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l1.Executive Summary

IManageCancedata analysis services require presentatma)ysisand comparisomwf a large
volume of heterogeneous d&tam cohorts ofa large number of patientsth covering areas from
the medical, the environmental and the lifestyle domaMithout proper tools it is impossible to
achieve this goal.

Work Packag® fiSmart analytal dataservices i s proposed to m&8kt t hi
fiData analysis and data mining servites d at a &y tkee daanining serviedsl Task
8.2MVisualisatiom ,n interactive visual analysis interface is suggested be desigeeatptmver

the ender uset® view, utilise, analyse and understandrthieeddata.

This documenis a deliverable report of D8.@mplemented visualization techniquesf the
IManageCancer project. In particular it covers the advanced igatiahtasks dsignated in Task

8.2 This deliverable report focuses on the design and implementation of visual analysis
components in order to provide views and analyste@iManageCancepatient and cohodata

The data is retrieved based thre work presented iB8.1 filmplemented data analysis and data
mining service8. This report is organised bthe introduction,related work,data the related
visualisation techniques, tvesualanalysis systenthe design and implementationtbe single
patient visualisatiomnd thecohort visualisatiompplication

iManageCancer_D8.2_v1.0.docx Pages/39
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2.l ntroducti on

IManageCancer patiedfata analysiservicesmine data from a variety of data souraasvering
the medical, the environmental and the lifestyle domaiMighout proper tools it is almost
impossible ¢ present and analyse these large, heterogeneous;anyirg data.

Thelongitudinalhealth and medicalataimply that a huge amount of data from a large number

of sourcesneeds to be collected, stored, processed and presented. Visualisation provides
technologies to present the data via mature visual paradigms anrdesgjhed user interactions.
Without proper design of visualisation and user interaction, it is not possible for the user to select,
view, understand and gain knowledge from a large calledf health datafVisualization and

visual analytics researchers can contribute substantial technological advances to support the
reliable, effective, safe, and validated systems required for personal health, clinical healthcare,
and public health polic ma k i Shrgeidernfian 2013].

In iManageCanceMVP8 fiSmart analytical data services i s proposed to addr .
In Task8.2 fAVisualisatior , an interactive visual anal ysi s
empower both the patients and thedimal experts to view, utilise, analyse and understand the
mineddatafrom Task 8.JiData analysis and data mining services

Visual analytics is an integral approach which combines visualisation, human factors, and data
analysis. This process incorpomt@utomatic and visual analysis methods with a tight coupling
through human interaction in order to view, analyse and understand thé\slaascience of
analytical reasoning facilitated by interactive visual interfaces, the interface of visual anslytics
critical in presentation and analysis of the data mined from the data mining seiiseal
analytics interfaces allow the analysts to interact directly with the representation of the data or to
modify visualisation parameters. In the visual analypicscess knowledge can be gained from
visualisation, automatic analysis, as well as interactions between visualisations, models, and the
human analysts.

In WP8 the \visual analytics techniquedeliver different perspectives on specific data types to
provide heath dataisualisation and cohognalysis The interactive visual interface will directly
support complexohort studytasks.Interaction techniquesre incorporated with the visualisation
to facilitate data exploration and knowledge discovery.

The reort of DB.2is thedeliverable report of dsk8.2 fiVisualisatio® w haimstd provide a

design of visual analytics interfaces and components for iManageCancer patients and medical
experts to facilitate understanding and analysjgatient and cohort ¢ It is based orthe work
presented in D8.fiimplemented data analysis and data mining semvices

The visual interface will be a common access point for iManageCdataeanalysisisers, from
which users can perform the typicklta query and analysid/e define the visual analytics tasks
provided by the iManageCancer visual interface as the follows:

A Visualisingindividual medicaldata from patients
A Visualisingmedicaldata of patient cohorts
A Visualising patient cohort®r cohortcomparison and colbstudy.

The system architecture is showrFigurel.

iManageCancer_D8.2_v1.0.docx Page6/39
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Figurel. Architecture of the analytical services over personal health infrastructure

3.Background

3.1.Visual Analytics
Though here are several deftions ofVisual Analytics listed as the follows:

A foutgrowth of the fields of information visualization and scientific visualization that
focuses on analytical reasoning facilitated by interactive visual intedfdéésng
2004];

A fithescienceof analyticalreasoningupportedy interactivevisualinterfacesd [Thomas
2005}

A fcombines automated analysis techniques with interactive visualisations for an effective
understanding, reasoning and decision making on the basis of very large and complex
datasets[Keim 2010]

al of them point out that visual analytics is an integration of data analysis and interactive
visualisationwhich introducesiuman intelligence at an early stage in the data analysis process.
Visual Analytics methods allow decision makerstobomne t hei r human pexi

and background knowledge with the enor mous
computers to gain insight into complex problems. Using advanced visual interfaces, humans may

iManageCancer_D8.2_v1.0.docx Page7/39
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directly interact with the datanaa | y s i s
well-informed decisions in complex situations.

capabilities

of todayods

The visualanalyticsprocess combines automatic and visual analysis methods with a tight coupling
through human interaction in order to gain kiedge from dataThe visual analytics loop is in
Figure2 shows an abstract overview of the different stages imislual analyticsprocess.

Visual Data Exploration

O User interaction

Vlsuallsatlon
Mapping
Transformatlon

Model
visualisation

Data Model

bmldlng

Data
mining

Models

\40

Automated Data Analysis

Knowledge J

Parameter
refinement

Feedback loop

Figure 2 The visual analtyics loop

Visual Analytics can beegn as an integral approach combining visualizatiognition,human
computer interactioand datanining, as shown ifigure3, whichillustrates theelatedresearch
areasof Visual Analytics.The most closely related areas\tiual Analyticsare information

visualization and datanining.

Evaluation

Scientific &
Information
Visualization

Data
Management

Perception
+Cognition
Infrastructure

Evaluation

Human-
Computer
Interaction

Infrastructure

Figure 3 Related research areas of visual analytics [Keim 2006]

In iManageCancer, Visual analyticsakes use oflatafrom the iManageCancer dataining
servicesandbring together valuable information in visual form to suppetlth data visualisation

andcohort study
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3.2. Time-varying Data Visualisation

In the real world,ime-orienteddata are ubiquitous in many application domains agxXample,
in business, medic@ history, planning, or projeatanagemen®roviding appropriate methods
to facilitate thevisualisationandanalysis of timevarying data iscritical for many applications
Very detailed reviews on tirmearying data visualisation can be foundAigner 2011] (book)
and [Aigner 2008] (survey paper)

In iManageCancer, the medical and health data of patients are time dependent. Moreover, most
of cohort studies are based on longitudinal data. Visual analysis ovéirgimg data is an
indispensable requiresnt in iManageCancer.

3.2.1. Time Data Modelling

The properties of timgarying data can baéescribedy scale, scope, viewpoint,anularity,etc,
which will be introduced as follows

Scale:
Ordinalvs. Discretevs. Gontinuous
For the ordinal time datg only relative order relations are presetscrete ime values carbe

mapped to a set of integems labelswhich enable quantitative maddieag of time values
Continuous time data are time data which can be mapped to a real domain

Scope
Point-based vsntervatbased

Pointbasedime dataarediscrete pointlata on the time axis with the length of temporal extent
equas to zero.Different from the point time datantervatbased timalatarepresent continuous
time spans on the time axis wigmporal exterstgreater than zero.

Arrangement

Linearvs. Cyclic

The time data can either be linear or cyclic based on the need to process and present them. The
basic time data is essentially linear and can be representealrtty @nd spans on a time axis.

However,pegrodi ci ty i s very common in time data du
life. The cyclic time data can often be represented by a radial layout design.

Viewpoint
Orderedvs. Branchingvs. Multiple Perspectives

Orderedimedata describthings that happen one after the otfBanchingimedata arenultiple
strands of time brando allow description and comparison afternativepossibilities While in

branching timeéhere isonly one path through time will actually happen, multiple petsgedata
describesimultaneous views of time

Granularity
None vs.Single vs. Multiple

iManageCancer_D8.2_v1.0.docx Paged/39
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Granularity refers to the human abstraction level of the time data. It describes mappings from time
values to larger or smaller conceptual units. There may be a giaglelarity only or even none
granularities are supported. Multiple granularities can also be used to supporsaalelti
visualisation.

In iManageCancemostof the medical and health data are point basieéar, ordereddataof
numeric values oenumeate values.

3.2.2. Time-varying Data Visualisation
Linear and cyclic time data visualisation

The standard technique for visualising tiwagying data is 2d plots where the x axis represents
time and the y axis represents thverying variables, as shown Fgure4(a). This technique
works well to show the variations of the data variable with the time but can hardly visualise the
periodicity of timevarying data. The radial layout as showrrigure4 (b) and (¢ can be used to
uncover theeriodic pattersa in the data.

A

7 7
~ \ 2
7 = \ z A\
\ 2 N
| I \u‘ |
\\ / S
" - N 2
N ~ W\ Z
-’/ \\ z
(a) (b) (c)

Figure 4 Different visual representations of a timeoriented data set

(a) Timeseries plot (periodic pattern is difficult to discern). (b) SpiralGraph encoding 2peaggcle (improperly parameterizegeriodic
pattern is hard teee). (c) SpiralGraph encoding 28 days per cycle (properly paramedepeeddic pattern stands out)

ThemeRiver

ThemeRiver Havre2000] uses the metaphor of a river that flows through ti@w@arents within
the riverrepresenthanges, such atimate changesas shown irfrigureb.

File Execute Wind f, :ﬁon_ AgpﬁonlA H

Figure 5 Visualisation of a climate data set using a ThemeRiver approach
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The graph depicts five tirgependentvariables: summer warmth (blue), summer days (violet), hot days (green), summetemparature
(yellow), and mean of extreme (white) for a period of more than 100 years. Source [Aigner 2008]

Calendar visualisation

Calendar is the traditional way usbyg people to visualise the time long before the advent of
computer graphicgzigure6 shows a calendar heatmialendar Heatmapjhich visualises the
attendance data in two years.

Red Sox Attendance 27000 S

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 6 Visualisation of attendance for a spots team with a calendar heatmap

Thebrightness indicategthe valuesSource :https://developers.google.com/chart/interactive/docs/gallery/calenda

[Wijk 1999] is a welknown example which uses 3D and 2D calendar views to show the energy
consumption and employee number data. It is a combined representation of daily patterns and
clusters. Patterns are shown as 3D calendar graphs, clusters ar@sl@fD calendaas shown

in Figure7. Colaurs indicate corresponding clusters and patterns.

Cluster viewer
(c) ECN 1998

Graphs

spsggeg

grsggeg

tjan. " 0:00

Figure 7 Calendar visualisation for pattern discovery

Left : Power demand by ECN, displayed as a funatidmours and days, right: Calendar view of the number of employees.

Multi -perspectiveand branching data visualisation

LifeLines

LifeLines [Plaisant 1996]provides a general visualisation environment for personal histor
records as showrfigure8. A one screen overview of the record using timelines provides direct
access to the data. For a patient record, medical problems, hospitalisation and medications can be
represented as horizontal lines, while icons represent discretesesech as physician
consultations, progress notes or tests. Line colour and thickness can illustrate relationships or
significance. Rescaling tools and filters allow users to focus on part of the information, revealing

iManageCancer_D8.2_v1.0.docx Pagel1/39
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more detailsLifeLines reduce the tances of missing informatipfacilitates the spotting of
anomaliesaandstreamlins the access to details.

[ In progress version of Lifeline Frame {not for demo purposes - Microsolt Internet Explorer - [Working Dffline]
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Figure 8 Lifeline screenshot

Storylines

The river metaphor can represent the variation, merge, branching and endiegtsf #nis effect

is similar to the storylines used in fictions and movies to depict the temporal dynamics of social
interactions. This visualisation technique was first introduced as adwanah illustration in
XKCDé& fiMovie Narrative Charty as shownin Figure 9. If properly constructed, the
visualisation can convey both global trends and local interactions in the data.

LORD oF THE RINGS

Figure 9 Handdrawn storyline visualisation of the main characters in Lord of theRings
Source: http://xkcd.com/657/.

Dynamic Visualisation

Though animation has certain limitations and is not the mainstieeimique fotime-varying
data visualisation, if used properly, it can still help the users to understand the whole process of
theeventsmore easily

iManageCancer_D8.2_v1.0.docx Pagel2/39
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Ga@Minder
GapMinder [GapMinderyises dynamic animation to visualise and compare the socioeconomical
development of the countries over the worldeist two centuriesas shown irfrigure10.

Figure10Gap Mi nder 6 s ani mati on visualisation of GDP per ¢

Source : http://www.gapminder.org

3.3.Health Data Visualisation

Visualisation and visual analytics combines automated analysis techniques teitictine
visualisations for effective understanding, reasoning and degisadding on the basis ofevy

large and complex datasets [Kek01Q. It is designed to promote knowledge discovery and
utilisation of large datasets via effective visual paradigms weltldesigned user interactions.
Visualisation becomes the medium of an interactive analytical process, where humans and
computers cooperate using their respective distinct capabilities for data processing and visual
recognition for the most effectiveesults and is an indispensable technology for healthcare
information representation and analysis.

Healthcare has been a crucial research and application field of data analysisialhtisn for

several decadesRpddy 201%b In the previous workmuch of the focushave beeron the
visualisation of electronic health records (EHRS). Rind et al. gives dedietaview of the related

work [Rind 2011, categorising by individual patients or a group of patients. In each category, the
work is further dividedby visual analytics of time series data or status at a certain time point.
West et al. also presents a systematic review of visual analytics approaches that have been
proposed to illustrate EHR daté/pst 201%.

As mentioned in the last subsectitufelines Plaisant 196], a pioneer work in visualisation of
individual patient records, provides a general visualisation environment for problems, diagnoses,
test results or medicats using timelines. Lifelines2\Jang 2009 moves further byroviding
visualisation of temporal categorical data across multiple records, which is better for a doctor to
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