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to represent each data item by a single pixel within the bar chart, and the data value

is encoded by the pixel colour and can be accessed as needed.

Figure 2.8: Pixel bar chart design (Keim et al., 2002).

The data is arranged in a particular order within each bar using the X and Y ordering

attributes as shown in Figure 2.8. The dividing attribute is used to separate the entire

input data into multiple pixel bars. The pixel bar chart shown in Figure 2.9 displays

multiple attributes simultaneously by using the product type as the dividing attribute

while the number of visits and money spent are the X and Y ordering attributes

respectively. The colour of the pixel encodes the amount of money a customer has

spent.

Figure 2.9: Pixel bar chart for consumer information (Keim et al., 2002).

The hierarchical pixel bar chart and the small multiples approach are combined to

create a visualization technique for multivariate spatial data with negligible value
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differences. The design and implementation of this new visualization method, Region-

of-Interest Image Layers Chart, are presented in the following chapters.

2.4 Summary

Due to the growing complexity of spatial datasets, new techniques are required to

uncover hidden patterns and information from these large and complex datasets. Vi-

sualization methods provide a bridge between computational outputs and the human

cognition system within the (G)KDD process. Visualization methods try to uncover

hidden patterns within large datasets by presenting data in visually stimulating forms

to engage the human cognition system. Visualization methods such as the IconMap-

per System provide an environment for exploratory visual spatial data analysis, but

there are issues. The icon design used in IconMapper System was only capable of

visualizing five attributes simultaneously. Furthermore, the icon design lacked a dy-

namic positioning system for the icon elements which resulted in an inefficient use

of icon pixel space. The design of the icon elements also created unwanted visual

effects such as vertical bar stacking as shown in Figure 2.7. The colour of each icon

element was predefined based on position, and this leads to an unintuitive colour rep-

resentation. In addition to the inefficient icon design, the IconMapper System lacked

an effective data query system. At the beginning of the next chapter, the design for

a new software is provided which addresses all the design issues of the IconMapper

System, and whose development is the focus of this thesis.
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Chapter 3

System Design

3.1 Introduction

The goal of this project was to create new multivariate spatial data visualization soft-

ware based on the IconMapper System by Pazner and Zhang (2004). The GeoIcon

Viewer features a new icon design, data query system, and the Region-of-Interest Im-

age Layers Chart method. The end goal of the new visualization software is to provide

a dynamic and interactive environment for effective visual exploratory analysis. The

entire development process of the GeoIcon Viewer follows a Waterfall development

model shown in Figure 3.1.

Figure 3.1: The GeoIcon Viewer development process follows the traditional Waterfall
model approach.

This chapter focuses on the first two stages, highlighted in green in Figure 3.1, of
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the Waterfall model. The design stage is critical and a prerequisite for later stages

of software development. The design and implementation of the GeoIcon Viewer

follows a reductionist philosophy where the final visualization software is the sum of

its components and processes. However, it is the purpose of the software that dictates

the number and type of components necessary. A clear understanding of the overall

purpose and functionality of the software is necessary to create an effective design. A

more detailed design process is shown in Figure 3.2 where feature requirements are

specified and used to guide the design process.

Figure 3.2: Feature requirements are used to guide the design process and specify
required program components.

3.2 Overall System Design

The purpose of system design stage is to examine and specify the purpose and required

functionalities of the GeoIcon Viewer. Certain functionality requirements have to be

met in order for the program to fulfill its goal. Based on the classification system
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shown in Figure 2.4, there are three design criteria for a visualization program that

must be considered: input data, visualization methods, and interaction techniques.

These three criteria help to design a suitable graphic user interface (GUI) as shown

in Figure 3.2. The GUI is broken down further into several subcomponents where

each requires further design and implementation.

3.2.1 Input Data Requirement

The GeoIcon Viewer is most suitable for visualizing raster data due to the inherent

characteristics of the iconic visualization approach which works by replacing each

raster cell with an icon that displays multiple attributes through a combination of

visual primitives. While it is feasible to create an icon object for vector data, there are

better visualization methods such as the bristle map approach by Kim et al. (2013).

The Region-of-Interest Image Layers Chart method shown in Figure 2.8 is also well

suited for the raster data structure, as each raster cell is easily mapped to a set of

pixels within each bar. Thus, the visualization methods dictated that the GeoIcon

Viewer must be able to handle and process data in raster format.

Raster File Formats

Raster data can be stored in several different file formats and each format has dif-

ferent characteristics depending on the data source or the compression method (Lo

and Yeung, 2007). The different formats include generic raster file, raster data inter-

change, and proprietary GIS software format. Generic raster format includes ASCII

and binary raster files, which are simply a list of cell values and are exchangeable

between different platforms. However, the raster data interchange format has largely

replaced the generic raster format (Lo and Yeung, 2007). The Tagged Image File For-
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mat or TIFF is the most common raster data interchange format. TIFF is platform

independent and supported by a wide range of GIS hardware and software. GeoTIFF

is able to store spatial information including map projections and georeference coef-

ficients to support spatial operations. TIFF also supports data compression which

allows efficient storage of large raster datasets. Proprietary formats such as .GRID or

.PIX are created and can only be opened by specialized GIS software such as ESRI

ArcInfo or PCI Geomatica.

TIFF is the logical choice for raster data format because it supports the storage of

spatial information and is platform independent. Having the ability to handle and

process TIFF files fulfills the input data requirement. The ability to retrieve spatial

information stored in a TIFF file is essential since the GeoIcon Viewer is focused on

spatial data visualization.

3.2.2 Visualization Methods

The chosen visualization method is the second criteria to consider. Since the goal is

to use the GeoIcon Image Map and Region-to-Interest Image Layers Chart methods

to visualize multivariate spatial data, the GeoIcon Viewer must be able to create and

display these two objects. The required input data are the raw values from GeoTIFF

images. Thus, the program must be able to retrieve a subset or all of the raster data

values. The program manipulates and processes the raw data to create visualization

outputs, which are then displayed in a separate GUI window.

3.2.3 Interaction Techniques

In addition to the input data and visualization methods, an effective visual ex-

ploratory analysis environment requires interaction techniques to allow users to ex-
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plore, interact, and manipulate visualization outputs as needed. The two interaction

techniques required are View Enhancement and Selection. View Enhancement meth-

ods allow users to adjust the level of detail being visualized. The Selection techniques

provide users with the ability to isolate a subset of the displayed data, and are the

basis for operations such as highlighting, filtering, or additional quantitative analysis

methods.

A well known View Enhancement technique is zooming. Working with large datasets

requires the ability to present the data in a compressed overview format as well as in

a variety of higher resolutions. An icon object becomes larger in size but also presents

more details when zoom is applied. There are two common ways to incorporate the

zoom feature. The first is to apply the zoom to the entire dataset and replace the

original image in the display window with the zoomed image. The second is by having

multiple display windows where each window corresponds to a specific zoom level.

Comparison of the two methods is difficult as there are unique advantages to each

design. A single display window design is space efficient and more appropriate for

mobile displays which have smaller screen resolutions and physical dimensions. In

contrast, a multiple window design is able to display data at different detail levels

simultaneously but is more suited for large monitors, and is the reason why the

GeoIcon Viewer uses a multiple window design.

The Selection technique is critical to the overall function of the program and in

particular the data query feature. The View Enhancement technique influences how

the Selection method is designed. The brushing and linking technique is the required

Selection approach for a multiple window design GUI. The idea of brushing and

linking is to use multiple visualization methods to overcome any disadvantages of

a single method (Keim et al., 2005). Brushing is the act of dynamically querying
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information related to a selected data object. Linking means that changes to selected

data objects in one display window are reflected by changes in the other windows.

The GeoIcon Viewer uses two types of interaction technique: View Enhancement

and Selection. Zoom is implemented via a multiple window GUI design, where each

window displays the data at a specific scale or zoom level. The brushing and linking

technique, which is required due to the multiple window design and the selected

visualization methods, enables user exploration and interaction with visualization

outputs.

3.2.4 Resulting GUI Design

Feature design requirements were drafted based on the three criteria described above.

The GeoIcon Viewer must be able to read, process, and extract pixel data and spa-

tial information from TIFF files. Secondly, the program must be able to generate

GeoIcon Image Map and Region-of-Interest Image Layers Chart outputs, which are

the icon image map and image layers chart respectively. Thirdly, two types of inter-

action methods are required: zoom and selection. The zoom feature design led to the

multiple display windows GUI design, which in turn dictated the use of the brushing

and linking method as the selection technique.

The conceptual GUI based on these design requirements is shown in Figure 3.3.

The GUI is comprised of the Overview, Visualization, and Control/Legend windows.

These windows are linked so that changes in one window are reflected in the other

windows. Once the system design requirements are listed and the GUI is conceptu-

alized, the design process moves onto the second stage of the Waterfall model and

focuses on the design of individual program component including the GUI windows

and the visualization processors.
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Figure 3.3: The GUI is made of up three windows, each of which has a specific
purpose. The GUI design is influenced by the interaction techniques selected.

3.3 Components Design and Specifications

This section deals with the function and design of each individual program component

shown in the bottom rectangular box of Figure 3.2. Each component was designed

for a specific purpose and combines together to form the GeoIcon Viewer and all its

required functions following a reductionist approach.

Overview Window

The Overview Window provides a basis for interaction techniques and displays the

overview image of the study area. Users select a region of interest (ROI) on the
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overview map via mouse click. This bring up more detailed information within the

other two GUI windows. The user selection isolates a specific data subset referenced

by the spatial or image coordinates. The Overview Window also provides a frame of

reference for users during the exploratory analysis. When users select a specific region

on the overview map, it is highlighted to provide a link between the visualization

outputs and the actual spatial location.

When users select a raster image, it is displayed in the Overview Window. For raster

data, each attribute is stored as a grayscale TIFF image where the number within

each cell is the attribute value. When a grayscale image is used as the overview

map, the chosen image might not be suitable for display. For example, if a chosen

image has a histogram similar to the one shown in Figure 3.4a, the displayed image

contains very low contrast and is useless for visual examination. In order for users to

distinguish any details, prior image enhancement has to be performed to produce a

more meaningful overview image.

Figure 3.4: Histogram profile of Band 3 image of Landsat 8, where the majority of
values are grouped around 10 to 50 and thus the image contains no contrast.

Using a preprocessed grayscale image provides more information to users. However,

a grayscale image is still lacking compared to a colour image in visual stimulation

and interpretation. As shown in Figure 3.5, the preprocessed grayscale image allows

for more details to be distinguished, but the colour image allows for an even easier
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interpretation and identification of possible land use types. Thus, the GeoIcon Viewer

allows users to display colour images as well as creating false colour composite (FCC)

for the overview image. In some cases, users might not have sufficient remote sensing

data to create a FCC nor a colour image of the study area, and thus the GeoIcon

Viewer also supports the display of grayscale images. The program automatically

performs histogram equalization to provide a more meaningful display image.

Figure 3.5: a: An histogram equalized grayscale image. b: A true color composite of
same area.

In summary, the Overview Window is the first component of the graphic user interface

and addresses the input data requirement. In order to handle raster data and provide

an effective visual display, the Overview Window supports grayscale, colour, and user

created false colour composite TIFF images. The Overview Window also provides

the environment or facility for user interaction including selection and zoom.

Visualization Window

The Visualization Window (VW) shown in Figure 3.3 is the second GUI component

and displays the icon image map. The Visualization Window is linked to the other

two GUI windows. User selections in the Overview Window provide the input data for

the visualization processors. The query feature in the IconMapper System retrieved
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meta-data information such as the visualization method used or the date of creation.

Selections of icon elements in the Visualization Window via mouse clicks trigger the

new data query process which returns the input data values and attribute name.

The Region-of-Interest Image Layers Chart output or image layers chart is displayed

in a pop-up window rather than in the Visualization Window. The reason for this

design is to allow users to view both visualization outputs concurrently. The main

visualization method in GeoIcon Viewer is the GeoIcon Image Map technique. The

purpose of Region-of-Interest Image Layers Chart is to support the GeoIcon Im-

age Map method when the sizes of the icon elements are hard to distinguish. The

Region-of-Interest Image Layers Chart display window is linked to the three main

GUI windows and also supports data query. The design of the Region-of-Interest

Image Layers Chart method is described later on in this chapter.

Control and Legend Window

The Control and Legend Window (CLW) in Figure 3.3 does not display any visualiza-

tion outputs but rather provides users with additional information about the current

region of interest and visualization output properties, including the current location,

size of the icon, and the spatial coordinate system. The spatial coordinates allow

users to incorporate other data sources such as high resolution satellite images for a

more effective visual exploration. The legend displays and changes with the selected

attributes and their corresponding colours. The legend works in conjunction with the

data query system embedded in the VW for fast identification of icon elements.
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3.3.1 Icon Design

The IconMapper System used the icon design shown in Figure 3.6a. In that design,

the height of each bar icon element changed with the data value. The color coding

of the bar icon elements allowed users to differentiate the attributes on display, but

these colours were fixed (Pazner and Zhang, 2004). The icon element size changed in

the vertical dimension, but its horizontal dimension was fixed. The position and the

width of each icon element remained constant regardless of the number of attributes

on display. Furthermore, the maximum height of each icon element extended to the

edge of the icon. These design choices together led to the unwanted visual effects

shown in Figure 2.7.

Figure 3.6: a: IconMapper System icon design. b: New three or less attributes icon
design used in GeoIcon Viewer. c: New four to six attributes icon design. d: New
seven to nine attributes icon design.

Size

The new icon design shown in Figure 3.6b-d aim to address and improve on the design

issues mentioned above. The icon size is dependent on the number of attributes users


