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Abstract: The main aim of the research being conducted is to automatically derive multiple representation database
through model generalisation. In this regard, this paper presents a detailed methodology of the derivation process of
multiple representation database. The topographic information of three different levels of detail (LoDs) viz., LoD1
(1:10,000), LoD2 (1:25,000) and LoD3 (1:250,000) are considered for this research. The abstract LoDs, i.e., LoD2 and
LoD3 are derived automatically by model generalisation. The method for linking corresponding features in all these
LoDs is shown and thus deriving multiple representation database. The major component of the proposed methodology
is the model generalisation process. The design of the model generalisation process which includes generalisation
operators, classification hierarchies, geometric constraints, functional hierarchies and topological constraints are
discussed in this article. The proposed methodology is currently in the implementation stage.
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1. Introduction

The change that may occur in geometry and topology of a
feature when the level of detail (LoD) of its
representation changes is termed as “multiple
representations” (Buttenfield, 1993).  The Multiple
Representation Database (MRDB) is a database structure
in which two or more representations of a same feature
are stored individually at different LoDs and they are
connected (Kilpeldinen, 1997).

The research problem on multiple representations was
introduced by National Centre for Geographic
Information and Analysis (NCGIA) (Buttenfield, 1993).
Thereafter, many researchers have attempted this
problem. Kilpeldinen (1997) proposed a two-fold model
based on model & cartographic generalisation and
described its application in the context of multiple
representation. The model for MRDB system was also
presented and it was applied to topographic data.
Chaudhry (2007) used a model generalisation approach to
derive the geographic phenomena at 1:250,000 through
aggregation process. This work involved the modelling of
the geographic phenomena at multiple levels of detail.
The benefits of MRDB are non-redundant data,
possibility to automatically check the consistency and
error, flexible maintenance, etc. (Sarjakoski, 2007). These
advantages of MRDB form the motivation for this
research problem.
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The remaining part of this paper is organised as follows.
Section 2 describes the structure of MRDB. The
methodology to derive MRDB is explained in section 3.
Lastly, conclusions and future work are provided in
section 4.

2. Structure of MRDB

The Figure 1 demonstrates the structure of the target
MRDB. The plan is to use ladder approach to derive
LoD2 (1:25,000) from LoD1 (1:10,000) and LoD3
(1:250,000) from LoD2 through model generalisation
process. The strategy and the results of model
generalisation process helps in maintaining the
bidirectional links between LoDs as shown in Figure 1.

~—-Model Generalisation- — =

LoD1 Link LoD2 Link LoD3
(1:10K) (1:25K) (1:250K)

- — -Model Generalisation- — -

Figure 1. Multiple Representation Database (Boodala et al.,
2018)
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LoD1 (1:10K) LoD2 (1:25K) LoD3 (1:250K)
From Product From Product From Product
OS Open Map - OS VectorMap District .
oS Local (OML) oS (VMD) oS Strategi
(O] (BBOLJ)ndary-Llne (6K} OS Open Roads (ORoads) EG EuroRegionalMap (ERM)
ExM Small or Medium Scale
ESDIN ExM Large Scale (ExM-L) ESDIN (ExM-SM)

Table 1. Data products

3. Methodology for MRDB Derivation

3.1 Data products used in modelling phase

To design the MRDB structure at theme and feature level,
the data products and their specifications listed in the
Table 1 are used. These data products and specifications
are obtained from organisations like Ordnance Survey
(OS), EuroGeographics (EG) and also from European
Spatial Data Infrastructure Network (ESDIN) project.

3.2 Data models matching process

The derivation of MRDB starts from the source database,
i.e., LoD1. The OS Open Map — Local (OML) and
Boundary-Line (BL) data products are used in the source
database. The feature types and their geometries in the
source database are shown in Table 2. (Ordnance Survey,
2016a, 2016b)

The feature types and their geometries which are
supposed to be derived from LoD1 to populate target
database, i.e., LoD2, are modelled using OS VectorMap
District (VMD), OS Open Roads (ORoads) and ExM
Large Scale (ExM-L). (ESDIN, 2010a; Ordnance Survey,
2016¢, 2016d)

Similarly, for LoD3, Strategi, EuroRegionalMap (ERM)
and ExM Small or Medium Scale (ExM-SM) are used.
(BKG-Germany, 2017; ESDIN, 2010b; Ordnance Survey,
2015)

The Table 2 presents the one to one mapping of the
feature types at different LoDs. This mapping is done
using the definitions of feature types and their attribute
information. This gives an idea of how to represent a
feature at different LoDs and how to model their
relationships. The feature type such as “Urban or Built-
upArea” in “Settlements” theme appears only at LoD3.
This feature type can be modelled using “Building”
feature type at LoD1 and LoD2. Thus, modelling the
functional hierarchy.

3.3 Generalisation operators and their order of
applicability

The model generalisation operators are essential to
transform the database from LoD1 to other abstract levels
(LoD2 and LoD3). The open data products (shown in
Table 1) of different scales from OS are studied. This
study helped in choosing the required model
generalisation operators and also to decide their order of
applicability. Table 3 is the outcome of this procedure
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and it will be refined after experiments by incorporating
guidelines from ESDIN and/or EG.

The Add (C+), Eliminate (C-), Reclassify (Cc),
Aggregate (Gg), Collapse (Gc), Merge (Gm) and
Simplify (Gs) (Roth et al., 2011) operators are used in
this research. The definitions and notations of these
operators given by Roth et al. (2011) are followed.

The Table 3 illustrates the generalisation process. To
derive the ‘Building’ at LoD2, Cc followed by Gm
operators are applied. This in turn is followed by Gc and
Cc operators to derive LoD3. Similarly, it is shown for all
the feature types in the source database (LoD1). The C+
operator is used to indicate the selection of feature types
to LoD1.

The attribute information of the feature types is available
in the form of codelists. Some codelists are hierarchical
in nature and they can be used to drive the generalisation
process. These codelists are used to form the
classification hierarchies. This attribute information is
used by C+, C- and Cc operators. However, Gg, G¢, Gm
and Gs operators use geometry information of the feature
types.

The Figure 2 shows advantages of linking hierarchical
codelists from different data models. In this example, the
codelists from Infrastructure for Spatial Information in
Europe (INSPIRE), ESDIN, EG, OS and European
Location Framework (ELF) are used (BKG-Germany,
2017; ELF, 2016; ESDIN, 2010b; INSPIRE, 2013;
Ordnance Survey, 2016b). The abstract level concept like
‘Commerce and services’ can be derived from the
‘Secondary education” which is not possible by only
using OS classification scheme. In the same way, other
classification hierarchies can be linked.

3.4 Geometric and topological constraints

The geometric constraints which are essential to drive the
generalisation are shown in Table 4. This information is
organised according to LoDs and the sources of these
values are also tabulated.

Kilpeldinen (1997) stated that “Topology does not change
from scale to scale. An exception occurs only when the
objects are omitted in context with scale transformation”.
In order to derive the consistent data at all LoDs, the
topological relationships between the features at each
LoD should be maintained. The topological constraints
are defined at the feature level using ERM product
specification (BKG-Germany, 2017) and it is shown in
Table 5.

29th International Cartographic Conference (ICC 2019), 15-20 July 2019, Tokyo, Japan. This contribution underwent
single-blind peer review based on submitted abstracts. https://doi.org/10.5194/ica-proc-2-10-2019 | © Authors 2019. CC BY 4.0 License.



3of8

asM pue]
?0eLINS” \D uolBayadepng|ios NS-INX3 _
_ aoeyIn uswieul
?0eLINS” \D JUBWI|F80RLNSPUNOID) IRE| HNS O ! 0 S
30BUNSTIND 158104P0OOA INS-NX3
80BNSTIND 1S9104 'SPOOAA Y3 80BN IND puejpooAn ainA 80BUINSTIND pue|poo TNO
20elINS” IO pUB|POOAN 16a1eS
19A0D) pue]
‘aWENpeoy peoyd TNX3
VN peoy3 ‘peoy INS-INXT VN | ‘peoy ‘9ouanbagyuIpeoy <020
wN peoy peodo
— wiod N9 3pONpeOY T-NX3
wiod N9 9pONpeoY INS-INX3 — PONP —
_ wiod W9 9pONpeoY SpPeoyO wiod W9 1nogepunoy TNO
u0d N9 speoy 16a1eNS _
wiod W9 inogepunoy aiNA
wiod N9 3poNpeoy INS-NX3 wiod N9 9poNpeoy 1-NX3
uI0d” NS Uo198sI91U| PROY IRE| wiod NSO uonouncAeMIOION SpeoyO Iod” NS uonouncABMIOION TNO
wiod N9 speoy 1B31ens wiod N9 uonounpABMIOION dnWA
anINY | 20 speo _
Al U|_>_O Aulipeoy peodo AN IND auun L peoy Mo
aMIND ND Jauun] peoy ANA
anIND N urjpeo INS-INX3 —
¢>5w|_>_w g ..__ogm m_\,_mm_ AN IND Surpeoy | T-NX3
a0y ATewiig ° >m>>hwgo_\w,__ aAIND NS Julipeoy SpeoyO anIND NS peoy TNO
_ . . e amNY | 20
anN) NO | -PeOH JOUIN  .peO0y g .peod V 169115 2 W9 peod dnn
peoy - suoiEIIUNWWOD
B apoNuoneISARM| IR - _
wiod” N9 PONUONEISABM| 1B NS-NX3 104" NS By — TS B
uI0d” NS uonelsAem|iey RE| od™ - Io0d” NS uonelsAemjiey TNO
wiod N9 104 Aemjrey 169115 1od WO HeIsfemed ANA
B Aem|re - _
MND D Aurihemyrey INS-INX3 SN WS U Aemey X3 ~
anND D Kemjrey ASE| 3N o6l | Aemire anNd ND oeu | Aemjrey TNO
aAIND ND Kemjrey 1691815 2 W9 RelLemted dan
aAIND IND Aem|rey 16a1e1S aAIND NS Jouun_ Aemjiey ANnA aAIND IND Jauun] Aemjiey TNO
|iey - suoneIIUNWWOD
anIND ND auIJamod NS-INX3 _ _
_ : aAIN auruoissiwsuel | AloLI08 anIn auIuoissiwsuel | A11911199
NSO SUITUOISSIWSUEI | 19O Y3 O IND I juolssi JRAVINIPINE] | [QIAVAN O ND Iuolss| JEAVINIPIRE] ] TNO
?0eLINS \D asnoysse|9 aANA 20N ND asnoysse|o TNO
wiod” N9 Buipiing INS-INX3 - -
o ' 30BUNSTIND Buipjing dnWA 80BNS”ND Buipjing INO
wiod N9 Buipiing [AL<E| g Pl g P
sa4njona1s pue sbuipjing
A118W099) _ adA 1 aanjesy 19npoad A118W099) _ adA ] aames 19npoud A118W099) _ adA18anjesy 19npoad

(3052:1) €007

(Msz:1) za@o

(301:7) TQO

Proceedings of the International Cartographic Association, 2, 2019.
29th International Cartographic Conference (ICC 2019), 15-20 July 2019, Tokyo, Japan. This contribution underwent

single-blind peer review based on submitted abstracts. https://doi.org/10.5194/ica-proc-2-10-2019 | © Authors 2019. CC BY 4.0 License.



40f8

J1apJo 18y pue sioyelado uonesifesauss g ajqel

s ‘9D +2 ‘(anInD D) Arepunoganiesisiulwpy
$9 ‘w9 ‘99 +0 '(39BJNS D) PUB|POOAA
-0 90 99 +D '(2ruNSNINIATIND) NS [RUOIOUNS
20 +0 '(u10d” N9) uoneiSAem|iey
SO ‘w9 ‘99 +2 ‘(annD N D) oell Aem|rey
SO ‘W9 ‘9D 4+ ‘(anIinD D) [auunAemirey
20 o) +D ‘(lut0d " ND) Nogepunoy
-0 2D +2 ‘(anInD D) [auun peoy
$9 ‘0D 20 +0 '(3MNDTIND) peoy
2D +2 ‘(8BAIND T IND) suljuolssiwsuel | A11911199[3
Be) +9 ‘(89B4INS T ND) 8SNOYSSe|D
90 09 w9 99 +0 '(89epns” IND) Bulpjing
(M052:1) €007 (Mge:T) zao (M01:7) TA@0
<—— 13pJo uonesijeasus adA ] aanjes aseqere 924N0S
Buryorew sjapow ereq ‘g ajge.L
aAIND IND Arepunogannensiuiwupy INS-I\X3 _
A - _ S31/epuUNo( |[e JO U0I393]|09
g o fspunoganessunupy | w3 | LS omommmeny | o | wmaswe | CHRIIERGE g
aAIND IND Arepunog aAReASILILPY 16a1e11S O WO PUNOZAARENSIUILIPY aNA riAepunog
Arepunog anneaisiuiupy
wiod” N9 8oe|dpare|ndod INS-INX3 -
! [ - _
wiod” N9 "Uo11EO0TPaWIEN :80e|dparejndod NRE] waou\,_o MMM_%M“Mz g wiod” A9 a0e|dpauEN TNO
wiod” N9 %3] a1ydesfope) 1Barens 10d WO IdpsWeN anA
saoe|d paweN
30RLNSNININT IND NS-INX3
30eLINS~ IND NY3
30elINS” D 16a1e1S
ulod N9 At=E]
iod A9 paas JUsWaNeS 1691815
S1UsWia|]lesS
wiod IN9D paas 8sn pueT] 1Bejens
ulod” N9 ansebelaH AWA
20eNS” \D Buipjingiuenodw| TINO
momt:ml_\,_o BaI/2WOIP0IY INS-I\X3 oomt:m|_>_o BaIy/3WO0IP0IAY ‘ealyyuoidy TJ-INX3 S0BLINSIINN NS B mo
80BUINS™IND IR ‘Lodily EE ) 8Ng[euonound anA

Proceedings of the International Cartographic Association, 2, 2019.

29th International Cartographic Conference (ICC 2019), 15-20 July 2019, Tokyo, Japan. This contribution underwent

single-blind peer review based on submitted abstracts. https://doi.org/10.5194/ica-proc-2-10-2019 | © Authors 2019. CC BY 4.0 License.



50f 8

SIUIeJISUO? JLBW 039 "7 a|qe L

(£00z "Aaypney) “auneay uobAjod e se pajussaidal SI SUBLUBINIAS = ;W 0000 < BITY e
(INS-NX3T) "auneay uobAjod e se pajuasaidal S1IUBLWBINLS = ;W 000'0F < Bl e
(Ig3) "auneay uobAjod e se pajussaldal S1IUBWSINLS = ;W 000'09 < BBl e

(165121S) "seale uado asoy) aAOWal = ‘WH'bs G'Q > eale uequn UIYIM seale uadQ e
(16912418) "eaJe URQUN [[ewWS = WX 'bs T > vale ueqin e

(1651eS) "BOTR URQIN O3IR] = ‘Wi'bs | S vOIR URQIN) @

(Mosz:T) €@o

SUETENES

(QINA) 1 188W 03 SPROJ BY) PUBIXa pue ainesy Juiod Se pajussaldal S INOGePUNOI = ;W QG > Baly o
(Mge:T) zao

(INO) "} 198W 0) SPEOJ 3L} PUBIXS puE aJnjesy Julod se pajuasaldal S INOGEPUNO. = ,W G > BaIY e Sinogepunoy
(M01:7) T@0O1
(INS-INXT) "Wg < 90URJB|0) AZZNH 79 Pad\ e
(IWY3) ‘wg = 20urIa|01 AZZNH 79 PIdAN @
(INS-INXF 22 INYH) WS < siutod pajosuuod 0m) Uaamiaq 93pa Jo ISua] e
(M052:1) €Q01
(@A) ‘Wi = douela|01 AZznH 79 Paspn @
(QNA) ‘way) sAoWaY = WOE > pus-pead e
speoy

(QNA) "auljpusd a1buls e 01 pasde]|od I 11 UBY) WG ZE Uey) 19so|a sI Aemabelited jenp | e
(Mgez:T) z@o

(TINO) "Wy = 8duela|0) AZzNH 79 Paapn e

(INO) "'wayl anoway = WQ9E > pus-pea e

(TINO) "auljanuag 8)buls e 01 pasde]|09 SI 11 UYL WG ZE UeY) J3SO[0 SI Aemabeliied [enp §| e

(M0T:T) TQ01

(INS-INXT) "Wg < adueIg|0) AZZNH 79 Paap o
(IWY3) ‘wg = 3ourJB|0) AZZNH 79 PO\ @
(INS-INXT 22 INYH) WS < siutod pajosuuod om) Uaamiaq 93pa Jo ISua] e

(Mosz:T) £ao

SauIISe0) ‘sAemjiey ‘saul] UoISSIWSURL A1911193]3

(@A) 7w 000G <ealy e

(seg:T) za@o
(INO) 7w 000G < BAIY  ©

(01:1) TAOT

SasNoysse|9

(NS-INX3T) "auneay uohA|od e se pajuasaldal S| ainjesy = ,W 000’0y < edly e
(IWY3) "uobAjod e se pajuasaidal SI ainjes) = ;WU 00009 < BalY e

(Mosz:T) £ao

SPURIPOOAA ‘SaLIBpUNOQ BAITRNSIUILIPY ‘sBuIpjing

|1e18q JO |9A9]

29th International Cartographic Conference (ICC 2019), 15-20 July 2019, Tokyo, Japan. This contribution underwent

Proceedings of the International Cartographic Association, 2, 2019.

(s)adA 1 8an1esy

single-blind peer review based on submitted abstracts. https://doi.org/10.5194/ica-proc-2-10-2019 | © Authors 2019. CC BY 4.0 License.



6 of 8

sjuressuod [eaifojodo] °g ajqel

"saul] Aemjiel Aq palanod aq 10U 1SNW 8iNJea) apoU UOITEI0| palleN

(aAINDTIND) Moea L Aem|iey

Aq paJanod aq 10u 1SN

‘sBuipjing Ag paJsA02 8 10U ISNW 81nJea) apoU UoIEIo| palueN

(uiod " IND) sbuipjing

Aq paJanod aq 10u 1SN

"2NJea) LaJe Se SJUSLLBJNSS B JpISUI 8 ISNLU 3iNJea) apou UOITEI0| paleN

(89epNSTIND) SIUBWRMSS

apisul aq 1SN

(3urod ™ IN9D) 89e|dpaweN

"|eJaASS INQ BUI| JY10 3UO ATTNO 10 PUS 3y} YoNOo 10ULRD 3UI| B JO pud a1

Ssapou-opnasd aney 10U 1SNIA

"pale|os] 8¢ JouURd pue
aul| Alepunog sAleASIUILIPR JSLI0 BUO YoNol 1SNl Saul| Saliepunoq aAneNSIuIWpY

3poU pua 1o/pue apou
Jels pajejost aAey 10U ISNIA

13410
yoea dejJano 10U ISNW puB SpUS JI9YL T8 Lono) AJUo Ued Saliepunog aAlRnsIuILIpY

loLayul
yonol Jo 199si33Ul 10U ISNIA

(e D)
Arepunogannensiuiupy

'SaIN)ea) vale se SJUsWa[Nas AQ PaJaA0d ag 10U ISNLU SaInJes) eale uoljelafia

(89epNSTIND) SIUBWRMSS

Aq paJanod aq 10u 1SN

"S3IN)La) Lale Sk SJUaaNas Ylm dejiano ag Jou 1SN Sainjea) ease UuonelabaA

(89epNSTIND) SIUBWRMSS

yum dejsano jou Isnin

"SaA[asWaY1 yum dejsano jou 1snw suobAjod se seale uoljelaba A

(80BLINSTIND) pURIPOOAN

yum dejsano jou Isnin

(80BLINSTIND) pPURIPOOM

"ainea) eaJe se SuaLa|1as dejJan0 10U 1SNW 3IN1ea) 3pOU Sk SIUBLWB|IISS

(80BJINSTND) SIUBWBINES

yum deIsno Jou IsniN

‘sBuipjing Ag palaA02 8 10U ISNW SAPOU Se SJUSLIBINSS

(quiod™IN9) sbuipjing

Aq paianod ag 10u I1SN|A

“Way) Usamiaq dejJano 10U ISNLU S3POU SB SIUaLIBINSS

yum deIsno Jou IsniN

(quiod D) siuswamas

‘Sainjea) eale co_umuwmw> yum Qm_._w>o 9/\eY 10U 1Shw eale Se Sjuswajiles

(90B1INS T IND) PURIPOOM

YuM deIano 10U ISNIA

"Wy} usamiaq Qm_Lw>O 10U 1snw ainjes) eale Se Sjuswa|llesS

YuM deIano 10U ISNIA

(s0BNSTND) SlUBWIBINAS

"SauUl| ProJ 1M deIaA0 10U ISNW saul] Aemiiey

(enInD”IND) peoy

UM deJano 10U ISNIA

(anIND T IND) Moea L Aem|iey

) Jouaul
1810 yoea deano 10U ISNW pue SpUa J1ay} Je yanol Ajuo ued saul] Aemjiey Yonor 10 j0asIAl 10U IS
"saul] Aem|iel yum dejJano Jou 1snw saul| peoy (8n Ny IND) Moel L Aemjiey yum depano jou 1snjN

*Jay30 yoea dejJano Jou ISNW pue SPUa J18y} 18 yanol AJuo ued saul| peo d0L1a! (orn3” WD) peoy
Yo y | jouy pue spus J1sL1 e 4yonoy Al 1] peoy yono} Jo 108siaUI 10U IS

"18y10 loLigul (annD IND)

yoea dej4on0 J0U ISNW pue SPUd 118y} Je Yyono} Ajuo ued saul| uolssiwsuel) A11911399|3 yonoy 10 198SJ3UI 10U 1SN auluolssiwsuel ] A1o1199|3

"saul] peol Aq palanod aq 1ou Isnw sbu

Ing

(anuny ™ IND) peoy

Aq paJanod aq 10u 1SN

‘saul] Aemjiel Aq palanod aq jou 1snw sbuipjing

(3AINDTIND) Mora L Aem|iey

Aq paJanod aq 10u 1SN

*3p0U UO11220| paweu Ag palanod aq 1ou 1snw sbulpjing

(uod” N9D) aoe|dpaweN

Ag palanod aq 10U 1SNIA

'S8pOU Se slusWia|es Aq pasanod ag 1ou isnw sBuiping

(Jutod” IND) siswanss

Ag palanod aq 10U 1SNIA

“WaY) UsaMIaq de4ano Jou isnw sbuipjing

(quiod™IND) sBuipjing

ynm dejano 10U I1sN|A

(utod" WD) sBuipjing

uondiiosag

adA ] aanyesH parejey

diysuonejay [eaibojodo |

adA 1 aanyesH

Proceedings of the International Cartographic Association, 2, 2019.

29th International Cartographic Conference (ICC 2019), 15-20 July 2019, Tokyo, Japan. This contribution underwent

single-blind peer review based on submitted abstracts. https://doi.org/10.5194/ica-proc-2-10-2019 | © Authors 2019. CC BY 4.0 License.



7 of 8

Secondary education

Police station

CurrentUseValue
Primary education

BuildingClassification

Public services
Place of worship

Public services

Commerce and services

More than 2 dwellings
BuildingFunctionCategoryCode
(ESDIN — ExM Small or Medium Scale)

o) Com) o) o

Figure 2. Codelists linking

CurrentUseValue

Residential

Individual residence

Proceedings of the International Cartographic Association, 2, 2019.
29th International Cartographic Conference (ICC 2019), 15-20 July 2019, Tokyo, Japan. This contribution underwent
single-blind peer review based on submitted abstracts. https://doi.org/10.5194/ica-proc-2-10-2019 | © Authors 2019. CC BY 4.0 License.



3.5 Selection of generalisation algorithms

The model generalisation operators used in this research
are implemented using the suitable generalisation
algorithms. These algorithms for different feature types
and contexts are chosen from the recommendations given
in Automated Generalisation New Technology (AGENT)
project reports (AGENT, 1999a, 1999b).

3.6 Implementation and evaluation

The research is currently in the implementation stage.
The Python programming language is used to implement
the proposed methodology and PostgreSQL with PostGIS
extension is used as a backend database.

The OS OpenData products and their specifications are
used to design the methodology. The results of the
implementation will be tested against the same data
products as well as the different products like OS Open
Zoom Stack. The methodology will also be compared
with the products of Survey of India (Sol).

4. Conclusions

This paper proposed the methodology to derive the
MRDB. In line with that, the data modelling aspects for
different LoDs, generalisation operators and their
sequence, geometric and topological constraints are
presented in this paper. This information is used to realise
the prototype of the proposed concept. Eventually, the
findings of this research will be transferred to derive
MRDB for Indian scenario.
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