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Abstract

A particularly ef~cient and accurate method of creating
di~:tal elevation maps (DEMs) from inte~erometnc SAR
data was introduced by the stnpmap SAR community. In
this paper, we show how to extend this approach, the
direction cosine method, to the case of high-resolution
spotlight-mode SAR Zke method allows the computation
of the three dimensional position of scatterers in absolute
coordinates directly from the raw radar measurements of
range, Doppler, and interjerometn.c phase. Having so
computed position triples, the data can then be
interpolated onto any map projection desired. i%e
technique is illustrated with actual high-resolution
spotlight-mode imagery.

1. Introduction

h interferometric synthetic aperture radar (IFSAR)
uses two or more spatially separated apertures in order to
estimate precisely the incidence angle to scatterers on the
ground. When combined with the inherent range and
azimuth angle measurements of traditional S- accurate
and detailed 3-D elevation niaps of the terrain may be
computed in an automated fashion. The stripmapping SAR
communi~ was the first to recognize a straightfonvard and
exact method to compute 3-D scatterer locations d~ectly
from the three raw radar measurements of range, Doppler,
and interferometric phase [1]. In this paper, we extend this
approach, the direction cosine metho& to high-resolution
spotlight-mode SAR Spotlight-mode SARS permit a
longer dwell of the radar on a given patch of terrain
allowing the formation of much higher resolution imagery
than is possible in stripmap systems [2]. However, the
fimdamental radar measurements are not exactly the same
as for stripmap formed imagery. We show how the
stripmap direction cosine method maybe modified for the
spotlight-mode case. Finally, an example using actual
high-resolution spotlight-mode data is provided.

2. Stripmap-mode IFSAR

A traditional SAR produces two-dimensional images of
the three-dimensional illuminated scene by mapping
scatterers into range and Doppler coordinate pairs. Range,
as the name implies, is simply the line-of-sight range from
the aperture phase center to each given scatterer. Doppler,
or range rate, is a fimction of the angle between the line-
of-sight vector and the aperture phase center velocity
vector. In a stripmap-mode S~ the Doppler equation:

.G
fD =++ (1)

ILX

relates the (aperture to scatterer) line-of-sight vector, ~(1$,

the velocity vector, Z, and the radar wa~elength, 2, to–

the observed Doppler frequency centroid, fD[3].
At the antenna position corresponding to each radar

pulse, a one dimensional array of pixels representing
scatterers on the earth with the same Doppler centroid is
computed, comprising one column of the. two dimensional
image. The other dimension (down the column) represents
range from that antenna position. These values are
computed from puke return data received over the whole
synthetic aperture centered on that position. The qperture is
then centered on the next radar pulse position, producing
the next column of image dataj and so on. Note that this 2-
D representation of the 3-D world implies geometrical
distortion eflkcts such as layover, skew, and superposition.

h interferometric SAR obtains a third measurement
value by virtue of a second aperture displaced from the
first in cross track. By comparing the phase of the returns
as seen by the two apertures, the IFSAR can estimate the
incidence angle to scatters in addition to the range and

range rate measurements [4]. If we let the vector ~
represent the difference between the aperture phase center
positions (the interferometric baseline), then a given

scatterer, exhibits a phase difference, #, given by the

relation:
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paper provides a definition, in the form of a UML Profile, that provides the extensions necessary
to perform this conversion and to accurately reflect the semantic content of an ORM model. It
also demonstrates a significant conversion via software. The XMI 1.1 definition provides the
UML output format. A sample model that comes with a popular ORM tool provides the input.
ORM semantics and usage differ from those typically associated with UML primarily in the
following areas:

. What would normally be considered an Attribute in UML is represented in ORM as an
Association (FactType).

. A typical ORM Constraint restricts the allowed population of an AssociationEnd (Role) or
a set of Association Ends. This contrasts with the UML, where constraints typically
govern whole Associations, Classes, or Behavioral Features.

. The ORM analysis process relies heavily on sample populations of associations (Links)
to assist in the determination of Constraints. This is not consistently used in UML
techniques.

. ORM methods are typically used to model persistent data stores, helping to optimize the
data structure and reduce the incidence of anomalies in the population of the data store.
UML is typically used to model run-time characteristics of software.

None of these differences violates intrinsic capabilities of the UML metamodel. Rather they
represent deviations from normal usage of the UML notation.
?.:.!.:.:.!.:.:.:.:.:.:.:.:.:....?.:.:.:.:.:.!.!.!.!.?.:.*:.!.!.:.:.!.:.!.?::.:.!.:.:.!.:.!.:.x.!.:.?:.:.:.:.!.:.!.!.!.:.:.:.!.!.!.!.!.::.!....:.:.!.:.:.!.?:.:.:.:.....:...:.:.:...

Autho~ David Cuyler, Sandia National Laboratories: rnailto:dscuvle@ sandiww
Sandia is a multi-program laboratory operated by Sandia Corporation, a Lockheed Martin
Company, for the United States Department of Energy under Contract DE-AC04-94AL85000.

:::-?vy:--.,;~;-~y,p.~-:y.:??>?-;-:-~*~~-wt-x?::?<l:>:>%?-xl:-T.:---ywyy-y:*-?:y.-T-.-:ww;-H:mR-ytwT2y?w--;-;:7w?--?-7--*:%;?7---?:;w%:w
References

●

b

b

●

●

●

●

●

●

●

●

●

●

●

●

Model: A UML Profile for Gbiect Wale Mcxfelina v.&5 (this model)

MetaModel: UML v.I.3

MetaMetaModel: MCWv.I.3

XML Metadata Interchancje (XM1)v.?. t {Pro~ose&)

F+eauirementsfor UML Profiles {Green Pa~er)

White Paner on the Profile mechanism

W3C XML 1.0 Definition

W3C XSL Definition

Obiect Role Modelirm Web Site

Dr. Terrv hialoin on UML and ORM

Journal of Cunce@ual Modelinq

Persistence Mockiina in the UML

An CIRM Model Exmwssed in Accordance With This Profile

XSL to Transform an XMI Model to HTML,

Dr. Terry Halpin, Conceptual Schema and Relational Database Design, revised 2nd ed. ,
(WytLytPub, 1999).

1

‘-



DISCLAIMER

This report was prepared as an account of work sponsored
byanagency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document.



\

●

,

*

ffov15 a)l)~
UML Profile for Object Role Modeling

C3$.r I
1. Introduction

Object Role Modeling techniques produce a detailed domain model from the perspective
of the business owner/customer. The typical process begins with a set of simple
sentences reflecting facts about the business. The output of the process is a single
model representing primarily the persistent information needs of the business. This type
of model contains little, if any reference to a targeted computerized implementation. It is
a model of business entities not of software classes. Through well-defined procedures,
an ORM model can be transformed into a high quality objector relational schema.

2. Summary of Profile

1. Identified Subset of UML 1.3

I
Core

Core

ore

1
ore

ore

Core

Core

ore

Core

IModel Management

IModel Management

IModel Management

IModel Management

IExtension Mechanisms

IExtension Mechanisms

ICommon Behavior

kommon Behavior

ICommon Behavior

Fommon Behavior

ICommon Behavior

Association

AssociationClass

Association End

Attribute

Class

Constraint

DataType

Dependency

Generalization

ElementImport

Model

Package

SubSystem

Stereotype

TaggedValue

DataValue

Instance

Link

LinkEnd

LinkObject
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2.

3.

Common Behavior Object I
Stereotypes

Class

Class

Association

Association

Association

Association End

Associat ionClass

Attribute

Attribute

Constraint

Constraint

Constraint

Constraint

Constraint

Constraint

~

LinkEnd

Tagged Values

a entitvTvpe>>

<<valueTvpe>>

<<faCtTvpe>

<<derivedFaCtTv~e>>

<<unarvFaCtTv~e>>

<<ormROle>>

<<neStedObiectTv~e>>

<<referenCeMOde>

<<valUeAttribute>>

<<ormconstraint>>

<<unique>>

<<mandatory>>

<<frequencv>>

<<rinu>>

<<set>>

<<factInstance>>

<<rolelnstance>>

P +-
entence

FL
PP

1=
<<ormRole>>

<Corm Role >> 1=
extAfter

read in

<factTv~e>>

<factTv~e~>

KormConstraint >>

~ormConstraint>>

~ormConstraint>>

<ormConstraint >>

<ormConstraint >>

<<nestedobjectT~e>>~entence



FE
<cljniUe>> isPrima

<<fre uenc >> multi licit

<<rin >> rin T e

uset>> etT e

~set>> numberOfSets

<<set>> roles PerSet

4. Constraints

.:.:.,..,:::. ::.:.:...:........................ ..:.:..:.e/e+&~~:::::;;”::::!:minstwl:::::’ij
<rinq>> binarvFactOnlv

urlnq>> roleHeritaae

<<set>> ordered

<<set>> roleHeritaae

<<set>> min2Sets

3. Stereotypes and Notation

1. Static Structure Stereotypes

Stereotypes of constructs typically associated with a Static Structure (Class)
Diagram.

1. <~entityType>>: C3asS An object type (Class) that represents a collection
of real-world objects having similar characteristics, some of which maybe
useful for identification. The characteristics may be inherited from a
supertype. On transformation, an entity type generally maps to a Class. In
an ORM model, an entity type appears as a solid ellipse.

2. walueType>> : Ciass An object type (Class) that represents a domain or
a set of allowed literal values. On transformation a value type generally
maps to a Class Attribute. In an ORM model, a value type appears as a
dotted ellipse.

3. ~CfactType)) : Association A fact type consists of one or more object types
and predicates indicating the roles played by the object types. In an ORM
model, a fact type appears as a contiguous series of a number of role
rectangles equal to the number of object connections.

Required Tags

1. sentence : string [0..1] A skeletal verbalization of the primary fact
sentence with a placeholder for each role. This sentence can be
derived by concatenating the text values and placeholders
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associated with each role.

.

.

4. <<derivedFactType>> &ctTv~e~~ : Association A fact type whose
instances can be derived algorithmically from instances of other fact
types.

Required Tags

1. isStored : boolean [0..1] An indicator of whether the derived
instances of this fact type are stored. If not stored, instances are
calculated at run-time.

2. derivationRule: string [0..1] The algorithm by which instances of
this fact type are derived.

5. <<unaryFactType)> <<factTv~e>>: Association A fact type with a single role.
Indicates truth of the predicate when populated. Since UML well-
formedness rules disallow an Association with only one AssociationEnd, it
is necessary to represent a unary fact type as a binary fact type with a
Boolean value type playing the second role.

6. <<ormRole>>: Association End The predicate text assigned to a role is read
in a specific order and includes a placeholder for each object type in a
coherently readable sentence structure. In an ORM model, a role appears
as a rectangle with a line connection to an object.

Required Tags

1.

2.

3.

textBefore : string [0..1] Text associated with a role that appears
before the role’s placeholder in the primary reading of the fact
sentence.

textAfter: string [0..1] Text associated with a role that appears
after the role’s placeholder in the primary reading of the fact
sentence.

reading : string [0..1] The full sentence skeleton from this role’s
perspective (this role is the first role in the sentence). For fact
types with more than two roles, includes ‘..’ at the position of each
role.

7. <<nestedObjectType)> : AssociationC~ass A nested-facttype is an entity
type that is formed from a facttype to enable the facttype itself to play
roles. Generally, every role in the facttype must be constrained by a
single unique constraint. In an ORM model, a nested-facttype appears as
a solid ellipse surrounding the facttype.

Required Tags

1. sentence: string [0..1] A skeletal verbalization of the primary fact
sentence with a placeholder for each role. This sentence can be
derived by concatenating the text values and placeholders
associated with each role.
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8. (~referenceMode>> :Atttibute Theattribute orsetof attributes that is used
to uniquely identify an instance of an entity type. Maybe derived from
associations or the object type’s heritage.

9. walUeAttribUte>> : Attribute The attribute that holds the value assigned to
an instance of a value type.

2. Constraint Stereotypes

The ORM language is rich with constraint types. Constraints consistently inolve
interactions among roles. This contrasts with standard UML, which focuses on
constraints for classes, associations and attributes.

1. <Cormconstraint>> : Constraint A general constraint exhibiting properties

common to all ORM constraint types. This sterotype may be used to
document constraints that do not conform to the pre-defined constraint
stereotypes. Other ORM constraint stereotypes inherit from
ormConstraint.

2. <<lmique>>~<cm-nCcmstraint>>: Constraint Constrains a set of roles in such
away that each instance of the set of constrained roles is distinguishable
from every other instance. A unique constraint appears as a two-headed
arrow spanning the constrained roles.

Required Tags

1. isPrimary: boolean [0..1] A value of “true” indicates that a unique
constraint acts as the primary identifier for the relevant entity type.

3. <<mandatory>><mrmflmstraint~> : Constraint Specifies that every instance
of an object type’s population must play the connected role. A mandatory
constraint may involve more than one role, in which case each instance of
the object type must play at least one of the connected roles. A
mandatory constraint appears as a small, filled circle at the point where a
role connector(s) touches the object type.

4. (<frequency>> <<ormConstraint~~: Constraint Places a restriction on the
number of times a particular value, or set of values, can appear in the
population of one or more roles in a given facttype. Uses standard UML
constraint notation with the frequency range indicated in the constraint
body.

Required Tags

1. multiplicity :“multiplicityRange [0..1] The minimum and maxinum
number of instances permitted.

5. <<ring>><<orn~CQnstraint>>: Constraint Constrains a pair of roles to conform
to certain predefine characteristics, indicated by the semantics of the
ringType. This type of constraint only applies to the roles in a binary fact
type that associates an entity type with itself.
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Required Tags

1. ringType: enum [0..1] The type of ring constraint.

Stereotype Constraints

1. binaryFactOnly: {Must constrain both roles of a binary fact type}

2. roleHeritage : {Both constrained roles must be played by object
types with common heritage}

2. <<set>><<ormConstrair@>: Constraint A set constraint expresses a data
dependency among two or more ordered sets of roles.

Required Tags

1.

2.

3.

setType : enum [0..1] The type of set constraint where ‘subset’
specifies that instances of one role set must be a subset of
instances of a second role set ‘equality’ requires that the
instances of each constrained role set must be the same as the
instances of each of the other constrained role sets; ‘exclusion’
prevents instances of any one constrained role set from appearing
as instances of the other constrained role sets.

numberOfSets: int [0..1] The number of sets constrained.

rolesPerSet: int [0..1] The number of roles in each constrained
set.

Stereotype Constraints

1. ordered : {Roles constrained are ordered by set sequence, then
by role within set}

2. roleHeritage: {Roles occupying the same position in each role set
must be played by object types with common heritage}

3. min2Sets: {Constrains at least two sets of one or more roles}

Instance Stereotypes

Object Role Modeling techniques rely on concrete examples as the basis for
developing a model. Examples are always populations of fact types.

1. <Cfactlnstance)> : Link An example fact instance useful for discussion with
user-owners to validate facts and derive constraints.

2. wolelnstance>> : LinkEnd The value associated with a role in a fact
instance.
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ORM Profile Extensions

<<stereotype Base>>
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<(stereotype>>
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<<metacl ass>>
Extension Mechanisms:: Stereotype

<{metaclassw

Extension Mechanism s::TaggedValue

~ ~ l.ode,.~~~::subs.te.l [

{(metaclass>>
Model Management:: ElementImport

EzJ

<<metaclass>)
Core:: Constraint I&ix&l <<metaclass)>

Core:: De~endencv
<(m etaclasw

Core:: Generalization

~~~

<<metaclass>>
Common Behavior: LinkObject

Tag Data Types

Data Types:: ringTypeEnum

L
acyclic
antisymmetric
asymmetric
intransitive
irreflexive
symmetric
acyclic-intransitive
asymmetric-intransitive
intransitive-symmetric
irreflex”we-symmetnc

1+
((enumeration )>

Data Types:: setTypeEnum

equality
exclusion
subset

I I


