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Abstract

This study proposes the logical data model design of a spatial data model that complies with international
standards for the waterworks of underground facilities. We conduct a preliminary study related to underground
spatial data standards and data models, and review the status of the existing systems. Then, we defined the
conceptual design direction of underground spatial data model based on the problems and issues. Next, we
defined the terminology, classification, semantic relationships of waterworks. Next, for the conceptual design
of the underground spatial data model, we defined the naming criteria for all data according to the waterworks
classification. In addition, a logical model is drawn and described using UML (Unified Modeling Language)
diagrams. Based on the results, it is expected that the accuracy related to underground facilities data will be
improved.
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Basic Study on Logical Model Design of Underground Facilities for Waterworks
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Fig. 1. Problems with existing systems(BAI, 2017)
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Table 1. Definition of terms and classification for underground facilities in the waterworks

Classification
Division - . Description
Korean English Existing Terms
-A place to intake drinking water by
TR HeadOfRiver WTL_HEAD PS designating an area suitable for the water
standard
- A place where the intake of raw water is
pp. Puﬂ\)\iilactztrion WTL PURI AS supplied through a water supply pipe and
oo - - treated in accordance with drinking water
Plant
standards
- A facility that draws raw water from a
%t WaterGain WTL GAIN_PS river or reservoir and sends it to a water
purification plant for tap water
A4z Reservoir WTL _RSRV PS - Tanks that store large amounts of water
- A storage area that temporarily collects
ServiceWater purified water for proper drainage
=X . . .
] Reservoir WTL_SERV_PS according to the amount of demand in the
drainage area.
. - A facility that transfers water or sewage
oF
__j L‘j Pre;surlseq WTL PRES PS to another place using an artificial power
i T2 PumpingStation — -
system
Az ServlljgeWater WTL PIPE LM - Pipeline used to supply and distribute
1pe - - water
Aeis ServiceWater . .
3T
Ayt A PipeDepth WTL_PIPE PS - Means the depth of water pipe installation
Water EP] . - A pipeline from the water pipe to the
works gz SupplyWaterPipe WTL _SPLY LS water meter
AET . - Pipes protruding vertically above the
at OL]E StandPipe WTL_STPI_PS ground and connected to the water supply
system
o - Facilities used for firefighting purposes
B INES) Flr;:;ﬁ}ilttmg WTL FIRE PS such as fire hydrants, water towers, and
Y water tanks for fire fighting
- An instrument installed to measure the
o a)
G4 Flowmeter WTL_FLOW _PS flow of water
ServiceWater - Facilities for people to enter and exit for
A s WTL _MANH_PS inspection or cleaning of water pipes,
Manhole - - . o .
connection or joining of pipes, etc.
| Watérzfl’izzsure WTL PRGA PS | - Water pressure measuring device
A . . .
; LeakLocation - Leakage point and leak recovery history
gl o WTL _LEAK PS . S
A RepairHistory - - in water supply/water supply pipelines
iz - An instrument that measures the amount
7?];7,_] HydrantMeter WTL _META PS of opening and closing of water supply
°© installed in the water supply device
- Facilities that can maintain water supply
HFAIA Valve WTL_VALV _PS pipes or measuring instruments installed

in roads and sidewalks
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Table 2. Definition of semantic relationship of underground facilities in the waterworks

Classes/Geometry Relationship Classes/Geometry Semantic
HeadOfRiver/Surface — WaterGain/Surface - connected
E— WaterGain/Surface - connected
WaterPurificationPlant Servi R -
/Surface . erviceWaterReservoir - connected
/Surface
. . — Reservoir/Surface - connected
ServiceWaterReservoir b sedP < oStat]
/Surface ressurisedPumpingStation - connected
/Surface
Reservoir/Surface — SupplyWaterPipe/Curve - connected
Pressu'rlsedPumplng — ServiceWaterPipe/Curve - connected
Station/Surface
E— Valve/Point - attached
— StandPipe/Curve, Point - connected
— FireFightingFacility/Point - connected
) ) — Flowmeter/Point - attached
ServiceWaterPipe . . .
/Curve — ServiceWaterManhole/Point - intersected
— WaterPressureGauge/Point - attached
. LeakLocatlonRepaerlstory - has
/Point
-— ServiceWaterPipeDepth (Attribute) - has
— WaterPressureGauge/Point - attached
. LeakLocationRepairHistor
SupplyWaterPipe /Pointp Y - has
/Curve - -
— StandPipe/Curve, Point - connected
— HydrantMeter/Point - attached
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H

7} A Aol TSR E AR A,
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CDE) 59 $A4E5S Y40 & 3= A
S A £ A, B 59 SAHES dO = Data
type 2 Mandatory/Optional AFSE-2 A& Js} 3tk
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-
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Astg o, 2|54 R Bel ZE(CDE), Y% 18 =
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IdentifiedType

«metaclass»
FeatureType
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+superType 0_*

+constrainedBy: CharacterString[0..*]
+definition: LanguageString[1..*]
+description: LanguageString[0_*]
+designation: LanguageString[0. *]
+name: GenericName(0..1]

+#isAbstract: Boolean = false
+constrainedBy: CharacterString[0..*]
- ition: L tring[1..*

+description: LanguageString[0..*]
+designation: LanguageString[0.."]
+name: GenericName[0..1]

+subType 0..*

ValueAssignment
+type: ValueAssignmentType

«metaclasss

+theFeatureType 0.*

+carrierOfCharacteristics0.

ametaclass»
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Fig. 5. Reference model of underground spatial data model
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Fig. 6. UML diagram of underground spatial data model in the waterworks
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Table 3. Description of GFM Classes

Classes Description

- IdentifiedType is a metaclass that inherits some common identification and description
IdentifiedType properties to other major classes of GFM
- IdentifiedType is the supertype of FeatureType, PropertyType and FeatureAssociationType

- FeatureType is a metaclass instantiated as a class representing individual feature types
FeatureType - A particular feature type is a class for all instances of that feature type
- Instances of classes representing individual feature types are feature instances

- PropertyType is an abstract superclass for AttributeType, Operation, and
FeatureAssociationRole
- It provides characteristics that can be associated with the type of feature

PropertyType - PropertyType inherits properties for identification and description from the abstract
metaclass IdentifiedType
- Other than that, PropertyType has no additional attributes or associations

. . - Spatial AttributeType represents a spatial attribute that will be used to express the spatial

Spatial AttributeType characteristics of a feature type
AttributeType - AttributeType is a metaclass for defining attributes of a feature type
P - AttributeType inherits attributes and associations from abstract metaclass PropertyType
Operation - Operation represents a feature-type behavior as a function or method

- Operation is a metaclass to describe the behavior of a feature type in terms of computation

- FeatureAssociationRole is a metaclass of role class and is a part of FeatureAssociationType

FeatureAssociationRole | _ FeatureAssociationRole represents the role played by the feature type through association

- ValueAssignment is an associated metaclass for all processes in which a value is assigned
ValueAssignment to a feature
- If necessary, instances of this metaclass can be used to monitor property value assignments

- FeatureAssociationType is a metaclass that describes the association between features
FeatureAssociationType | - FeatureAssociationType has the following associations in addition to the attributes and
associations inherited from the abstract metaclass IdentifiedType

- InheritanceRelation is a class for the relationship between a more general feature type
InheritanceRelation (supertype) and one special feature type (subtype)
- Every instance of a particular feature type is also an instance of a general feature type
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