Use obliga- Use Specialised class of |Lines 145-147
eration eration of Pushbroom |tion/ condi-| maxi- | <<SD_OpticsOpera-
optics tion from | mum oc- tion>>
referencing | currence
object from ref-
erencing
object
144. | groundSampling- time required to M 1 TM_IntervalLength NIS) 19108
Time acquire one strip of
image in pushbroom
operation
144. | forwardLookingAn- |angle in the along- 0 1 Angle ISP 19103
gle track direction Unkestricted
between the optical
axis of the sensor lens
and the vector from
the platform to nadir.
Positive if the sensor
looks forward
147 |sideLookingAngle |angle in the cross- 0 1 Angle IS 19103
track direction Unkestricted
between the optical
axis of the sensor lens
and the vector from
the platform to nadir.
Positive if the sensor
looks right side.
144. | SD_ScanAngleFunc- |alternative ways.to Use obliga- Use Class Lies 149-151
tion provide thesean rate |tion/ condi-| maxi- <<Union>>
tion from | mum oc-
referencing | currence
object from ref-
erencing
object
149. |angleEquation equation to calculate M 1 CharacterString |frde text
scan angle given time
15(Q. |rate angular velocity of M 1 AngularVelocity [IS{ 19103
the scan Unfrestricted
151. |angleTable table containing M 1 SD_ScanAngleTime
scanning angle and
time pairs
152.|SD_ScanAngleTime |table of times and Use obliga- Use Class Lines 153-154
corresponding scan  |tion/ condi-| maxi- <<Data Type>>
angles tion from | mum oc-
referencing | currence
object from ref-
erencing
object
153. |time list of times elapsed M N {ordered} Sequence [ISO 19108
since start of scan <TM_Interval-
Length>
154.|angle list of scan angles M N {ordered} Sequence |ISO 19103
corresponding to the <Angle>
elapsed times
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Table B.12 — Distortion (Figure 18)

Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
155.|SD_Distortion information on Use obliga- Use Class Lines 156-157
distortions relevant |tion/ condi-| maxi-
to remotely sensed tion from | mum oc-
imagery referencing | currence
object from ref-
erencing
object
156. | princPointOfSym-  |principal point of best M 1 DirectPosition ISO 19103
metry symmetry, the centre
of the circles of equal
distortions of the lens
157. | qualigy Of- accuracy of the princi- M 1 DQ_QuantitativeAt
PrincPointOfSym- |pal point of symmetry tributeAccuracy
metry
158.|SD_DistortionPoly- |distortion described | Use obliga- Use Specialised Class |Lines 159-162
nomigl using a polynomial tion/ condi-| maxi- (SD_Distortion)
tion from | mum oc;
referencing | currence
object from tef-
erencing
object
159. | polynomialDecen- |polynomial that 0 1 SD_Polynomial
tering describes decentring
distortion
160. | polynomialRadial polynomial that de- 0 1 SD_Polynomial
scribes radially sym-
metrical distortion
161. | qualifyOfPolynomi- |covariance of the pol- 0 1 DQ_PositionalAc-
alRadlial ynomial coefficients curacy
for radial distortion
162.|qualifyOfPolynomi- |covariance of the 0 1 DQ_PositionalAc-
alDecpntering pelynomial coeffi- curacy
cients for decentring
distortion
163.|SD_DistortionTable |table providing dis- Use obliga- Use Specialised Class |Lines 16470
tortion information tion/ condi-| maxi- (SD_Distortion)
tion from | mum oc-
rnﬁavnhr‘ino clulrrence
object from ref-
erencing
object
164. | rows number of rows in M 1 Integer >=1
the table
165. | columns number of columns in M 1 integer >=1
the table
166. | xOffset image column number M 1 integer Unrestricted
corresponding to the
first cell in the table
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Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
167. |yOffset image row number M 1 integer Unrestricted
corresponding to the
first cell in the table
168.| xSpacing number of columns in M 1 Integer >=1
the image correspond-
ing to an interval of
one table column
169. |ySpacing number of rows in the M 1 integer >=[l
image corresponding
to an interval of one
table row
17(. | distortionValues array of values M 1 {ordered}Sequence |regl
describing image <Real>>
distortion
B.2l2 True replacement and correspondence models
Table B.13 — Fitting function)(Eigure 19)
Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
171. | SD_FittingFunction |function relating Use obliga- Use Class
image and ground tion/ condi-| maxi-
coordinates tion from | mum oc-
referencing | currence
object from ref-
erencing
object
173. | SD_Polynomial polynemial used in Use obliga- Use Aggregated Class |Limes 173-174
the(titting function tion/ condi-| maxi- |(SD_PolynomialCoef-
tion from | mum oc- ficient)
referencing | currence | Specialised Class
object from ref- | (SD_FittingFunction)
erencing
object
173. | resultDimension name of the depend- M 1 MD_Dimension-
ent variable derived NameTypeCode
from the functional fit <<Codelist>>
174. |.Role' name: coefficient of a term M N SD_PolynomialCoef-
coefficient in the polynomial ficient
function
175. | SD_RationalPolyno- |rational polynomial Use obliga- Use Aggregated Class |Lines 176-177
mial used as fitting func- | tion/ condi-| maxi- (SD_Polynomial)
tion tion from | mum oc-| Specialised Class
referencing | currence | (SD_FittingFunction)
object from ref-
erencing
object
176. | Role name: numerator of the ra- M 1 SD_Polynomial
numerator tional polynomial
177. | Role name: denominator of ra- M 1 SD_Polynomial
denominator tional polynomial
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Table B.13 (continued)

Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
178.|SD_PolynomialCo- |coefficient of one Use obliga- Use Aggregated Class |Lines 179-180
efficient term of a polynomial |tion/ condi-| maxi- (SD_Variable)
function tion from | mum oc-
referencing | currence
object from ref-
erencing
object
179. |value numerical value of a M 1 Real Unrestricted
coefficient
180. | Role name: set of variables to 0 N SD_Variable
variable which the coefficient
applies
181.|SD_V4riable independent variable | Use obliga- Use Class Lines 182-185
used in polynomial tion/ condi-| maxi-
function tion from | mum oc-
referencing | currence
object from ref-
erencing
object
182.|dimension name of the independ- M 1 MD_Dimension- ISO 1911541
ent variable NameTypeCode
183. |powef the power of the vari- M 1 Integer >=1
able
184. |scaleFactor scale factor for trans- 0 1 Real real
forming the normal-
ized variable to its
true value
185. | trans]ationValue offset for translating 0 1 Real real
the normalized vari-
able to its true value
Table B.14— True replacement model (Figure 22)
Obliga- Max
Nanje/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
186.| SD_TrueReplace- information describ- | Use obliga- Use Class Lines 187-[192
mentModel ing the TRM tion/ condi-| maxi- Aggregated Class
tion from | mum oc- | (SD_FittingFunction)
referencing | currence | (SD_GCPRepository)
object from ref- | (MI GCPCollection)

erencing | (SD_TRMAsGrid)

object
187. | regionOfValidity region of the image to M N CV_GridPoint [SO 19123
which the fitting func- o
tion applies minimum 3
grid points.
(CV_Grid-
Point[3..*])
188.|accuracy accuracy of the result M 1 DQ_Positional Ac-
produced by the fit- curacy

ting function
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Obliga- Max
Name/Role Name Definition tion/ occur- Data type/Class Domain
Condition | rence
189. | Role name: using fitting function C/{self. 1 SD_FittingFunction
fitAsFunction to relate image and fitAsGrid +
ground coordinates self.fitAs-
Function-
>size=1}
190. | Role name: use of gridded GCP C/{self. 1 SD TRMAsGrid
fitAsGrid to relate image and fitAsGrid-
ground coordinates >size + self.
fitAs-
Function-
>size=1}
191. | Role name: GCPs used to check or | C/{self.con- 1 MI_GCPCollection |IS() 19115-2
controlPoints refine the TRM trolPoints-
>size + self.
control-
PointRe-
pository-
>size<=1}
193. | Role name: information about re- | C/{self.con- 1 SD_GCPRepository
controlPointReposi- |pository from which | trolPoints-
tory the collection of GCP | >size + self
used for checking or control-
refining the TRM may | PointRe-
be obtained pasitory-
>Size<=1}
193. |SD_TRMAsGrid TRM as gridded GCRs | Use obliga- Use Specialised Class |Linpe 194
tion/ condi-| maxi- | (SD_GriddedGCPCol-
tion from | mum oc- lection)
referencing | currence
object from ref-
erencing
object
194. | interpolation method to inter- M 1 CV_Interpolation- [ISQ 19123
polate the location Method
between GCPs
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Table B.15 — Corresp

ondence model (Figure 23)

reposftoryGCP

pository from which | trolPoints}
the collection of GCP | >size + &elf.

used for deriving the repesi-
fitting function may t0ry GCP-
be obtained bsize <=1)

Obliga- Max
Name/Role Name Definition tion/ occur- Data Type/Class Domain
Condition | rence
195.|SD_Correspondenc- |information about the | Use obliga- Use Aggregated Class |Lines 196-199
eModel CM tion/ condi-| maxi- | (MI_GCPCollection)
tion from | mum oc- | (SD_GCPRepository)
referencing | currence
object from ref-
erencing
object
196. |regionOfValidity region of the image to M N CV_GridPoint ISO 19123
which the fitting func- Q)
tion applies minpmum g
grid pointg.
(CV_Grid-
Point[3..*]
197. | fittingFunction function relating M 1 SD_FittingFunction
image and ground
coordinates
198. | Role name: collection of control | C/(self.con- 1 MI/GEPCollection [ISO 19115;2
contrplPoints points used to derive | trolPoints-
the fitting functions | >size + self.
reposi-
toryGCP-
>size <=1)
199. | Role name: information about re- | C/(self.con- 1 SD_GCPRepository

B.2.3 Codelists

Table B.16 — ShapeCode (Figure 15)

Name Domain Code Definition
1. |SD_ShiapeCode ShapeCode shape
2. |circular 001 circle
3. |squaré 002 square
4. |rectangular 003 rectangle
5. |elliptigal 004 ellipse

Table B.17 — 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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Name

Domain Code

Definition

SD_SAROrientationCode | SAROrientationCode

Orientation of SAR antenna on the platform

left

001

antenna on left side of the platform

3. |right

002

antenna on right side of the platform

Table B.19 — Rotation Sequence Code (Figure 11)

Name Domain Code Definition
1. ||SD_RotationSequence |RotationSequenceCode |sequence of rotations used in the deSeription of
angular attitude

2. || XYZ 001 rotation around X axis first, then-Y,then 7

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

4. ||YXZ 003 rotation around Y axis first,-then X, then %

5. 1IYZX 004 rotation around Y axisfirst, then Z, then X

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

7. [|ZYX 006 rotation around Zaxis first, then Y, then X
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Annex C
(normative)

Coordinate systems

C.1 Intreduction

C.1.1 Overview

The objectjve of geopositioning is to develop a mathematical relationship between the. position of an
object on Karth and its image as recorded by a sensor. In order to algorithmically deseribe the data

flow beginhing with measurements by an individual sensor and ending with a gegpositioned pro

it is necessary to introduce CRSs. These CRSs are each defined with referenceto a physical en
They servd as a reference for related metadata and describe the steps requiréd)to convert the se
measuremgents into geographical data. This annex defines those CRSs that are.néeded for geopositio
but are nof defined in other ISO International Standards. The structure-and the terminology in
descriptions are taken from ISO 19111:2007. CRSs already defined in other ISO International Stands
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efined in this document.

n image’s spatial position will be given, at least initiallyor in its raw form, in relation to a
lly defined or attached to the engineering datum of the sensor. The corresponding obije
al or map position will be defined with respect:to-a CRS attached to an Earth-based dat
transformation from a sensor-based CRS to ah Earth-based CRS shall be accomplished
of translations and rotations of the sensor €RS origin and axes until they coincide with
prigin and axes.

rth coordinates

ocation may be given in geographical coordinates or on a map projection. Many project
le. In projecting, it is not possible to preserve shape, size and direction at the same time.
rojection depends on which)property is considered most important.

pf coordinate convefsions and transformations required to relate image coordinate$
s referenced to the Earth is:

> Platform CRS > Global geodetic CRS > National geodetic CRS > Projected CRS (map gric

ses, for example when the imagery is presented as georeferenced to a global geodetic (
re of these steps may be unnecessary. In other cases there may be additional steps.
itionsyand conversions that may be required between a global geodetic CRS such as WG

and a map

otid are not discussed in this document.

C.1.3 Sensor coordinates
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A PSM 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 CRS for the detector
and the geographic CRS.

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 own CRS, 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
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platform. This process is a series of steps; the CRS for each component is defined in terms of the CRS of

the

C.2

C.2.

component on which it is mounted.

Platform position with respect to the Earth

1 General

The position of the platform is described in one of two ways. For an aircraft, platform position is
normally descrlbed directly in a geodetlc CRS such as the latltude and longitude and height of the

d d 100
t1al Measurement Un1t (IMU) For a satellite, the posmon may be described in the sa

ated by the

Iner e way, but
it also may be described using the spacecraft orbital position. In that case, the ephemeris ipformation
shall be converted into geodetic coordinates.

C.2{2 Geodetic coordinate reference system

C.212.1 Discussion

Geddetic coordinates can be provided directly for a collection platferm by furnishing ifs latitude,
longitude and height. The developer/manufacturer shall define theplatform’s coordinate origin and the
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an aircraft, height may be given by radar altimeter or,barometric pressure, and it can

these heights are referenced to MSL at the givenlatitude and longitude. When a GNSS
brmine platform position, height may be given relative to the surface of the ellipsoid of th
he GNSS.

2.2 Global geodetic coordinate reference systems

centric CRSs, which use Cartesian coordinates. They will be based on a realiza]
rnational Terrestrial Reference System (ITRS). They will usually be included in registers
hmeters and it may be possible to identify them through register reference as well as t
licit definitions. ISO 19111:2007 and ISO 19127 specify how such CRSs shall be defined or

2.3 Topocentriccoordinate system

erform tasks such as target marking, the position and height of an aircraft may have to b¢
topocentric\coordinate system. A topocentric coordinate system is a 3-D Cartesian sys
ually perpéndicular axes U, V, W with an origin on or near the surface of the Earth. T}
lly east;the V-axis is locally north and the W-axis is up, forming a right-handed coordin
he context of imagery, it has an origin that is of relevance to the imagery, for example t

ets to position and attitude sensors to that platform’s origin{dRF) and the offsets from that point to

e assumed
is used to
e CRS used

ee dimensional global CRSs include™ geographic CRSs, which use ellipsoidal coordinates, and

ion of the
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hrough the
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to defme elements ofa derlved CRS.

C.2

C.2

.2.4 Platform coordinate reference systems

.2.4.1 Basic platform CRS

pecifies how

The platform CRS 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
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.
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Attribute

Engineering CRS name

CRS scope

Cartesian coordinate system name

Entry

Platform abc CRS, where ‘abc’ is platform name de-

scribed by MI_Platform

Used for describing position with respect to the abc

platform

Platform abc in metres

Coordinate system axis name Roll axis

Coordinatg system axis abbreviation X

Coordinatg system axis direction Forward

Coordinatdg system axis unit identifier metre

Coordinatdg system axis name Pitch axis

Coordinatg system axis abbreviation Y

Coordinatg system axis direction Starboard

Coordinatg system axis unit identifier metre

Coordinatd system axis name Yaw axis

Coordinatdg system axis abbreviation Z

Coordinatg system axis direction Dowmn,forming a right-handed Cartesian system with
theX and Y axes

Coordinatg system axis unit identifier metre

Coordinatdg system remarks The X axis is approximately along the ground track
direction of the platform, the Z-axis is approximately in
the direction of the nadir

Engineering datum name Platform abc

Datum scope Used for describing position with respect to the abd
platform

Datum anchor Intersection of the roll, pitch and yaw axes.
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Ya(+)

Z, (+)

Key

1 |centre of navigation
2 |yaw

3 |pitch

4 |roll

C.2]2.4.2 Platform CRS correctedfor attitude

Figure C.1 =~ Platform CRS and attitude

When the attitude of a platforny changes, the platform CRS rotates and an attitude correction shall be
applied to correct. After cotrection for roll, pitch and yaw the platform CRS may be transforrped into an
attifude-corrected platform CRS. The following is the altitude-corrected platform CRS, defjned for an

airdraft platform namedabc in a flying project named xxxx:

Attribute
Engineering°"CRS name

CRY scope

Entry
Platform abc Attitude Corrected CRS

Used for describing position with respect to the abc
platform

CRS remarks

Cartesian coordinate system name
Coordinate system axis name
Coordinate system axis abbreviation
Coordinate system axis direction

Coordinate system axis unit identifier

© ISO 2018 - All rights reserved

Derived from the Platform abc CRS after application of
roll, pitch and yaw corrections

Platform abc attitude corrected, in metres
Roll axis after roll correction applied

Xa

Forward

metre
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Coordinate system axis name Pitch axis after pitch correction applied

Coordinate system axis abbreviation Ya

Coordinate system axis direction Starboard

Coordinate system axis unit identifier metre

Coordinate system axis name Yaw axis after yaw correction applied

Coordinate system axis abbreviation Za

Coordinatg system axis direction Down, forming a right-handed Cartesian systemrwith

the X; and Y; axes
Coordinatd system axis unit identifier metre

Coordinatdg system remarks The X, axis is along the ground trackidirection of th
platform, the Z;-axis is in the direction of the nadir

W

Base CRS Platform abc CRS

Engineering datum name Platform abc

Engineering datum scope Used for describing'position with respect to the abd
platform

Datum anchor Intersection-of’the roll, pitch and yaw axes.

Coordinatg operation name Projectxxxx topocentric origin definition

Coordinatdg operation scope Defines the origin of the project xxxx topocentric cdor-

dinate system with respect to the global WGS 84 CRS

Coordinatd operation method name Attitude correction

Coordinatd operation method equatiofn rotation matrix from XYZ to X;YaZa
Operation parameter name Roll correction

Operation parameter value x degrees

Operation parameter name Pitch correction

Operation parametervalue y degrees

Operation parameter name Yaw correction

Operation parameter value Z degrees

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.
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Key

1 |centre of navigation
N |north

E [east

D |down

P |pitch

o |heading

N
a
Xa
—» E
Ya
X

Figure C.2 — Platform CRS, heading
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Key

@ latitudg

A longitufle

1  platform attitude and heading corrected (NED) CRS
2 equatol

3 Greenwich Meridian
4 earth c¢ntre

5 ellipsoid

6  North Hole

N north

E east

D down

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

The followling is the @altitude- and heading-corrected platform CRS, defined for an aircraft platfprm
named abdin a flyifg)project named xxxx:

Attribute Entry

Engineering CRS name Platform abc Attitude and Heading Corrected

CRS alias NED CRS

CRS scope Used for describing position with respect to the abc
platform

CRS remarks Platform abc CRS after application of attitude and
heading corrections.

Cartesian coordinate system name Platform abc attitude corrected, in metres

Coordinate system axis name Roll axis after roll 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

1ISO 19130-1:2018(E)

N
North

Metre

Pitch axis after pitch and heading corrections applied

Coordinate system axis abbreviation E
Coordinate system axis direction East
Coordinate system axis unit identifier Metre

Coordinate system axis name
Coordinate system axis abbreviation

Coordinate system axis direction

Coordinate system axis unit identifier
Basge CRS
Engdineering datum name

Datpm scope

Datpm anchor

Co]rdinate operation name

Codrdinate operation scope

Co]rdinate operation method name
Codrdinate operation method equation
Opgration parametet_hame

Opdration paramteter value

Opdrationparameter name

Opdration parameter value

Yaw axis after yaw correction applied
D

Down, forming a right-handed Cartesian sys
the N and E axes

Metre
Platform abc €RS
Platform abe

UsedAer describing position with respect to
platferm

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

Defines the origin of the project xxxx topoce
dinate system with respect to the global WG

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

x degrees

Pitch correction

y degrees

fem with

the abc

htric coor-
5 84 CRS

Operation parameter name
Operation parameter value
Operation parameter name

Operation parameter value

Yaw correction
z degrees
Heading correction

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).
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If required, the coordinates referenced to the global CRS may be transformed to be referenced to a
national CRS or map grid.

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 CRS.
The platform CRS 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 rogationalvaltesare-generalycomputedinthisERS;eftenfrom-steHarebservationsorthe on-
board INS fata. In stabilized platform systems, the IMU can be kept aligned to a particular navigation
frame of inkerest (for example the global geocentric Cartesian CRS) using external torques derived ffom
the measufed angular rates[43]. However, in a strap down inertial system, the IMU is rigidly meuntegd to
the vehicle[to be positioned and thus can have an arbitrary orientation.

(4)
\ )
(1)
-7 ()

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

Key
1  velocity vector
2 roll axig - Yy

3 yaw axis - Zp

4 pitch ayis - X;,

The follow|ng is the satellite platform CRS, defined for a satellite platform named abc:

Attribute Entry

Engineering CRS naivie Satellite abc CRS

CRS scope Used for describing position with respect to the abd
platform
P

Cartesian coordinate system name Satellite abc Universal Space Rectangular

Coordinate system axis name Pitch axis

Coordinate system axis abbreviation Xp

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

handed coordinate system
Coordinate system axis unit identifier Metre

Coordinate system axis name Roll axis

90 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=ffb28b980fb93908027c24daa6d2381b

1ISO 19130-1:2018(E)

Coordinate system axis abbreviation Yp

Coordinate system axis direction Velocity vector

Coordinate system axis unit identifier Metre

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

Coordinate system axis abbreviation Zp
Codrdinate system axis direction Up
Coordinate system axis unit identifier Metre

Cogrdinate system remarks

Engineering datum name Satellite abc

Datpm scope Used for describing position with respect to
satellite

Datpm anchor Inertial reference point (IRP)

C.2)2.5 Platform position extensions for satellite.implementation

As
con
pos
ata

Thd

Figlires C.5.and C.6:

direction of the platform, thé’Z-axis is appro
the direction of the nadir

traints dictated by Kepler’s laws of motion to achieve convergence in calculation of t
tion. In particular, the following laws can be used to calculate the position of a satellite
particular time.

The orbits are elliptical.
The vector from the Earth’s'centre to the satellite sweeps equal areas in equal intervals
4n’a’

e

is the gravitatiepdl constant, and M is the mass of the Earth (GM, = 398 600,441 5 km3

The orbital periodAP}is given by P2 = where a is the semi-major axis of the orbit

ideal elliptieal orbit, with the Earth at one node, is described by 6 Keplerian elements

T~ “true anomaly (instantaneous angle from satellite to perigee);

The X axis is approximately along the ground track

Kimately in

the abce

htellite provides a stable and, more impoftantly, a predictable platform. Thus one dan employ

he satellite
in its orbit

of time.

1 ellipse, G
s2).

Hepicted in

w argument of perigee - angle between the point of perigee and the ascending node, measured

from the ascending node in the direction of the platform's motion along the plane of

the orbit;

Q) rightascension of the ascending node - angle eastward from the vernal equinox to the point

where the satellite orbit crosses the equator when moving northward;
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semi-major axis of the elliptical orbit - half the major axis of the satellite’s elliptical orbit

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;
eccentricity of the orbit;

inclination of the orbital plane with respect to the equatorial plane, measured clockwise
from East.

The size a
numerical
orbital inc
the true ar
platform p
vector R is

Epoch

Mean
elliptid
often ¢

Mean ¢

The orbita
parameter,

anomaly, another parameter, mean anomaly at epoch,d5s often used to specify the angle between

position of
period par

travelling in an orbit per day, instead of the seniimajor axis parameter. Because an ideal orbit define

the Kepler
and atmos
mean moti

“«_n

nd shape of the orbital ellipse is defined by the semi-major axis of the ellipse “a” and
eccentricity “e”. The orientation of the orbital plane relative to the equator is definec
ination i and the right ascension of the ascending node Q. The argument of perigee w
omaly t define the position of the satellite on the ellipse at a particular time t., The sate

osition is also represented by the geocentric vector R. In terms of polarcepordinates,

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

hotion - Constantangular speed thatwould be required for a bodytravellingin an undistur
al orbit of the specified semimajor axis to complete one revelition in the actual orbital per
xpressed as number of revolutions per day.

nomaly - The angle between the satellite position and.perigee at the time given by the ep

elements are time-variant and are defined at a‘particular time of the orbit of a satellit
epoch, is used to specify the time at which_the orbital elements are valid. Instead of {

a satellite and perigee at the time given by the epoch. It is also common to use the orh
hmeter or the mean motion parameter,often expressed as number of revolutions a sate

an elements is subject to perturbations, such as gravitational pull by other celestial bo
pheric drag, an additional parameter, drag, may be used to describe the rate of chang
bn due to perturbations.

the

by
and
lite
the

defined by the geocentric latitude ¥, the geographic longitude A and the geocentric radiyis R
as a functign of time. The following elements are also used for orbits:

bed
iod,

bch.

e. A
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L v
7
2)
Xi
Key]
1 |vernal equinox
2 |orbit
3 |perigee
4 |equator
5 |ascending node
Figure C.5 — Orbital geometry
z=7
'y
i
Y
Key

1 satellite ground track
2 satellite orbit

Figure C.6 — Keplerian orbit
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C.2.2.6 Satellite platform time

Time t is the only independent variable in the orbital relations. Because of the Keplerian character of
the satellite motion, the travel angle 7 is not directly proportional to the elapsed time. With knowledge
of the mean angular velocity wp, the relation between 7 and t is established by the following three

equations:

cosE =

M=E-

e+cosT
1+e cost

—

esin E

is
is
is
is
t is
w is

Formulae

(Om

the eccentric anomaly;

the eccentricity of the orbital ellipse;
the true anomaly;

he mean anomaly;

fime;

the argument of perigee.

t= F(t)

where F is

C.2.2.7 BE

The combi
satellite gr
can be exp

siny =
tan A,
A=A

C.1) to (C.3) express the T-to-t time conversion:
7)
the function relating t to 7.

arth rotation effect

hation of satellite travel and Earth motion results in a composite motion which causes
ound track on Earth) The effect of Earth rotation with respect to the satellite travel ang
Fessed by the geocentric latitude ¥ and the geodetic longitude A of the subsatellite point

sin(@+7)sini
= tan (@) cosi
F g

(€.1)

C.2)

£.3)

the
let
hS:

.5)

where

Wy
As
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is geocentric latitude;
is geographic longitude;
is the argument of perigee;

is satellite travel angle;
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i  isinclination of the orbital plane;
Afr is the longitude change with the angular velocity of the Earth;
A is geodetic longitude;

and Ag = wgt, where wg is the angular velocity of the Earth.

Given the orbital ellipse semi-major and semi-minor axes as “a” and “b” respectively, the geographic
latitude, @, can then be derived from the geocentric latitude by:

fan @ = (b2 / a2) - tan P (C.6)

whére

@ is geographic latitude;
a is orbital ellipse semi-major axis;

b is orbital ellipse semi-minor axis.

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 wijith respect
to an earth CRS, the next stage in finding the geographic location corresponding to a pointfin a sensor
coordinate is to determine the relationship between the CRS in which the sensor measur¢ments are
expressed and the platform CRS.

In the simplest case of sensor to platform nfounting, the sensor position and attitude may b¢ described
dirgctly with respect to the origin of\the platform CRS. Each sensor has its own CRS whigh shall be
defined for accurate photogrammetri¢ applications.

However, the system may conSist of several components and a progression, either from platform to
senpor or from sensor to platform, of position and attitude vectors, which define the p¢sition and
attifude of the collectionplatform, the sensor mounting and the sensor itself, is needed. Each stage in
thig progression consists-of a position vector and an attitude vector described relative to the|coordinate
system for the previous stage, and these stages form a chain of position and attitude vecfors. When
trapsforming from the position and attitude vectors from platform to those of a sensor, the fifst stage of
the|sensor mounting has its position and attitude defined in the platform CRS. The last stagg describes
the[positiondand attitude or the sensor itself. All position vectors are measured as X, y and [ offsets in
metlers fromthe origin of the preceding coordinate system. All attitude vectors are measured in radians
as rotations about the x, y and z axis with the order of rotation defined and applied sequentfially to the
preféding coordinate system. When the mounting system uses gimbals, it may be necessary|to define a
single physical gimbal ring using multiple stages because gimbals may not have coaxial axial centres of
rotation.

C.3.2 Gimbals

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
contrasts single and multiple stage gimbals.
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Key
1
2
3

coordir]
gimbals
gimbals

C3.2.2 G

The gimba
Depending]
Typically, i
rotation of]

C3.23 G

The gimba
coordinate
attitude ve
If the gimb)

ate system defined by previous stage
position vector
attitude vector defines new coordinate system

Figure C.7 — Gimbal position and attitude

imbal position vectors

position vector defines the offset of the axis of xotation from the gimbal’s mounting pq

owever, this vector will be used to describe.the static or stationary offset of the centre of
this gimbal stage with respect to the preyious stage’s coordinate system.

imbal attitude

| attitude vector defines the rotation of a gimbal with respect to the previous st
system. If the physical gimbal axes of rotation all cross at a single point then a single gi
ctor can be used to describe’the rotations possible with the gimbals, as in case 1 in Figure
als are not coaxial then multiple gimbal stages will be needed, as in case 2.

Case 1 Case 2

y"

int.

upon the type of gimbals being described, this vector may vary from one stage to the next.

the

e’s
bal
C.8.

Key
1
2

96

rotation about Z'
rotation about X'

Figure C.8 — Single and multiple stage gimbals
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C.3.

2.4 Gimbal stage reference system

Attribute

Engineering CRS name

CRS scope

Cartesian coordinate system name

Coordinate system axis name

1ISO 19130-1:2018(E)

Entry

Gimbal stage CRS

Used for describing position with respect to a gimbal

Gimbal Universal Space Rectangular

X

Co

Co

Co
Co
Co
Co
Co
Co
Co

Co

Co

Eng

Dat

rdinate system axis abbreviation

rdinate system axis direction

rdinate system axis unit identifier
rdinate system axis name

rdinate system axis abbreviation
rdinate system axis direction
rdinate system axis unit identifier
rdinate system axis name

rdinate system axis abbreviation

rdinate system axis direction

C0]rdinate system axis unit identifier

rdinate reference system remarks

ineering datum name

Lim scope

X

defined from the previous gimbal stage. The
origin is with respect to the platform

Radian

y
y

perpendiculartoe x-axis and z-axis, in right h
Radian

Z

Z

perpendicular to x-axis and y-axis; complete
handed coordinate system

Radian

The axes of a gimbal stage CRS are defined W
respect to the previous stage, or for stage ze
respect to the platform. The origin is provids
position vector in the CRS of the previous fr3
the movement of the axes by attitude directi

rotations in the CRS from the previous framé¢.

Gimbal stage datum

Used for describing position with respect to
stage

initial

hnd sense

5 right

rith

o, with
ed by a
me and
bn cosine

h

h gimbal

Datum anchor

C.4 Passive detector coordinates

C4

.1 General

Intersection of the x, y and z axes

Detector coordinates or sensor sample coordinates are given for a particular (x, y) sample. If they are
not given directly, they will need to be calculated from the coordinates of the sensor components. The
remainder of this clause describes such coordinate systems.
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C.4.2 Frame (area) sensor

Attribute

Engineering CRS name

CRS scope

Cartesian coordinate system name

Entry
Frame sensor CRS

Used for describing position with respect to a frame
sensor

Frame sensor Universal Space Rectangular

Coordinatg
Coordinatg

Coordinatg

Coordinateg
Coordinatsg
Coordinatsg
Coordinatsg
Coordinatg
Coordinated
Coordinate

Coordinate

Coordinatg

Coordinatg

system axis name
system axis abbreviation

system axis direction

system axis unit identifier
system axis name

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

system axis abbreviation

system axis direction

system axis unit identifier

reference system remarks

X
X

Parallel to the image plane and approximately parallel
to one image border. With film-cameras,the posi-
tive direction points towards the side of the image qn
which the identification is recorded:

Millimetre

y
y

perpendicular,to x-axis and parallel to the image plgne

Millimetre

v4

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

Millimetre

The image CRS of a frame camera (Figure C.9) is a right-
handed 3D Cartesian system that represents the carp-
era geometry. The origin, defined by the intersection of
the fiducials, is near the perspective centre defined py

the autocollimation process. Normally, the origin and
the perspective centre differ by only a few microns In
the x-coordinate’ direction and the ‘y-coordinate’ d
rection. The perpendicular distance between the image

98

plameamd theoriginisthetatibrated focat tengtin:

The exact definition of the coordinate system is ac-
complished during the calibration of the camera. The
image point with the coordinates x = y = 0 is set exactly
to the principal point of symmetry, which is the centre
of symmetry of the radial distortion influence. The
coordinate system is attached to the camera body

by giving 2D coordinates to every fiducial mark. The
image point vertically below the perspective centre is
called the principal point of autocollimation (PPA). Its
coordinates X, yo mostly are only a few microns off
the pointx =y =0.
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Engineering datum name

Datum scope.

1ISO 19130-1:2018(E)

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

If the camera is a digital camera, then the pixels of
the image have a calibrated position in relation to the
perspective centre.

Frame sensor datum

Used for dpcr‘rihing position with respectto frame

Datum anchor

sensor

The intersection of the fiducials of frame senjsor

y
I (1)
—-| i« %o
(2)
: 2
1 % s ¥sr Zg)
e J’ﬂ X
Z \<
e @)
Key
1 |lens (optical) axis (perpendicular to-the page)
2 |perspective centre
3 |indicated principal point (IPR)
4 |principal point of autocollimation (PPA)

C.4{3 Common Coordinate System

Figure C.9 — Frame camera coordinate system

The CCS ¢Figure C.10) is an image CRS originally specified in ISO/IEC 12087 using a differenf format.

Attribute

anry

CRS name

CRS alias

CRS scope

Cartesian coordinate system name
Coordinate system axis name

Coordinate system axis abbreviation

© ISO 2018 - All rights reserved

Common Coordinate System

CCS

Used for describing position within an image
Common Coordinate System Rectangular
Row

R
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Coordinate system axis direction

Row positive

Coordinate 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

Coordinatq
Coordinate

Coordinate

Image daty
Datum sco
Datum ang|

Datum pix

C.4.4 Pushbroom sensor

The pushb
its perspec
The positiy
to the lens
in Figure

particular
indexed ac
CCS are oft
system for]
(the array)
Figure C.1(
array ener
Since each
(Xs(t), Vs(t)»
consists of]

system axis unit identifier pixel
system axis minimum value 0
reference system remarks The column axis points 902 to the right’of the row
axis. If the row axis is considered ta’be'horizontal, t
column axis points down, placing the origin of the c
ordinate system at the upper left.corner of the imag
m name CCS image datum
be Used for describing position within an image
hor Outer corner of the'first pixel
] in cell Cell Corner

Foom detector plane CRS is a 3D orthggonal engineering CRS. The origin of this CRS i
tive centre (xsys2s), for which pringipal point offsets may or may not have been provi
e x-axis is aligned with the direction of the platform motion, and the z-axis is perpendic
and pointing away from the coléction array (Figure C.10). The origin of the SCS (xs,y
.3 is the instantaneous pefispective centre. Typical of common imagery formats, an
that specified in ISO/IEC™12087-5, picture elements (pixels) in a pushbroom image
cording to placement within a CCS, as described in C.4.3. The row and column axes of inj
en referred to as line and sample axes, respectively. In a pushbroom sensor, the coord
a composite imageZaggregates the framelets. Each of those framelets effectively has o
and z (the focallength) dimensions, since x is always a singular value, 0 (zero) as show
. Some references denote framelets as “one-dimensional.” At some point of time, the dete
by values ate-recorded and one framelet of imagery consisting of a line of pixels is acqui
is scanned’at a different time, each scan line of pixels requires its own set of EO parame
Zs(t), @sit), Ps(t), and ks(y)) after transformation into the SCS coordinate system. A strip inj
anumber of consecutive framelets.

iriﬁyy

he

®

s at
led.
1lar
,Zs)
1 in
are
age
ate

h in
Ctor
red.
fers
age

Engineering CRS name

CRS scope

Cartesian coordinate system name
Coordinate system axis name

Coordinate system axis abbreviation

100

Attribute Entry

Pushbroom sensor CRS

Used for describing position with respect to a pushb-

room sensor
pushbroom sensor Universal Space Rectangular
X

X

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=ffb28b980fb93908027c24daa6d2381b

Coordinate system axis direction

Coordinate system axis unit identifier
Coordinate system axis name

Coordinate system axis abbreviation

Cogrdinate system axis unit identifier
Cogrdinate system axis name
Cogrdinate system axis abbreviation

Coordinate system axis direction

Co]rdinate system axis unit identifier

Coordinate reference system remarks

Engdineering datum name

Datpm scope

Datpm anchor

In dccordance with the convention above, conversion of the line and sample pixel coordinat
to ijnage coordinates (xs(¢) @hdys() shall be as follows for the CCS of the framelet.

Xs[t) :[f(t) —(Int(f(t)) + 0,5))
Yty =(5(y=<(N ), /2)+0,5)

whegre

S lina Geora) o d copanln

1ISO 19130-1:2018(E)

The x-axis is perpendicular to the line of detectors in
the pushbroom detector array. It is normally aligned
with the direction of sensor or platform motion.

Metre

direction.

Metre
zZ
zZ

The z-axis is perpendicular to the xy plane a
the axis of the sensor'slens (optics).

Metre

hd along

This is the coordinate system for a pushbrooin sensor’s

detector plahe. Typically, the origin is at the i
between the detector plane and the lens optig

Pushbroom sensor datum

Used for describing position with respect to
room Sensor.

The intersection between the detector plane
lens optical axis of a pushbroom sensor.

aaca CRC vacmactivaly o oo

htersection
al axis.

h pushb-

and the

s (£(t), S()

(C.7)

(€.8)

< 1 3 e
O arererowantSampre L\,uu,uuu) HHA A ge-ororFespeetveryatSsea—+tHRe

) (starting

with £ = 0) with £ nominally determined by dividing image coordinates by d;

Xs(t)Ys(t) are coordinate values in image CRS corresponding to £(y), s(t), respectively;

Int(£(y) is the largest integer which does not exceed (£(y));

dx is the lineal dimension of detector, i.e. pixel size; in line of scan direction (typically the

line-of-flight);

dy 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.
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Pixel coordinates for the pushbroom sensor are then given as follows:

N-1

y; =———+i;x;=0, withi=0,..,N-I

and the focal length in pixel units given as:

N-1

(C9)

(C.10)

f s the focal length;
N s number of pixels in the array;

Omax 1s the maximum angular coverage of the array.

This mode |of imaging is called “Pushbroom” imaging. The centre of each pixelhas'integer values in Qoth
row and cglumn, or line (¥) and sample (s) coordinates for the aggregate strip image. However, wihen
the image [of a target is measured, both line and sample can have fractional values and need not be

limited to integer values. Modern measuring techniques allows for subspixel capability.

Z, A
SCS

L

CCS

0

P '(X.r‘;Y'Z)fs.’—(O",‘O;'-vf)‘ '

ffffff

row (line)

0 1 2 3 /45, column (sample)

Figure C.10 — Pushbroom Detector Coordinate System

Time is proportional to the integer line number coordinate of a point measured in an axis parallel to the

scan direction. For pushbroom sensors, the formula for time is:

t=to+ dtcoopp (coord-coordy )

where

102

(C.11)
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t is the time corresponding to a framelet containing a point on the image;

coord isthe 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 0;

coordg 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.
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all sensors on an airborne platform the reference point 0 can be the same as the image
hn be set to zero without loss of generality in the time equations if this value is not kiiew

all sensors on a satellite platform if the value of tp is not known, the satellité .orbit
ular. Refined estimates of tp and other unknown orbit parameters are solvedfor in ar

5 Whiskbroom sensor

origin of the orthogonal, 3D, SCS is at the perspective centre (xg)szs) of the lens[30]

centre and
h a priori.

s assumed
psection or
t adjusted.

for which

h the direction of forward platform motion and the z-axis is\perpendicular to the lens a
y from the collection array. Sometimes the lens axis is.defined as the x-axis, which is

ntation. For purposes of this development of the image-to-ground transformation, a pos

e the sensor scans across-track, each pixelin the scan line is scanned at a different tim
] in the line of pixels has its own SCS set of EO parameters (Xs(t), Vs(t), Zs(t), @s(t), P s(t) 4
b image consists of a number of consecttive framelets, each with its own EO parameters

operation of the whiskbroom sensor is similar to that of the pushbroom in the sense that |
bctor arrays scan. The pushbroom sensor scans with the motion of the sensor or the plat]

Sor detector CRS is defined similarly to that of the pushbroom.

Attribute Entry

ineering CRS mame Whiskbroom sensor CRS

is aligned
d pointing
tisfactory

anslations and rotations are consistently applied[44], Similarly, the focal plane may be défined with
ssociated x and y axes in opposite directions than shown, to account for the “negative” image plane

itive image

e and each
nd kg(g). A

oth sensor
form while

whiskbroom sensor scans<across the sensor or platform’s track of motion. Thus the whiskbroom

Fhisk-

Coo
Coo

Coo

scope Used for describing position with respect to a w
broom sensor
Lesian' coordinate system name Whiskbroom sensor Universal Space Rectangul
rdinate system axis name X
rdinate system axis abbreviation X

rdinate system axis direction

The x-axis is normally aligned with the direction of sen-

sor or platform forward motion. It is perpendicular to the
whiskbroom sensor’s across-platform-track scan direction.

Coordinate system axis unit identifier Metre
Coordinate system axis name y
Coordinate system axis abbreviation y
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Coordinate system axis direction 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 mir-
ror angles are rotations about the sensor x-axis and are
measured in the sensor y-z plane with the z-axis corre-
sponding to a zero scan angle.

Coordinate system axis unit identifier Metre

Coordinate system axis name zZ

Coordinatd system axis abbreviation zZ

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

axis of the sensor’s lens (optics).
Coordinatd system axis unit identifier Metre

Coordinatd reference system remarks This is the coordinate system for aswhiskbroom sensof’s
detector plane. Typically, the originis at the intersectipn
between the detector plane and the lens optical axis.

Engineering datum name Whiskbroom sensor datui

Datum scope Used for describing position with respect to a whisk-
broom sensor.

Datum anchor The intersection between the detector plane and the l¢ns
optical axis'of a whiskbroom sensor.

The whiskbroom demonstrates a panoramic effectsince the ray-of-sight rotates across the fljght
direction qround the sensor’s projection centre and each pixel is projected onto some part of a cifrcle
around thg projection centre. In the pushbroem system each cross-track framelet is formed optidally
asifin a conventional frame camera. The detector elements are equally spaced and therefore the crpss-
track IFOV| changes across the array as a function of the cross-track view angle. However the crpss-
track view|angle is limited and the pixels do not significantly change their quadratic shape. But for|the
whiskbroofm, each pixel has a different ground dimension in the x and y direction, with pixels at nadir
quadratic iﬁlshape and those at the-maximum scan angle demonstrating a trapezoidal shape.

For the whiskbroom sensor model, as shown in Figure C.11, the recorded pixels in a scan are assumed to
be on a straight line. For the“across platform track pixel coordinates, yj, a constant scan angle increnjent
of successipe pixels is agsumed.
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Key

1 |pixeli

2 [scan

3 |reference point
4 |y-axis

Figure C.11 — Whiskbroom sensor model

Using the maximum scan angle (Opax) shown in Figure C.11 and the number of pixels (N) {n one scan
ling leads to the pixel coordinates:

and|

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

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

f= N_l/emax

and| the actual scan angle given/as:

0. =— emax +i 6max
! 2 NZ=1

whegre

xj, yi <ak€’pixel coordinates;

f is the focal length in pixel units;

h the focal length in pixel units given as:

(C.12)

Oi is the actual scan angle;

Omax is the maximum scan angle;

N is the number of pixels in one scan line.

C.5 SAR coordinates

C.5

.1 General

The fundamental reference data needed for performing photogrammetric processing with SAR images
are the ARP, Sy, the GRP, G, and the Sensor Velocity Vector, s . Unlike passive projective imaging sensors
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(e.g. frame or pushbroom optical sensors), SAR sensors do not strictly have an “interior orientation”
that can be physically modelled. This is because the SAR images or image-like products are generated
synthetically from the phase history data (PHD). Pulses are transmitted by the sensor; the magnitude,
phase, Doppler-angle, and time of the returned signal are sensed; and then the SAR processor calculates
an aggregate magnitude and phase for each pixel, within the desired footprint. These calculations can
be output in any desirable coordinate system or projection, although a few common methods for
calculating the ground coordinates are discussed in C.5.2, C.5.3 and C.5.4.

The three most common methods for image formation are to use the Slant Plane, the Ground Plane, and
an Inflated Ellipsoid.

C.5.2 Slgnt plane coordinates

The slant plane is a plane that passes through the sensor velocity vector and the GGRP fof an impge.
The sequehce of velocity vectors within a given synthetic aperture usually follows a straight line,
however, if often has some variation from it. As a result, the velocity vector is defined\at the ARH for
practical purposes in Spotlight mode imagery. In the other modes, the variation in-the“velocity vegtor
is accommpdated by the time-dependent nature of the metadata. The GRP is somewhat of a misnoiner,
as there id no assurance that the GRP is actually located on the ground. Instead, it is a predefined
coordinate| for a target location or targeted centreline that is presumed to be‘on the ground (based| for
example, on a DEM or other information with unknown reliability). SAR products are almost always
formed with the GRP at the centre of the image in the range direction.£or‘Spotlight mode, it is usufally
placed at the centre of the image in azimuth as well. For other modes,)the centre of each image lirje is
defined as|the GRP for that line. For non-Spotlight modes, the variable nature of the GRP and velogity

vector implies that the slant plane may vary with each line and so-the image may not actually be forined

on a single|plane. Nevertheless, it is still usually called a slant plane image.

The slant glane coordinate system is defined by a unit vector in the range direction, r, that points ffom

the GRP td the ARP, and an azimuth unit vector, 6, that'is in the slant plane, but orthogonal to r pnd

parallel to the velocity vector.

Attribute Entry

Engineering CRS name SAR Slant Plane CRS

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

Cartesian ¢oordinate system famme SAR Slant Plane Universal Space Rectangular

Coordinatd system axis rfame 0

Coordinatdg system axis abbreviation 0

Coordinatqg system axis direction The 0-axis is aligned with the azimuthal direction ip
the slant plane, orthogonal to the range direction and

1o CAD 1 14

11 4
pParamctrto-o71rIvS veTOtTty vECtTOT!

Coordinate system axis unit identifier Radian

Coordinate system axis name r

Coordinate system axis abbreviation r

Coordinate system axis direction The r-axis is in the slant direction and points from
GRP to APR.

Coordinate system axis unit identifier Metre
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origin is at the SAR GRP.

Engineering datum name SAR Slant Plane datum

Dat

Dat

um scope
Slant Plane

um anchor The SAR GRP

This is the coordinate system for a SAR slant plane. The

Used for describing position with respect to SAR

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

(y-9
NOT

will

Wh
dirg
bot
ina

Giv

from the GRP

whyd

Cal

whg

xis) is aligned with r.

E If an image is collected off of broadside (i.e. with a non-zero squint angle), then the 'slant
be approximately a parallelogram when projected to the ground.

le a polar format can be used for the coordinate system, images are uSually genersa
ctly or via resampling, onto a pixel coordinate system with pixel spacingsithat are equidi
h orthogonal axes - as opposed to the polar format, which is equidistantin range and e
zimuth. The mapping from pixel coordinates to range and Doppler,ahgle is accomplished

en the line, [, and sample, s, of a pixel, the offset of the pixeliin pixel coordinates is
Al=1-1, and As=5s-5

pre

I,s  aretheline and sample of a pixel;
lp, so are the line and sample coordinates of the GRP.

ulate the vector, (_20 from the ARP,Sg, to the GRP, G, in the ECEF coordinate system

Q) =Sy -Gy
re

(_20 is the vectorfrom the ARP to the GRP;

So isthe vector of ApertARP coordinates;

Go isithe vector of GRP coordinates.

Prolect the vector (_20 into the slant plane (ARP as origin)

plane image

ted, either
stant along
guiangular
as follows:

calculated

(C.13)

(C.14)

Qoz‘éo‘l/}R

A
where UR is a unit vector along the range.

The

n, calculate the pixel’s 3D vector in the slant plane (ARP as origin)
Alp,
Q=Q,)+| Asp,
0

(C.15)

(C.16)

where pg, p; are slant plane pixel sampling distances in the sample and line directions, respectively.
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SAR images 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
Sample Distance (GRD)” (a misnomer, since it is actually measured in the slant plane) should be used.
The slant range, Rs, and the local Doppler angle, a1, for the pixel can now be computed by:

Rs =|Q| and o) =cos™ Q-0 +o (C.17)
[[@|
where
Rs i4slant range, the magnitude of the 3D vector, Q, in the slant plane from the ARP;
aj, i local Doppler angle;
ao iy Doppler angle of the GRP, calculated as the complement of the squint anglefatthe GRP.
0 =90°-71 (C}18)

where 7 is fhe squint angle at the GRP.

Alternativ¢ly, the Doppler angle can be computed directly using the anfenna’s velocity vector, §

- -S

o =cqs 1 Q— (@19)
[@fsi

NOTE The slant plane is sometimes called the SAR plane,"because the SAR image is generally formed in

that plane.

C.5.3 Grpund plane coordinates

The groung plane is defined as a plane that.is.tangent to the Earth’s surface at the GRP. Interestirjgly,
this can be[somewhat ambiguous. First, as stated above, the GRP may not be on the Earth’s surface, pnd
second, “the Earth’s surface” can be defined in a number of ways. Most commonly, the plane that is ysed
is orthogomal to the Earth ellipsoid nermal and passes through the GRP for Spotlight mode, or through
a central GRP for other modes.

Attribute Entry
Engineering CRS name SAR Ground Plane CRS
CRS scope Used for describing position with respect to SAR groungl
Plane
Cartesian ¢o0rdinate system name SAR Ground Plane Universal Space Rectangular
Coordinate system axis name X
Coordinate system axis abbreviation X
Coordinate system axis direction The x-axis is in the ground plane and is typically aligned

with the azimuthal and orthogonal to the projection of the
range vector.

Coordinate system axis unit identifier Metre

Coordinate system axis name y
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Coordinate system axis abbreviation y

Coordinate system axis direction The y-axis is in the ground plane and is typically aligned
with the projection of the range vector and orthogonal to
the azimuthal vector.

Coordinate system axis unit identifier Metre

Coordinate system remarks This is the image CRS for a ground plane. The origin is at
centre of image.

Engineering datum name SAR Ground Plane datum

Datum scope Used for describing position with respectt9o-SAR ground
Plane

Datpm anchor The origin is at centre of image

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

Y=AX+b (C.20)
wheére

X are the slant plane coordinates in ECEF;

Y are the ground plane coordinates in ECEF;

A isthe 3X3 Affine matrix;

b isa 3x1 translation vector.

The range and Doppler angle can be calculated from ground plane pixel coordinates by firgt inverting
thelaffine transform to recpver the equivalent slant plane pixel coordinates, then applying the method
givén above. The projected-slant plane coordinates will likely not fall directly on slant plane pixel
coofdinates, so the use.of floating point numbers to encode pixel coordinates is required.|The affine
trapsform parametersiused to perform the coordinate transform from slant plane to grounpd plane or
thelr inverse shall be provided with a ground plane SAR product in order to allow photogrammetric
professing.

The ground:plane is also sometimes called the focus plane, because the image formation prjocess shall
foclis each-pixel at a particular range. Commonly, the range used is that to the pixel poinf projected
intq aplane tangent to an ellipsoid inflated to the GRP elevation at which a particular SAR imaging
Carr }Jaisu ;O tql sctcd.

C.5.4 Inflated ellipsoid coordinates

The inflated ellipsoid coordinate system uses a fixed height, h, above the Earth’s ellipsoid. The height is
usually that of the GRP, for Spotlight mode, or some average height for the other modes. This coordinate
system is primarily used with non-Spotlight modes that cover large areas, for which the Earth’s
curvature makes planar projections impractical. In order for an ellipsoidally projected SAR product to
be useful photogrammetrically, the method that the SAR provider uses for defining a pixel’s coordinate
shall be clear. Typically, one axis (usually the x-axis) is defined along the surface of the Earth'’s ellipsoid
in the instantaneous ground range 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 product, the x and y coordinates will uniquely determine a 3D
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point, M, in the ECEF coordinate system, on the ellipsoid. M shall be calculated by inverting the data
provider’s method for defining the pixel’s coordinate.

Attribute

Engineering CRS name

CRS scope

Cartesian coordinate system name

Entry

SAR Inflated Ellipsoid CRS

Used for describing position with respect to SAR Inflated

Ellipsoid

SAR Inflated Ellipsoid Universal Space Rectangular

Coordinatgq
Coordinatg

Coordinatg

Coordinatg
Coordinate
Coordinate

Coordinate

Coordinate

Coordinate

system axis name
system axis abbreviation

system axis direction

system axis unit identifier
system axis name
system axis abbreviation

system axis direction

system axis unit identifier

system remarks

X
X

The x-axis is in the inflated ellipsoid and js aligned with
the azimuthal vector and orthogonal tothe projection d
the range vector on the inflated ellipsoid.

Metre

y
y

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

the projection.eftthe range vector on the inflated ellipsqi

and orthogonal to the azimuthal vector.
Metre

This.is the image CRS in an inflated ellipsoid at a defin
height at the Earth’s ellipsoid. The origin is at the centj
of image.

)

bd
e

d

Engineering datum name SAR Inflated Ellipsoid datum

Datum scope Used for describing position with respect to SAR Inflate
Ellipsoid

Datum anchor The origin is at the centre of the image
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For example, for an ellipsoid inflated by h, and image coordinates x and y, one might first determine the

geographic coordinates, latitude, @, and longitude, A, from

¢=F(x,y)
A=G(x,y)

(C.21)

using the product provider’s conversion method. Then 3D Cartesian ground coordinates can be

calculated by:
v (a+h)-cos(¢)-cos(A)

Y
\/l—(e -sin(Q))
y= (a+h)-cos(¢)-sin(A)
\/1—(e'-sin(¢))2
. (1-€'%)sin(¢)
1—(e'-sin((;)))2

herg

e'=\/1—{(b+h)/(a+h)}2

The slant range, Rs, and the local Doppler angle, a;, can now-be computed directly as

Rs =|M-S(¢) =\/(MX S, (0) +(M, -5, () M, -5, ()"

S (©) (M=, ()45, (E)fM, =5 ()] +5, (6) (M, =S, (¢))
Rs‘s(t)‘

o) =Cos
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Annex D
(informative)

Frame sensor model metadata profile supporting precise

geopositioning

D.1 Genleral

The purpo
to accomp
is intended
establisheq
Specifically
classes and

D.2 Frame sensor interior descriptions

D.2.1 Ty,

Typical of

| in this document to perform precise geopositioning using a physical frame sensor mg

e of this annex is to show how to use a minimum set of the metadata defined in this.document

ish precise geopositioning of images from a frame sensor imagery systeny. This an
to give an example for using the common terminology and a common frame of referg

, 8.1.2, 8.2.3 to 8.2.8, 8.3, 8.5, and 8.6 excluding 8.6.4 and 8.6.6 identify relevant metag
Annex B provides the expanded definition of these items.

pical imagery sensor storage layout

common imagery formats, and in particular that specified in ISO/IEC 12087-5, pict

elements (

examples in Figure D.1. There are three coordinate systems commonly associated with digital

digitized i
the first pi
being at th
are pixels
as will be i
the upper
CCS origin
coordinate

pbixels) are indexed according to a 2D array of rews and columns, as illustrated in the a1

agery: a) the row, column (r, ¢) coordinate'system with origin being at the outside corne
el, i.e. the CCS defined in C.4.3; b) the line, sample (I, s) coordinate system, with the or
centre of the image; and c) the x, y coordinate system. The units used in the first two syst
nd decimals thereof), while the x;y are linear measures such as mm (and decimals there

troduced in D.2.1 to D.2.3, and(Figure D.1. The origin of the CCS, as shown in Figure D.
eft corner of the first (or 0,0) pixel, which in turn is the upper left of the array. Because
is the pixel corner, and they, c associated with a designated pixel refers to its centre,
s of the various pixels, (0,5;,0,5), (0,5, 1,5), ..., etc., are as shown in Figure D.1.
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Key]
1 |CCS origin
2 |r(rows)
3 |c(columns)
4 |non-symmetrical array
5 [symmetrical array
Figure D.1 — Pixel orientation within the frame sensor coordinate system
D.2.2 Pixel-to-image line, sample coordinate transformation
Singe all mathematical development'to-follow is based on the geometric centre of the injage as the
origin, the row, column (r, ¢) system-is replaced by the line, sample (¢, s) system through fwo simple
trappslations:
g :r_Cf
(D.1)
s=c—-C;
whe¢re Cp and C;_are/half the image pixel array size, in pixels, in the row and column |directions,
respectively.
EXAMPLE 1.4 _Figure D.1 (Non-symmetrical): For Cp=4/2 =2,0 Cs=5/2 = 2,5.
rp& 1y 6pixel Cp =4,7 pixel

p

p

EXAMPLE 2

rq =1, 4pixel cq =3, 1pixel

EQ :rQ —Cg :1,4—2,0=—0,6pixel

14 =T, -C,=1,6-2,0=-0,4pixel

Sp=Cp —C,=4,7-2,5=2,2pixel

Figure D.1 (Symmetrical): For Cp = 4/2 =2,0 Cs = 4/2 =2,0.
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SQ :CQ _CS =3,1—2,0:1,1pixel

D.2.3 Fil
In the case

X=alg

m and charged coupled device array distortions
of film medium, film deformations are accounted for as follows:

+b15+C1

(D.2)

y=ayl+bys+c,

This transfermationaccountsfortwao cra]nc 2 rnfnhnn 2 clznur andtwotranslations Thesix parame

ers

are usually
their equiyv

Figure D.2
Sensors.

D.2.4 Pr

Ideally the
However, t

offsets xo and yo, as shown in the figure. xg and yg are in the same linear measure (e.g. mm) as the in

coordinate

' estimated on the basis of (callbrated) reference points, such as camera f1duc1al mafks
alent corner pixels for digital arrays. Here, the (x,y) image coordinate system, as Show
is used in the construction of the mathematical model, and applies to both film.and dig

ncipal point

lens axis would, as in Figure D.2, intersect the collection array at its) centre, (x, y) or (
his is not always the case due to lens flaws, imperfections, or desigf) and is accounted fo

s (x, y) and the focal length, f.

P <

, or
h in
ital

0).
" by
age

~

s : P x
A N i
(2) 3)

Key
1 lens (optical) axis (pérpendicular to the page)
2 indicatg¢d principalipoint (IPP)
3 princippl pointefautocollimation (PPA)
4 perspegtive centre

Figure D.2 — Placement of lens axis
D.2.5 Optical distortions

Effects due to optical (lens) distortion are measured in terms of radial components. The radial
distortion normally is approximated by a polynomial function applied to the x and y components, see
Figure D.3. The polynomial may take different forms; e.g., odd powers of the radial distance, or a scalar
applied to the square of the radial distance.

114

© ISO 2018 - All rights rese

rved


https://standardsiso.com/api/?name=ffb28b980fb93908027c24daa6d2381b

1ISO 19130-1:2018(E)

y
A
Ay a
Y 2 or
Yo r AX
» X
Xo X
Figure D.3 — Radial optical distortion
Sr=kyr3+k,r® +kgr’ (D.3)
whére:
%2192 -
r= Ty =X—Xg Y=Y—-JYo (D.4)

and| k represents the third, fifth, and seventh-order radial distortion coefficients. These k ¢oefficients
arelobtained by fitting a polynomial to the distortion curye«r tabular data from a camera calibration
or the least squares adjustment results of collinearity equations augmented with additional Iﬁlrameters
for self-calibration. Although the distortion described by‘the first order terms of the polynoial can be
corrected by adjusting the focal length, the discussiofithat follows is focussed on the use of pplynomials
to describe the distortion. The influence of this distortion is typically described as either a “gincushion”
or “parrel” distortion, as shown in Figure D.4.

®

(1) (2)
Key]
1 |pincushion/(positive)
2 |barrébfnegative)

Figure D.4 — Optical radial distortion effects
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The resultant x and y radial optical distortion components are then:

Ax

radial

Ay radial

_6r _kyr3+kor® +kgr’

X=X =x(kqr2 +krt +kar®)

d ; rs , (D.5)
kqr3 +kor® +k
PALELS UL U, L W I WL B )
r r

Another interior imperfection is described in terms of rotational symmetry, or “decentring.” While in
general these effects may be assumed to be minimal, they may be more prominent in variable focus or
zoom cameras. Consideration of this effect is given via reference [35].

_2 2 _
AXdecen:pl(zx +r )+p2(2XY)

- =2 2
AY geceh =P1(2Xy)+p,(2y° +r”)

(p.6)

where Axgpcen and Aydecen are the x and y components of the decentring effect, respectively; p; pnd
p2 are decentring coefficients. The referenced document included a third coefficient; however, for all
practical pjurposes, this influence is so small that it can be ignored. Therefore, the,¢a@ntributions of |ens

radial dist¢rtions and decentring of x and y components are:

= 2 6 =2 2 —
AX jons [F AX radial + DX gecen =X (K11 +k2r4+k3r )+p1(2x“+r°)+p,(2xy)

Aylens szradial+AYdecen =)7(k1r2+k2r4+k3r6)+p1(2@)+p2(2)—/2+r2)

(b.7)
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(2)

Key

1 |platform CRS: (X,Y,Z)a

2 |sensor CRS: (x,%,2)s

3 |objectlocal CRS: (X,Y;,Z)t

4 |earth CRS: (X,Y,Z)

5 |vector betweenlacal reference and Earth reference

Figure D.5 — Multiple coordinate reference frames

D 6 Atmosnharic rafraction
.

TOT XTI P IICT IC T CITO CTIUTY

Adjustments may be required to account for bending of the image ray path as

a result of atmospheric

effects. These influences generally increase as altitude and look angles (vertical angles from the platform
down direction) increase. Several methods, of varying complexity, are available to approximate the
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needed adjustments, including, for example, consideration of temperature, pressure, relative humidity,
and wavelength. The following simple approximation is adopted:

Ad=Ktana

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

displacement, and

(o 2HOXH.g  2410xhyg ( g )
Hopy?=6H g +250 B *—6h,  +250| Hpug
and
o =tan _l(rlf) (D.8)
Hpg is altifude (km, MSL) of the sensor, hyyg) is the object elevation (km, MSL), andyK-is the refraction
constant (micro-radians). This formula is a good approximation for collection parameters resulfing
when the opptical axis coincides with the vertical axis (Zt, Figure D.1) from the gtolind object. Depending
on the leve] of precision required, off-vertical collections may require more rigerous models.
Therefore, [given image coordinates (x, y ), the resulting coordinates (Xyefy ref) are:
’ - rr:e
Xref =X rf
’ — r;ef
Yref =V -
where:
’ — — r;ef
Axref = Xpof —X =x( . —1]
, (P9)
’ - = rre
A.Vref:yref_y:y - -1
It follows, then, that the refraction(cofrection components (Axres Ayref) are:
’ — —_ rl:ef
AXpor FXper =X =x( a —1]
v (D110)
r
Ayref :yref —y:y[ r:f —1]
D.2.7 Summary

Lastly, the corrections to the original image coordinates (x, yJ are combined to establish the corrected
image coordinates as follows:

X' =X+ AXjgng + DX o

r/
=X +X(kqr? +kor +kar®)+py (287 +r2)+pz(2@)+§(r_ef‘1]
r

y,=y+Aylens+Ayref

=+

(D

r’
(kqr? +kor* +kar®)+py(287)+ po (277 +r2)+}7[r79f—1]

where x”and y’ are the resulting corrected image coordinates.
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Simplifying Formula (D.11):

rl
r:f )+p1 (282 +r2)+p,(2%)

X =x(kqr? +kor* +kqor +
(D.12)

’

I
Y =ylkyr? +kor® +kgr® + )1y (257) + (25 +17)

Therefore, given pixel coordinates (r,c), calculating the image coordinates, including correction factors
considered, may be accomplished through the use of Formulae (D.1), (D.2), (D.4), (D.8), (D.11), and
(D.12). Therefore, (x’y’) are the image coordinates required for the image-to-object transformation.

D.3 Collinearity equations

Derjiving the relation between image coordinates and the corresponding point onrthé Earth’s surface
via translation and rotation from one coordinate system to the other requires a €CS. The geometry is
that shown in Figure 3.

Gedmetrically, the sensor perspective centre (L), the “ideal” image point (p), and the corresponding
objé¢ct point (P) are collinear. The “ideal” image point is represented by image coordinates dffter having
beeh corrected for all systematic effects (lens distortions, atmosphericrefraction, etc.), as given in the
prefeding clause.

For|two vectors to be collinear, one shall be a scalar multiple‘of the other. Therefore, vectors from the
pergpective centre (L) to the image point and object point, pand P respectively, are directly prpportional.
Further, in order to associate their components, these vector components shall be defined wfith respect
to the same coordinate system. Therefore, define this association via the following formula:

a=kMA (D.13)
whére
a isthe vector from the perspective centre to an image point;

is a scalar multiplier;

is the orientation matrix that accounts for the rotations (roll, pitch, and yaw);

> =2 =

is the vector from’'the perspective centre to the object point.
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M is required to place the Earth coordinate system parallel to the SCS. Therefore, the collinearity

conditions

X

yI-0

0

represented in the figure become:

0 X X

=kM||Y |-|Y

Z Z I

f

The orientation matrix M is the result of three sequence-dependent rotations:

0 0

M=M

K

Where the
the twice 1

M=|—

Althought
the image
the image |
follows:

X =—(X
y=—)

Therefore,

(D.18)

where the
rely upon t
the sensor
position, a
Navigation
degree to
of the colle

M L) R e W
L 0 0 1ﬂ§m¢ 0 Hp J

\Y
cos¢

rotation w is about the X-axis (roll), ¢ is about the once rotated Y-axis (pitch), and k1is al

ptated Z-axis (yaw), the orientation matrix M becomes:

. £B
COSW SIITW | R

—sinw cosw

PSPCcOSK  coswsink+sinwsin@cosk  sin@sink —coswsingcosk
COS@Sink  coswcoskK—sinwsingsink  sin@cosk +coswsingsink
sing —sinwcos¢ COSMWCOS P

(D

he earlier derivation expressed coordinates with regard to the image-plane (“negative” pla
boint p in Figure 3 is represented by coordinates (x, y), whose ¢elation is simply a mirra
blane. Thus the components of a will have opposite signs of-their mirror components (x, )

—Xo)
= Yo)

for any given object, its “World” coordinates{X; Y, Z) are related to coordinates (x, y) via:

(D

[ cosgcosk(X—X )+(coswsink+sinmsingcosk)(Y —Y, )+ (sinwsin k —cos wsing cos k') (4

(D.

14)

15)

out

16)

ne),
r of
) as

17)

sing(X—X;)=sinwcosg(Y —Y; )+coswcosp(Z-Z})

[ cosgsin k(X —-X;)+(coswcosk'<sinwsingsink)(Y -, )+(sinwcosk +coswsingsink)(Z]

—zg}

sing (XX )—-sinwcosg(Y —Y; )+coswcosp(Z—Z})

(x, y) represent the“corrected” pair, (x, y") from Formula (D.12). The equations above
he positional and-orientation information of the sensor. Unfortunately, inability to meas
position acelrately, due, for example, to system latency (such as timing delays in deted
'titude, or gimbal readout, or transmission) or Global Navigation Satellite System/Inet
System[GNSS/INS) errors, can be the source for a substantial amount of uncertainty.
vhichithe accuracy of these results is required will determine the degree to which model
ctioh System parameters is required.

-zg}
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tial
The

ling

120

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=ffb28b980fb93908027c24daa6d2381b

1ISO 19130-1:2018(E)

Annex E
(informative)

Pushbroom/Whiskbroom sensor model metadata profile

E.1—General

Theg purpose of this annex is to show how to use metadata defined in this document, to

pre

Cise geopositioning of images from pushbroom and whiskbroom sensor imagery systems.

hccomplish
This annex

is imtended to give an example for using the common terminology and a common frame off reference

estd
Spe
Any

E.2

E.2

The
con|

cifically, 8.1.2, 8.2.3 to 8.2.8, 8.3, 8.5, and 8.6 excluding 8.6.6 identify relevant metadata
ex B provides the expanded definition of these items.

Pushbroom sensor Interior description

1 Pushbroom sensor coordinate system

fained in C.4.3 and C.4.4.

iblished in this document to perform precise geopositioning using a physical-frame ser{sor model.

Flasses and

detailed description of the Pushbroom Sensor is in8:1.3 and the Common and Sensor CRSs are

Key

1 |linearcollection array/focal plane array (FPA)
2 | (direction of flight)

3 fensaxts

4  perspective centre

Figure E.1 — Sensor coordinate system for a pushbroom sensor
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A
£ (N-1)/2
tan(Bmax/2)
f
a N

(D72

Figure E.2 — Pushbroom sensor model

E.2.2 Pushbroom sensor time

The pushbroom sensor scan time is described in C.4.4.

E.2.3 Imjaging process

Some pushbroom sensors provide a ‘look-forward’/‘look-back’ capability of up to twenty (20) degr
shown as the angle A in Figure E.3, to minimize glint. Other.implementations incorporate mult
arrays. This annex models a pushbroom sensor that employs asingle linear array oriented perpendic
to the platform flight direction. As the platform travels along'its trajectory, a strip image of the ter
is acquired as the array sweeps forward, one line for each\framelet imaged by the array.

Figure E.3|is a schematic of the imaging process. (The positive image plane size is greatly exagger:
for illustration purposes only.) The location of thé'sensor, as depicted by the instantaneous perspec
centre (C)|in the figure, and its orientation, vary, based on platform and sensor movement in sf
and time, from image line to image line. $iX\EO unknowns (Xs(), Ys(t), Zs(t), ws(t), ®s(t) and ks(t) €
for each inmpage line, a framelet. As in a_frame image, any pixel in that framelet (line) is related to
correspondling (imaged) object point according to the standard collinearity equations. The EO elem;(
are explicitly time dependent. Every.strip image has multiple framelets. Thus, the number of unkn
external otfientation parameters.to-be solved for in the aggregated strip image (six for each image |
becomes upwieldy. A bundle adjustment would be impractical since the collinearity solution requir
minimum ¢f three GCPs to solyé for the six EO unknowns. A pushbroom strip image adjustment wi
be overwhglmed by its GCR'dependency. An alternative approach is used, relying on the condition
the elemenits associated/with one scan line are tightly correlated with those of neighbouring lines. ]
approach i described\in E.4.
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