
Geometry difference (Geometry other); 

Geometry symmetricDifference (Geometry other); 

boolean equals (Geometry other); / 

boolean touches (Geometry other); / 

boolean contains (Geometry other); • 

boolean within (Geometry other); / 

boolean disjoint (Geometry other); / 

boolean crosses (Geometry other); / 

boolean overlaps (Geometry other); / 

boolean intersects (Geometry other); 

boolean relate (Geometry other, EgenhoferOperator operator); 

Note: X X X stands for all the implementable geometry objects: Point, LineString, Polygon, 

GeometryCollection, Multipoint, MultiLineString and MultiPolygon. 
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Figure 6.2 the Buffer Testing in the Prototype System 

6.4 Issues 

6.4.1 Dataset 

OGC provides some testing datasets on its web site. The testing suites for OLE/COM and SQL 

use the same dataset to test functionality. In this Java version, the same dataset as that used in the 

OLE/COM and SQL versions (see Figure 6.3) is embedded into the testing suite. 

The data is a synthetic dataset, developed by hand, to exercise the functionality of the 

specification. The semantics and points' coordinates of this dataset are defined in OGC released 

testing suites (OGC, 1999c). The following gives entire test data in Well Known Text (WKT) 

format (Vindicates that the subsequent line of text is a continuation): 
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Figure 6.3 Test Data Concept (OGC, 1999c) 

P o i f l t S (units are meters) 

' 1 1 1 1 1 i 1 — ! — - — 
iO 20 :?o -io so fy(> 7(1 m 

Figure 6.4 Points in the Blue Lake Dataset (OGC, 1999c) 

PROJCS['UTM_ZONE_14N', GEOGCS['World Geodetic System 72',DATUM['WGS_72', SPHEROID 

['NWL10D', 6378135, 298.26]], PRIMEM ['Greenwich', 0], UNIT ['Meter', 1.0]], <? 

PROJECTION['Transverse_Mercator'], PARAMETER['False_Easting', 500000.0], <P 
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PARAMETER['False_Northing', 0.0], PARAMETERf'CentralMeridian*, -99.0], <P 

PARAMETER['Scale__Factor',0.9996], PARAMETERI'Latitude^origin^O.OJ^ITt'Meter', 1.0]]" <P 

101,"Blue Lake","POLYGON( (52 18, 66 23, 73 9, 48 6, 52 18), (59 18, 67 18, 67 13,59 13, 59 18))" 

102,"Route 5","LINESTRING( 0 18, 10 21, 16 23, 28 26, 44 31 )" 

103,"Route 5","LINESTPJNG( 44 31, 56 34, 70 38 )" 

104,"Route 5","LINESTRING( 70 38, 72 48 )" 

105."Main Street"."LINESTRTNG( 70 38, 84 42 )" 

106,"Dirt Road by Green Forest","LINESTRING( 28 26, 28 0 )" 

109,"Green Forest","MULTIPOLYGON( ((28 26, 28 0, 84 0, 84 42, 28 26), <? 

(52 18, 66 23,73 9, 48 6, 52 18)), ((59 18, 67 18, 67 13, 59 13, 59 18)))" 

110,"Cam Bridge","POINT( 44 31 )" 

11 l,"Cam Stream","LINESTRING( 38 48, 44 41, 41 36, 44 31, 52 18 )" 

112,"Cam Stream","LINESTRTNG( 76 0, 78 4, 73 9 )" 

113," 123 Main Street","GEOMETRYCOLLECTION( POINT( 52 30 ), <? 

POLYGON( ( 50 31, 54 31, 5429, 50 29, 50 31)))" 

114,"215 Main Street","GEOMETRYCOLLECTION( POINT( 64 33 ), <P 

POLYGON( ( 66 34, 62 34, 6232, 66 32, 66 34) ))" 

115,"Neat Line","POLYGON( ( 0 0, 0 48, 84 48, 84 0, 0 0 ))" 

117,"Ashton","POLYGON( ( 62 48, 84 48, 84 30, 56 30, 56 34, 62 48))" 

118,"Goose Island","POLYGON( ( 67 13, 67 18, 59 18, 59 13, 67 13) )" 

119,"Route 75","MULTILINESTRING((10 48, 10 21, 10 0), (16 0, 10 23, 16 48))" 

120,"Stock Pond","MULTIPOLYGON( (( 24 44, 22 42, 24 40, 24 44)), $ 

(( 26 44, 26 40,28 42, 26 44)))" 
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The geometry objects in OGC standard testing dataset are listed above, but not all the 

implementable geometry objects defined in OpenGIS Simple Feature Implementation 

Specification are represented. Table 6.2 shows the difference between the simple feature data 

model and the testing dataset in the implemented geometry objects. 

Table 6.2 Comparison of the Implementable Objects in the Data Model and Dataset 

Implementable Objects Data Model Testing Dataset 

Point X X 

LineString X X 

Polygon X X 

GeometryCollection X X 

Multipoint X 

MultiLineString X X 

MultiPolygon X X 

6.4.2 Distribution 

A l l of Java's Java files in the testing suite are zipped into one compressed file for easy 

distribution. When you unzipped the testing suite, the following file structure will be created on 

your system: 

sf4j Test Suite 

- sfljConfTestjava 

confTest.html 

- borland 

Figure 6.5 Unzipped File Structure in the Testing Suite 

(in Window environment; box indicated that it is a directory) 
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The files are divided into supporting files and key files. The key files show off this testing suite's 

features by support from the supporting files. Only the following two key files need to be 

adapted: 

sf4j ConfTest.j ava 

confTest.html 

The Java applet Sf4jConfTest.java is the essential part in this testing suite. The browser runs this 

testing suite by opening the HTML file confTest.html, which contains the compiled file of 

sf4jConfTest.java. There are three steps to adapt this testing suite: 

1. import the candidate's implemented classes; 

2. adjust the location of all the classes; and 

3. compile sf4jConfTest.java. 

The testing suite will invoke the implementation of the candidate product to the test 

conformance. First of all, we must tell sf4jConfTest.java which implementation will be tested. 

The first step is to import the candidate's implemented classes at the beginning of 

sf4j ConfTest.j ava, such as: 

import com.uc.geoservnet.geometry.*; 

The annotation in the file will instruct the user how to do this. 

To make sure that the sf4jConfTest.java can find the imported classes, you must adjust the 

location of the implemented classed in your system before compiling the main file. If the 
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compiler can not find the implemented classes, it will give an error message instructing you of 

the adjustments to be made. 

The last step is compiling the amended sf4jConfTest.java file. It is assumed that the Java 

compiler has been installed on your system. If not, the compiler can be downloaded from Sun's 

web site. It's easy to compile this Java Applet following the instruction of the compiler. Make 

sure the name of the generated byte code file sf4jConfTest.class is the same in the confTest.html 

file before you run the testing suite. 
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C H A P T E R 7 C A S E STUDY 

The designed Geometry Data Model in this thesis has been applied in a research project A GIS 

Based Geotechnical Data Sharing and Analysis System (Tao et al, 2001). This case is used to test 

the design and demonstrate the performance of the model. 

7.1 Background 

The geotechnical technology is popularly used in Civil and Environmental Engineering projects 

and researches. Geotechnical data is often gathered from field instrumentation, site investigation, 

laboratory tests and model studies. The Geological Survey of Canada (GSC) compiled a 

computerized database of geological and geotechnical data for the Calgary urban area in the 

early of 1970's. Unfortunately, as time elapsed, the database appears to have been disused and 

neglected. It is realized that Calgary has about 100,000 wells on record represented by core 

and/or drill cuttings (Eyles, 1997) dispersed across many different agencies. The geotechnical 

data generated by and for the special projects was obtained at great expense. They are of huge 

potential value for other purposes. The University of Calgary in conjunction with the Calgary 

Geotechnical Society launched a project to develop a GIS based data sharing and analysis system 

to distribute the geotechnical data through the Internet. 

7.2 System Design 
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7.2.1 Architecture 

This geotechnical data sharing and analysis system is not only a geotechnical data distribution 

system, but also it should distribute the geotechnical analysis functionality into the Internet. 

There are some commercial Internet GIS software available in GIS industry, such as ESRI's 

ArcIMS®, Autodesk's MapGuide®, Maplnfo's MapXtreme®, and so forth. Different Internet GIS 

software adopts different computer technology and spatial theories. Each software package has 

its own features and limitations. The existing commercial Internet GIS software has the 

capability to distribute the geospatial datasets. Most of them host the analysis functions at the 

server side for client invocation, a few of them can distribute the analysis functions to the client 

machine through the Internet computing environment (Limp, 2001). However, the limited 

extensibility is a big issue when building this data sharing and analysis system on these 

commercial Internet GIS software. 

In this project, the geotechnical data of Calgary is dispersed among the different agencies, and is 

documented using different formats (hardcopy, GIS and CAD). It is also a fact that the databases 

and GISs used vary among the agencies. Considering the current status of the geotechnical data, 

the existing GIS and database software, and the state of the art technology of the Internet GIS 

and databases, the architecture of this geotechnical data sharing and analysis system has been 

developed, shown in Figure 7.1. 

This system consists of three components: the spatial database, the Internet GIS server, and the 

front-end web interface. Oracle 8 is the central database, which manages the geospatial and 
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attribute geotechnical data. Oracle's SQL Plus, SQL*Loader and other tools, such as FME, 

support the transforming of the geotechnical spatial data into and out of the data repository. The 

Java GIS server GeoServNet Server and Agent, and client GeoEye™ are developed in this 

project. The server and client viewer share the same Geometry Data Model designed and 

implemented in the previous chapters of this thesis. The spatial and attribute data retrieved from 

Oracle database to generate the simple features defined in OpenGIS Simple Features 

specification at the GeoServNet side on fly. The generated simple features contain the requested 

spatial and attribute information, which are translated to client side GeoEye™ to display, 

operation and query. The GeoServNet Server can be installed on more than one machine. The 

GeoServNet Agent middleware plays the role of balancing the visiting burden among the 

GeoServNet Servers. 

Web Browser 

G e o E y e ™ Viewer 

Web Server 

GeoServNet Agent 

GeoServNet Server 

Database 

Data Input 

& Update 

s B i i J B ^ ^ y j a 

E 

GeoServNet Agent 

1 
r q 

Oracle 

- I 

E 3 

SQL SQL Other 

Loader Plus Tools 

Client 

Application 

Server 

Data 

Server 

Update 

Figure 7.1 Architecture of the Geotechnical Data and Analysis Sharing System 
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7.2.2 Data Model 

The data model in this system consists of two sub-data models: Geotechnical Data Model and 

Spatial Data Model. The Geotechnical Data Model is implemented in Oracle to management the 

attribute and spatial geotechnical datasets. The Spatial Data Model is implemented in the 

software: GeoServNet and GeoEye™. 

Geotechnical Data Model 

The geotechnical data model in this system was designed based on the design guideline 

developed by the Geological Survey of Canada. There are some published data models (Lee et 

al. 1990, Oloufa et al. 1992, Adams et al. 1993, Giles 1994, Papacostas 1994, Eyles et al. 1997) 

in literature. The E-R pattern analysis technique was used to integrate the spatial and attribute 

data in a single data repository. 

Borehole 

In the real world, the relationships between the entities of 

geotechnical field and laboratory test are illustrated at Figure 7.2 and 

le 7.3. The BOREHOLE OBJECT entity extends the relational model to 

support the geotechnical spatial information in the database. The 

Figure 7.2 Borehole details of the geotechnical data model are discussed as following. 

Profile Diagram 

• PROJECT entity: The geotechnical data generated by the given projects, which are launched by 

different companies. In general, a project often drills many boring holes for the specific 

purposes. PROJECT entity is the root entity in the geotechnical data model. 

100 



Contains^ 
Layer Table 

Project Table Borehole Table 

PNumber 
Contains 

PNumber 

BNumber 

BNumber 

LNumber 

1 

Contains 

Contains 1..* 

Spatial Table 

-BNumbe 

Sample Table 

BNumber 

SNumber 

Borehole 

Objects 

Figure 7.3 A Conceptual Geotechnical Data Model in Oracle 

• BOREHOLE entity: Boreholes are investigation points drilled to retrieve information about 

the subsurface soil. The BOREHOLE entity provides information about the boreholes in the 

reference from which the subsoil information is taken. The borehole's information is 

presented in the boring log, which is contained in the project's reports. 

• LAYER entity: A layer represents a soil stratum. The collection of a vertical ordering of 

layers forms a boring log. Each layer gives the information about the soil stratum. 

• SAMPLE entity: A sample is an extraction of soil material from one layer of a borehole. 

Samples are used in tests to determine values of soil properties and parameters. Such values 

are reported in the SAMPLE entity. 

• BOREHOLE OBJECT entity: A Borehole Object is a geospatial object represents a 

borehole's spatial feature in the real world. This special entity is used to organize the 

geospatial data. 

Each borehole belongs to one project, and each project can have one or many boreholes reported 

in the corresponding project report. Therefore, the relationship between the PROJECT and 
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BOREHOLE entities is one-to-many. Similarly, each layer belongs to one borehole and each 

borehole contains one or many layers. The relationship between the BOREHOLE and the 

LAYER entities, and the relationship between the BOREHOLE entity and the SAMPLE entity is 

also one-to-many. Each borehole object corresponds with each borehole entity, so the 

relationship between the BOREHOLE OBJECT and BOREHOLE is one-to-one. 

Spatial Data Model 

The spatial data model implemented in this system is shown in Figure 7.4. The root of this data 

model is the Geometry, which is the Geometry Data Model designed and implemented in 

previous chapters in this thesis. The Attribute Model stands for the Geotechnical Data Model 

implemented in Oracle. The combination of the spatial information from Geometry and the 

attribute information from Attribute generates the Simple Feature objects (the geospatial 

Metadata is not implemented in this system). The Feature Collection plays the role of Layer 

defined in GeoEye™ old version 1.0 to organize the similar Simple Features into one collection. 

Only the Map and GUIs in GeoEye™ 1.0 are kept in this spatial data model. 

Connection of Models 

The Simple Feature object connects the two models in this system. The correspondences of 

Simple Feature's components Geometry and Attribute Model in the Spatial Data Model are the 

Borehole Object and other entities in the Geotechnical Data Model. If the system request data 

from Oracle, the data in the Borehole Object is transferred into the Geometry Data Model and 

the other attribute data is transferred into the Attribute Model, then they are combined together to 

generate the Simple Feature. 
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Figure 7.4 Geospatial Data Model 

(See Appendix f o r data Model Notation) 

7.3 Implementation 

7.3.1 Database Implementation 

The dispersed geotechnical databases have diversity in hardware, software, data model, and even 

the semantics. It's a big challenge to integrate these databases at a logical level in the distributed 

computing scenario. In this project, the data is transformed into one center-controlled database. 

Data conversion is another issue in this case study. Many geotechnical and background datasets 

are in MicroStation's DGN or other CAD formats. However, many spatial datasets are in GIS 
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formats, such as ESRI Shapefile. There is a gap in the definitions of the objects in CAD and GIS. 

Some important information could get lost when transforming the CAD data to GIS data, such as 

transforming the DGN formatted data to ESRI's Shape data. It is more problematic that there 

was no standards regarding the geotechnical reports. Borehole sampling reports collected from 

various engineering companies are different in term of the diagram presentations, terminology 

used, items covered. It would cause huge efforts on populating these datasets into a database. 

The various formatted geotechnical datasets are translated into ESRI's Shape File format and 

loaded into Oracle database. Based on the designed database data model detailed above, the 

geotechnical data generated from field tests and laboratory tests is loaded into Oracle and 

organized in several database view schemes in Table 7.1. 

Table 7.1 View Schemes in Geotechnical Database 

View Name Contained Item Number 

Field Test View 18 

Shear Strength View 16 

Consistency View 11 

Consolidation View 11 

Permeability View 6 

Unit Weight View 9 

7.3.2 GIS Prototype Implementation 

The prototype system is composed of two coordinated components: client and server. The client 

viewer GeoEye™ is changed from the old version GeoEye™ 1.0 developed by Mr. Shuxin Yuan 
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(Yuan, 2000) by replacing the underlying data model to the Geometry Data Model implemented 

from the design of OpenGIS Simple Features Implementation Specification for Java. Some new 

functions are developed in this system. 

New GeoEye™ Implementation 

GeoEye™ 1.0 is implemented as a Java Applet and is initiated in a general Web browser. Due to 

the underlying Spatial Data Model is changed and a new Geotechnical Data Model is introduced 

in the new system, GeoEye1X1 1.0 has been done significant changes to keep these functions in 

Table 7.2. The framework of the spatial data model architecture and some algorithms in GUI and 

Map objects in the old version are used in the new GeoEye™. 

It provides two data access scenarios: loading data from server side and client side. ESRI's 

Shape File formatted data file can be directly loaded into the system from local machine. If client 

request data from server side, the server retrieves the desired data from Oracle and generates it as 

geometry objects, then transfers them to the client. The Java's ObjectSerialization mechanism is 

adopted in the communication between the client and server (see Figure 7.5). The user interface 

of this system is illustrated in Figure 7.6. 

The general GIS functions are not enough for this prototype system, many geotechnical domain 

functions, therefore, are necessary. Due to the limited time, a very simple Profile Analysis 

component is developed and added into the system. When the user draws a profile line on screen, 

this component will automatically select the objects crossed by the profile line, and a profile will 

be drawn in the pop up window (see Figure 7.7). 
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Table 7.2 G e o E y e ™ 1.0 Functions (Yuan, 2000) 

Geodata Access - Local and Remote (Web Server) Shape File access 

- Access both spatial and non-spatial data 

Image layer support - Support GIF and JPEG images 

- Georeference image as map background 

Map display control - Repaint, Zoom (In/Out/Window/Extent), and Pan. 

Map overview window - Overview window On/Off, Resize, and Relocate 

- Layer On/Off in overview window 

- Display and Drag current map display position, etc. 

Layer control - Layer On/Off, Add/Remove Layers 

- Layer Reorder, Rename, Change Layer Color, etc. 

Attributes manipulation - Identify, Select by Point/Box, Attribute Table, etc. 

Drawings - Draw and Save Point, Polyline, and Polygon object. 

Project Management - Save and Reload project file. 

RequestProject ("Project Name") 

0) 

Client 
Applet 

Return: Map Object 

RequcstFeatures("Feature Collection Name") 

© 

Return: Feature Collection Object (Vector) 

RequestFeature("Feature ID") 

Return: Feature Object 

Web Server 

GeoServNet 
Agent 

GeoServNet 
Server 

Jdbc/Odbc 

Oracle 

Figure 7.5 Object Communication between Client and Server 
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Figure 7.6 New G e o E y e ™ User Interface 

(O: Map display area 0: Data Access © : Tool Bar O: Layer Control © : Attribute display 

window for Identify 0: Status bar that displays mouse coordinates, scale and current layer) 

IE5E] 

—3 

Figure 7.7 Interface of Profde Analysis 
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GeoServNet Implementation 

GeoServNet has two components: GeoServNet Server and GeoServNet Agent. The two server 

are developed as Java Servlets (Java's server side engine and APIs) and run inside the Java 

Servlet Engine and Web Server at the server side. 

GeoServNet Server is in charge of data publishing. It retrieves the attribute and spatial data from 

Oracle database to generate simple features based on the client's request. To improve the data 

loading performance, all the published datasets are registered in this server. Some general 

information of datasets, such as boundaries and spatial indices, is recorded by the server. The 

interface of the dataset registration is illustrated in Figure 7.8. 

Ik ;5 ,6 .... . .. > 

Figure 7.8 Data Registration Interfaces in GeoServNet Server 

All client requests are accepted by GeoServNet Agent. The location information of the available 

datasets is recorded by this agent. It passes the data request to the proper GeoServNet Server to 

retrieve the desired datasets, then transfers he responses from GeoServNet Server to the client, 

who launched the data query. 
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7.4 Case Conclusions 

A prototype system has been developed based on the design of the OpenGIS Simple Features 

Implementation Specification for Java. The new Geotechnical Data Model and Spatial Data 

Model are designed and implemented in this system. The simple feature is the primary object in 

the Spatial Data Model, which is simplified from the Simple Feature defined in OGC 

specifications by implementing the Geometry and Attribute Model. The Geometry is the 

designed and implemented Geometry Data Model. 

This case study shows that the design is implementable. The Geometry Data Model implemented 

from the design of OpenGIS Simple Features Implementation Specification for Java is used in 

this case study to organize the spatial data. The methods implemented in the geometry objects 

are easily invoked by other objects outside of the Geometry Data Model. The integration of 

Geometry Data Model with other components in the system is straightforward. The new version 

of GeoEye™ works well in this case study. 

This case study shows that the design is reasonable. The definitions of the geometry objects are 

complete with no ambiguity. The relationship between the geometry objects defined in the 

design is clear and logical. New geometry objects not included in this design can be easily 

integrated into this model. The organization of the design is simple to facilitate the developing of 

a system based on this design. The developer can easily locate the desired geometry objects. 



C H A P T E R 8 C O N C L U S I O N S A N D R E C O M M E N D A T I O N S 

8.1 Conclusions 

Geocomputing has migrated from the desktop to a networking environment. GIS software 

architecture has been evolving from stand-alone systems to client/server systems, and from 

client/server systems to ubiquitous computing systems. The Distributed GIS, including Web GIS, 

Internet GIS and Ubiquitous GIS, is becoming the mainstream in GIS industry. The boom of the 

Internet stimulates the huge demands for distributed GIS applications. 

In a DGIS computing environment, interoperability is recognized as the major issue. In most 

cases, it's difficult to tell the difference between openness and interoperability in concept. 

Therefore, we often treat them as the same problem. Interoperability can be achieved at several 

levels. Many efforts have been made with respect to geodata interoperability; from metadata 

standards, such as the metadata standards from FGDC and ISO TC/211, to spatial data coding 

standards, FIPS (Federal Information Processing Standards) and SDTS (Spatial Data Transfer 

Standard). Research on interoperability at the application and semantics level has gained 

interests in recent years. In the application domain, existing DGIS applications are still bound by 

some specific GIS software. It's still difficult to build up interoperability between systems. The 

functions, application models and code in one system can not be invoked or migrated to another 

system directly. 



It is recognized that standards are the key to address interoperability problem, and support 

component technology. It is clear that the use of software engineering standards is not enough to 

ensure development of interoperable DGIS applications, application domain standards are also 

important in determining their fate. The standards from OGC are a response to this problem. 

OGC has tried to create widely accepted domain standards for the GIS community. The open 

framework from OGC defines the blue print for GIS software, applications and services from the 

whole GIS community's viewpoint. The Geometry Data Model in OGC's nine worlds (see 

Figure 1.2) is the key component in OGC's standards system. The first released implementation 

specification of OGC is the simple feature implementation specification, which defines the 

Geometry Data Model and Spatial Reference System. 

The existing released simple feature implementation specifications are for OLE/COM, SQL and 

CORBA. There is no OGC official specification for Java. In fact, Java is another important 

distributed computing platform and is becoming more and more popular as an open source 

language. The Java version Implementation Specification of OpenGIS Simple Features is an 

important family member in OGC's specifications. 

This research, A Java Implementation for OpenGIS Simple Feature Specification, brings the 

following benefits to the GIS community: 

• Defines a common data model based on OpenGIS and Java standards. A new OpenGIS 

Simple Feature Implementation Specification for Java is designed in this research. The 

Geometry Data Model is defined under the OGC's standards framework in Java's 

conventions. The common data model enriches the OGC's standard system to support the 

Java distributed computing platform. 
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• Push the development of DGIS and component based GIS in the GIS software industry. The 

DGIS and GIS components can be easily integrated and interoperable because they adopted 

the same underlying Geometry Data Model designed in this thesis. GIS component can be 

integrated with other non-GIS systems to provide spatial functionality. A component based 

GIS uses reusable GIS components to reduce GIS software's development cost; quicken 

development cycle and increase the software's flexibility and interoperability. 

• Quicken the development of GIS systems and applications. The system integrator and 

application developer build up an application system is faster based on this common data 

model and other OGC's standards, such as GML (Geography Makeup Language) and WFS 

(Web Feature Service). 

• Provide a basis for interoperability. A common data model supports interoperability at the 

data model level, which is higher than geodata interoperability and lower than application 

and semantics interoperability. The designed data model in this research can push the 

realization of the geodata interoperability and help address application and semantics 

interoperability. 

A number of conclusions can be drawn from the work presented herein: 

• An OpenGIS Simple Feature Implementation Specification for Java is designed. Compared 

with related previous works reviewed in this thesis, the geometry object classification logic 

in the Geometry Data Model of this implementation specification is clearer. The Geometry 

Data Model has high extensibility to embrace the new geometry objects. This 

implementation specification can be easily maintained, improved and distributed with the 
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support from the U M L technology. Rational Rose 2000 was used in all the design procedures 

to standardize the modeling of the implementation specification. 

A conformance Testing Suite was developed. The testing suite ensures that the 

implementation practices of the implementation specification strictly follow the definitions in 

the particular specification. This Java Applet testing suite that accompanies this design 

ensure the integrity of this work. Both of the mandatory and optional functions defined by the 

implementation specification were successfully tested in this suite. 

A prototype system was developed. The prototype Geometry Data Model was developed 

based on the Java version Implementation Specification of OpenGIS Simple Features. The 

implemented Geometry Data Model was embedded into the case study's system, which 

demonstrated that this design is reasonable and implementable. The performance of the 

system is acceptable. 

The design is standard. In this design, the GIS domain technology and standards are from 

OGC's specifications, Java's coding standards and conventions were used to code the 

implementation specification; the standard modeling technology, UML, was adopted in the 

design. About 20000 lines (about 500 Kb) 100% pure Java source code developed for the 

Implementation Specification, prototype Geometry Data Model, Testing Suite and Case 

Study system followed the Java standards and coding conventions. 

A new buffer algorithm was introduced. The Template Union Model is flexible and 

extendable to create buffer zones. Different kinds of templates can be combined freely to 

perform complicated buffer operations. New templates can be easily added into the model for 

specific application's requirements. 
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The documents for the implementation specification and conformance testing suite are compiled 

and will be revised and improved. It is our intention that the document can be submitted to 

OGC's Technique Committee for review and comments. 

8.2 Recommendations 

The research on GIS standards is primary for GIS. This research addresses the more basic topic 

in the standard's research: Geometry Data Model. The value of the geometry data model for GIS 

is comparable to the cell in relation to a human's body. A lot of issues under this topic are worth 

of further research. 

(1) Topological Relationship 

OGC moves away from an essential property of spatial data: Intrinsic topological relationships. 

Shared co-ordinates only have to be stored once and when correctly referenced reveal spatial 

relations by simple searching in stead of computer intensive relationship calculations 

(Cattenstart, 1998). Two neighboring polygons have a common boundary, for example, the 

boundary is stored separately for each polygon. The intrinsic topological relationship is removed. 

(2) Normalized Storage 

OGC has classified geometries into simple and complex features. Rules for converting complex 

to simple geometries are absent. This leaves room for software developers to implement their 

own concepts in dealing with certain types of geometries. This situation calls for a further 

extension of geometry definitions and rules to convert from complex to simple entities in the 
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OpenGIS Data Model architecture. Normalized storage of geometries is absent as well as 

intrinsic topological relationship. 

(3) Measurement Features 

The Simple Features defined in this implementation are still coordinate-based, which makes it 

impossible to apply traditional error analysis and estimate uncertainties in derived products 

(Goodchild, 2000). Measurement-based features should be imported into this model. 

(4) Professional Review 

Interoperable GIS software must be open to peer review within the scientific community and 

open to continuous process improvement. The software should have embedded discipline-

specific processes to provide credited functionality (Kottman 1994), and make it conform to 

"professional standards" or "best accepted professional practice" in software's internals. It 

answers the question "why should we trust the output from the software". Today's commercial 

GIS primitives are seldom open or standard. The professional review mechanism should be 

imported into OGC's standard framework. 

(5) Bridges between Different DCPs 

There are three released Implementation Specifications for this topic. Here we propose the fourth 

for OGC. Those specifications are focusing on different Distributed Computing Platforms 

(DCPs). There are no "bridges" between the different DCPs (Cuthbert, 1999). Supporting 

multiple DCPs becomes increasingly untenable. The problem presents another interoperability 

issue to OGC. 
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A P P E N D I X D A T A M O D E L N O T A T I O N 

1. Conceptual Model Notation 

Concept 

A 

O © 

i Association name 

Concept 

B 

Property 

Names 

© 
1 1..* 

"'-0 

In the above diagram: 

O: Concepts or types in a conceptual model. The upper part of the rectangle box gives the 

name of the concept and the lower part list the important properties of the concept. In many 

cases, the property name could be empty. 

©: The association between two concepts. In this thesis, dotted lines represent association 

between remote objects. 

©: Association name: The name that describe the association between two concepts. 

©: Direction of association: It gives the direction to read the association. The default 

direction of an association is from left to right or from top to bottom, in which the arrow can 

be ignored. 

© : Multiplicity of an association. For example: "1" means only one, "*" means many, "1..*" 

means 1 or more, and so forth. 
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Class Diagram Notation 

Class Notation Dataset 

Concrete Class 

Abstract Class 

Database 

Data Files 

Association 

Class 1 Class 2 Class 1 Class 2 

Multiplicity 

Exactly one 

Class 1 g f Class 2 Zero or more Class 1 
% 

Zero or more 

2+ 
i Class 1 

2+ 
i 
t Class 2 Class 1 

Two or more 

Aggregation 

Class 1 

(aggregate) 

Class 2 

(component) 

Inheritance 

Superclass 
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Subclass 
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SubClass 1 SubClass 2 




