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Underground Utility in Land Administration-- Background

VersionedObject

« Good standards, guidelines and ‘ .
practices for underground utility party:LA_Party

i H +party | 0.1 HIF VersionedObject
mapping are key enablers for ensuring ﬁ .
data quality_ Administrative::LA_RRR

arrr | L.¥ i VersionedObject
 City of Zurich (GeoZ): a consolidated wrr LR e o b
map of underground utilities 0..+] +bauni
relationSu SRR sUHIgraTChy
* UK begins to the registry of underground e ssu| 0.0 4su20.1 0.
utilities and creates a national VersionedObject
underground assets mapping platform in e
201 8 + :lrea: LA_AreaValue [0..*]
+ imension: LA_DimensionType [0..1
- extAddressID:_ExtAddress [S.F.,*][ : ‘ ) ) «featureType» ”
° LADM- a ﬂeXIble Conceptual SChema : [’ael::l:eﬁE::;;c;e;:rfgrrv[‘lngp'[ﬁ;tll[c]..1] Spatial Unit::LA_LegalSpaceUtilityNetwork
. . . D eid - + extPhysicalNetwork|D: ExtPhysicalUtilityNetwork [0..1]
from three main aSpeCtS OrganlzathnS, + surfaceRelation: LA_SurfaceRelationType [0..1] QI#‘*’ SZtHSL:ALAUgIFittti:Ntetwi;kj;atFoSTI]pe [0..1]
. . . . + volume: LA_VolumeValue [0..*] + B LA e B g
rights and spatial in formations. L
: ) :\T“\ull —7 VersionedObject
: 7“ux‘:1‘j|lj‘rgz|\li «blueprint,featureType»
+ 1eClosed r;];_ifar. External::

ExtPhysicalUtilityNetwork

+ directed: boolean
+ extPartyManager|D: ExtParty
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Land administration in Singapore

» A Singapore-based LADM model: 2014

« Management of cadastral data of land
parcels, cadastral survey data and land
administration data.

» The Singapore profile inherit LADM
objects, attributes and relationships.

« SG_Lotis inherited from LA _SpatialUnit to
describe cadastral information of land
parcel.

class SG LADM Spatial Simple/

sfeatureTypes
SG_SurveyDistrict

LA_SpatialUnit

afeatureTypes
S5G_SpatialUnit

LA_SpatialUnit

Surveying and Representation::
LA_BoundaryFaceString

«feature Types
Special Classes:VersionedOhject

+ o+ o+ o+

beginLifespanVersion: DateTime
endLifespanVersion: DateTime [0..1]
quality: DQ_Element [0..%]

source: Cl_ResponsbleParty [0..%]

‘F

Spatial Unit:LA_SpatialUnit

Swrveying and Representation::
LA_BoundaryFace

sfeatureTypes

LA Point

SG_Point

Surv eying and Representation::
LA_SpatialSource

afeatureTypes

LA_Point

SG_Control

R T )

extAddressiD: ExtAddress [0..%]

area: LA_AreaValue [0..%]

dimension: LA_DimensionType [0..1]

label: Characterstring [0..1]

referencePoint: GM_Point [0..1]

sulD: Oid

surfaceRelation: LA_SurfaceRelationType [0..1]
volume: LA_VolumeValue [0..*]

«featureTypes
SG_Lot

e T T T S

lotNumber: Characterstring
type: SG_LotType

class SG_LotClass
surveyDistrict: Oid
approvalState: SG_Approval State
cpNumber: CharacterString

title: CharacterString
originalDatum: SG_DatumType
remarks CharacterString
areaDescription: CharacterString
globallD: long

balance: boolean = false

DIGITAL /v 1

UINIBHEIREARIOUINID



Underground Utility for Land administration in Singapore

land
: acquisition & assessment of
EINE| EEEn I purchase encumbrances
Lifecycle
land transfer & land
sales rejuvenation
State Land
provision of location i’:lnfd
information removal o
encumbrances

interim land

interim use
planning

planning &

use coordination

evaluation of proposals
for underground development

 Current issues:

* The existing data sources: hardcopy, 2D

CAD and geospatial format
« As built or as-designed data

» Lack of information and unreliable
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UINUIDEIRGROUINID



1

is-part-of

«FeatureType»
Utility Networks::
UtilityNetworkSegment

«Field»
BuiltDate: Date
diameter: Double
materialType: MaterialType = 0
Name: String
SegType: UtilitySegmentType =
Source: String
width: Double
«RequiredField»
+ OBIECTID
+ Shape
+ Shape_Length: Double

+ + + + F + +

=
-*

3D Underground Utility Data Model — Geometry

LA _legalSpaceUtilityNetwork

«FeatureType»
Utility Networks::UtilityNetwork

y

LA LegalSpaceUtilityNetwork

+ extPhysicalNetworkiD: ExtPhysicalUtilityNetwork [0..1]
+ status: LA_UtilityNetworkStatusType [0..1]

+ type: LA_UtilityNetworkType [0..1]

LA SpatialUnit

area: LA_AreaValue [0..*]

dimension: LA_DimensionType [0..1]
extAddressID: ExtAddress [0..*]

label: CharacterString [0..1]

referencePoint: GM_Point [0..1]

sulD: Oid

surfaceRelation: LA_SurfaceRelationType [0..1]
volume: LA_VolumeValue [0..*]
::VersionedObject

+ beginLifespanVersion: DateTime

+ endLifespanVersion: DateTime [0..1]

+

+

+ o+ o+ o+ o+ o+ o+

quality: DQ_Element [0..*]
source: Cl_ResponsibleParty [0..*]
«Field»
+ InstallationDate: Date
+ name: String
«RequiredField»
+ OBIECTID

is-part-of

is-part-of

1

«FeatureType»
Utility Networks::
utilityNetworkSurface

«Field»
diameter: Double

0

1.*%

height: Double

1

«FeatureType»
Utility Networks::
UtilityNetworkNode

«Field»
BuiltDate: Date

materialType: MaterialType =0
Name: String
SurfType: UtilitySurfaceType =0

+ o+ + o+ o+

«RequiredField»
+ OBIECTID
+ Shape

connect

Source: String

3
o.+|* materialType: MaterialType
+
+ type: ConnectionType =0

«RequiredField»
+ OBIECTID
+ Shape: GM_Point

1..*

Utility Networks is inherited from
LA LegalSpaceUltilityNetwork.

The class Utility Network Node (2D),
Utility Network Segment (2D) and Utility
Network Surface (3D) are components
of Utility Network.

Integration of 2D and 3D geometric
information
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3D Underground Utility Data Model — Land Administration

Utility Networks ‘ * Aim to support ownership management of utilities and land
+ UtilityNetwork administration management.

=i

+ UtilityNetworkNode . . -

¢ Uil NetworkSegmant Connection of LADM and utility network

+ UtilityNetworkSurface

* Integration of underground objects with attributes from
Singapore LADM, a Singapore-based LADM model customized
specific for local use.

(from UtilityNil works)

1

«ObjectClass»
LA_UtilityNetworks

«Field»
LA SpatialRel: SpatialRelationship
parcellD: esriFieldTypelnteger {id}
updateDate: esriFieldTypeDate
UtilitylD: esriFieldTypelnteger

+ + + o+

«RequiredField»

+ OBIECTID: esriFieldTypeOID v
«Attributelndex»

+ OBIECTID_IDX VersionedObject

Utility Networks ArcGIS D

«featureType» Workspace::1SO 19152:2012
Spatial Unit::LA_SpatialUnit Land Administration Domain
Model (LADM)
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3D Underground Utility Mapping: Workflow of Case Study

Data J ﬁ
Capture © éx/

Data
Processing
produce
\/
New
collected
data
!
|
v | Application
— & —— N\
Existing |t . | > i — ( R 'D
data Q \/_E . A
T ~~ DIGITAL ../ |\
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Data Source: The Existing 2D Data

dolfp o Y
e Th ting 2D utility dat
e exIstlin uthi dla
 The 2D cadastre dat
e cadastre datla
=
Legend
PUB_SEW_LINE_TPY
—— PUB_DRAINLINE_TPY
— EMA_TOWNGASDISTRIBUTION_TPY
SINGTEL_ASBUILT_DUCT X EMA_HIGHVOLTAGE o
OBJECTID® | SHAPE* FMEL_UPD_D INC_CRC IGDS_LEVEL | IGDS_WEIGHT | SHAPE_Length ~ FID | Shape® | ID INC_CRC FMEL_UPD_D —  EMALIGOITAE TPV
> T[Polyine Z 187372015 £:37:45 PIA 79DFS2AODTAOEZ4B |1 2 5643511 0[Poyine 0[EG1FOEOBGIEF19CT | 27/9/2017 PUB WATER MAIN TPY
2 |Polyline Z 19/3/2018 4:37:45 PM 586CDBECCDESCA12 (1 0 143.871576 1 |Polyline 0|668AB219004B2E744 |27/9/2017 - - -
3[Polyine Z | 19/3/2018 4:37:45 Pl B96618004499909C |1 0 13.477438 2| Polyiine 0[437DDA3F42FEBFCE |27/9/2017
4 |Polyline Z 19/3/2018 4:37:45 PM D68ASD1COF83F4D0 (1 0 13.240273 3 |Polyline 0 |ABA3EASEE3C4C288 |27/9/2017
5[PolyineZ | 19/3/2018 4:37:45 PM 9236FAGBBABITIA |1 0 20315298 4| Polyiine 0|FC59B4334BF7E783 |27/912017
G|Polyine Z | 19/3/2018 43745 P | A77DCB7AZCIE4006 |1 0 30.434301 5| Polyline 0[252A50098D2E4DD5 |27/9/2017
7 | Polyline Z 19/3/2018 4:37:45 PM 648025E3B82354EC |1 0 44 347248 6 | Polyline 0|S3C4DDE8BTE1F296 |27/9/2017
B[PolyineZ | 19/3/2018 4:37:45 Pl 8373D67FCOFB4558 |1 0 27164232 7| Polyiine 0|F46AB429569D20F9 |27/9/2017
9[PolyineZ | 19/3/2018 4:37:45 M 0A4746B6B4F66346 |1 0 32917536 8| Polyline 0[27F4F28AF9141ED |27/9/2017
10 Dohdina 7 10/2MN18 4-27-4E DU IEARAANTCAERATE? |1 n 41 04cc0 ot 9 Polyline 0/03B71BDFE2B4ATTF |27/9/2017
T 1T m B | (0 out of 308146 Selected) 10| Polyline 0[40D1DD4F12F852FD |27/912017
11 | Polyline 0|F221658787FSEBCT |27/9/2017
SINGTEL ASBULT_BUCT 12| Polyline 0|DE1490841ED0BCEE | 27/9/2017
PUB_WATER_MAIN x 13 Polyline 0| ABBF49F049CDAZT4 |27/912017
14 | Polyline 0 |EBEESAF847554B55 |27/9/2017
- -
L R e o o o e SRR R
2 Po'ylme 2002002 D 3[ms 51174 |BFCDSCAFTT679A5B |16/522018 11:17.46 Al 112857139 16 |Polyine 0{106061334B1B0ES6 _|27/8/2017
3 Pwlfne 150(1993 D 3[ns 106181 339450A3308C3FA3 161572018 11.17.48 Al 80.08175 17Polyine 0|382F21BENS396ESE (2792017
4 Po'ylme 5001972 D 3[ns 79208 | 17F IEDG93TS26EDB |16/5/2018 111746 Al 5792601 16]Eoyins db e st G Coly
5 Powlme 00[1995 D 3(mns 33760 |8BCFOFB1DECUAFI6 |16/5/2018 111746 AN 27417181 19|Polyine 0|CAZDASINOSCS1DCE |27/8/2017
6 Po'yl!ne :oo 1960 D 3[ABD 123625 689D 1DG1699BCOFE | 16/5/2018 11:17:45 Al 16673478 i L L C Qo Dachn [CIANOT
7 Po'ylme 1501991 D 3[ns 108426 | 3B4AD1EBEOF339F7 [16/5/2018 111748 AM 15 854037 ) L i Pt S
B Powlme 3002004 D 3[ns 370431|F239336FEBOFEF07 161572018 11.17.48 Al 32265 22 [Polyine 0|B7833EIDITSAINCE (2782017
9 Po'ylme 00[1985 D 3[ns 400041 [44E1B06B6280690C 16451201 11:17:45 Al 121 543633 Eoficyine bt ale b M Lol
DEwne 101 s = | oo sl ool it b o Ll ] | 24| Polyline 0| 4EA694374C2BDCBA |27/8/2017

T T T T T T 1
0.8 Kilometers

EMA_400KV_TPY
——— EMA_230KV_TPY

EMA_22KV_TPY

© PUB_WATER_CHAMBER_TPY

e PUB_SEW_MANHOLE_CHAMBER_TPY

[ tandlot_Porject
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Large Scale Underground Utility Mapping: Technology

« The Pegasus: Stream mobile mapping platform

e A Stream EM GPR

» Leica Pegasus Two photo and laser scanner

Overall weight 228 kg (500 Ibs)

Max. acquisition speed 15 kph (9mph)

Power consumption 2W

Positioning Survey wheel and/or GPS

or Total Station

Scan Rate per Channel
(@512 samples/scan)

87 scans/sec

Scan Interval 17 scans/m @ 200 MHz
33 scans/m @ 600 MHz

Antenna Footprint Width 1.84m

Number of Channel 38

Antenna Central Frequencies 200 MHz (34 channels)
600 MHz (4 channels)

Antenna Spacing 6cm

Antenna Polarization

Horizontal (HH) and Vertical (VV)
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Large Scale Underground Utility Mapping: Study Area

* 9 study areas

* The Stream EM cover width: 1.75m
« Lane width: 3.2m+

* Asingle lane: 2 scan track

« Toa Payonh:
« 1.8km
« 4 lanes
 5-6 hours

d Fishing Buddy Pte
EELentml Branch: ok eatliibkiden Mee

R Trevista
YVESL

‘ood Céntr
kheng Cheng School
Jackson Square

O

RIMOWA Singapore
Service Centre

To

14

Church of the
Risen Christ

2=

Scanning Location Schedule
Canberra October 22, 2018
University Town, NUS October 23, 2018
Punggol October 24, 2018
Sengkang October 24, 2018
Woodlands Spectrum October 25, 2018
Toa Payoh October 26, 2018
Ang Mo Kio October 26, 2018
Marina Boulevard October 28, 2018
Raffles Boulevard October 28, 2018

UNDERBROUND



Newly collected GPR data

radagram

Field: B8 Add [ Delete FE Calculate | Selection:

4 FID

lo

1

N AW

3

4 FID

o

—

(=2, B VS B\

Shape START X

Polyline ZM|29414.340192
Polyline ZM| 29436.809232
Polyline ZM|29423.752592
Polyline ZM 29414.106827
Polyline ZM|29457.987879
Polyline ZM| 29591.92529
Polyline ZM|29589.004672
Polyline ZM| 29486.713161
Polyline ZM|29538.849588

Shape  POINT_X

START_Y START_Z

35509.591781 0
35561.909923 -0.124216
35567.755462  -1.888125
35511.945832 -0.131477
35621.235134 -0.823726
35592.641708 Gl 4575
35593.574703 -1.189956
35620.722594 -1.412026
35600.354287 -0.803851

POINT_Y

Point ZM 29622.520978 35571.252748
Point ZM 29571.768935 35591.992297
Point ZM 29478.632773 135638.598061
Point ZM 29496.841032 35619.919353
Point ZM 29521.792077 35609.732618
Point ZM 29444413495 35589.102273
Point ZM 29601.931955 |35582.763523

Qgé Switch
MID_X
29415.334656
29429.627246
29428991853
29419.153149
29450.825744
29590.720696
29587.258969
29485.81038
29541.348411

POINT Z
0

A

MID_Y
35508.143163
35561.755928
35567.578518
35511353114
35624.136247
35588.344791
35588.862697
35628.380927
35606.888729

MID_Z

0.00005
-0.124192
-1.888098
-0.127823
-0.966693
-1.457474
-1.145065
-1.421454
-1.031643

END_X
29414.340192
29422.445261
29434231115

29424.19947
29443.663608
29589.516102
29585.513266
29484.788106
29543.611267

END_Y
35509.591781
35561.601934
35567.401575
35510.760396

35627.03736
35584.047873
35584.15069
35636.023883
35613.511037

END_Z

0
-0.124168
-1.888072
-0.124168 €—
-1.109661
-1.457447
-1.100174
-1.609239
-1.006735

0
0
0
0
0
0

GIS
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Identification

Overlay of GPR and the existing data
= T 74\
SNVA S
SN
I i . T = — 1‘::‘ \
=) =
— 1 ] _— A
§ )gﬁ.r‘ | l |
. ,\\\ 1 L
an N\
1 \ = —;—” “ | I _7_"“ —
WA E : -
H~ : — = —
= JIf S — = —— — |

« Line 1: No matching existing record

* Line 2: The maximum distance < 0.5 m

 Line 3: The distance < 0.3 m

* |ntersect, and the maximum distance 1m.

» 30 out of 109 detected utility segments were identified

T Identified 2 features

Location: | 29,554.905 15,539.068 Meters .

Fieid Value:

O8XECTID 752

SHAPE Polyine

DLA_MM 800

YEAR_INST 2009

ACCUSTA D

WATER_TYPE 3

RESTATE INS

GXE_FID 478931

INC_CRC O7647C5F 57434 1€
FMEL PO D 23/1/2017 B:51:57PM
SHAPE Length 10.478058

40

w}'—'u_ﬂilwuw\:'ﬂ_\lﬁ@



Implementation -- Querying

4 [ DUGgdb
4 Py UtilityNetworks

G UtilityNetworkNode
&= UtilityNetworkSegment
() UtilityNetworkSurface

LA UtilityNetworks

SG UtilitySurvey

UtilityNetwork

« Connection of land parcels and
utilities through spatial relationships:

contains.

Land Administration of Underground Utility

“  Land Parcel
v 89
Utility Lines
Utility Nodes
Utility Surfaces

LOT_NUMBER:MK17-08 168N

SUBTYPE: Approved

AREA_TYPE:1
BALANCE_LOT_INDICATOR:Mo
BUILDING_LEVEL_NO:

BUILDING_MO:
CALCULATED_LOT_AREA:247332.2
CG5_OBJECTID:45893.0
ISLAND_LOT_INDICATOR:Yes
LAST_UPDATED_EY:SLAMBA
LAST_UIPDATED _TIME:20158-09-11 11:54:29
LIFE_SPAMN_BEGIM_DATE:2015-09-11 11:54:29
LIFE_SPAN_END_DATE:Mone

LOT_CLASS: final
LOT_FORMAT_TYPE:standard

LOT_ID:E9

LOT_TYPE:land

ORIGINAL_DATUM:None
PLAM_MUMBER:CP375654,CP37557
PO_AREA:247757.0

REFINEMENT _STATUS:

REMARK_TEXT:

SOURCE:

SYYQTY: 2.0

TITLE_MNAME:SL

USE_OF_LOT:

GEOMETRY:(29814. 576087817582, 35297.22494462315)
GEOMETR.Y_Length: 16699, 183398878697
GEOMETRY_Area:-247332, 24543514014

Land Administration of Underground Utility 4
v land Parcel
v 89
v Utility Lines
1
2
3
4
5
6
7
8
9
10
11
12

47

OBJECTID:10
Shape:(103.84756319698504, 1.3381462224723801)
BuiltDate:None

diameter:0.15

is3D:yes

Name:CableEMAS

SegType:None

Source:GPR

type:None

UNetID:1

UNSurfID:160

width:None
Shape_Length:0.0001199115901491213

Land Administration of Underground Utility o
¥ Land Parcel
v 89
Utility Lines
~ Utility Nodes
2

[=a TS B S O

OBJECTID:3

Shape:(103.84660496500004, 1.3385773070000369)
BuiltDate:None

is3D:yes

Source:GPR

type:None

UNetID:1

UNSurfID:None
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Implementation --

line3D - 11

OBJECTID
Color
Name
Dim
CENTROID_X
CENTROID_Y
CENTROID_Z

Material

Survey M

Survey_Sta

SurveyTime

Surveyor

ApprovalState

LA_Party

LA_Type

LOT_NUMBER

SUBTYPE

AREA_TYPE
BALANCE_LOT_INDICATOR
BUILDING_LEVEL_NO
BUILDING_NO
CALCULATED_LOT_AREA
CGS_OBJECTID
ISLAND_LOT_INDICATOR
LAST_UPDATED_BY
LAST_UPDATED_TIME
LIFE_SPAN_BEGIN_DATE
LIFE_SPAN_END_DATE
LOT_CLASS
LOT_FORMAT_TYPE
LOT_TYPE
ORIGINAL_DATUM
PLAN_NUMBER
PO_AREA
REFINEMENT_STATUS
REMARK_TEXT

SOURCE

SVYQTY

TITLE_NAME
USE_OF_LOT
GEOMETRY_Length
GEOMETRY_Area
Shape_Length

Visualisation

11

0000ff
Drainline_Pub1
0.6

371676
147978
8.92145

GPR

23/11/2018
SEC,Leica
<Null>
<Null>
<Null>
MK17-08168N
Approved

1

No

247332.2

45893

Yes

SLANBA

11/9/2018 11:54:29 AM
11/9/2018 11:54:29 AM
<Null>

final

standard

land

<Null>
CP37654,CP37657
247757

2)
SL

16699.183399
-247332.249435
15.00806

DIGITAL !
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Conclusion

« To develop a study case to organise 3D underground utility data for land administration.

« The relationship of underground utilities and surface is very import in the land administration.

» Current significant issue: lack of accurate and reliable underground information.
 Integration of GPR data and the existing data.

* How to use the existing data?

* How to integrate the existing and new collected data?

« How to integrate different newly collected data?

* We need 3D cadastre to support underground utility in land administration.



THANK YOU

Jingya Yan, Kean Huat Soon, Siow Wei Jaw and Gerhard Schrotter: A LADM-based
3D Underground Utility Data Model: A Case Study of Singapore

https://digitalunderground.sqg/
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