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Problem

= Many real-world data is of spatio-temporal natured

= Fundamentally challenging to explore and discover data
relationships in complex spatio-temporal datasets

= Permanent Sample Plot (PSP) Database

- Database capturing field measurements from tree plots
geographically distributed across New Zealand

* More than 100 years of field measurements with over 100
measured and derived variak'-- -~ "
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Existing tools

= Fit for purpose or data tools
« STempo'
- Groundwater Spatio-temporal Data Analvsis Tool?
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Goals

= Robust tool that allows user to explore different facets of a complex
spatio-temporal dataset

- Different facets (i.e. statistical, spatial, temporal, spatio-temporal)
« Large dimensionality (e.g. PSP > 100 dimensions/variables)
» Historically rich datasets (i.e. dynamic temporal patterns)

= Ease-of-use and Interactive
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Challenges

Presentation of information
 Different data types

+ Different information — spatial, temporal, spatio-temporal
patterns

= Allowing users to dynamically focus on different aspects of the
dataset

- Variables

« Types of analysis
= Interactive capabilities and data linkage
= Data computation

= Allowing users to quickly identify or discover patterns or data

relationships that are of interest & scion



Visual Recommender Architecture

Visual Interface

User selections I

Visualisation
- =

External Data
Sources

generator

Data cleaning
2 and fusion Statistical
module module

Backend Server /
&) SCIOon




Visual Recommend

Variable panel

!

Spatial Map

er User Interface

Dataset: [sFripspv2 v

Data Fusion: [selectdataset v
Variables --- [Data Type]_: [DQI]

4

Select variables (independent) to analyse:

[Altimde --- [numerical] : [0.99]

ISite_index -— [numerical] : [0.98]

Structure -— [categorical] : [0.8]

Plot_status -— [categorical] : [1]

Slope —-- [numerical] : [0.9]

Aspect — [categorical] : [0.72]

Rotation - [numerical] : [0.8]

Topography - [categorical] : [0.76]

Geology -— [categorical] : [0.78]

Planted_sph -— [numerical] : [0.85]

Row_space -— [numerical] : [0.74]

Tree_space — [numerical] : [0.76]

Stem_locations — [categorical] : [1]

| Meas_count — [numerical] : [1]

| Thin_count — [numerical] : [1]

(Prune_count -— [numerical] : [1]

[Fert count — mumericall = 111

Select dependent variable (optional):

lFen_count -— [numerical] : [1]

IRegion - [categorical] : [1]

l)Ieas_key -— [numerical] : [1]

ISph_li\'e --- [numerical] : [0.99]

Select analysis type: | Univariate ¥

Select metric type: [ Statistical v

Generate Facet View

Legend (MEAS_COUNT):

!
)

Facet view:

o x-axis (SITE_INDEX): 25 -- 30
[J1.00-7.42 count: 50
[17.43-1385 b
[13.86-20.28 1
[H20.29-26.70 302}
W26.71-33.13 354
W33.4-39.56 20
25+
e
15+
104
s
il &
! ] 5 10
x-axis (ROW_SPACE): 1 -2
count: 5
y
X-axis (MEAS_COUNT): 6 -8
count: 2
0 5 10
Meas_year:1985 Play y
- x-axis (THIN COUNT):
rrrrrrrrrrrrrrrrrrorrrrrrrrrrrrrrrrrrrrrrrrrrrre rrr e ey
1922 1989

35

40

Time Panel

Facet View
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Variable Panel

Dataset: [sFripsp 2+

Data Fusion: Select dataset v

Variables -—- [Data Type] : [DQI]
Select variables (independent) to analyse:

|Altitude - [numerical] : [0.99]

| Site_index — [numerical] : [0.98]

| Structure -— [categorical] : [0.8]

|Plot_status -— [categorical] : [1]

|Slope --- [numerical] : [0.9]

|Aspect -—- [categorical] : [0.72]

|Rotation -— [numerical] : [0.8]

. Dataset selection

|Topograph_\' - [categorical] : [0.76]

IGeology --- [categorical] : [0.78]

| Planted_sph — [numerical] : [0.85]

IRow_space -— [numerical] : [0.74]

|Tree_space —- [numerical] : [0.76]

IStem_locations -— [categorical] : [1]

| Meas_count — [numerical] : [1]

| Thin_count — [numerical] : [1]

|Prune_couut —— [numerical] : [1]

| Fert count -— Innmericall = 11

Select dependent variable (optional):
1 —emeooe - o)

,,,,,,, i

« Select datasets for analysis
and for data fusion

Independent variable selection
» Choosing of variables for exhaustive
pair-wise analysis

Dependent variable selection

|Plot_size -— [numerical] : [1]

IPlot_age --- [numerical] : [1]

IAge__\'ear - [numerical] : [1]

I\ai dbh — Inumericall - [0.981

Select analysis type: Univariate ¥
Select metric type: Statistical v

Generate Facet View

—o

 J . . .
» Select datasets for pair-wise analysis
against all selected independent variables

Mode controls
» Control types and mode of analysis

& SCIoN



Spatial Map

= Different modes of spatial visualisation

Heatmap
* Numerical analysis

Legend (SoilM_sum):
0

Spatial cluster map

Spatio-temporal analysis

Scatter map
» Geo-location analysis

oint Color Legend: %
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Facet View

x-axis (MAI_VOL): 0

y-axis (BA_LIVE): 2.9 TIC_e: 6.9860e-01

uuuuuuuuuuuuuuuuuuuu

I T IO m
0 12.42342642 21.40160857 2583526335 30.20383522 34.325 41.60755838

Histograms
« Visualising data distribution

x-axis (Soilm_sum) / y-axis (Mai_dbh) metric: Pearson

1.0+
0.8
0.8+
0.44

E?\/N\ AR

-0.84
-1.0
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Scatter plots
« Categorical data analysis
« Exploring data relationships

x-axis (SoilM_sum): -120 -- -110

count: 2
280
70
80
50
40
204
20
10
0 2
-120 -100 -80 50 -40 20 0 20

Time-series plot
« Temporal pattern analysis

40
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Time Panel

‘Play’ button
« automatic traversal across temporal dimension

Meas_year:1964 Play

Time slider
» Select time points along the temporal dimension
 Interactive analysis with the spatial map and facet view

Allow users to interact and change data represented in both the Facet view
and Spatial map along the temporal dimension

» SCION
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Statistical Frameworks

= Statistical analysis

 Maximal Information Coefficient (MIC)! — Linear, non-linear,
complex relationship testing

= Spatial analysis

* Moran’s | — Spatial autocorrelation analysis

= Spatio-temporal analysis
 Hierarchical clustering — Spatial points clustering (allow adaptive
clustering of spatial points)

110. K. Rester of a1, oA AMIGK RNER GIUSIEr lingarfelatianship fgsting between
:2} Moran, P. A. P. (1950).3!(&9@&5(.‘@ inuous Stochastic Phenomena.” Biometrika, g @ SCIOn
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Software Stack

= Python — Backend server and data wrangling

Scipy + other APls — Statistical module

Scikit-learn — Recommender engine

Vega — Visualisation specification generation

Javascript + D3 — Visual interface and data visualisation

& SCIoN



Data Visualisation — Vega + D3

= Toolkits for building an interactive and dynamic front-end data
visualisation interface

= Both APIs are data-driven:

* APIs responsible for figuring out what elements to add or
remove to the visualisation based on changes in the data

. Slmpllfles rendering on front-end, aIIowmg responswe and
Rilmade W

b=
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D3 — Data Objects

= Parses arrays of data into data objects
var dataset = [{name: Richard, speakerID: 5} ,{name: Wolfgang, speakerlD: 2 }]

= Manipulates HTML Document Object Model (DOM) instances based
on changes in data

* Enter() — Add new DOM elements when it detects new data
objects

- Update() — Update properties of existing elements based on
changes in values for each object

- Exit() - Remove elements with no corresponding data objects in
the dataset &) SCIlon



D3 - Selection

var element = d3.select(“#attributes_selector”)

element.append("rect")
.attr("x", -5)
.attr("y", -bb.height+ 8)
.attr("width", panel_width + 10)
.attr("height", bb.height * 1.2)

Robust control over created elements attr("fill®, "lightblue")

W S S S O AT S S QA SN o I S S T O I S A s L DS S O N M A O R D N

v<div id="attributes_selector">

ECREIENTER )

transform="translate(10,39)">..
transform="translate(10,55)">..
transform="translate(19,80) " >..<
transform="translate(10,185)">.
transform="translate(10,130)">.
transform="translate(19@,155)">.
transform="translate(19,180)">..
transform="translate(19,205)">..
transform="translate(190,230)">.
transform="translate(19@,255)">..
transform="translate(190,280) ">..
transform="translate(10,395)">.
transform="translate(19,338)">..
transform="translate(19@,355)">.
transform="translate(190,380) ">.
transform="translate(190,405)">..
transform="translate(10,430)">.
transform="translate(10,455)">.
transform="translate(190,480)">..
transform="translate(190,585)">..
transform="translate(190,530)">.
transform="translate(19@,555)">.
transform="translate(19,588) ">..
transform="translate(10,685)">.
transform="translate(10,630)"

</g>
</Eg>
/E>
</ 8’
</g:
</g’
W</ 8>
</g’
</ 8"
</g:
W</ 8>
</g:
</g:
</ 8>
Pl /B2
>l /B2

.attr("fill-opacity", 0.3)
.attr("stroke”, "black")
.attr("stroke-width", 1)
.on("click", function(){

var this_box = d3.select(this);

| Plot_id — [categorical] : [1]
lController -—- [categorical] : [1]

lForest -— [categorical] : [1]
IAltitude -—- [numerical] : [0.99]
|Site_index --- [numerical] : [0.98]
|Structure -— [categorical] : [0.8]

|

|

|

|

|

|
IPlot_status -— [categorical] : [1] |
ISlope --- [numerical] : [0.9] |
|

|

|

|

|

|

lAspect -— [categorical] : [0.72]

lRotation -— [numerical] : [0.8]

ITopography --- [categorical] : [0.76]

|Geology -—- [categorical] : [0.78]

|Planted_sph -— [numerical] : [0.85]

|Row_space -— [numerical] : [0.74]

Tree_space —- [numerical] : [0.76] @ SCI On



D3 — Other functions

Smooth visual transitions and an

Arrays (Statistics, Search, Transformations, Histograms)

Axes

e Brushes

 Transition() - timers and dela.

transitions

* On() — event handlers to reac’
‘click’, ‘mouseover’, ‘mouseo’

Whole list of functions to assist
data manipulation and

construct intuitive
visualisations

Chords

Collections (Objects, Maps, Sets, Nests)
Colors

Color Schemes

Contours

Dispatches

Dragging

Delimiter-Separated Values

Easings

Fetches

Forces

Number Formats

Geographies (Paths, Projections, Spherical Math, Spherical Shapes, Streams, Transforms)

Hierarchies

e [nterpolators

Paths

Polygons

Quadtrees

Random Numbers

Scales (Continuous, Sequential, Diverging, Quantize, Ordinal)
Selections (Selecting, Modifying, Data, Events, Control, Local Variables, Namespaces)
Shapes (Arcs, Pies, Lines, Areas, Curves, Links, Symbols, Stacks)
Time Formats

Time Intervals

Timers

Transitions

Voronoi Diagrams

Zooming

& SCIoN



D3

= Useful for working with visualising and interacting with large amount

of data points Visualise spatial points for

different variables

Dataset: [sFripspv2 v

Data Fusion: Selectdatasst v
Variables --- [Data Type] : [DQI]

Select variables (independent) to analyse:
Altitude --- [numerical] : [0.99]

Site_index —— [numerical] : [0.98]

0.3]

Structure -— [categorical] :

Plot_status — [categorical] : [1]

Slope — [numerical] : [0.9]

Aspect — [categorical] : [0.72]

Rotation — [numerical] : [0.8]

Topography -—- [categorical] : [0.76]

Geology - [categorical] : [0.78]
Planted_sph -— [numerical] : [0.85]

Row_space — [numerical] : [0.74

Tree_space — [numerical] : [0.76]

Stem_locations --- [categorical] : [1]

Meas_count --- [numerical] : [1]

Thin_count —- [numerical] : [1]

[Prune_count — [numerical] : [1]

[Fert count — Mmnmericall : 11

Select dependent variable (optional):

IFert_count -— [numerical] : [1]

|Region — [categorical] : [1]

[Meas_key — [numerical] : [1]

| Sph_live —— [numerical] : [0.99]

. w
=
Select analysis type: Bivariate ¥ =
Select metric type: | Statistical v
Generate Facet View
Meas_year:1961 y
LU B B
1922 1989 ‘

Facet view:

Point Color Legend:
[IData points outside of selected time
[HIData points intersecting selected time

x-axis (PLANTED_SPH):

y-axis (SPH_LIVE): TIC_e: 4.9243e-02

M Mouse selected data point | P
[
v i
v % r"
o« . . *
4~ o 2,20 O (2 2
¥ R L s W
.
P L] (e e
0 562 845 1080 1275 1521 1737 2026 2770 27777

x-axis (SITE_INDEX):

y-axis (SPH_LIVE): TIC_e: 2.0780e-02

Y
(1} 0o ®
o . )
o LY 20
7 -
; .ﬁﬂ.. ..

S

Th Y Eiiee

6. 16.9 18.5 201 21.7 23.3 24.0 26.5 28.1 207 31.3 320 345 36.1 37.7 408

Point Info (SPH_LIVE):
Region: Rotorua, Waikato
Location: -38.45176939, 176423219

Manipulate visualisation as data to @) SCIOn
visualise changes across time



Vega

= Built on D3 — runtime interpreter for a JSON-based visualisation
grammar

= Declarative language to ‘describe’ visualisations — abstracting the
implementation

= Promotes reusable visualisation design and interoperability

= Great for generating different facet views of the data
- By dimension

- By “category” within a variable (i.e. how does student perform
across each class)

& SCIon



Vega — describing visualisations

"marks": [

{
"$schema”: "https://vega.github.io/schema/vega/v5.json", “type”: "area’, “1};
"width": 500, "from": {"data": "series"}, 13,
"height": 20, "encode™”: { 13,
"padding”: 5, “enter”: { b},
"interpolate”: {"value": "monotone"}, 1},
"data”: [ e rscalets e, et TR}, 1},
15 "y": {"scale": "y", "field": "ye@"}, 13,
“y2": {"scale™: Ty™, "field™: “yl1"}, 1},
"scales": [ “fill": {"scale": "color”, "field": "c"}‘:l},
T 3s 1)
"update"”: {
“axes": [-- "fillOpacity": {"value": 1}
T s
"hover”: {
"marks": [ - “fillOpacity": {"value": ©.5}
] h
}
}

]

&) SCIon




Vega

= Handling visualisation of different data types

Dataset: [sFTipspv2 v

Data Fusion: [select dataset v

Variables — [Data Type] : [DQI]

Select variables (independent) to analyse:
Altitude — [numerical] : [0.99]

Site_index — [numerical] : [0.98]

elect dependent variable (optional):

Select analysis type:  Univariate ¥

Select metric type: | Statistical 2

Generate Facet View

Legend (MEAS_COUNT):

Meas_year:1985 Play

O
1922 1989

Facet view:

x-axis (SITE_INDEX): 25 - 30
count: 50

R

x-axis (ROW_SPACE): 1--2

13 2 B

x-axis (MEAS_COUNT): 6 -8
unt: 2

13 s 0

x-axis (THIN COUNT):

] s

x-axis (MAI_VOL): 0
y-axis (BA_LIVE): 2.9

TIC_e: 6.9860e-01

x-axis (SoilM_sum): -120 -- -110

count: 2
204

70
80
50

10

20

10

x-axis (Soilm_sum) / y-axis (Mai_dbh)

1.0

" "
12.42342642 21.40160657 25.83526335 30.20383523

T

"
34.325 41.607558338

o p— —
0 20 40

metric: Pearson

T T T T T T T T T T T T T T T T 1
1872 1973 1974 1075 1976 1977 1978 1979 1080 1981 1082 1933 1984 1085 1086 1087 1988 1080
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User study

= 2 user studies conducted across the project duration
» Perceived usefulness of system
 Facilitating data exploratory efforts
= Different groups of users
- Non-data analysts
- Povieeramsciepred for Each Component of System

| ; |
Overall System I

B Perceived Ease of Use

e * e

Visualisation and Interface

o
-
(N}
w
-
w»
o
~

Perception Score
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D3/ Vega — Cons

Steep learning curve

* Require an awareness of how the data is structured when
implementing the visualisation

- Different kind of thinking — how can | generalise my
implementation to work with different data

Vega — still lack robust support for spatial data visualisation

* custom maps

Toolkits still restricted by resources of browsers

* Memory, bandwidth

Data needs to be sent to client-side

« Challenges with sensitive data
& SCIoN
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