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SUMMARY

This paper will focus on (cadastral) geodata adtjoins based on field surveys in the context
of the 1ISO 19152 Draft International Standard (DL®hd Administration Domain Model
(LADM). During the development of LADM existing stdards have been re-used as far as
possible. Original observations related to adjutbca and all geodata maintenance, because
of land transactions, physical planning, estableshimof mortgage, etc. need to be
documented. This is for quality, consistency artdgrity reasons. The documentation is the
basis for authenticity of the administrative anddga. In case of cadastral geodata this
documentation is often referred to as "evidenceftbe field".Data acquisition can be based
on variety of approaches (low cost / high tech)jclwhnot always involves conventional
terrestrial surveying. Observations may requireadfarmations and adjustments, or other
corrections (e.g. rectangulation), before the cadbgeodata for spatial units can be edited.
Those transformations and adjustments can be dodethagain. All different types of the
geodata acquisition can be represented in LADM. él@wx, procedures for data acquisition
itself are not included in the standard.

Substantial parts of this paper have been predegdrlier to theSurvey summit: the ACSM annual conference, 7-1% Jul
2011, San Diego, USA. The authors consider theettstof this paper relevant for the FIG communitere the development
of the Land Administration Domain Model has beeesgnted during the last years.

The overview of LADM as in paragraph 2 of this papas been published before. The overview is dezdihere to provide the
reader a complete document.
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1. INTRODUCTION

In the process towards the inclusion of Land Adstnation information within the geo-
information infrastructure, or in more popular ternthe Geoweb, standardization forms a
basic condition. Land Administration information askey element in the geo-information
infrastructure (Geoweb), and strongly related tbeotregistrations. The LADM has been
submitted to ISO/TC211 (Geographic information), flirmal standardization and integration
with other ISO/TC211 geo-information standards,hsas ISO/IS 19107 Spatial Schema,
ISO/IS 19108 Temporal Schema, ISO/IS 19111 Refangnioy Coordinates, ISO/IS 19115
Metadata, and ISO/DIS 19156 Observations and Measemts (O&M). The LADM has
currently the status of a Final Draft Internatiorsandard (ISO/DIS 19152) and was
distributed in March 2012 by the central ISO seat for a three month voting time period
(1SO, 201).

This paper is focusing on the Surveying and Spaggresentation sub-package of the
LADM. First we will introduce the LADM into more d&il in Section 2. In Section 3
attention will be given to the possible represeatabdf spatial unitsinto LADM. Section 4
gives a short overview of the imported model ingrats/functionality from other 1SO
standards. Cadastral Mapping is the issue of atenh Section 5. The flexibility of the
LADM is further demonstrated in a more elaboratsecaescribed in Section 6. Finally
conclusions are presented in Section 7.

1. The Land Administration Domain Model

Many LADM classes are subclasses of the superdfassionedObject. Class Versioned-
Object is introduced in LADM to manage and mainthistorical and quality data for the
complete contents of the database developed bastttd ADM. Management of historical
data requires, that inserted and superseded datgj\en a time-stamp. See Figure 1. Apart
from the inclusion of management of history andli(pidor the complete database, also
source documents can be included. In principle upeating of the database is based on
authentic source documents — which can not be @tar@lass LA _Source has as attributes
submissior(the date of submission of the source by a pasiygeptancgthe date of force of
law of the source by an authority); aretordation(the date of registration — recordation — of
the source by the registering authoritgktArchivelD for identification of documents in
external archives;lifeSpanStamp(history management —the moment that the event,
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represented by the instance of LA_Source, is funpnecessed in the LA system (this is the
moment ofendLifespanVersioof old instances, and the momentbefyinLifespanVersioof
new instances of related objects in the databadeasiLA Party, LA RRR, LA_BAUnit and
LA SpatialUnit; see below for an explanation ofgheclasses); this is the “database time”,
compare the time stamps in LA_VersionedObject)re@dentifier; mainType (the type of
document according to ISO 19115); see Figure 2. dlbwract class LA_Source has two
specializations: LA_AdministrativeSource and LA _fgi&ource.

«featureType» «featureType» «featureType» «featureType»
LA_RRR LA_Mortgage LA_BAUnit LA_RequiredRelationshipBAUnit
\ é «featureType»
«feature Type» LA_RequiredRelationshipSpatialUnit
«featureType» VersionedObject
LA_GroupParty I T
\D + beginLifespanVersion: DateTime «featurelype»
+ endLifespanVersion: DateTime [0..1] 4/ LA_SpatialUnit
+ quality: DQ_Element [0..¥]
«featureType» —/’D + source: CI_ResponsibleParty [0..*] Q\
LA_PartyMember «featureType»
constraints LA_SpatialUnitGroup
{endLifespanVersion (n-1) = startLifespanVersion (n)}
«feature... «featureT... «featureType» «feature Type» «featureType»
LA_Party LA_Point LA_BoundaryFaceString LA_BoundaryFace LA_Level

«datatype» «datatype»
Oid Rational
+ localld: CharacterString + denominator: int
+ namespace: CharacterString + numerator: int

Figure 1 LADM classes VersionedObject with subclags

«featureType»
Special Classes::LA_Source
acceptance: DateTime [0..1] «invariant» ) )
extArchivelD: Oid [0..1] {if no linkto ExtArchive then text in

71 LA_AdministrativeSource or

lifeSpanStamp: DateTime [0..1] ! -
measurementsin LA_SpatialSource}

maintype: CI_PresentationFormCode [0..1]
recordation: DateTime [0..1]

sID: Oid

submission: DateTime [0..1]

+ 4+ + + + o+

«featureType» «featureType»
Administrative::LA_AdministrativeSource Surv eying and Representation::
LA_SpatialSource

+ availibilityStatus:
LA_AvailabilityStatusType + measurements: OM_Observation [0..*]

+ text: MultiMediaType [0..1] procedure: OM_Process [0..1]

+ type: LA_AdministrativeSourceType + type: LA_SpatialSourceType

4

Figure 2 LADM Class LA_Source (with subclasses)
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The conceptual schema of the LADM is organized thtee package$30, 201): 1. Parties;

2. Basic administrative units, rights, restricti@msl responsibilities; and 3. Spatial units. The
last package includes the surveying and representsiitbpackage.

The main class of the Party Package is class LAy Rath its specialization LA_GroupParty.
There is an optional association class LA_PartyMemgbigure 3). Parties are natural or non
natural persons, or groups of persons, or jurigieasons, that compose an identifiable single
(legal) entity. A “group party” is any number ofrpas, forming together a distinct entity; e.qg.
a village community or a tribe. Types of LA_Partiean be extended by CodelList
LA PartyType.

VersionedObject

«featureType» baunitAsParty
Party::LA_Party
0..*
+ extPID: Oid [0..1]
+ name: CharacterString [0..1]
+ pID: Oid VersionedObject
+ role: LA_PartyRoleType [0..*] | +party +rr
+ type: LA_PartyType «featureType»
0..1 0..* Administrative::LA_RRR
VersionedObject +parties | 2.* T
«featureType» |
Party:LA_PartyMember [ 0.*
+ share: Rational [0..1] - - 1 VersionedObject
VersionedObject
- «featureType»
«featureType» +baunit Administrative:LA_BAUnit
Party::LA_GroupParty
0..*
+ grouplD: Oid
+ type: LA_GroupPartyType 0.*
X VersionedObject
constraints
{sum(LA_PartyMember.share)=1 per group} «featureType» E
Spatial Unit::LA_SpatialUnit

«codeList» «codeList» «codeList»
Party::LA_PartyType Party::LA_GroupPartyType Party::LA_PartyRoleType

Figure 3 LADM Party Package and associations to o#ir basic classes

The Administrative Package concerns the abstrasiscLA_RRR, with its three subclasses
LA_Right, LA _Restriction, and LA _Responsibility, @n class LA BAUnit (Basic
Administrative Unity see Figure 4. A “right” is a action, activity olass of actions that a
system participant may perform on or using an aategtresource. A “restriction” is a formal
or informal entittement to refrain from doing sommey. A “responsibility” is a formal or
informal obligation to do something. A “baunit” (abbreviation for “basic administrative
unit”) is an administrative entity consisting ofraeor more spatial units (parcels) against
which (one or more) rights (e.g. an ownership righta land use right), responsibilities or
restrictions are associated, as included in a LAadwhinistration system. An example of a
“baunit” is a basic property unit with three sphuaits (e.g. an apartment, a garage and a
rural parcel). It should be observed in relation ttos that rights, restrictions, and
responsibilities may affect only a part of the gdaitnit, with the geometric representation of
that part missing. A “baunit” can be a group oftggdaunits under a zoning plan, which is
under development. Or, a group of spatial unitbasss for taxation. A basis for taxation can
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be more than property in case lease is includedt ‘$xmaunit” for taxation is not necessarily
the same as a group of spatial units forming aguntgp

«invariant»

{Instances of LA_Right and LA_Responisbility have always

- -.-lone(=1)party. Sometimesthere can be 0 or 1 party; e.g. no
' (= 0) party for object restriction and 1 party for right restriction
' (indicated by partyRequired boolean attribute)}

baunitAsParty

«invariant»

{share must be specified, unless thisis meaningless fo
the specific type (indicated by shareCheck=false; in
this case constraint 'sum (RRR.share) = 1 per type' can
----------- not be applied)}

VersionedObject
nveyor

j

,

— «featureType» 0.1 '
1 Party::LA_Party "
'

0..* | +money-provider

pommmmmamaaaa — VersionedObject

- - )

«invariant» wh ' «featureType»

asycan s v o |

has specific role} VersionedObject LA_RequiredRelationshipBAUnit
«featureType» i + relationship: CharacterString [0..1]

Administrative::LA_RRR

1.* .
description: CharacterString [0..1] +baunit
rD: Oid

+
+
+ share: Rational [0..1]
+
+

0. 0.

VersionedObject

shareCheck Boolean [0..1]

timeSpec: 1SO8601_Type [0..1] «featureType»

Administrative::LA_BAUnit

+ name: CharacterString [0..1]
+ type: LA_BAUnIitType
+ ulD: Oid 0..*

AN o | 0.0

constraints
{sum(RRR.share)=1 per type if RRR.shareCheck}

«featureType» {no overlap RRR.timeSpec per summed type}
Administrative::LA_Responsibility +unit | 0. 0.%
+ type: LA_ResponsibilityType 1.% +source 0.%| +source
LA_Source
«featureType» 0..*
«featureType» Administrative::LA_AdministrativeSource VersionedObject

Administrative::LA_Right

+ availibilityStatus: LA_AvailabilityStatusType
+ text: MultiMediaType [0..1]
+ type: LA_AdministrativeSourceType

«featureType»
Spatial Unit::
LA_SpatialUnit

+ type: LA_RightType

«featureType»
Administrative::LA_Restriction

VersionedObject

<

+ partyRequired: Boolean [0..1]

e «featureType»
+ type: LA_RestrictionType

Administrative::LA_Mortgage

+(ordered) |+ amount: Currency [0..1]
o B interestRate: Float [0..1]
o + ranking: Integer[0..1]
0 + type: LA_MortgageType [0..1]

«codeList»
Administrative::
LA_RightType

«codeList»
Administrative::
LA_RestrictionType

«codeList»
Administrative::
LA_ResponsibilityType

«codeList»
Administrative::

LA_MortgageType

«codeList»
Administrative::
LA_BAUnitType

«codeList»
Administrative::
LA_Av ailabilityStatus Type

«codeList»
Administrative::
LA_AdministrativeSourceType

Figure 4 LADM Administrative Package with associatons to other basic classes

Spatial Unit Package
The Spatial Unit Package is most relevant given fomis of this paper. This package
concerns the classes LA SpatialUnit, LA SpatialGroup, LA Level, LA LegalSpace-
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Network, LA LegalSpaceBuildingUnit, and LA_RequiRslationshipSpatialUnit (Figure 5).
A “spatial unit” is a point (or, multi-point), arle (or, multi-line), representing a single area
(or, multiple areas) of land (or water) or, moree@fically, a single volume of space (or,
multiple volumes of space). Single areas are tinerge case and multiple areas the exception.

«datatype» «datatype»
VersionedObject baunitAsParty Spatial Unit:: Spatial Unit::
LA_VolumeValue LA_AreaValue
«featureType» 0.*
Party:LA_Party + type: LA_VolumeType + areaSize: Area
+rr + volumeSize: Volume + type: LA_AreaType
+party | 0..1 VersionedObject
0.~ «featureType»
Administrative:LA_RRR 0%
+rr | 1% X VersionedObject Each spatial unit hasa dimension. There
+baunit AR can be a 2D spatial unit, or a 3D spatial
« » P R R :
N f unit, with a spatial unit with dimension
Topology relationship ISO19125 1 Administrative:LA_BAUnit iminal” i Zp " See A B
_Type as defined 1SO 19125 iminal" in between. See Annex B.
0.* ’
4 ’
’ -
‘ ’
VersionedObject 0.* 0.% 5 e «invariant»
«featureType» - Veor=doreal ‘ {If structure = text lh‘en ]
Spatial Unit::LA_RequiredRelationshipSpatialUnit (SR I2 7 geometry/topology is optional}
N N 0.* «featureType» v
+ relationship: 1SO19125_Type [0..1] Spatial Unit;:LA_SpatialUnit H
- - + area: LA_AreaValue [0..*] H
«'fnd‘/a"'am» N I " + dimension: LA_DimensionType [0..1] VersionedObject
if dimension=2D then volume not specifie - Oi
i{f dimension=3D then area nolspe?i}ied} : Tx;Aﬁdrgle' tOl;lt[.O..*]O 1 «featureType»
_____ af &k :."E_‘C E'G’\’/'In?:[_“ %0 n Spatial Unit:LA_Level
+ referencePoint: _Point [0.. +su +level
Felement + sulD: Oid + 1ID: Oid
1. + surfaceRelation: LA_SurfaceRelationType [0..1]|0..* 0..1|+ name: CharacterString [0..1]
VersionedObject + volume: LA_VolumeValue [0..*] + registerType: LA_RegisterType
+ structure: LA_StructureType [0..1]
. <_<featureTyp_e» . + areaClosed() : Boolean + type: LA_LevelContentType [0..1]
+set Spatial Unit::LA_SpatialUnitGroup +whole part |+ computeArea() : Area
0.1 + hierachyLevel: Integer + computeVolume() : Volgme
+ label: CharacterString [0..1] 0..* 1.* |+ createArea(): GMiMuInSu.rfac.e «invariant»
+ name: CharacterString [0..1] + createVolume() GM_Multisolid oo {If dimension = 3D than ?.mclure in
+ referencePoint: GM_Point [0..1] i vallimEGleE) © Eesicen LA_Level can be toplogical,
+ suglD: Oid polygon, unstructured or point}
«featureType» «featureType»
Spatial Unit::LA_LegalSpaceUtilityNetw ork Spatial Unit::LA_LegalSpaceBuildingUnit
+ extPhysicalNetworkiD: Oid [0..1] + buildingUnitID: Oid [0..1]
+ status: LA_UtilityNetworkStatusType [0..1] + type: LA_BuildingUnitType [0..1]
+ type: LA_UtilityNetworkType [0..1]
+ getGeometry() : GM_Geometry
«codeList» «codeList» «codeList» «codeList» «codeList»
Spatial Unit:: Spatial Unit:: Spatial Unit:: Spatial Unit:: Spatial Unit::
LA_UtilityNetw ork Status Type LA_SurfaceRelationType LA_DimensionType LA_BuildingUnitType LA_LevelContentType
«codeList» «codeList» «codeList» «codeList» «codeList»
Spatial Unit: Spatial Unit:: Spatial Unit: Spatial Unit:: Spatial Unit::
LA_AreaType LA_RegisterType LA_StructureType LA_UtilityNetw ork Type LA_VolumeType

Figure 5 LADM Spatial Unit Package with associatios to other basic classes

Spatial units are structured in a way to suppoé theation and management of basic
administrative units. The Spatial Unit Package dr@es Surveying and Spatial Representation
Subpackage (See Figure 6), with classes such as:PdiAt, LA BoundayFace,
LA_BoundaryFaceString and LA_SpatialSource.
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«datatype»
Surveying and Representation::
LA_Transformation

+ transformation: CC_OperationMethod
+ transformedLocation: GM_Point
VersionedObject
+surveyor ] 0.* baunitAsParty
«featureType»
* Party::LA_Part
L. R v VersionedObject
+represented [ 0..1 +party | 0.1 +nr «featureType»
by 0. o Administrative:LA_RRR
PE—— +rro| 1. ) 0-
«teature Iype> +baunit VersionedObject
Special Classes::
LA_Source 1 «featureType»
Administrative:: 0.*
A for polygon-based (2D) or polyhedron- LA_BAUnit
based (3D) spatial units: no minus and
at least one plus, for topology-based |_____ 0.*
spatial units: at least one plus or minus \
'
'
VersionedObject ! 0.
«featureType» . X
Surv eying and Representation::LA_BoundaryFaceString minus VersionedObject
+ bfsD: Oid 0..* 0..* «featt_JreType.? >
+ geometry: GM_MultiCurve [0..1] Spatial Unit:: B
+ locationByText: CharacterString [0..1] . . LA_SpatialUnit
0.* 0.. plus 0.. ;
1 0.% 0..
constraints
{either geometry (2..* points) or locationByText (0 points)}
0.* '
0,2..*
{ordered} See Annex B for a more minus plus
" " detailed description of
PEersionedobiect boundary face strings and
«featureType» boundary faces.
Surveying and Representation::LA_Point =
+ estimatedAccuracy: Length ! referencePoint
+ interpolationRole: LA_InterpolationType 1 ' 0.* 0.*
+ monumentation: LA_MonumentationType [0..1] | . - -
+ originalLocation: GM_Point VersionedObject
+ plD: Oid : «featureType»
+ pointType: LA_PointType 0,3.* 0.x| Surveyingand Representation::LA_BoundaryFace
+ /productionMethod: LI_Lineage [0..1] {ordered} :
+ transAndResult: LA _Transformation [0..*] + bfID: Oid
+ geometry: GM_MultiSurface [0..1]
+ GetTransResult() : GM_Point + locationByText: CharaterString [0..1]
+sourcePoint | 1..* constraints
{either geometry (3..* points) or locationByText (O points)}
+source +source | 1.* 0%
«featureType» +source
0_1 Surv eying and Representation:: 0.1
" LA_SpatialSource v
+ measurements: OM_Observation [0..*] | 1..*
0.* |+ procedure: OM_Process[0..1]
+ type: LA_SpatialSourceType 0

«codeList»
Surveying and
Representation::

LA_MonumentationType

«codeList» «codeList»

Surv eying and
Representation::
LA_SpatialSourceType

Surveying and
Representation::
LA_InterpolationType

«codeList»
Surveying and
Representation::

LA_PointType

Figure 6 LADM Surveying and Representation Packag&ith associations to basic classes
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Class LA_Point includes the attributes pointldeetjfestimatedAccuracy; interpolationRole
(this is the role of point in the structure of aagiht line or a curve, e.g. end, isolated, mid,
mid_arc, or start); monumentation (this is the tgpenonumentation in the field, e.g. beacon,
cornerstone, marker, not_marked); originalLocaffitms is of type GM_Point and concerns
the calculated coordinates from original observetim a Coordinate Reference System CRS;
explained in more detail in Section 4); pointTypay( geodetic control points, or points with
or without source documents); productionMethod;ngrendResult (transformation and
transformed location, the transformed location iew version of the point). Transformations
include for example affine transformations but atsathematical computations such as least
square adjustments. Attribute GM_Point (ISO 191003 definition 4.61) in class LA _Point
is explained in detail in Section 4 of this papBiote that there may be O or more
transAndResult attribute values, implying that ¢hex one (in orginalLocation) or more (in
transAndResult) GM_point value for every instanta &A_Point object class.
LA_SpatialSource (as a specialization from LA_Selmontains as attributes measurements
(see Sections 4 and 5), procedure (see Section id) BA SpatialSourceType.
LA_SpatialSource is a document providing facts, dgample fieldsketch, GNSS survey,
orthophoto, relative measurement, topographic mapgven video Barry, 2008. See also
examples in l(emmen et al, 2090 The document can be used as authenticationhir t
agreement between neighbors — and also for recmtistn of boundary points in case of
disputes. It may be a combination of paper (todamsed later in the offices) and digital files
with observations.

LA_BoundaryFaceString — a boundary is a set of gdinat represents the limit of an entity
(ISO 19107:2003, definition 4.4). A boundary fateng is a boundary forming part of the
outside of a spatial unit. Boundary face strings @sed to represent the boundaries of spatial
units via line strings in 2D. This 2D representatioplies in a 2D Land Administration
system a 2D boundary, or in a 3D Land Administratystem a series of vertical boundary
faces. In that case an unbounded volume is asswnaedunded by boundary faces, which
intersect the earth’s surface (such as traditignddipicted on the cadastral map). Attributes
are: boundaryFacestringld; the geometry (on thergip represented via a GM_MultiCurve
(note: topology is optional, but not per se exflciequired, there are alternatives if desired,
see Section 3); locationByText (a description @floundary in words).

LA_BoundaryFace — boundary face: a face that igl us¢he 3-dimensional representation of
a boundary of a spatial unit. Boundary faces areduwhen the implied vertical and
unbounded faces of a boundary face string are uiffitient to describe 3D spatial units.
Boundary faces close volumes in height (e.g. ewggrtment floor), or in depth (e.g. an
underground parking garage), or in all other dioes to form a bounded volume. The
volumes represent legal spaces (in contrast witlysipal spaces). Attributes are
boundaryFaceStringld, geometry (represented by GN&e); locationByText (a description
of the face in words).
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2. LADM: Spatial Units

Spatial units are a flexible concept of representemlity; different types of spatial units are
supportedl(emmen et al, 2070

- a “sketch based” spatial unit is used when a skéchuick draw of a group of spatial
units) is available; e.g. sketch map$ihénen and Goodwin,1998&nd photographs, in the
absence of any better identification. A sketch Hdaspatial unit can be referred to in
LA_Party attributes (which may an external datapasén LA_Source.

- a “text based” spatial unit is used when the d&dini of the spatial unit is entirely by
descriptive text. This includes the “metes and listimlescriptions.

- a “point based” spatial unit is used when the anfgrmation about the location are the
coordinates of a single point within its area (olwne).Jackson (1996)with references to
several other authors, speaks about the “midpoimt&pt”. In this concept the position of a
land right is recorded, not its boundariesster and Teversham (199®¥er to the concept
as follows: ‘a single coordinate of the centre of the dwellimgt @ould positively identify
that unit, and this may be sufficient for basicamting purposes where the limits of the
land holding are for the time being unimportanthis concept is supported in LADM by
“point based” spatial unitgzourie and Van Gysen (199p)ace the midpoint surveat an
early stage in a system of progressive title imprognt, ending in a standard freehold
system

- a ‘“line-based” (aka *“unstructured” or “spaghetti§patial unit is used when the
representation is allowed to have inconsisten@ash as hanging lines and incomplete
boundaries. This may happen if data are collected tme with different data acquisition
methods. Referring to Figure 7 it can be seen #i#ttipugh the linework is of different
guality and lineage, and in fact does not join liecps (the circled points), a large number
of the parcels are well defined. In fact, to a hamaer, the pattern of subdivision is clear.
Different “levels” within the LADM (using the LA_Leel class) may be used for different
qualities.

Figure 7 line based spatial units; lines from diffeent sources
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- a “polygon based” spatial unit (polygon spatialtums used when every spatial unit is
recorded as a separate entity. There is no topmbgionnection between neighboring
spatial units (and no boundaries shared), and socanstraint, enforcing a complete
coverage, shall be applied by the originating awiving software.

- a “topological based” spatial unit (topological sghunit) is used when spatial units share
boundary representations. A topological spatialt usi encoded by reference to its
boundaries, with the common boundary between tvediapunits being stored once only.
Thus there is a topological connection betweenhixigs.

Finally, 2D and 3D omixedrepresentations of spatial units are also possikle annex E in
ISO 19152 (Lemmen et al, 2010).

3. Imported functionality from other ISO standards

In this section, a number of concepts and classed bther ISO TC211 standards (as used in
LADM) are investigated in more detail; e.g. GM_Roiinom ISO 19107, Coordinate
Reference Systems from ISO 19111, OM_Observatiom ffISO 19165 and DQ_Element
from 1ISO 19115. The class GM_Point may look sirgilérst sight, but is it the start of quite
a larger part of the model where relevant cadaktrationality is available; including support
of embedded Coordinate Reference System (CRS)GNMhePoint itself is a type (class) that
inherits from the abstract class GM_Primitive, whino turn inherits from the abstract class
GM_Object; see Figure 8. Out of these three clagshsthe class GM_Point has an attribute
of type (class) DirectPostion. All three classeBndeseveral (generic) operations. The class
DirectPosition has one attribute called coordinatetype Sequence<Number> and one
derived attribute called dimension of type Intedgdth GM_CObject and DirectPosition have
an association to the class SC_CRS (Coordinaterétefe System) as defined in ISO 19111
Referencing by Coordinates; Both associations nawiéplicity 0..1 at the side of SC_CRS.
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«type»
Geometry root::GM_Object
{root}

boundary() : GM_Boundary
buffer(Distance*) : GM_Object
centroid() : DirectPosition

closure() : GM_Complex
convexHull() : GM_Object
coordinateDimension() : Integer
dimension(DirectPosition*) : Integer
distance(GM_Object*) : Distance
envelope() : GM_Envelope
isCycle() : Boolean + scope: CharacterString [1..]
isSimple() : Boolean

maximalComplex() : Set<GM_Complex>
mbRegion() : GM_Object +CRS 0.1
representativePoint() : DirectPosition
transform(SC_CRS*) : GM_Object

10_IdentifiedObjectBase
+object +CRS RS_ReferenceSystem

«type»

0. Coordinate Reference System 0.1 Coordinate Reference Systems::SC_CRS

EE S T e T S S S S A S

Interior to

+containingPrimitive 0..* Coordinate Reference System

«type»
Geometric primitive::GM_Primitive

-

boundary() : GM_PrimitiveBoundary
GM_Primitive(GM_Envelope*) : GM_Primitive | +containedPrimitive 0..*

2

+directPosition 0..*

«type»
Geometric primitive::GM_Point

DirectPosition

+ position: DirectPosition {root}
+ bearing(GM_Position*) : Bearing + coordinate: Sequence<Number>
+ boundary() : NULL + /dimension: Integer

+ GM_Point(GM_Position*) : GM_Point

Figure 8 The GM_Point (ISO 19107) itself is a typéclass) that inherits from the abstract class
GM_ Primitive, which in turn inherits from the abstr act class GM_Object

The abstract class SC_CRS (Coordinate ReferencerBydas two specializations: the
classes SC_SingleCRS (again abstract, with severahcrete subclasses; e.g.
SC_VerticalCRS, SC_GeodeticCRS, SC_ProjectedCR8)Sn CompoundCRS (abstract,
an aggreagtion of SC_SingleCRS); see Figure 9. AS8t@leCRS is associated with one
CS_CoordinateSystem, which has in turn one or l@&@eCoordinateSystemAxis; see Figure
10. In summary, GM_Point and SC_CRS are part obratrivial model, which should be
able to provide all the functionality needed in tentext of LADM and the Survey part:
supporting various coordinate systems and transfooms, see Section 6.
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«type»
Identified Objects::
10_IdentifiedObjectBase

+ identifier: RS_Identifier [0..*]
+ alias: GenericName [0..*]
+ remarks: CharacterString [0..1]

Reference Systems::
RS_ReferenceSystem

+ name: RS_ldentifier
+ domainOfvalidity: EX_Extent [0..1]

............... Defined in ISO

19115

Source
X «type»
«type» +sourceCRS +coordOperationFrom Coordinate Operations::CC_CoordinateOperation
SC_CRS
- 0.1 0-*[+ operationVersion: CharacterString [0..1]
+ scope: CharacterString [1..*] +coordOperationTo + domainOfValidity: EX_Extent [0..1]
+targetCRS P + scope: CharacterString [1..4]
.| * coordinateOperationAccuracy: DQ_PositionalAccuracy [0..*]
0.1 Target 0..
«type»
Datums::CD_Datum
«type» + anchorDefinition: CharacterString [0..1]
SC_CompoundCRS +referenceSystem +datum realizationEpoch: Date [0..1]
R + domainOfvalidity:
b . y: EX_Extent [0..1]
SC_SingleCRS * q
+compoundCRS —>ing 0. DefiningDatum g 1 |+ scope: CharacterString [1..4]
*
+referenceSystem +coordinateSystem «type»
o CoordinateSystem Coordlnatg Systems::
2. - 1| CS_CoordinateSystem
{ordered}
+componentReferenceSystem
1 +baseCRS
«type» «type» «type»
SC_ImageCRS SC_VerticalCRS Coordinate Operations::CC_Conv ersion
+ operationVersion: CharacterString [0]

+conversion 1

«type»
SC_EngineeringCRS «type»

SC_GeodeticCRS

«type»
SC_GeneralDerivedCRS

+baseCRS 1 +referenceSystem Definition

0.*

«type»
Temporal Reference Systems::
T™M_TemporalCRS
T

o +derivedCRS | .«
Defined in 1ISO 19108 +derivedCRS | 0.

«type»
SC_DerivedCRS

«CodeList»
SC_DerivedCRSType

«type»
SC_ProjectedCRS

+ derivedCRSType: SC_DerivedCRSType

geodetic
vertical
engineering
image

+ o+ + o+

Figure 9 The abstract class SC_CRS (Coordinate Rafnce System) from ISO 19111
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«type»
Coordinate Reference Systems:]
SC_SingleCRS

0

+referenceSystem

CoordinateSystem

+coordinateSystem

0..*

«type»
Identified Objects::
10_ldentifiedObject

«CodeList»
CS_RangeMeaning

+ exact

+ name: RS_ldentifier

+ wraparound

I

«CodeList»
CS_AxisDirection

1

«type»
CS_CoordinateSystem

«type»
CS_CoordinateSystemAxis

+ o+ o+ o+ o+t

+coordinateSystem +axis

]

0.* 1.*

axisAbbrev: CharacterString
axisDirection: CS_AxisDirection
axisUnitlD: UnitOfMeasure
minimumValue: Number [0..1]
maximumValue: Number [0..1]

rangeMeaning: CS_RangeMeaning [0..1]

{ordered}

«type»
CS_CartesianCS

CS_AffineCs

«type» «type»

CS_PolarCs

«type»
CS_LinearCS

«type»
CS_EllipsoidalCs

«type»
CS_VerticalCS

«type»
CS_CylindricalCSs

CS_SphericalCS

«type» «type»

north
northNorthEast
northEast
eastNorthEast
east
eastSouthEast
southEast
southSouthEast
south
southSouthWest
southWest
westSouthWest
west
westNorthWe st
northWest
northNorthWest
up

down
geocentricX
geocentricY
geocentricZ
columnPositive
columnNegative
rowPositive
rowNegative
displayRight
displayLeft
displayUp
displayDown

R T T T T T T S S S S S S S S S S S S S S

CS_UserDefinedCS

Figure 10 SC_CoordinateSystem (from ISO 19111)

Another important ISO/TC211 standard used in LABMSO DIS 19156:2010 Observations
and Measurements. The survey source data is modatkdtored in LA_SpatialSource. The
attribute “measurements” is of type OM_Observafias defined in ISO 19156) and contains
the actual source survey data. The attribute “mhoc is of type OM_Proce$sand

documents the actual survey procedure. The class@igervation contains, in addition to
the survey data, also attributes for documentirgy tdmporal and quality aspects of the
survey; see Figure 11.

2 Also as defined in 1ISO 19156: “An instance of ONb¢ess is often an instrument or sensor, but may linegman observer,
a simulator, or a process or algorithm applied trerprimitive results used as inputs. NOTE: 1ISO1832:2008 provides
MI_Instrument, LE_Processing and LE_Algorithm, whicould all be modelled as specializations of OMcess. OGC
SensorML provides a model which is suitable for ynabservation procedures.
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«metaclass»
«FeatureTyp... «FeatureType»
GF_FeatureType
—Haanahdlls <o — == — — — GFI_Feature OM_Process
«instanceOf»
+featureOfInterest 1
1 +procedure MD_Metadata
1 +theGF_FeatureType
Domain ProcessUsed
+metadata 0.1
Metadata
+pr0pertyVaIueProviderI +generatedObservation | 0..*
0.*
«FeatureType»
OM_Observ ation
0.* +carrierOfCharacteristics + phenomenonTime: TM_Object
+ resultTime: TM_lInstant
«metaclass» + validTime: TM_Period [0..1]
GF_PropertyType + resultQuality: DQ_Element [0..*]
b {root} + parameter: NamedValue [0..*]
constraints
{observedProperty shall be a phenomenon
A\ associated with the type of the feature of interest}
. | {procedure shall be suitable for observedProperty}
«instanceOf» | {result type shall be suitable for observedProperty} [ .\ L
1 1 {a parameter.name shall not be used more than
Phenomenon <O..*
«Type» once}
GFI_PropertyType| +observedProperty o
Range \
+result ]
The attribute value:Any shall provide the «DataType» G oncontext
value. The type Any should be substituted| _ _ _ | Namedvalue «type» + role: GenericName
by a suitable concrete type, such as P GenericNamel Any
Cl_ResponsibleParty or Measure. | {root}
+ value: Any

Figure 11 OM_Observation (from ISO 19156, Note TM_thistant and TM_Period both from ISO 19108
Temporal Schema)

The class LA _Point inherits of the abstract classsibnedObject. Besides temporal attributes
this also provides attributes for quality (of typ®Q Element) and source
(Cl_ResponsibleParty, this is the responsible argdion of a specific instance version in the
database). The quality attribute has multiplicity* Gnd so the various quality aspects as
modelled via DQ_Element can be represented. DQ_é&iens class from ISO 19115:2003
Metadata. It is an abstract class with the follayisubclasses: DQ_Completeness,
DQ _LogicalConsistency, DQ_ThematicAccuracy, DQ_TemjAccuracy, and
DQ_PositionalAccuracy; see Figure 12. The sourttéate also has multiplicity 0..* and the
class Cl_ResponsibleParty is also from ISO 1911&2DMletadata. Besides a number of
names (individual, organization, positional) al$w trole and contact information of the
responsible party is modeled; see Figure 13.
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DQ_Element

«CodelList»

dateTime: DateTime [0..*]
result: DQ_Result [1..2]

+ o+ o+ o+ o+ o+

nameOfMeasure: CharacterString [0..*]
measureldentification: MD_Identifier [0..1]
measureDescription: CharacterString [0..1]
evaluationMethodType: DQ_EvaluationMethodTypeCode [0..1]
evaluationMethodDescription: CharacterString [0..1]
evaluationProcedure: CI_Citation [0..1]

DQ_EvaluationMethodTypeCode

+ directinternal
+ directExternal
+ indirect

«type»
Date and Time::DateTime

DQ_LogicalConsistency

DQ_Completeness

DQ_Result

DQ_TemporalAccuracy

DQ_ThematicAccuracy

«type»
Text::CharacterString

elements: Character [size]
maxLength: Integer
size: Integer

+ 4+ + +

/characterSet: CharacterSetCode = "ISO 10646-2"

<(CharacterString*) : Boolean
<=(CharacterString*) : Boolean
<>(CharacterString*) : Boolean
=(CharacterString*) : Boolean
>(CharacterString*) : Boolean
>=(CharacterString*) : Boolean
isNull() : Boolean

toLower() : CharacterString
toUpper() : CharacterString

+ o+ o+ o+ o+ o+

subString(Integer*, Integer*) : CharacterString

DQ_PositionalAccuracy

Citation and responsible party information::Cl_Citation

«datatype»

I I I

title: CharacterString

alternateTitle: CharacterString [0..*]

date: Cl_Date [1..*]

edition: CharacterString [0..1]

editionDate: Date [0..1]

identifier: MD_Identifier [0..*]
citedResponsibleParty: Cl_ResponsibleParty [0..*]
presentationForm: CI_PresentationFormCode [0..*]
series: Cl_Series[0..1]

otherCitationDetails: CharacterString [0..1]
collectiveTitle: CharacterString [0..1]

ISBN: CharacterString [0..1]

ISSN: CharacterString [0..1]

Figure 12 DQ_Element (from ISO 19115)

«datatype»
Cl_ResponsibleParty

«datatype»
Cl_Contact

«CodeList»
Cl_RoleCode

individualName: CharacterString [0..1]
organisationName: CharacterString [0..1]
positionName: CharacterString [0..1]
contactinfo: Cl_Contact [0..1]

role: Cl_RoleCode

+ o+ o+ o+ o+

+ o+ o+ o+ o+

phone: CI_Telephone [0..1]

address: Cl_Address[0..1]
onlineResource: Cl_OnlineResource [0..1]
hoursOfService: CharacterString [0..1]
contactinstructions: CharacterString [0..1]

resourceProvider
custodian

owner

user

distributor

originator
pointOfContact
principallnvestigator
processor

publisher

author

R A T

Figure 13 CI_ResponsibleParty (from ISO 19115)
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4. Cadastral map

A cadastral map represents boundaries of ownershigand use rights, e.g. customary land
rights. Or informal land rights as possession aupation. It is in fact a map where it is (or
can be) visualized that people agree on the boiexdaf their properties (or living area’s or
environment). From this respect it can be seea s@cial map. It can also be seen as a map
representing legal certainty in relation to owngrsir factual land use — which is in fact also
a social issue. The map can be used as a badisefa@alculation of land tax. Again a social
issue in relation to the contribution of individsalfamilies or groups to building and
maintaining society — of course if organized irransparent way. An example of a cadastral
map is given in Figure 14. Sa#p://www.cadastraltemplate.org/fielddata/d2.htm
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Figure 14 A cadastral map is a social map represeing agreements between people; source of the map is
www.cadastraltemplate.org

Often distinction is made between “general” ande@” boundaries, se¢dénssen 199and
alsoBogaerts and Zevenbergen, 2R(Henssen relates this to data where can be refietie
states that the English system mainly relies onsigay boundary features, man made or
natural. The precise position of the boundary wittiese physical features depends on the
“general” land law of the country concerned. Thystem is called the “general boundary
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system”. The LADM also provides, however, for theeqise surveyed boundaries to be
“fixed” if desired by the owners (or other rightlters). Inclusion of the survey data in the
Cadastre implies the boundary to be “legally fixeld’some land administration systems the
location of the boundaries is guaranteed. The ehdetween “fixed” and “general”
boundaries depends according to Henssen on thegpaceating or updating the system, the
existence of physical feature, disputes to be ergethe amount of necessary security and
costs. Important observation in the field may dedentify to whom the physical boundary
belongs.

Fixed boundaries are based on surveys in the f(@dtlastral boundary measurements are
input for a cadastral mapping process resultingpordinates, often published in combination
with point identifiers, bearings (directions orrazrths) and distances between the points; see
Figure 15.
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Figure 15 Fixed Boundaries with point identifiers,coordinates, distances between points and azimuth'’s
source INRA, Bolivia

A cadastral map can be seen as a social map aairegblabove. This means that land
disputes can be visualized in relation to boundasee the example in Figure 16 (courtesy:
National Land Centre, Rwanda). An example map wi#puted lands cannot be produced
without boundary observations. A boundary betwaem gpatial units (can be parcels) is (in
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principle) to be identified in the field. This iten called “collecting evidence from the field”.
Identification may be very well possible in a vagcurate way in some cases (e.g. with a 10
cm accuracy). But in many cases this level of amyris not possible in boundary
identification. This implies that the precision ioentification of boundary vertexes can be
“less accurate” then the precision of surveys.thisrreason (and for reconstruction purposes)
monuments can be placed (beacons, markers, otheng.it should be noted that monuments
can be moved to another place.....

Biguhu Cell - Disputed Land N
& ,
\ S U
; o ) Dt 4 -
Wieasi oo SR ot B W=
A Lt L
_“&‘ AN g $ . TR
- NG s
R J:_J 4 Ve R e L a S b
> 5 e > = oL . o
8 I % o8 7 Y | =
=y .%” ¥ 2 S ~ R,
D 1 Ay y 7
! s g /; £
EY Vel / 7
m . i
y .
4 e >
Legend . —
Reason for Dispute: Ly {5
] Boundary dispute: inter-family ~ D ;i Jhe N S Sy =
[ Boundary dispute: intra-family ; ['{:} ‘Q’j’b‘ i
[ Other: inter-famity Qﬁ R
B Owniership and boundary dispute: Two intra-family di ¢ B A
M Ovinership and boundary dispute: inter-family 4
M Ownership and boundary dispute: intra-family
[ Ownership dispute: Two intra-family dispLtes
[ Ownership dispute: infer-ramily
[ Ownership dispute: intra-family
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Figure 16 Disputes or overlapping claims on a cadaal map; source National Land Centre, Rwanda —
Field trail period

Apart from surveying (total station, GNSS based/ays etc) it should be observed that such
boundaries may be identified in the field usingaaphoto’s, satellite imaget€mmen et al,
2009 or existing topographic maps. In such cases bamyndre drawn using pens or digital
pens. A digital pen “knows” its location on thergad aerial photo or satellite image because
a pattern is printed on the photo which can be athe pen. The pen is a device which can
be connected to a computer where super impositfidgheodrawn boundaries with the image
can be done. Of course it also possible to ve&adisectly on top of the image if both
neighbors are representd&tligema (2011identified the advantages of using digital pens fo
boundary drawing in the field on top of high resmo ortho photo’s (used as normal for
drawing boundaries in Rwanda): easy for local pedaplParticipatory-Mapping; boundaries
direct georeferenced on site; digital pen predietéddr climate conditions; rechargeable after
long time used and no loss of data when battedysisharged.
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Examples of other data acquisition tools are mabigping tools, see for example Lemmens
(2010). Most relevant for LADM is not the differeapproaches in data acquisition but the
options to include the results of data acquisiti@ml processing of those data).

5. Cadastral Surveying

The results of cadastral survey projects are measemts with a certain accuracy (precision)
that can be used to describe the geometry andtyjeélobjects that can be stored in the geo
database. The association between measurementgpatdal units is part of the LADM. In
many cases the measurements and observations @nddburacy (precision) are not stored
in the geo database. The quality that can be dkrfiren the precision of measurements is
usually only stored in the geo database as metaaletut the whole dataset and not per point,
although this information is available from theay projects resultd/§orboys, 199h

Data collected from surveys and derived coordineéeésbe managed by the LADM by using
the Surveying and Representation Subpackage. Adurdentation related to cadastral
boundary surveys can be included in LADM. Bound@oynts or vertexesan be collected in
the field by means of conventional surveys or (hhalll) GNSS based systems, etc. Points
can be collected in an office environment (digrig@), or can be compiled from various
sources, for example using forms, field sketchesominophotos. Points can be used to
compose boundaries (boundaryFaceStrings). TheseP@ivts in LA_Point are defined in a
CRS as explained above in Section 4. A Spatialtht be 1D, 2D, 3D. Very common is a
2D cadastre, 3D Cadastres are not common yet libeifocus of interest in many countries.
The dimension of a GM_Point can also be 3D.

Existing Situation: New Situation:
Spatial Unit 1 Spatial Units 2 and 3
SuU_1 SuU_2
—
SuU_3

Figure 17 Splitting of a spatial unit (Parcel)

In this section the use of LADM in relation to as$ical sub division of an existing spatial
unit is discussed. Before the process starts thiscerns an “existing situation” and a
“requested situation”, when the process is finaiteere is an “old” and “new” situation;
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where the “new” situation is the up to date “exigti situation again. See the example case
below in Figure 17.

Observations from surveys can be represented in SpAatialSource using the
OM_Observations attribute, see Figures 6 and 1is dbncerns theriginal observations;
e.g. GNSS coordinates or, in case of using a &tion: directions, distances, observed
control points, etc. Other observations can betidegl points (e.g. photogrammetric) with
point series, arc series. It should be noted theadljel to, perpendicular to, collinear to, unit
identifiers, object identifiers, are also obserasi; even agreement between neighbors on the
location of the boundary belongs to this categdiye documents can be represented in
LA_Source using CI_PresentationFormCode attrib@ee Figure 2 for the LA_Source
classes. See for an example Figure 18 with survpgads and other observations.

-orientation- MP-1
MP-4
| S
N \‘\ -
8 > MP-2
] JPCIagtag
(2] - .
S B -total station-
-perpegdicdlér’ .
__ -~ relation 1-| L /
MP-6 'W‘MP-S Other observations:
|}2§£§$ Gcular o Name of Surveyor
2 Existing parcel_id: SU_1
o Spatial Source_id: 2011-2
o, Date of Survey: 2011, June 20"
References to earlier
S spatial source documents: 2011-1
MP-3

Names of Neighbors: Peter, Harry
Names of Representatives: n/a

Agreement Y/N: Y

Figure 18 Surveyed points and other observations
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The observations are as follows:

Direction and Distance Total Station — MP-1
Direction and Distance Total Station — MP-2
Direction and Distance Total Station — MP-3
Direction and Distance Total Station — MP-4
Direction and Distance Total Station — MP-5
Direction and Distance Total Station — MP-6
Existing X,Y (of building corner in database) of MP
Existing X,Y (of building corner in database) of AP
Existing X,Y (of spatial unit vertex in databaséMP-4
Existing X,Y (of spatial unit vertex in databasé)vP-3
Perpendicular relation 1 (MP-4, MP-5, MP-6)
Perpendicular relation 2 (MP-3, MP-5, MP-6)
Distance 1 between MP-3 and MP-5

Distance 2 between MP-5 and MP-4

Distance 3 between MP-6 and MP-5

MP5 and MP6 to be connected to a boundaryfacestring

MP is Measured Point. In this sample the totali@taits set up at an arbitrary location but of
course also a set up at a control point or a tet@ion with integrated GNSS receiver is
supported where data storage in LADM is concerned.

The raw data should be stored together with itditguaformation (typically a set of standard
deviations). A set of measurements and observafgesmetrical relations and conditions)
and control points will form a network. The netwar@nsists of the field data, the control
points and general parameters like dimension oh#teork, used CRS.

Now the calculation of the coordinates from theesbations can be performed. This implies
transformations and/or geodetic adjustments. Adjasts are needed in case of redundant
observations, e.g. observations related to poinseiwed with a GNSS device which are also
measured using tape. Or points which are observédtotal stations from different setups.
In the example above GNSS measurements are natettl

Least squares adjustments or any other adjustnmmbach may be used to compute an
optimal solution. This means all observations getexctions in such a way that the adjusted
observations will fit into the mathematical modglg.: in 2D plane geometry the sum of the
angles in a triangle will be equal to 180 deg. Tiiathematical condition is generally not
valid for the original observations due to (smalbservation errors. The magnitude of the
corrections to be applied to the observations @aunded for testing to identify outliers. The
least squares adjustment methodology is a goodttogét an optimal solution in networks
where redundancy exists. The results of the adpistmrocess are calculated coordinates
which can be represented in LA _Point under theibate originalLocation. The
transformation parameters can be represented wraseyAndResult, see LA_Point in Figure
6.

Having this information available in the geo datba least squares adjustment engine can at
any time be used to re-adjust the network of olagems. It is recommended that the applied
least squares engine uses a sophisticated matkamatiodel in which (almost) raw
observations can be entered, thus avoiding allskofdreductions/ corrections which should
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otherwise be applied in a preprocessing 3®Bpsides computing final adjusted coordinates it
is also important to check the validity of the dable observations via a proven testing
procedure. Most least squares adjustment engir@sdpr a robust data snooping method
which is very useful to identify outliers.

When managing (manipulating, retrieving, analyzimgd presenting) the geographically
referenced data in the LADM database, quality imf@tion can be used to interpret the results
of the operation. For example, if one combines pads of different datasets each containing
the same parcel, but represented by different shapelity information may help to decide
which representation is best.

It should be noted that the mathematical methoddghased for coordinate determination is
independent from LADM, but observations and thewalted coordinates can be integrated
in the LADM. Adjustments can be reiterated zeronoore times (and recorded in the
LA_Point attribute transAndResult of type LA Tramshation, which stores both the
transformation method details and the resulting @bint), e.g. when additional observations
become available and/or when additional LADM cohtpmints are included (their
coordinates being represented under LA Boundar@iaog). The results of the re-
adjustment can be included in the geometry atieilofit.t A BoundaryFaceString.

Old Situation: New Situation:
Spatial Unit 1 Spatial Units 2 and 3
P-3 B 2 B 1 P3_ B2 B 1
O O P-1 O = O
P-2 P-2 P-1
B_6 B_9
SuU_1 B.5 _ SuU 2 a
P-5
P4 B3
O——=O
P-6 B_4 P-7 P-6 B_4 P-7

Figure 19 Spatial Unit SU_1 split after survey intaSU_2 and SU_3

Now the original observationsare stored in LA_SpatialSource, the originalLomatiith
calculated coordinatesre stored in LA _Point (see Figure 6) and #ugusted pointsn
boundaries are stored LA _BoundaryFaceString. ffénesformation parametersan be kept,

® MOVE3 by Grontmij uses a sophisticated ellipsoidathematical model, combined with advanced testimgedures
(data snooping). For more informatiemww.MOVE3.com MOVES3 is used by major players in the Geomatind &S
industry
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as well as the survey procedure, the estimatedracgutype of monumentation in the field,
etc. Theestimated accuracgf a point can be derived from the coordinate Walons and
from the corrections to observations in the adjestincalculations. This is a basis for
knowledge about the accuracy of “the map”.

Similar approaches can be used in digitizing exgsthaps: the original observations can be
stored, the scanned map can be stored, extra neeasots can be included (e.g. related to
“roof and ground situation” in case of photogrammyetand transformations can be
performed. The subdivision case means the followWingase of a topological based storage
of data); see Figure 19 and 20. Polygons may lmiledéd now after subdivision; again this
process is not relevant for LADM, it is importaatrecognize that the results can be stored.

O
SuU_2
—

Su_ 3

Ordered

Figure 20 The new spatial units after survey (righttopology style and left: polygon style)

Calculated area’s can be included into the model. nfdgain: for the implementation of
LADM it is not important how the management of asgzes is organized. It is possible to
work only with calculated area’s or with registeraad calculated area’s. This means it is
useful to keep the transformation parameters, $antbe calculations of coordinates and the
adjustments to the original observations. Referentoe workflows can be made using
attributes as “submission”, “acceptance” and “rdation” in the LA_Source class. Figures
21 and 22 show the instance level diagrams withtaimtes of LA_Spatial,
LA_BoundaryFaceString, LA_Point, and LA_SpatialSmurelated to the sub division and
history management: before and after the splitléf Binto SU_2 and SU_3.
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«featureType»

SuU_ 1:
LA_SpatialUnit

B_1:

«featureType»

LA _BoundaryFaceStrin

«featureType»

B_2:

LA _BoundaryFaceStrin

B _3:

«featureType»

LA BoundaryFaceStrin

LA BoundaryFaceString

«featureType»
B_4:

«featureType»

B_5:

LA _BoundaryFaceStrin

«featureType»
P-1 :LA_Point

«featureType»
P-2 .LA_Point

P-3

«featureType»
:LA_Point

«featureType»
P-4 :LA_Point

«featureType»
P-5 :

LA_Point

«featureType»
P-6 :LA_Point

«featureType»
P-7 :LA_Point

«featureType»

Figure 21 Instance level diagram spatial unit SU_before survey (Source-2011-1 is associated with all

Source-2011-1 :
LA_SpatialSource

boundaries, attribute values of the object instancenot displayed for clarity)

parent-child

LA_RequiredRelationshipSpatialUnit

«featureType»
SU_1:LA_SpatialUnit
beginLifespanVersion = 1-jan-2010
endLifespanVersion = 24-jun-2011

- | parent-child

LA_RequiredReIationshipSpatiaIUnili

«featureType»
SU_2 :LA_SpatialUnit
beginLifespanVersion = 24-jun-2011

«featureType»
SU_3 :LA_SpatialUnit

beginLifespanVersion = 24-jun-2011

«featureType»

B_4:

LA_BoundaryFaceString

e

—~— |

«featureType»

«featureType»

LA_BoundaryFaceString

B_7:

«featureType»
BN
LA _BoundaryFaceString

B 9:

LA_BoundaryFaceString

«featureType»
B 6:
LA_BoundaryFaceString

«featureType»
B 8:
LA _BoundaryFaceString

«featureType»
P-1 :LA_Point

|

—

«featureType»
P-3 :LA_Point

«featureType»
P-5 :LA_Point

«featureType»
P-2 :LA _Point

«featureType»
P-4 :LA_Point

\

\

«featureType»
P-7 :LA_Point

«featureType»

«featureType»
B_10:
LA_BoundaryFaceString

«featureType»
P-9 :LA Point

P-6 :LA_Point

«featureType»
LA_SpatialSource

«featureType»
P-8 :LA_Point

—

Figure 22 Instance level diagram with new spatial mits SU_2 and SU_3 after survey, SU_1 is now parf o
history (Source-2011-2 is also associated with bodaries: B 1,B 4,B 6,B 7,B _8,B 9and B_10 and
with spatial units SU_2 and SU_3, this is not deptied)
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In LADM timestamps are linked to all contents viaA LVersionedObject; except to
LA_Souce, this means that all data are kept, di®w deletion and eventual introduction of
new versions of the data. In other words: histognagement is supported. LA_Source are by
definition authentic and can not be changed. Seuiroen external archives may be used; e.g.
from private surveyor. In the example above thewdated points P1, P7, P8 and P9 are
associated to 2 spatial source documents: 2013 2@h1-2. Under 2011-1 there may be 2
versions of points P1 till P9 (first in a local CR8en in a general CRS). Under 2011-2 P1
and P7 are used for connection of the field obsemns and those points do not get a new
originalLocation; only a new version because of tleww association with 2011 Source
document.

It can be observed in many local cadastral apjdioatin developing countries that the issue
of adjustment of surveys has no or insufficienemtibn. Often trials are made to make new
observations fitting to the map by cutting lineseatending lines based on estimations and
use of CAD functions. This is not the most accuratthod and this may have implications
on the accuracy of calculated area’s. On the dodite we can see that providers of survey
devices include functionalities for on site adjusiits — this may be linked to LADM. The
approach as presented in this chapter may looksaplaisticated approach — but it is normal
surveying.

One more observation is that there will be more mode options for people in the future to
determine boundaries themselves — e.g. using hagblution images. In some cases extra
observations may be needed.

6. Conclusions

In this paper the surveying and spatial represiemaubpackage of the LADM was analyzed
in more detail. As this relies on a number if othe® TC211 standard, their relevant parts
were also analyzed in order to fully understandntiogleling of surveying (and the association
to the spatial units). A typical 2D terrestrial sey was used to illustrate the capabilities of the
LADM in this respect. It is concluded that the ¢xig LADM was indeed sufficient (both as
basic structure, but also with respect to presewtadses and attributes). No (important)
elements had to be added to the model (and are thdm expected similar in other cases).

In the future additional example cases for alteveaspatial data sources should also be
investigated: 3D surveying, ortho photo, and GPSetlaneasurements. If all fitting within
LADM this will show how generic LADM is. In furthenvestigation we will analyze the use
of exiting types of survey (hardware/software) siohs; e.g. MOVE3, ESRI's Survey
Analyst, Trimble, Leica, etc, etc within the cortexthe LADM.
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