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Abstract

Marine sonar data sets often cover large spatial regions and consist of many hun-
dreds of thousands of sonar pings. The visual representations of the sonar data
(cchograms) are normally shown as long and narrow ribbons of data. The main chal-
lenge with analyzing sonar data using echograms is that the ratio of the length to
the height can be very high. As analysts zoom in to show the echogram in sufficient
detail, much of the contextual information is lost and horizontal scrolling is necessary
to explore and compare the data. In this thesis, a novel approach is proposed that
couples a technique for visually clustering slices of the echogram based on visual sim-
ilarity, with a geovisualization mecthod that shows the spatial location of ecliogramn
slices on a virtual globe. A field trial with real-world data analysts was conducted

aid the results of the field trial illustrate the benefits of this approach.
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tional Conference on Geographic Information Science [50].
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Chapter 1

Introduction

1.1 Motivation

Sonar is a technique that can be used to determine the distance and density of un-
derwater objects acoustically [19, 65]. A common application is for a vessel on the
ocean surface to transimit acoustic signals to the ocean floor. This sound cnergy is
transmitted, reflected, refracted, and scattered as it interacts with objects below the
ocean surface. Some of the sound energy will return to the vessel and can be logged
by an acoustic receiver. The amount of time taken to receive the returned acoustic
signal provides an indication of the depth of the object that reflected it: the strength
of this signal is an indication of the object’s mass.

Sonar techniques such as this may be used to measure sub-sca phenomena in
disciplines such as fisheries rescarch and physical occanography [19]. For example.
a common use of such acoustic methods is to monitor and analyze fish stocks [21].

Vessels equipped with acoustic gear travel over sonte region of interest, collecting



sonar datasets that may contain hundreds of thousands of sonar pings measured over
hundreds of kilometres. Fisheries scientists and environmental managers analyze and
explore such sonar data in order to understand the sub-sea enviromment [53].

Marine sonar data measured in this way can be considered a series of one di-
mensional data that follow the path of the vessel. That is, the data consists of
nieasuretients of reflected energy at depths of the ocean, along a series of latitude
and longitude measurements. Analyzing such data in its raw format can be very chal-
lenging. A conunon approach is to generate a visual representation of the data such
that the sonar pings and depth are represented along the x- and y- axes respectively.
and the strength of the sonar pings are encoded using a colour scale. Such a visual
represeutation is known as an echograni.

The main challenge with analyzing inarine sonar data using echograms is that the
ratio of the length to the height can be very high. A sonar data set may consist of a
large number of sonar pings covering a large geographic region. vet the depth to which
the acoustic signals penetrate the ocecan may be relatively shallow (see Figure 1.1).
Viewing the entire echogram at once for any realistic sonar data set is not feasible.
When viewing a portion of the data, it is necessary to scale the echogram such that
it will fit on the display. Even on a high-resolution computer display, if too many
pings are shown at the same time. the depth of the pings cannot he shown in sufficient
detail. That is. the cchogram becomes a long but thin ribbon of data. Zooming into a
region of interest can allow the analysts to see the details of the data, ut by doing so
they lose the contextual information provided by the entire echogram. Furthermore,
making comparisons of data at different locations in the echogram is a ditficult task.

Since the ecliogram is essentially a visual representation of the amalgamation of
o f









1.3 Research Questions

The key features of the proposed GVFO System developed in this research include
echogram slice extraction, visual clustering of echograin slices, geovisualization, and
coordinated intcraction between the visual space and geographic space. Since the
proposed approach moves beyond the existing practice of marine sonar data analysis,
it leads to some fundamental research questions, which will be addressed in this thesis:

Does the visual organization of echogram slices enhance the ability of
analysts to explore echograms?

The visual organization of cchogram slices organizes the slices based on their
visual similarities, placing similar echogramn slices near one another. The end result is
a clustering of the echogram slices that allows the analysts to explore similar echogram
slices based on their visual representation of the features of the data. The expectation
is that the proposed visual clustering techniques incorporated in the GVFO system
may cffectively support the analysts in exploring the echograins.

Does the geovisualization of the locations of the echogram slices en-
hance the ability of analysts to explore echograms?

The geovisual representation of the echograi slices shows the locations of each of
the echiogram slices on a map. The continuity of the sonar data is lost by partitioning
the echogram into smaller echogram slices. The expectation is that the geovisualiza-
tion of the locations of the cchogram slices addresses this problem, and may cuhance
the ability of the analysts to analyze the sonar data.

Does the coordinated interaction between the visual space and the ge-

ographic space enhance the ability of analysts to understand the relation-






were conducted in this thesis. These field trials measure the potential benefits and
drawbacks in a real-world data analysis setting provided by the GVFO system. The
value of conducting these field trials is that they have the ability to show how the
analysts can incorporate different features of the GVFO systemn in their existing

practice of sonar data analysis.

1.4 Primary Contributions

The first major contribution of this rescarch is the coupling of a techniqgue for visually
clustering the echogram slices based on their visual similarity, with a geovisualization
method that shows the spatial locations of the echogram slices on a virtual map.
Clustering the echogram slices is valuable if an analyst is interested in finding portions
of the echogram that are similar (and therefore portions of the sonar data that are
similar) but are potentially distant from one another. Alternately, the geovisualization
of the echogram slices is valuable if an analvst is interested in the geographic context
of the data (i.c.. the path the vessel took when measuring the sonar data). Combining
these two representations of the same data together allows the analysts to explore the
data based on visual features and geographic features simultancously.

The sccond major coutribution is the coordinated interaction between the two
views of the data. The dual mode filtering of the data that is a direct outcome of
this coordinated interaction supports both geographic-based exploration that pro-
vides visual feature information. and visual feature-based exploration that provides
geographic information.

The third major contribution is the inclusion of two features within the GVFO
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along some path.

Such acoustic methods can be used for scabed identification and classification,
and can be exploited in many flelds, including marine geology, hydrography, marine
cngineering, cnvironmental scicuces, and fisheries [66]. From the fisheries perspective,
acoustic methods provide great advantages for studying fish stocks [21] and fish school
structures [42]. A careful analysis of the sonar data can be used to identify regions
abundant with fish. the sizes of the fish, the depth at which the fish are located, and
broader structures of fish school organization, supporting a better understanding of
the sub-sea enviromuent [53].

Marine sonar data is often collected over large geographic regions, and may contain
Lundreds of thousands of sonar pings. The core sonar data includes a timestaimp and
a series of depths and associated strengths of reflection of the sonar ping. Since GPS
can be used in coordination with sonar methods, latitude and longitude measurements
are often included with the sonar data.

Viewing and analyzing such raw data is difficult; software tools are often ciployed
to allow analysts to extract the information contained within the data [46]. A common
approach is to visualize the data, such that data variables are mapped onto visual
dimensions in order to create graphical representations of the data. Such visual
representations help to support luman cognition on large and/or complex datasets
28], and allow for the perception of unanticipated properties within the data [67],

An cchogram is a specific method for visually encoding sonar data in a 2D repre-
sentation, where the x-dimension represents the nummber of sonar pings in the data.
and the y-dimension represents the depth of the sonar ping (which is calculated based

on the time differential between when the ping was transmitted and when it was re-
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(2) An echogram consisting of 30,000 x 1000 pings.

(b) 2\ zoomed in region of the echogram. con-
sisting of 1000 =« 1000 ping.

Figure 2.1: An echiogramn is shown as a long ribbon of data (a). Zooming into a region

shows the detail (b).

of the echogram itself. If the analvsts view the entire echogram. few details can be

seen: 1f the analvsts zoom in to view the details. the contextual information of where ‘

the region exists within the entire echogram is lost. Furthermore. comparing features ‘

measured at distant locations requires either saving a snapshot of a view of the data. |

or panning back and forth between different regions of the echogran. ‘
Very little rescarch has been conducted 1o explore novel approaches for analvzing

sonar data. One of the few works is an automated acoustic logeing svstem developed ’

to simultancously record data from a ship’s existing sounder. sonar, and navigation

svstems. The sonar data is colleeted in the form of digital images. aud combined

within a 3D visual representation in order to support the exploration of fish stocks

and fish scliool beliaviour 45 . The benefits of this approach are that it provides post

processing, editing. and visualization features to map the sonar data to the actual

geographic location (see Figure 2.2}, and scales the sonar images according to range






Figure 2.3: Sereenshot of the Sonar Explorer application 3],
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2.2 ge ag s

One of the goals in this research is to break a high dimensional echogram into a
large number of smaller echogram slices. and then orzanize these echogram slices in
a meaningful wav. If an echogram shice is considered an mmage of the data. then a
reasonable approach is to attempt to group visually similar echograms together. and
provide a method for navigating among these echogram slices.

Many of the algorithms for image organization do not operate on raw image pixels.
but instead extract feature vectors from the images and perform their organization
based on these vectors 61 . Features can be extracted based on the colour of the
images. the shapes within the images. or using a hvbrid approach that combines both
colour and shape. Some have suggested that when images are small and shape is

impcreeivable then colour-based features are most cffective |18 . Others have argued

that when the shape is apparent in the image, gradient-based feature vectors can be
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constructing a SON is to initialize the weight vectors for each cell. From there, a
sample vector is sclected randomly and the map of weight vectors associated with the
cells is searched to find the weightwhich best represents that sample. Since each cell
is positioned in a location, it also has neighboring cells (with corresponding weights)
that are close to it. The cell that is chosen is updated to become more like the
randomly sclected sample vector, but to a lesser extent. In addition to this reward,
the neighbors of that cell are also rewarded for being able to become more like the
chiosen sample vector. From this step, the degree to which a cell is updated decreases
over time to force convergence. This whole process is then repeated until the feature
map stops changing.

A SOM can organize a set of high-dimensional samples, mapping the data to
appropriate cells and placing similar data near onc another in the 2D grid. As a
result, the SOM provides an implicit method for clustering and visualizing high-
dimensional data. A SOM is considered a topology-preserving map because there is
a topological structure imposed on the trainable cells in the network that preserves
neighborhood relations among the input data [12].

While others have explored the use of SOMs within the context of geographic
information systems [1, 4], the approach used in this thesis is fundamentally dif-
ferent from those approaches. Rather than clustering the raw data, the approach
followed in this thesis is to cluster a geographically continuous subsets of the sonar
data (represented by the echogram slices). As noted previously, each echogram slice
is represented as a high-dimensional vector; a SOM is used to cluster and organize
the associated echogram slices such that those that are visually similar are placed

near one another.
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Oue of the fundamental drawbacks of using a SOM to organize a large number of
objects is that if cach object takes a non-trivial amount of screen space to display,
then it is difficult to show the entire set of objects at a sufficiently high resolution.
Strong and Gong [60, 62] proposed a solutiou to automatically generate a hierarchy of
progressively smaller resolution SOMs for the organization of images. Starting with
a high-resolution SOM that is sufficiently large to map cach data object to an unique
cell. the resolution is progressively divided in half in both the x and y dimensions.
A new SOM is generated at each lower resolution step, where each new cell is the
average of the four cells in the higher resolution SOM that it subsumes. The feature
vector that is 1most similar to this cell is taken as its representative image. This
process continues in a hicrarchical manner until the final low-resolution SOM of size
1 x 1 is created. For example. starting with a 16 x 16 SON, new SONMs of size 8 x 8,
4x 4.2 x 2, and 1 x 1 can progressively be constructed (see Figure 2.4).

This multi-resolution SOM approach to image organization has been used to vi-
sually organize and hrowse within large image collections {60, 62]. In particular, it
allows o set of representative images to be shown when there is insufficient space to
sliow tlie entire collection. To do this. the SOM that most closely matchies the image
size and screen space constraints is chosen, and only those representative images that
liave been mapped to this SOM are shown. Zooming facilities allow the user to zoom
in to a region of interest. Once sufficient space is available, the next higher resolution
SOM is chosen, and more images are shown. Simultaneously, other images arc pushed
out of the field of view. For this example, starting with an 8 x 8 SOM, when the user
zoows in. the images from the edges get pushed out of the field of view, and space 1s

made for adding in images from the larger 16 x 16 SOM (see Figure 2.5).
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SOM into multiple progressively smaller low-resolution SOMs.

Figure 2.4: Generating a multi-res
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When using this approach to inage organization, at any point in time the number
of images shown is much smaller than the available collection. Rather than considering
cach image in the entire collection, analysts are able to make incremental decisions
regarding the importance of a small number of representative iimages as they zoom
into a region of interest [24]. When starting from a set of images organized by a low-
level SOM. the zoom operations of the analysts represent approximate decisions. As
the analysts zoom deeper into the image collection, images from the higher-resolution
SOMs are shown, and their decisions becoine more precise. Finally, when the highest
resolution SOM is showi, and the image collection has been simultaneously filtered
aud focused through the zoom operations, specific importance decisions on individual
Images can be made.

This nmlti-resolution SOM and the associated zooming functionality form the core
of the visual organization of the echogram slices within the approach explored in this
thiesis. The interactive features, along with the quality of the data organization, have
been shown to be very useful and easy to use in the context of web image scarch [27].
The visual representation of sonar data is called echograms (high dimension image)
and slicing of these echiograms produces a large collection of smaller echogram slices
(lower dimension image). Since the visual features of the echogram slices are like the
visual features of images. and therefore, the SOM-based organization approach groups
similar echogram slices, and therefore similar sonar data. As such similar benefits are
expected in the context of organizing the echogram slices and navigating among this

data.



2.3 Geovisual Analytics

Information visualization deals with the graphical representations of data that help
to reinforce human cognition on the datasets [28]. Information visualization maps
data variables onto visual dimensions in order to create graphic representations and
provides an interactive way to assist hwmans in solving problems [49]. Information
visualization also provides an ability to comprehend large amounts of data and allows
the perception of emergent properties that may not be anticipated. Information visu-
alization reduces the cost of scarching for information that uses perceptual attention
mechanisms to monitor desired results.

There is no single. generally-suited techmique for optimally encoding all types of
data. Rather, the way a variable is encoded (that is, what elements are used to
produce an cffective visual representation of it) depends on the variable itself [31].
The visual variable can be depicted as size, color, shape, location, orientation, texture,
and among others.

Iiuteraction is an important element of any information visualization system. The
common interaction methods are focusing, brushing, zooming, filtering, details-on-
demand, among others. Different visualization systemn uses different interaction tech-
niques based on the data analysis requircments. These interactions allow users to
easily explore the data and gain an understanding of how the elements shown in the
different views relate to the sane conceptual object.

Wlile the creation of a visual representation may allow the analysts to perceive
interesting patterns, this does not automatically mean that they will be able to use

this to make their decisions based on the data. In this context, visual analytics is
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emerging as the science of analytical reasoning that plays a key role in the commu-
nication between humans and computers in the decision making process, facilitated
hy interactive visual interfaces [29]. Visual analytics is more than just visualization;
it is an integrated approach combining visualization, human factors. and data anal-
ysis [32]. The goal of visual analytics is to synthesize information, and discover the
expected and nnexpected from massive, dynamic, and often conflicting data [30].

Geovisualization deals with generating visual representations of geospatial data
that are layered over top of maps [15]. The goal is to allow users to see the data
in relation to landmarks. supporting thenr understand of the real-world orientation
of the data. Geovisualization methods include nteractive maps [34], 3D geospatial
scenes [38]. and time based geographic views [36]. Within these approaches. maps are
used to stimulate visual thinking about geospatial patterus, relationships, and trends
i a geovisualization environment [41].

Geovisual analytics. then. is the application of visual analytics in the context
of geospatial data and geovisualization [55]. It focuses on finding location-related
patterns and relationships within a dataset, with the express intent to support data
analysis tasks. The goal is to support the decision-making capabilities of the analysts,
by allowing them to assimilate complicated spatially oriented situations and reach
informed decisions.

Geovisual analytics research has been applied to a number of decision-support
domains, including road traffic analysis [22], urban planning [10], route planning
2. 39, 40], changes in fisheries catch data over space and time [25], and fishing vessel
movement analysis [16, 17}. The common themes among all of these domains are the

representation of data on a map. as well as providing sone other domain-specific data
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provides an intuitive way to organize iimages, it has a limitation of not being able to
show the entire set of images at a sufficiently high resolution within a non-trivial
amount of screen space. The solution of this problen is the multi-resolution SOM.
The visual representation of sonar data (echograms) does not include any facilities
for showing geographic locations related to the data. As such analysts manually

mark the locations of the echogram features on a map and match the interesting

features (echograms) with the locations resulting in additional cognitive load when

analyzing the data. Geovisual analytics approaches focus on finding spatial patterns
and relationships within the datasets to support analysis tasks. Assuch, it is beneficial

to incorporate geovisual analytics approaches for the exploration of sonar data.

Since geospatial data are typically massive and complex, it is difficult to find the
relationships among the data using only one view. Multiple coordinated views offer
many advantages for exploring unforescen relationships among data by using two or
more distinet views. Most of the geovisual analytics systems from different decision-
support domains take the advantage of multiple coordinated views to explore the
domain specific data. As such, using of multiple coordinated views is a potentially

uscful approach for sonar data analysis tasks.



Chapter 3

Approach

3.1 Motivation

[t is common for marine sonar datasets to be large, both in the number of sonar pings
as well as the geographic distance covered. As a result, the corresponding echograms
way be hundreds of thousands of pixels wide. The main challenge with analyzing
nmarine sonar data using echograms is that the ratio of the length to the height can
be very high. The alternatives for viewing the data are to cither view the cntire
echogram and not be able to see any detail, or zoom in so that detail can be seen,
but then lose the contextual inforiation provided by the full echogram.

Rather than viewing echograms in such a way, an approach can be taken that
partitions a high dimension cchograms to produce a large number of lower dimension
cchogram slices, and therefore, the ratio of the length to the height of the echogram
slices can not be very high. Since echogram slices are the visual representation of sonar

data, organization of the echogram slices based on their visual similarities forms a

28



cluster that allows the analysts to identify features of interest in the echogram slices
as they analvze the data.

While visual clustering can allow an analyst to casily identify interesting features
within the echogram slices, what is lost is the continuity of the echogram.Therc is
also a need to illustrate the spatial aspects of the sonar data that are not encoded in
the echogran.

Morcover, in order to support data exploration based on the visual features and
geographic features, a technique can be used that shows both of the features simulta-
neously. This simultancous exploration allows the analysts to analyze the data easily
that docs 1ot require additional cognitive load to keep track of both the features of
data.

In this chapter, the Geospatial-Visual Feature Organization (GVFO) system is
described in detail. Where nccessary. illustrative examples are provided to depict

how the approach works.

3.2 GVFO System

The GVFO system for supporting the analysis of marine sonar data consists of conipo-
nents that perform echogram slice extraction, display the data in both a visual space
and a geographic space, and coordinate the interaction between these two views in or-
der to support data exploration. Below, the details of the entire system are outlined.
An overview of the GVFO system is illustrated in Figure 3.1. Different types of colour
encoding are used to illustrate the approach: purple represents sonar data collection,

Ligh dimension echogram formation, and echogram slice formation steps; blue repre-
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Figure 3.1: Overview of the approach.

sents visual feature extraction. and the organization of echogram slices based on their
vistual features steps: green represents geographic space that shows geographic loca-
tions of echogram slices; red represents visual space that shows clustering of echogram
slices: vellow represents coordinated interaction between visual space and geographic
space. The portion of work of this thesis that 1s based on Strong’s 60. 61. 62] work

1s represented by the blue colour.

3.2.1 Echogram Slice Ex1 action

The first step is to pre-process the echogram such that an analvst can more casily per-
ceive patterns within the sonar data. The goal is to slice a large echogram width-wise
into a large number of smaller echogram shices. which can then be nsed to simultane-
c Iy represent the data based on common visual features {within the visnal space)

and based on the locations of these visual features (within the geographic space).
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In the prototype system, a simple approach is taken for this task, whereby the
cchogran is divided cevenly into the echogram slices. For example, a 300,000 x 1. 000
pixel echogram may be partitioned into a set of 300 individual 1000 x 1000 pixel
cchogram slices. Siuce the ratio of the width to the height is more balanced for these
lower-dimension echograin slices, they can more readily be shown to the analyst in
high-resolution without the need for horizontal scrolling as is common with the full
echogram. For cach echogram slice, the geographic location of the centre point is also
determined.

In this research, the size of each echograin slice was chosen as 1000 x 1000 pixels.
One of the problems with this approach is that the slicing technique may divide
an interesting visual feature among multiple echogram slices. Dynamic control of
the width of the echogram slices can allow the analysts to mitigate this problem.
For example, a 300000 x 1000 pixels echogram may be partitioned into a set of 150
individual 2000 x 1000 pixels echogram slices or partitioned into a set of 200 individual
1500 x 1000 pixels echogram slices based on the analysts™ needs.

More complex approaches may also be possible, such as using computer vision
techniques to determine potentially interesting features, and avoiding dividing thesc
when determining the width of cach echogram slice.  While such an approach is
certainly feasible, it introduces the problem of variably sized cchogram slices which
adds another level of complexity to the system. As such, a simple solution is opted

for the slicing of the echogram in order to focus on the study of the overall approach.
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3.2.2 Visual Space

After generating a collection of mnnerous smaller echogram slices, the problem then
is how to organize these in a logical mauner. In order to promote analysis and explo-
ration of the data. a useful approach would be to group echogram slices that contain
visually similar features. Doing so could allow an analyst to identify a feature of
interest among the collection, focusing on those echogram slices witly similar features.
However, one of the fundamental problems with the approach of breaking a large
cchogram into many smaller echogram slices is that there will likely not be sufficient
screen space to show all of the echogram slices at once in sufficient detail.For this
reason. tlie visual organization of the echogram slices should not only group related
cchogram slices, but also aggregate them in a flexible mamner that allows for subse-
quent expansion during the analysis tasks.

The method emploved in this work for such a visual organization of the echogram
slices is to use a multi-resolution SON similar to that proposed by [60, 62]. previously
outlined in detail in Section 2.2. To use this approach, the echogram slices must be
converted into high dimensional feature vectors that can be used to train the bottoni-
level SON. For this purpose. the colour-gradient correlation method is used [37]. as
discussed i Section 2.2.

The multi-level nature of the approach produces a hierarchy of SONs at progres-
sivelv lower resolutions. Not all of the echogram slices are mapped to these higher-
level but lower-resolution SONs. Instead. with cach step up in the generation of the
multi-level SOM, the average feature vector of the merged cells is calculated, and the

feature vector that is most similar to this average is chosen to display along with its



corresponding cchogram slice.

This multi-resolution SONM can be mapped to an intuitive and interactive orga-
nization of the echogram slices base on their visual similaritv. Continuing to follow
the approach by [60. 62]. a zoomable visual space is provided to the analyst. Due
to the aforementioned problem of not being able to show all of the echogram slices
at a sufficiently high resolution, a high-level of the multi-resolution SOM is used to
visually organize a representative subset of the echogram slices. The echogram slices
that are shown can be considered surrogates of the implicit clustering of the SOM.

The analvst can visually browse these echogram slices, seeking features of interest.
When a particular region of the visual space is identified as worthy of further explo-
ration. the analyvst can zoom into this region. Doing so pushes those echogram slices
that are distant from the focal point of the zoom out of the field of view, and creates
more space between the echogram slices near the focal point. Once sufficient space is
available. the multi-resolution SOM is traversed to a lower level. aud the echogram
slices that are representative of this higher-resolution space are then shown. This
Zoom operation continues to show more and more echogram slices nntil the bottom
level of the SOM is reached. At that time, further zooming increases the resolution
of the echogram slices thamselves (see Figure 3.2).

This zooming operation also operates in the reverse direction (zoom out). aggre-
gating the cchogram slices when a broader overview of the data is desired. Echogram
slices that were pushed out of the field of view during a zoowm in operation are pulled
back into view by the zoom out operation. The zoom out operation also selects a
higher-level. low resolution SOM and shows ouly the most representative echogram

slices. and hiding the rest.
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The analyst may pan within the visual space, moving the focal point of the display
as necessary to focus the zoom operations on the desired region of interest. By using

this panning operation, they can also switch back to their previous region of interest.

3.2.3 Geographic Space

While the visual clustering of the echogram slices described in the previous section
can allow an analyst to visually identify and explore interesting features within the
data, what is lost by partitioning the echogram into slices is the continuity of the
sonar data. To address this, and to further enhance the understanding and analysis
of the spatial aspects of the data, a geovisual representation is provided to show the
locations of cach of the echogram slices on a virtual globe. This geographic space 1s
displayed independently of the visual space, but supports coordinated interaction as
will be explained in the section that follows.

Different types of glyphs can be used to represent the locations of each echogram
slices such as cube, cone, cylinder, sphere, triangle, and among others. Rather than
simple marks. directional glyphs (triangles) are used to represent the location of each
cchogran slice, as well as the direction in which the source echogram was measured.
The glyphs. together with cubic Hermite splines [35] that produce curved lines con-
necting the glyphs, provide an obvious and clear depiction of the path of the sonar
data (see Figure 3.3). This is especially true in regions of congestion where the path
may criss-cross; in these locations the dircctionality of the glyphs make it clear which
belong to which path, and the curved lines make it easier for the human eye to follow

the path [67]. In Figure 3.3, an artifact is introduced because of the curved lines that








































3.4 Discussion

[n this chapter. The GVFO system was deseribed in detail.  The implementation
details of the svstem were also presented.

The GVFO system consists of pre-processing the data, displayving the data in both
a visual space and a geographic space, and coordinating the interaction between these
two views. The visual organization of sonar data (using echogram slices) organizes
and clusters echograi slices based on their visual similarities. The key benefit of this
approach is that it simultancously provides an overview of the echogram slices. and a
convenient method (zooming) for de-aggregating the huplicit clusters as more detail
is desired. Bv making it easy to browse the overall features of the sonar data. the
expectation is that such a visual approach will not only give the analysts an ability
to readily identify features of interest, but also to find other clements of the sonar
data that contain similar data. perhaps at distant locations. This supports analysis
activities where the desire is to find relationships among the data.

The geovisual representation shows the locations of the echogram slices. The key
benefit of this approach is to support analysis activities to identify the geographic
foatures of interest. By viewing the geographic representation. the analysts are also
able to understand in which region the ocean vessel moved to colleet the data.

The interactive data analvsis in both the wisual space and geographic space fol-
lows Shneidernian’s [56] popular Visual Iuformation Seeking Mantra: “overview first,
zoom and filter, then details-on-deniand”. The benefit of using this Mantra is that
the analysts can be able to sce the overview of the echogram shices and their corre-

sponding geographic information shmultancously. Then they can zoom into specific
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region (visual and geographic) of their interest to filter out uninteresting data. The
zooming may take different forms (visual and geographic), and these are done for
different purposes. Zooming into visuwal space shows hidden echogram slices and also
filter out the uninteresting (visual features) data: zooming into geographic space only
filter out the uninteresting (geographic features) data. Finally they can see the details
of the interesting data (visual features and geographic features).

To support data exploration, both the visual space and geographic space support
coordinated interaction. The key benefit of coordinated interaction such as this is that
it provides the analysts with a great degree of freedom with respect to filtering and
inspecting the data. In some cases, the analysts may wish to filter the data based
on geographic constraints (by zooming into a region of interest in the geographic
space). In other cases, an analyst may wish to filter the data based on visual features
of interest in the echogram slices (by zooming into a region of interest in the visual
space). Or, wore likely, the analyst will wish to go back and forth between the two
tvpes of filtering as they explore the sonar data. The ability to dynamically focus
on a data object in one view and then view its corresponding object in the other
supports a disainbiguation of the data between the two views.

One potential problem is that slicing the echogram may result in particular fea-
tures of interest being divided between multiple slices. Au echogram slice merging
technique is provided within the geographic space to support the analysts inn under-
standing and further analyzing these features. The ability for the analysts to change
the width of the echogram slices is also provided within the GVFO system to overcome
the slicing problem.

Since geovisual analytics focuses on finding location-related patterns and relation-
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ships within a dataset to support exploratory tasks [55], the GVFO system can be

considered a geovisual analytics approach for the exploration of sonar data. In this
system the patterns of the echogram slices are represented in the visual space and the
relationships of their corresponding locations are represented in the geographic space.
This system is designed to enhance the analysts abilities to explore the sonar data

based on both the visual features and geographic features simultancously.
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slices. The visual organization of echogram slices form clusters of the slices based on
their visual similarity, which helps the analysts to explore interesting patterns within
the sonar data. The expectation is that the visual organization of similar echogram
slices will be uscful for the analysts to explore the data.

H2: Analysts will find the interaction with the visual organization of the echogram
slices easy to use.

This hypothesis was formulated based on the interaction with the visual orga-
nization of the cchogram slices. The interaction techniques (panning and zooming)
provide an intuitive way to explore the sonar data. The expectation is that interac-
tion with the visual organization of the echogramn slices will be casy for the analysts
to usc.

H3: Analysts will indicate that they are satisfied with the support the visual orga-
nization of the echogram slices provides for their data analysis activities.

This hypothesis was provided based on the satisfaction of the analysts about the
visual organization and interaction teclmiques of the sonar data exploration. The
visual organization groups similar slices near one another and interaction with the
visual organization of the slices helps the analysts to explore interesting patterns
efficiently. The expectation is that analvsts will be satisfied with the support the
visual organization of tlic echogram slices.

H4: Analysts will find the geovisual organization of the echogram slices useful.

This hypothesis was provided based on the geovisualization of the echogram slices.
The geovisual organization of the echograin slices represents corresponding locations,
which liclps the analysts to explore interesting geographic patterns within the sonar

data. The expectation is that geovisualization matching the echogram features with
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the locations on the map for the analysts to explore sonar data.

H5: Analysts will find the interaction with the geovisual organization of the
echogram slices easy to use.

This hvpothesis was also forinulated based on the interaction with the geovisnal-
ization of the locations of the echogram slices. The interaction techniques (panning
and zooming) provide an intuitive way to explore the sonar data. The expectation is
that interaction with the geovisualization of the locations of the echogram slices will
be casy for the analyvsts to use to explore sonar data.

H6: Analysts will indicate that they are satisfied with the support the geovisual
organization of the echogram slices provides for their data analysis activities.

This hypothesis was provided based on the satisfaction of the analysts about the
geovisual organization and interaction techniques of the sonar data exploration. The
geovisualization represents corresponding locations of echogram slices and interaction
with the geovisual organization of the slices helps the analysts to explore interesting
geographic patterns cfficiently. The expectation is that analysts arc satisfied with the
support the geovisualization of the locations of the echogram slices provides for their
data analvsis activities.

H7: Analysts will indicate that their understanding of the relationships between
the echogram slices is enhanced due to the coordinated interaction because it is useful
and easy to use.

This hypothesis was formulated based on coordinated interaction between the
visual organization of the echogram slices and the geovisualization of the locations of
the echogram slices. The coordinated interaction allows the analysts to explore sonar

data simultaneously based on visual organization and geovisual organization. The



expectation is that the coordinated interaction allows the analysts to understand the
relationships between the echogram slices and geovisualization of the echogram slices.

H8: Analysts will indicate that they find the ability to highlight echogram slices to
show their corresponding locations useful and easy to operate.

This hypothesis was formulated based on coordinated interaction between the
visual organization of the echogram slices and the geovisualization of the echogram
slices. Selecting the echogram slices highlights the locations that allows the analysts
to examine the echogram slices in details along with their locations. The expectation
is that highlighting of echogram slices locations allows the analysts to understand the
relationships between the echogram slices and their geographic locations.

H9: Analysts will indicate that they find the ability to highlight echogram slice
locations to show the corresponding echogram. slice useful and easy to use.

This hypothesis was formulated based on coordinated interaction between geo-
visualization and visual organization of the echogram slices. Sclecting the locations
allows the analysts to iuspect the details of the echogram slices. The expectation is
that the coordinated interaction allows the analysts to understand the relationships
between the geographic locations of the echogram slices.

H10: Analysts will indicate that they find the ability to merge the echogram slices
useful and casy to use.

This hypothesis was provided based on how useful the ability to merge the echogramn
slices is. Merging of echogram slices mitigates the risk of dividing interesting features
of the sonar data. The expectation is that the ability to merge the cchogram slices
provide a larger echogram slice that can then be examined in detail, as required by

the analysts.









A sonar dataset collected by a 38-kHz split-beam SIMRAD EK500 echosounder

device was usced in the experiments (note that this is the same data set described
in Section 3.2.5). This data was measured in the Bonavista Corridor in the Nor

Atlantic Ocean, with the path of the sonar data covering 1040 km and the data
consisting of 151.836 sonar pings. This data was used to generate a high-dimensional
cchogram using the Echoview software, at a resolution of 151, 836 x 1000 pixels. This
cchogram was extracted from Echoview and sliced into 152 individual 1000 x 1000
pixel echograin slices. The geographic locations of the mid-points of each echogram
slice were extracted from the raw sonar data, and matched with the corresponding

cchiogram slice.

4.2.2 Study Procedures

In the field trials, at the very first the consent forms were presented to the participants
and obtained consent to participate in this study. Then each participant was asked
to cowmplete a pre-study questionnaire. Different types of questions were asked in the
questionnaire about the demographics of the participants.

After completing the pre-study questionnaire, all the participants were instructed
by the investigator about how to use the GVFO system. This was done as part of the
training phase. The investigator assisted the participant in performing the tranning
task, showing them features of the software that can be of assistance. and explaining
to them how the GVFO system works.

After training the participants, they were asked to explore the sonar data based

on hoth the visual features and geographic features. The participants simultancously
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sought interesting features and patterns within the data by using multiple coordinated
views (wisual space and geographic space). In the ficld trials cach participant used
the same sonar data set, and they performed open-ended data analysis tasks based
on their own interests and expericnce.

After using the system in an open and undirected exploration of the data, each
participant was asked to complete a questionnaire. Different types of questions were
asked in the post-study questionnaire to measurce the usefulness, ease-of-use, satisfac-
tion, and understanding of different features of the GVFO system. For the usefulness
and ease-of-use measure, a set of six questions were asked of each participant, drawn
from the Technology Acceptance Model [14]. For the satisfaction measure, a set of
three questions were asked of each participant, focusing on their ability to explore vi-
sual features within visual space and geographic features within geographic space. For
the understanding measure, a sct of three questions were asked of each participant,
focusing on their ability to make connections between the echogram slices represented
in the two views.

The data was measured on S5-point Likert scales, with the range of responses:
strongly agree, agree. neutrality, disagree. and strongly disagree. The questions fo-
cused on measuring the participants’ perceptions related to five key features of the
system (see Appendix B).

A set of semi-structured interviews were also conducted to examine the partici-
pants’” opiuions and experiences after using the GVFO systen. Since the post-study
questionnaire only covers a few specific questions regarding the participants’ percep-
tions, interviews allow themn to provide a broader range of responses on issues and

topics that were not asked in the post-study questionnaire.




During the participants™ data analysis tasks, the investigator also observed the

way in which they used the GVFO system. These ohscrvations were expected to be

helpful to analyze the results based on the participants’ data analysis activities.

In this thesis, quantitative data on the participants’ performance was not collected
and the participants did not perform prescribed tasks; instead they were permitted
to explore the data in any manner they chose. The rcason for this is that the GVFO
system was not directly compared with any other baseline system that supports visual
organization and geographic organization of the data simultaneously. Since no su
baseline system exists, it is not useful to measure the quantitative data for different

data analysis tasks of the participants to cvaluate the GVFO systen.

4.2.3 Data Analysis

Different tyvpes of data collection methods are used in this study such as post-study
(uestionaire, interview responses, aud investigator observations. To analyze these
data differeut types of data analysis methods are used.

The sets of questions (post-study questionaire) cach addressed the participants’
perceptions from multiple perspectives on a common underlying feature (e.g., the
usefulness of the visual space). For data analysis purposes the data are aggregated
based on each key feature of the system listed above. However, since each participant
had the opportunity to analyze the data differently, aggregating the data over the
participants is not uscful. This data is visually depicted using histograms, and dis-
cussed in Section 4.3.1 - 4.3.5. In this study no statistical analyses were performed.

Since no quantitative data was collected in this study, as such it is meaningless to



perform statistical analysis.

Interviewing of the participants allows them to express their opinions broadly
about different features of the GVFO system. Each of the comments made in the
interviews were coded according to the three classes (positive responses, negative
responses, and improvements and new feature of the system), and then these state-
ments were grouped to observe comimon themes. The responses to the interviews are
discussed in Section 4.3.6.

Investigator observations provide a way to assess participants live activitics wi
the system. How the participants used the different features (visual organization, geo-
graphic organization, coordinated interaction, echogram slice merging. and adjusting
cchogram slice size) of the system for their data exploration tasks were grouped to
identify conmnon themes. The investigator’s observations are discussed in Section

4.3.7.

4.2.4 Participants

Five participants were purposcfully recruited from among the employees and senior
graduate students within a marine rescarch laboratory. Here, the participants arc
denoted as P1. P2. P3. P4, and P5. The participants were selected based on their
experience and regular analysis of sonar data. All of the participants reported having
a high degree of understanding of sonar data visualization, were experienced users
of Echoview, and had a moderate to high degree of familiarity using virtual globes
like Google Barth. There was some differcnce in how long they have been performing

sonar data analysis, their experience with visually organized images. and their fa-

GO



Table 4.1: Participant demographics of the field trials evaluation

P1 P2 P3 P4 P5
Sonar data analysis | 3 years 10 years | 8 vears 1.5 vears 2 vears
experienee
Sonar data analyvsis | Echoview Echoview. | Echoview, | Echoview. | Echoview
software svstenn EP300. Simrad, Visual

FASIT FASIT Acquisition,
QTC

Sonar data very high very high | very high | high very high
visualization
expericnce
Familiarity with very very medium medium farniliar
virtual globes faunliar familiar
Experience with moderate moderate | moderate | 1o 1o
111AZC organization
Familiarity familiar 10t moderate | moderate moderate
with MCVs familiar

miliarity with multiple coordinated views (MCVs). Based on these prior experiences

and familiarity with sonar data analvsis software, it can be concluded that the five

participants in tlhis study represent a somewhat broad spectrum of expert sonar data

analvsts. The participants demographics were collected 1 a pre-study questionnaire

aidd are listed in Table 4.1,

4.3 Results

In the course of these field trials. a munber of specific measurcients were taken i

order to observe participants’ subjective reactions and opinions of the GVFO system.

It this section. the results from cach of these measures are discussed in detail and

linked back to the previously stated hypotheses to assess the GVEFO systen.
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4.3.1 Visual Organization of the Echogram Slices

One of the core features within the GVFO system is the visual organization of the
echogran slices. This feature organizes echogram slices based on their visual simi-
larities forming a hierarchical clustering of the slices. This clustering groups similar
cchogram slices near one another and dissimilar echogram slices are placed far away.

The perceived usefulness, ease-of-use, and satisfaction reported by the participants
for the visual organization of the echogram slices are represented in Figure 4.2, For
the perceived usefulness. the responses ranged from ncutral to strongly agree; some
participants (P1, P2, and P4) provided more neutral responses whereas others leaned
towards agreeing (P3) or strongly agreeing (P5) with the statements regarding the
usefulness of the visnal representations of the systeni. Somie participaits were able
to see the value of the approach for analyzing sonar data, whereas others were more
pessimistic or reserved in their opinions. However, none of the participants indicated
that the features were not uscful. which can be considered a positive finding. Hy-
pothesis H1 predicted that the participants would find the visual organization of the
cchogram slices useful. These findings support this hypothesis.

The participants responses regarding the perceived case-of-use of the visual or-
ganization of the echogram slices are represented in Figure 4.2(b). Although some
participants {P1, P2, P3, and P5) reported some neutral responses, most of the partic-
ipants agreed with the statements regarding the ease-of-use of the visual organization
of the echogram slices. Hypothesis H2 auticipated that the participants would find the
interaction with the visual organization of echogram slices casy to use. The findings

also support this hypothesis.
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Figure 4.4: Frequency of responses to three questions regarding the understanding
of the relationships berween the echogram slices shown in the visual and geographic
spaces.

4.3. ¢ ogram Slice . zhting

The perceived usefulness of the highlighting of echogramn slices was measured from
two perspectives: selecting an echogram slice to highlight a glvph in the 2eoeraphic
space: or selecting a glvyph to highlight an echogram slice in the visual space. The
participants responses to the usefulness questions from these two perspectives are
represented in Figure 1.5,

The responses ranged from neutral to strongly agree. Pl had a strong neutral
perception of these features, based on a negative perception of the multi-displav
sctup on which the study was conducted. which canie up during the interviews. Not
considering this participants’ responses. the results illustrate the benefit of allowing
the data shown in one space to be highlighted in the other. Hypothesis 18 and 19
predicted that participants would find the abilitv to highlicht echogram slices or to

highlight echogramn slice locations useful. These findings support both hvpotheses.















slices contained data associated with fish schools (see Figure 4.7), whereas the other

participant (P2) was interested in echograin slices that contained noisy signals (see
Figure 4.8). These differences may have been due to the different types of data
analysis that the participants normally perform with such data.

All the participants zoomed into the visual space and highlighted individual
echogram slices and their corresponding geographic positions. They also zoomed
into the geographic space. highlighted individual geographic positions and their cor-
responding cchogram slices.  This zoom operation allowed participants to perform
further fine-tuning within either the visual space or the geographic space.

During the data analysis tasks, all the participants showed an interest in sceing
contextual information around a particular group of echogram slices. Initially they
started by highlighting specific geographic positions of the feature of interest. Then
they merged thesce back together to form a larger echogram slice in order to find
interesting features for the ordered geographic positions. Doing of this task indicates
that they may have preferred the slices to be wider. The possible reason of preferring
wider echogram slices might be that Echoview always produces wider echograms
and they are familiar with analyzing wider echograms in existing practice. All the
participants did this frequently during their data analysis tasks.

P3 tried to scleet multiple echogram slices from the visual space and marge these
back together to show a larger echogram slice. GVFO system does not support this
feature because the selected slices may not be from the same geographic region. The
merging only makes sense for ordered echogram slices, which can be selected from the
geographic space but not from the visual space.

Three participants (P2, P3, and P5) adjusted the sizes of the echogram slices
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during their analysis activities. When they made the echogram slices wider, they
were able to sce larger features within the data, and reduced the chance of dividing an
interesting feature between two or more echogram slices. However, with this smaller
munber of larger echogram slices, the ability for the system to effectively cluster
the echogram slices based on the visual features was affected. Conversely, when
these participants made the echogram slices smaller, small features were effectively
captured within the echogram slices, and the quality of the visual clustering improved.
However, this was done at the expense of potentially dividing an interesting feature
among multiple echogram slices. The participants appeared to appreciated the value

of interactively manipulate the ccliogram slice sizes as they explored the data.

4.4 Discussion

In this evaluation, field trials using expert participants were conducted in a real-world
data analysis enviroument to validate the potential value of the proposed GVFO sys-
ten1. The multi-clisplay setup allowed the analysts to explore the sonar data simul-
tancously based on both visual features and geographic features. The multi-display
setup that has been used in these field trials consist of two screens arranged vertically.

In these ficld trials, some participants were quite neutral about sonie features, al-
though none disliked anything. Others were quite positive. It can be concluded that
the findings arc supportive of the hypotheses, although there was some element of neu-
trality. Although the participants’ perceptions of the usefulness and easc-of-use of the
visual organization and geovisual organization of the echogram slices were matched

closely, the participants’ perceptions of satisfaction of the geovisual organization was
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better than for the visnal organization of the echogram slices. The participants did
not have any facilities in their current data analysis tools to simultancously explore
the geographic features with the visual features of the echogram in their existing
practice of sonar data analysis. Since the GVFO system provides this facility, they
proved to be more satisfied with the geovisual organization of the data.

Considering only P2-P5, there is an interesting pattern that emerged when com-
paring the data regarding the usefulness of the visual space and the geographic
space. In particular, the participants’ perceptions of the usefulness of the visual space
matched closely with their perceptions of the usefulness of highlighting an echogram
slice starting from the visual space. A similar pattern is present when comparing the
perceptions of usefulness for the geographic space and the usefulness of highlighting
an echogram slice starting from the geographic space. These patterns indicate a pref-
crence of some participants for analyzing the data focusing on the visual features of
the cchogram slices, whereas others preferred to start form the geographic features.

Another interesting finding was that the uscfulness of the echogram slice merging
feature is strongly positive. A possible reason for this is that all the participants were
expericnced users of Echoview. The cchogram slice merging feature of the GVFO
system produced cchogram slices that arc in a format that was very familiar to all
the participants. Morcover, this feature allowed the participants to analyze larger
portion of echogram slices (multiple echogra slices) at a time.

Participants casily expressed their opinions and experiences after interviewing
them. Although most of the participants liked different features of the systeni. some
participants’ also commented on their difficulties to use the some features. Some

participants also provided suggestions to improve the system. One interesting finding



was that P1 did not like the using of the two screens for the coordinated interaction.
Another interesting finding was that the participants were all interested in using the
sonar data for fish stock assessment. Since the sea floor has a strong visual presence
in the echogram slices, it was sometimes a promninent factor in the visual similarity
caleulations. In some cases, for fish stock analysis, it would be beneficial to remove
the sca foor in order to focus on the fish. However, in other cases. the sea floor is
the important element.

Observation of participauts activitics with the system allowing the investigator to
analyze these in depth. The interesting observation was that most of the time most
of the participants were interested in those echogram slices that liold fishing school
signals in their visual similarities or they were interested in those geographic locations
where the ocean vessels moved frequently to collect the data. A possible reason of
this is that most of the time they analyze sonar data to find fish schools.

The analysis of the results of the field trials showing that the GVFO system
enhances the existing practice of the sonar data exploration tasks. The real-world
cnvironment allowed the participants to perform the data analysis tasks according
to their own needs, resulting in valuable insights into the usability and utility of the

GVFO system.
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supported (see Section 4.3.3).

An Echogram slice highlighting feature was provided to further enhance the sup-
port provided for exploring the data, comparing cchogram slices, and for understand-
ing the relationships among the data. A fundamental rescarch question raised about
this feature was does the ability to highlight an individual echogram slice and its cor-
responding geographic location enhances the ability of analysts to explore echograms?
The expectation was that highlighting echogram slices 1s useful for analysts’ data
analysis activities. From the results of the field trials, it was found that hypotheses
H8 and HI are supported illustrating the benefit of highlighting echogram slices and
their locations (sce Section 4.3.4).

A feature for merging echogran slices was also provided to further enhance the
support for exploring the data, comparing echogram slices, and for understanding
the relationships among the data. A fundamental research question raised about this
feature was does the ability to merge echogram slices mitigate the risks associated
with slicing the echogram. over features that might be important? The expectation
was that merging echogram slices is a useful feature that mitigates the risk of slic-
ing an cchogram through specific features of intercsting data. From the results of
the field trials. it was found that hypothesis H10 is also supported, addressing the
corresponding research question (sce Section 4.3.4).

Participants’ opinions and experiences of using the GVFO system were collected
via the responses to the interviews. Respouses to the interviews were categorized
based on three themes positive responses, negative responses, and improvement and
new features of the system. Positive responses further supported the answers to the

research questions. Negative responses can be used as a motivation along with the
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suggestions (hmprovements and new features) regarding the ways in which the system

can be improved in future.

5.2 Future Directions

Since the GVFO system was developed as a prototype system that acted as a proof-of-
concept for visually organizing cchogram slices and providing a coordinated geospatial
representation of the data. there is much work that can be done to refine the approach.
There are some important new features that could enhance the analysis activitics of
the users. Instead of using the raw echogram data within the system, it would be
uscful to allow analysts to first pre-process the data to remove uninteresting features
such as the ocean floor (e.g., when performing fisheries analysis). Doing so will allow
the visual organization of the echograms to occur based on the intercsting features of
the data in which the analysts are interested.

Another avenue for further research is to use computer vision techniques [20] to
determine the locations of potentially interesting features in the echogram, using this
information to avoid slicing such features when generating the echogram slices. Al-
lowing the analysts to add additional information to individual echogram slices, and
visually representing this information within the geographic space, would further en-
hance their ability to analyze the data and understand the relationships between the
sub-sca phenomena being explored and the geographic relationships of these phenom-
cna.

In this thesis the colour-gradient correlation feature vector has been used to extract

the visual feature of the echogran slices. The reason for using this feature vector
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Appendix A

Approval of the User Study

This appendix includes the formal approval received from the Interdisciplinary Com-
mittee on Ethics in Human Research (ICEHR) for the study.
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Appendix B

Evaluation Documents

This appendix includes all the evaluation documents.
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Informed Consent Form

Field Trials with Geovisual Analytics Software for Exploring Sonar Data

Rescarcher(s) Md Asikur Rahman,
Department of Computer Science
Mcmorial University of Newfoundland
Email: asikur.rahman@mun.ca

Dr. Orland Hocber

Dcepartment of Computer Science
Mecmorial University of Newfoundland
Email: hocber@umun.ca

You are invited to take part in a rescarch project entitled “Field Trials with Geovisual Analvtics
Sofiware for Exploring Sonar Data "

This form is part of the process of informed consent. It should give you the basic idca of what the
rescarch is about and what your participation will involve. It also describes your right to
withdraw from the study at any time. In order to decide whether you wish to participate in this
rescarch study, you should understand cnough about its risks and benefits to be able to make an
informed decision. This is the informed consent process. Take time to read this carefully and to
understand the information given to you. Please contact the rescarcher, Md Asikur Rahman, if
vou have any questions about the study or for more information not included here before you
consent.

It is entircly up to you to decide whether to take part in this research. If you choose not to take
part in this research or if you decide to withdraw from the rescarch once it has started, there will
be no negative conscquences for you, now or in the future.

Introduction

My namc is Md Asikur Rahman and 1 am a M.Sc. student in the Department of Computer
Science. As part of my thesis, 1 am conducting rescarch under the supervision of Dr. Orland
Hocber in the domain of geovisual analytics.

In the course of this rescarch, we have developed a rescarch prototype with the purpose of
assisting analysts with their tasks of exploring geospatial sonar data based on their visual
features. Our prototype software consists of two main visual components that provide
coordinated filtering of the data: the visual space that includes clusters of the echogram slices,
and the geographic space that includes the locations of these slices.

You have been sclected to participate in this ficld trial due to your experience in analyzing sonar
data.

Purpose of study:

The primary objective of this study is for the rescarchers to gain insight into how the prototype
system that has been developed can be used in real-world problem solving and data exploration
activitics. We also wish to gain a deeper understanding of the types of problem solving and
decision making activities that are being undertaken by the participants.
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Anonymity:

Although we will communicate with you via email to coordinate your participation, your identity
is not required during the actual study. You will not be required to write your name or any
identifying information on the rescarch questionnaires. Any identifying information will be kept
scparate from the details of your participation in the study. Any reporting of the outcomes of this
rescarch will exclude identifying information of the participants. The data itself will only be used
by the rescarchers indicated in this consent form, and will not be shared in raw format with
anyone.

Recording of Data:

Your usce of the prototype system will be video recorded. However, the tocus of the video
recording will be on what you are doing with the system. As such, the video camera will be
pointed at the computer screens, keyboard, and mouse. The audio portion of the recording will
capture the discussions between yourself and the rescarcher. This video and audio recording will
be captured and stored in clectronic format only.

Data from the questionnaire will be colleeted on paper, and will subsequently be entered into an
clectronie format.

The interviews conducted after using the software will be audio-recorded. and will be stored in
clectronic format only.

Reporting of Results:

Results from this study will be published and shared with our key partner Fisheries and Oceans
Canada. While the raw video and audio recordings will not be included in these reports, direct
quotations and images from the video recording may be used. In these cases, we will ensure that
any 1dentitying information is removed.

Sharing of Results with Participants:

Once results of this study arc published in any journal or conference, we will inform you of this.
The results of this uscr study will be used for analysis and discussion in principal investigator's
thesis as well as in the journal (Journal of Geomatics and Spatial Analysis). These may also be
published in conferences and journals in the domain of visual analytics (Visual Analyties of
Science and Technology, Transactions on Visualization and Computer Graphics, Information
Visualization, etc¢.).

Questions:

You are welcome to ask questions at any time during your participation in this research. If you
would like more information about this study, you may contact cither of the rescarchers at the
end of this document.

ICEHR Compliancc:

The proposal for this rescarch has been reviewed by the Interdisciplinary Committee on Ethics in
Human Rescarch and found to be in compliance with Memorial University’s cthics policy, If
you have cthical concerns about the rescarch (such as the way you have been treated or your
rights as a participant). you may contact the Chairperson of the ICEHR at . '+ 1+ orby
telephone at 709-864-2861.
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Consent:
Your signaturc on this form mecans that:
e You have read the information about the rescarch.
e You have been able to ask questions about this study.
e Youare satisticd with the answers o all your questions.
e You understand what the study is about and what you will be doing.
e You understand that you are frec to withdraw from the study at any time, without having
to give a reason, and that doing so will not affect you now or in the future.
e You understand that your use of the software will be video recorded and your responses
to the interview questions will be audio recorded.
e You understand that any data collected from you up to the point of your withdrawal will
be destroved.

If you sign this form. you do not give up your legal rights and do not relecase the rescarchers from
their professional responsibilities.

Your signature:
[ have read and understood what this study is about and apprectate the risks and benefits. [ have
had adequate time to think about this and had the opportunity to ask questions and my questions
have been answered.
(] 1agree to participate in the rescarch project understanding the risks and contributions of
my participation, that my participation is voluntary, and that I may cnd my participation
at any time.

A copy of this Informed Consent Form has been given to me for my records.

Signature of participant Date

Researcher’s Signature:

[ have explained this study to the best of my ability. 1 invited questions and gave answers. |
believe that the participant fully understands what is involved in being in the study, any potential
risks of the study and that he or she has treely chosen to be in the study.

Signature of Principal Investigator

Investigators:

Datc

Md Asikur Rahman

M.Sc. Student

Department of Computer Seience
Memorial University of Newfoundland
Email: asikur.rahmant@mun.ca

Dr. Orland Hocber

Assistant Professor

Department of Computer Science
Memorial University of Newfoundland
Email: hocber@mun.ca
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Pre-Study Questionnaire Participant:

Plcase answer the following questions with regards to your background.

0.

For how many years have you been involved in sonar data analysis?

Pleasc list the different sonar data analysis software systems you have uscd.

What is your level of understanding of sonar data visualization (cchograms)?
(Not at all) (Very tamiliar)
1 2 3 4 5

How familiar arc you with virtual globes such as Google Earth, ArcGIS, or NASA Worldwind?
(Not at all) (Very familiar)
| 2 3 4 5

How familiar arc you with systems that visually organize images such as Google Swirl?
(Not at all) (Very familiar)
1 2 3 4 5

How familiar arc you with multiple coordinated views (systems that allow you to highlight data
in onc view, and then show you that same data in other connected views)?
(Not at all) (Very familiar)

1 2 3 4 5
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Post-Study Questionnaire Participant:
The following guestions relate to your experience using our prototype system for exploring geospatial
representations of sonar data. Your answers to the following questions will allow for a more accurate
analysis of the data collected during this study.

INSTRUCTIONS: Plcasc rate how strongly you agree or disagree with the following statcments by
circling the appropriatc number.

The guestions below deal with the visual organization of the | Strongly | Disagree | Neutral | Agree | Strongly
echogram slices (top view). disagree Agree

g

o
]
EeN

The visual organization of the cchogram slices |
cnabled me to accomplish my data analysis tasks
more quickly.

The visual organization of thc cchogram slices 1 2 3 4 5
improved my data analysis performance.

The visual organization of the cchogram slices 1 2 3 4 5
incrcased my productivity.

The visual organization of the echogram slices 1 2 3 4 5
cnhanced my cffectivencss in analyzing the sonar

data,

Thc visual organization ot the cchogram slices 1 2 3 4 5

made it casier for me to analyzc the sonar data,

[§%)
98}
IS
w

I found the visual organization of the echogram 1
slices useful for analyzing the sonar data.

Strongly | Disagree | Neutral | Agree | Strongly

disagree Agree
Learning to operate the visual organization of the 1 2 3 4 5
cchogram slices was casy tor me.
[ found it casy to get the visual organization of the | 2 3 4 5
cchogram slices to do what [ wanted it to do.
My interaction with the visual organization of the 1 2 3 4 5
cchogram slices was clear and understandable.
[ found the visual organization of thc cchogram 1 2 3 4 5
slices to be flexible to interact with.
It was casy for me to become skilful at using the I 2 3 4 5
visual organization of the cchogram slices.
1 found the visual erganization of the echogram 1 2 3 4 5

slices casy to usc.
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1 Strongly | Disagree | Neutral | Agree | Stongly
disagree Agree
The visual organization of the cchogram slices | 2 3 4 5
made sense to me.
I found 1t casy to understand why echogram shees | 2 3 4 5
were grouped together in the visual organization.
| was satisfied with the visual organization of the 1 2 3 4 5
cchogram slices,
The questions below deal with the geovisual organization of | Strongly | Disagree | Neutral | Agree | Strongly
the echogram slices (bottom view). disagree Agree
The geovisual organization of the cchogram slices 1 2 3 4 5
cnabled me to accomplish my data analysis tasks
more guickly.
The geovisual organization of the echogram slices | 2 3 4 5
improved my data analysis performance.
The geovisual organization of the cchogram slices | 2 3 4 5
increased my productivity.
The geovisual organization of the cchogram slices | 2 3 4 5
enhanced my ceffectiveness in analyzing the sonar
data.
The geovisual organization of the cchogram slices 1 2 3 4 S
made it casier tor mc to analyze the sonar data.
I found the geovisual organization of the 1 2 3 4 5
cchogram slices uscful for analyzing the sonar data.
Strongly | Disagree | Neutral | Agree | Strongly
disagree Agree
Learning to operate the geovisual organization of 1 2 3 4 N
the echogram slices was casy for me.
[ found it casy to get the geovisual organization of 1 2 3 4 S
the echogram slices to do what I wanted it to do.
My interaction with the geovisual organization of 1 2 3 4 N
the cchogram slices was clear and understandable.
[ found the geovisual organization ot the 1 2 3 4 5
cchogram slices to be flexible to interact with.
[t was casy for me to become skilful at using the 1 2 3 4 5
geovisual organization of the cchogram slices.
[ found the geovisual organization of the | 2 3 4 S

cchogram slices casy to usc.




for analyzing the sonar data.

Strongly | Disagree | Neutral | Agree | Strongly
disagree Agree
The geovisual organization of the cchogram slices 1 2 3 4 5
made sense to me.
I found it casy to understand the order of the | 2 3 4 S
cchogram slices within the geovisual organization.
I was satisficd with the geovisual organization of | 2 3 4 5
the echogram slices.
The questions helow deal with the coordinated interaction Strongly | Disagree | Neutral | Agree | Strongly
between the two views of the data. disagree Agree
When zooming in the visual spacce, the | 2 3 4 5
coordinated interaction with the geographic space
improved my understanding of the data.
When zooming in the geographic space, the 1 2 3 4 5
coordinated interaction with the visual space
improved my understanding of the data.
The coordinated interaction between the visual 1 2 3 4 5
spacc and the geographic space enhanced my
understanding of the relationships between the
cchogram slices.
The questions below deal with the ability to highlight Strongly | Disagree | Neutral | Agree | Strongly
individual echogram slices frony the visual organization. disagree Agree
Highlighting echogram slices cnablcd mc to | 2 3 4 5
accomplish my data analysis tasks more quickly.
Highlighting echogram slices improved my data 1 2 3 4 5
analysis performanec.
Highlighting echogram slices incrcased my ] 2 3 4 5
productivity.
Highlighting echogram slices cnhanccd my ] 2 3 4 5
ctfectiveness in analyzing the sonar data.
Highlighting echogram slices made it casicr for | 2 3 4 5
mc to analyzc the sonar data.
[ tound the highlighting of echogram sliees uscful 1 2 3 4 5
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The questions betow deal with the ability to highlight Strongly | Disagree | Neutral | Agree | Strongly
individual echogram slices from the geovisual organization, disagree Agree
Highlighting echogram slice locations cnabled me | 2 3 4 5
to accomplish my data analysis tasks more quickly.

Highlighting echogram slice locations improved 1 2 3 4 5
my data analysis performance.

Highlighting cchogram slice locations increased 1 2 3 4 5
my productivity.

Highlighting echogram slice locations cnhanced | 2 3 4 5
my effectiveness in analyzing the sonar data.

Highlighting echogram slice locations madc it 1 2 3 4 5
casier for me to analyze the sonar data.

I found the highlighting echogram slice locations | 2 3 4 N
usctul for analyzing the sonar data.

The questions below deal with the ability to merge a group of | Strongly | Disagree | Newtral | Agree | Strongly
cchogram slices back into a subset of the echoygrans. disagree Agree
The abihity to merge echogram slices cnabled me 1 2 3 4 5
to accomplish my data analysis tasks more quickly.

The ability to merge echogram slices improved 1 2 3 4 3
my data analysis performance.

The ability to merge echogram slices increased my 1 2 3 3 5
productivity.

The ability to merge echogram slices enhanced my 1 2 3 4 5
cffectiveness in analyzing the sonar data.

The ability to merge echogram slices made it 1 2 3 4 5
casier for me to analyze the sonar data.

| found the ability to merge echogram slices useful l 2 3 4 N

for analyzing the sonar data.

Thank you for your participation!
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Interview Questions:

1.

Can you tell us what you liked about the visual organization of the cchogram slices? Was
there anything that you did not like?

Can you tcll us what you liked about the geographic view? Was there anything that you
did not like?

Did you like the coordinated interaction between visual space and geographic space? Was
there anything that you did not like about this?

Did you like the highlighting of an individual cchogram slice and its corresponding
geographic location? Was there anything that you did not like about this?

Did you likc the highlighting of an cchogram slice location and its corresponding
cchogram slice? Was there anything that you did not like about this?

Did you like the ability to merge the cchogram slices? Was there anything that you did
not like about this?

Do you think that, GVFO System supports knowledge discovery activitics, and a more
comprchensive analysis of the data across distant geographic ranges than traditional
cchogram analysis approaches?

Did you cxperience any problems, difficultics, or confusion while using the prototype
softwarc? Plcasc explain.

Do you have any comments or suggestions about how we can improve the prototype
softwarce?















