Module INM433 — Visual Analytics

Practical 04

Density-based clustering of
spatial events and OD moves

given by
prof. Gennady Andrienko and
prof. Natalia Andrienko

General description

* Two major topics:
 Application of density-based clustering to spatial events

» Application of density-based clustering to OD moves

e Data:

» Spatial events: a sample of geo-located tweets from one day

* 2-3 student groups work with different datasets (same territory, different days
and weeks)

* OD moves: a sample of the London bike trips from 25/07/2012
(Wednesday)

* Software: V-Analytics

Note: the following illustrations do not show the specific results the students are
supposed to obtain but show how the results may look like.

o
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Topic 1: density-based clustering of spatial
events

* Preparation to the exercise
e Start V-Analytics
* Load project “events.app”

* Menu “File” > “Load project” > button “Browse” > open folder named by your
group number
(“17, “2”, or “8”) > load file “events.app”

* The events are loaded and shown on a map

Density-based clustering of events - 1

. .
» Activate the clustering tool: omansons o st
R——
*  Menu “Analyse” > “Events: density-based clustering” > a dialog ~ J=m#0  seressee
appears; the layer with the events is pre-selected > press OK Number o actie events: 7625 (100 00% o e tolal 7626 evnts)
el e o e e
. Spatal astance trshla. [360 o
* Set the clustering parameters Tompaat astacs sl 50— [ =]
I~ Use additional attributes of the events
*  The suggested default parameters can be used. If you wish to Minimal number of evrts n he negnbouood |5
obtain more clusters and/or bigger clusters, try to change the I e i
temporal distance threshold to 20 minutes. Pressing OK starts = —
the clustering. oo
« After the clustering finishes, the system shows the
results in two ways:
¢ The dots representing the events in the map and space-time cube
are coloured according to their cluster membership. Grey colour is
used for “noise”.
* For each cluster, excluding the “noise”, the system builds its convex
hull. A new map layer with the hulls of all clusters is added to the
map. The interiors of the hulls are painted in the same colours as
the dots from the respective clusters.
4
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Density-based clustering of events - 2

Representation of results by colouring of dots on the map and in the STC

| v-Analytics - Geospatial Visual Analytics: Tweets from London 29/03/2014 (15% sample, seed=1)

File Display Filter Analyse Calculate Options About

Cluster by OPTICS AP
(Space-tims distance;
=3 svents in 300m

and 300 ssconds;

cluster sizs >= 10)

“JJJJ Bl J Rl J
BT : ; \

[ Reprasentation method:
Qualitative Golouring
Cluster by OPTICS (3pacedime
distance; >= 3 events in 300m and
400 sz conds; cluster size >= 10)
Cluster
11 objects (7.1%)
2:14 objects (71%)
31 objects (7.1%)
4:1 objects (71%) -

[ ]
[
[ |
L
W 51 objects (.1%)
[
[
[
[ |

61 objects (7.1%)
7:1 objects (7.1%)
81 objects (7.1%)
9:1 objects (7.1%)
10:1 objects (7.1%)
11:1 objects (7.1%)
B 121 ovjeets 7.1%)
13:1 objects (7.1%)
B 141 onjects .1%)

Total: 14 objects
Twests from London .
29/03/2014 (15% R N s i 2%
sample, se

Iris, Descartes, CommonGIS, V-Analytics 1995-2013: Tweets from London 29/03/2014 (15% sample, seed=1)

distance; >= 3 events in 300m and 90
=" This is an interactive
7205 tool for manipulating the
visualization.

Fs00  Un-checking the
checkboxes hides (filters
weiz out) the respective

“o08  clusters. Hide the
“noise” to better see the
Fen clusters.

s 1uaz Lhe list of clusters can
“nosed be ordered by cluster

15 classes in SiZeS.

Order lasses

Hideall|  Showall
I~ remove empty classes from list
I Broadcast classification

bl

5 Keep the table order J

3

=

Manipulate
. e S

Hiding “noise”, selecting clusters to

Observe the spatial and temporal positions of the
event clusters using the map and space-time
cube. Where are the biggest clusters, areas with

view

multiple clusters, clusters with longest durations

(most extended vertically in the STC)?
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Viewing cluster B
summaries

Sortby: [Endtime | [Descending v|WiTabIELERSI condensed Attribute.

* Open the table view for the table describing the clusters (the system has
automatically created the table and attached it to the map layer with the cluster
hulls).

¢« Menu “Display” > “Table view” > a dialog for table selection appears; select the table

“Cluster by OPTICS (...)” > press OK > a dialog for attribute selection appears > select
attributes (you may use the “Select all” button) > press OK > the table view appears

* Determine the life times (intervals and durations) of the clusters.

» Select the checkbox “Table lens” > the attribute values are represented by darker
grey bars in the table cells.

* By clicking on column titles, you can sort the table rows by the values contained in
the columns. Repeated clicks toggle between ascending and descending ordering.

* Find which clusters were the earliest, latest, longest by duration, largest by the
spatial extent (area).

Exploration of clusters using basic text analytics

8 Text Cloud: Word or combination

Extraction of frequent terms |-arsenal- -emirates
» Start the text summarization tool: e
o siFreguency 7 Change [Font size (minmax;
* Menu “Analyse” > “Texts: extract frequent terms” Zrormoc e R

> a dialog for table selection appears; select the table “Tweets from London ...” and
press OK > a dialog for table column selection appears; select MESSAGETEXT
and press OK > a dialog for setting tool parameters appears. You do not need to
change the default settings.

* Optionally: you may load a list of stop words from a file. Press the button “Take words from
text file”, then browse and select the file “stop_words.txt” from the folder with the data.

* Press “OK” in the dialog.

* The tool runs and creates a text cloud display with the terms extracted from
the currently active tweets (i.e., those that are not filtered out).

* Select the clusters of tweets one by one (using the checkboxes on the right of
the map). The tool re-runs, extracts frequent terms from the active tweets,
and updates the text cloud display.

* Try to explain some of the clusters based on the terms and cluster locations
(e.g., what public events might cause people gathering and active twitting).
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Questions for discussion

* What is a spatio-temporal cluster of events?
* What can a dense spatio-temporal cluster of tweets mean?
* What does density-based clustering do?

» Did the density-based clustering of the tweets uncover some
interpretable clusters? When and where did they occur? What were
their reasons?

Topic 2: density-based clustering of OD
movement data

* Preparation to the exercise

 Load project “trips_Wednesday.app” from folder
practicals/04_DB_clustering/OD_moves

* Menu “File” > “Load project” > button “Browse” > open folder
practicals/04_DB_clustering/OD_moves > load file “trips_Wednesday.app”

* The data are loaded and shown on a map
1l s R O =

El gy Bikelrips 2510712012 (Wednasday) | 4
20% sample

Daston Fackney

Total: 8256 objects

=] Vorana cells around groups of active
stations (=400 m)

Total: 256 objects
Ol Active stations
Total: 0 objects

EIEE) OpenStrestiap
Total 0 objects

Teritory: Landon

Background \
nmesmit
916706 m

—

o et Catbiels

4 ¥ Cambervell
Sands End ? Peckfam

L £
Iris, Descartes, CommanGIs, V-Analytics 1995-2013: Bike trips 25407/2012 (Wednesday), 20% sample
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Exercise 2.1: Visual representation of OD moves
as spatio-temporal objects
: e z - = 1. Open a space-time cube view with the
bike trip data (Display > Space-time cube).
2. For temporal zooming in the STC, use
the time filter (Filter > Time filter).
* Manipulate the length and position of
the time slider.
3. Pay attention to the differences in the
line slopes. What do they mean?
4. Observe the variation of the line density
throughout the day.

19 Show he map on top ot the cube Resatew

Time fiter

2510712012 00:00:00) 2610772012 00:4:00
2500712012 00.00:00 1489 min._ 26/07/201200:49:00
e Time fiter
ﬂ@ﬂ 2510712012 00:00:00 |2610712012 00:49:00
Delay 0
250712012 00:00:00 480 min.25007/2012 08:00:00
W selecttime (g g, Time fiter
\mewﬂ@ﬂ 25/07/2012 00:00:00 | 2610712012 00:49:00
Intery Delay 0 »
W Seecttime intervals by ightd- g, i e

el start - 10|y g ] il Step 10 min

Inteval enc+ 10 | Delay 0 ﬂl‘

[¥ Selecttime intervals by right-clicking in time-aware data views

Intenval start - 10 from the selected moment

Interval end: + 10 from the selected moment " 11

Cleartime fiter

Find vectors representing round trips

¢ Use attribute-based filter

» Filter > Attribute-based filter > Select table “Bike trips 25/07/2012...” >Select
attribute “Track length” > set the upper bound to 0.2 km

¢ Clear the time filter
* To better see the vectors in the STC, increase the line thickness

* For changing the drawing settings, click on the layer’s icon in the map legend.
& m| |5l B

Dynamic Query for Bike trips 2,20% sample: general data
“yes| 0.00 Track length 1200 4 3.6%:300 from 8256
®no [ W 020 I

o

3.6% : 300 from 8256

¥ Filter out missingvalues _Clear all fiters [V Display statistics [~ Dynamic update

Add atributes | Remove attributes

Query results -> Qualitative atiribute

arstonTHackney.

"De sézmwrmr Q

ot LY

) s e e P
i
| ¥ Showthe map on top o the cube Resatview

] 12
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Question to exercise 2.1

* What characteristics of the trips are represented by the following

properties of the lines (vectors)?
* length in the spatial dimension

 length (height) in the temporal dimension

* inclination

Exercise 2.2: DB clustering of OD moves by the

spatial positions of their starts and ends

* Invert the attribute-based filter (i.e., filter out the

round trips)

 Activate the clustering tool:

Menu “Analyse” > “OD moves: density-based clustering” >
a dialog appears; the layer with the moves is pre-selected >
press OK

+ Set the clustering parameters

« After the clustering finishes, the system shows
the results by colouring the lines on the map and
in the STC according to the cluster membership.

Uncheck the check box “start and/or end times” (the times
will not be taken into account in this exercise).

Set the spatial distance threshold to 300m.

Set the minimal size of the clusters you are interested in to

10 (in the text field following the check box “Ignore
clusters with less than” at the bottom of the dialog).

Pressing OK starts the clustering.

Dimensions of the trip set.
X-extent: 1535913 m
Y-extent: 6559.44 m
Time span: 25/07/2012 00:00:40 .. 26/07/2012 00:48:03
Number of active frips: 7956 (96.37% of the total 8256 trips)

The trips to be clustered by
IV start postions
[¥ end positions

startandior endtimey) = absolute " time ofthe day

Define the spatial and temparal neighbourhood of a trip:
Spatial distance thresheld: m
Temporal distance threshold: 900 seconds v

I~ Use additional atributes of the trips

Winimal number of trips in the neighbourhood = 3
* required for a trip to be in cluster core

¥ Ignore clusters with less thar @ trips
oK Cancel
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Exploration of the clustering results

DR e e 25072012 (Wednssda] * |
20% sample

“south Hampstesd
[ Representation method: Qualiative colouring A 5

Bike trips 2570712012, 20% sample: general data e e
Cluster by OPTICS (Spatial distancs:; starts +
ends; = 3rips in 300m; cluster size == 10)

B 13 oicis 02%) ieose A

B 2:230bjects (0.3%)
W 312 00jects (0.1%)
L] a:14 onjects @.29)
5:23 objects (0.3%)
G:11 objects (0.1%)

Miorth Kt

A
find Hill

[ R sl B I v i

A Barnstury;
5 2

(@] * Cluster by GPTICS (Spatial distance;
<M starts + ends; >= 3trips in 300m; cluster

030N Hackney

i

Betfinal rec [ 2f

7 8(

ABlackwally ¢
e ¥ [~ noise (7827/0)

Barmdgdsey
X 9 classes intotal; 9 shown

B
I:| A /
Wl 715000 02%) it
B =1z objects 0.2%) mmersmit 5 ey Order classes by € sizes C labels
[ roise: 7827 objects (34.8%); active: 0 objects N 1 A \ 1 & Keep the tadle order
3 = JR LT © Gree | igeall|  showal
Total: 8256 objects; acive: 129 huiremeie Ay 7 sest] soca]
\ I~ remove emply classes from list
— Comtentel ik et SRy I~ Broadcast classification
DA ey S,
_— Switch off the “noise” and observe the spatial
e characteristics of the trip clusters on the
map: positions of the trip origins (hollow
= squares) and destinations (filled squares),
movement directions, and displacement

10742012 00:49:00

I~ howithe map on fop of he cuds)

012 00:00:00

Resetview

distances (use map zooming when needed).

Look also in the STC: are there trip clusters
that mostly occurred in certain time periods
(morning, midday, afternoon)?

Testing the impact of the distance

threshold

» Switch on the “noise”, to have all moves visible.

Dimensions ofthe trip set:
X-extent 15359.13m
Y-extent 6559.44 m

* Move the current visualisation to another Window: r..,m sz . ssommm2000s

Number of active trips: 7956 (96.37% ofthe total 8256 trips)

* “Display” > “Move the map to another window”
» Start again the clustering tool as previously

* In the dialog for setting the parameters, uncheck
again the check box “start and/or end times” and
change the spatial distance threshold to 350 m
instead of the previous 300 m.

* Run the clustering algorithm and visually explore
the results. Compare with the results of the
previous clustering.

The trips to be clustered by
I start positions
¥ end positions

start andlor end times")+ absolute © time of the day

Define e spatial and temporal neighbourhood of a trip:
Spatial distance threshold: ‘ m

Temporal distance threshold:

900

seconds ~

[" Use additional attributes of the trips

Winimal number oftrips in the neighbourhood *
* required for a trip to be

¥ Ignore clusters with less than 10

o

3
in cluster core
trips

Cancel
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Questions to Exercise 2.2

* Describe the differences between the results of the clustering with
the different distance thresholds. Consider the following aspects:

e Number of clusters

* Sizes of the clusters

* Amount of “noise”: how many moves that were earlier in the “noise” have

been included in clusters?

* Hint: switch off the “noise” in the new map and look in the legend of the older

map.
» Spatial properties of the additional clusters.

* Internal variance within the clusters.

» Hint: select several largest clusters one by one after ordering the clusters by the

sizes.

Exercise 2.3: Density-based spatio-temporal

clustering of OD moves

» Switch on the visibility of all clusters and “noise”.

* Move the current visualisation to another window:

* “Display” > “Move the map to another window”
» Start again the clustering tool as previously

* In the dialog for setting the parameters:

* The check box “start and/or end times” must be
checked — now the times will be taken into account.

» Set the temporal distance threshold to 30 minutes.

* Set the minimal cluster size to 5.
* Run the clustering algorithm and visually explore

the results using the map and the space-time
cube.

Dimensions of the trip set
K-extent 15359.13 m

Y-extent 6559.44 m

Time span: 25/07/2012 00:00:40 .. 26/07/2012 00:48:03
Number of active trips: 7956 (96.37% of the total 8256 rips)

The trips to be clustered by
¥ start positions

I end positions
v start andior end times )* absolute " time ofthe day

Define the spatial and temporal neighbourhood of a trip

Spatial distance threshold: 350
Temporal distance threshold:
" Use additional attributes of the trips

Minimal number of trips in the neighbourhood 3

* required for atrip to be in cluster core
¥ Ignore clusters with less thar trips

M Cancel
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Questions to exercise 2.3

* Describe the spatial and temporal characteristics of the spatio-
temporal clusters of OD moves.

* How are the largest spatio-temporal clusters (size>=10) related to
the earlier obtained spatial clusters (results of the previous run)?

JBialaial &l ol Oy X B T

Biketips | ~ - - — ~
=28 ke I < e e e "o in 350m ana 30 minutes; cluster
‘South Hampstead i C - size >= 5)
Wednesday), 7 8 Bamsbury; } Suatf;
20% sample 7 I 1 25
4% Maid: ¥ 2012
[ Reprasentation mathod: -
Qualitative colouring v 46)
Bike trips 250712012, 20% |- Westtoure G 7365
sample: general data e .
Cluster by OPTICS (Space-time R .

distance; starts + ends; == 3
trips in 350m and 30 minutes;
cluster size >= ) {'m
W 125 objects (0.3%)
O 2 12 objects (0.1%) v
B =5 cbiects 0.1%) mersmitiy
L] # 6 objects 0.1%) ,
W 55 objects 0.1%)
B 55 onjects 1%
W noise: 7838 objects (5.7%;

I inoise (788810}
7 classes intotal; 7 shown

Order classes by (* sizes (" lab

Rethernitne ANA
A Miel  Keep the table order

\ Hideall | Show all

L Gre |l remove empty dasses from list

I~ Broadcast dassification

., [\manipuiate

Camberwell- e oriNew Cross Gate (&

Total: 8256 objscts; active: 58 s T stockwel
RS

19

Questions on density-based clustering

* For what purposes did we apply DBC?
« What distance functions did we use?

* How do the distance functions differ in terms of
* types of data they can be applied to?

* clustering outcomes (meaning of the clusters)?

* Compare the complexity of the different distance functions and
explain the differences

20
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Exercise 2.4: Spatio-temporal aggregation
of OD moves

Cancel all filters (cluster selection and attribute-

based filter).

Close all additional windows (leave only the main

window) and clean the main map (remove the

cluster visualisation).

Start the aggregation tool:

* “Analyse” > “OD moves: spatio-temporal aggregation”
> a dialog appears with two pre-selected map layers

tin the time range ofthe

scheme:

fyyyy -t

(t stands for minutes; separator symbols are irrelevant)

Divide the ime period

from  25/07/2012 00:00:00

fo 260712012 00:48:03

Actual data range: from 25/07/2012 00:00:40 to 26/07/2012 00:48:03

Wednesday

Thursday

as (~timeline eycle of |hoursinweek

by breaks:

25/07/2012 01:00:00
2510742012 02:00:00
2510742012 03:00:00
2510742012 04:00:00
2510742012 05:00:00
55n765049 NR:0N:0N

| Remove

~| Removeall |

Mew break:

-into intervals of length 1

paal

Automatic division:

-into 2 equalintervals  Divide

hours) v Divide

(with the moves and with the space compartments) > At e o sascigunt

press “OK”

Cancel

* A time division dialog appears; the temporal resolution “hour(s)” and the interval
length “1” are proposed at the bottom > Press “Divide” > A dialog showing the
number of breaks appears > press “Yes” > The list of breaks appears in the list
box > Press “OK” > A dialog asking about finding useless breaks appears > Press
“Yes” > The tool informs about removing a useless break > Press OK

* Press “OK” in each of the following dialogs (i.e., agree to the use of the default

settings) .

Visual representation of flows resulting
from the aggregation

J_IJJ J=TI=T YA RES;

Aggregated p— .
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Total: 5827 abjects
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2700
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25072012
Wednesday),
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Total 8256 objects 2 /' AN
Voronoi cells  ~ oD

Loweruizpron

Gaon magkoey

umm«m Peckrari e Cross Gate

e il

¥

N of moves
Max 27,00

win: 1.0
I inve lums
rvzwupzcm
Opacit range:
om 10 o 100
1000,

I~ Dynamic map update

, Naroutate,

E\Ny  Awgregated | 2 IF)

moves fom Bike
flesden
Chang - 2% sampls
Selectiine thickness 1 ~ nmethod: Line
¥ {draW Glived iines es from Bike |~
Wednzsday),
0% frole
T Twoo[*

ok| _cancer b
n

2700

Total: 5927 objects.

o Bike trips
2510772012
(Wednesday),
20% sample

Total: 8256 objects.

<] Voronaicells  ~

JJ_IJ sl sl I—J_lrﬂ

5ot Homestead,

ot Tk

N of moves
Max 2700

Win: 1,00
I invertfocus
[ vary opacy
Opacity range:
from 10 o 100
1000

I~ Dynamic map upoate
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Aggregated

ips 2510712012
Wednesday),
20% sample.

[ Representation method: Line|
thickness

Aggregated moves from Bike |
trips 25/07/2012 (Wednesday),
0% sampis
Nofmoves
- 100
Y00 n I~ invertiocus
2700

+ I var opa
Total: 5927 abjects 1y opacity

NI 3 A Snaciy range:
s Bike tps 3
o 250712012 K : & rom 0.0 o 1000
Wednesday), o X S ¥ E L 200
20% sample. o
Total: 8256 objects ! A AN i % D ap update

B Voonoicells i ) N S fanipulate)

n finished!

W Aoveoaea
moves fiom Bike.
s 2510712012 27.00
Wednesday),
oK Cancel 20% sample_
[ Repressntation method: Ling
ress hicknes L
Aggregated moves from Bike |
“Enter” ips 2500712012 (Wednesday),
20% sample
Nofmoves
.00
vin: 100
100
‘287 I mertfocus
2700 | vay opacry
Total 5927 objects P
Ol Bike tips. P o
2510712012 fom 00 o 1000
Wednesday),
20% sample. \
Tolal: 8256 objects 7 I Dynamic map update
i Voroncicells - bk - SN b NN ~ Kvaripuate

ton fin

23
Place-referenced time series
M visitors by hours N visits by hours
25/07/2012 00
N trip_ends by hours
'251ﬂ7ﬂﬂ12 00 25 hours 26071201201
i 1
e extentfepta ranstomaton Events {Tena faeamentaton frassication etecionsuery
Display > Display wizard > Select table “Voronoi cells ...” > Select time-variant
attributes > Select “T'ime graph”
24
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N ip starts by hours

N iip gnds by hours.

graphs of the co
starts and ends

ednesday,
20% sample

[ Representation method: Line
thickness.

Aggregated moves from Bike

rips 250712012 (Wednesday),

Nofmoves.

27.00
Total: 5927 oblects.
[u] Bike tips
250712012
Wednesday),
20% sample
Total: 8266 obects.

s of|
actve stations
0 m)

Total: 258 objects =

L % oD e
Irs, Descartes, CommonGIS, V-Analtics 1995-2013: Bike tips 25/07/2012 (Wednesday), 20% sample

Important note:
“Voronoi cells ..

Click on the lay
legend to make

win: 1,00
I invertfocus
I vary opacity
Opaciy range:
 |from 00 to 1000

I Dynamic map update

<&

By selecting lines in the time

unts of trip
and looking at

the map, find the most popular
places of trip origins and
destinations in the morning and
in the afternoon.

the layer
.” must be

active in the map (marked by a
red frame in the map legend).

er name in the
it active.

25

Link-referenced time series

Nmayss by hours.

Agaregated
moves from Bike
trips 2/07/2012

(Wednesday),

20% sample

Y

[ Representation method: Ling
thickness

tips 26/07/2012 (Wednesday),
20% sample
N of moves

1.00
27.00
Total: 5927 objects
Bike trips
Ok 2600712012
(Wednesday),
20% sample

Total: 8256 objects.

o

Voranoi cells
around groups of

Create a time

Aggregated moves from Bike |~

N moyes by hours

251072012 01

261071201201

3 = -
= e S B

graph for table “Aggregated moves fr

Codt 22 o

260772012 01

26107201201

i

Win: .00

I invertfocus
7 Vary opacity

Opacity range:
from 0.0 to 1000

I Dynamic map update

om bike trips ...” and attribute “N

moves by hours”. Select the highest morning flows, then the highest afternoon flows.
Before that, make sure that the layer “Aggregated moves ...” is active in the map.

26
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Nmoyss by hours ] Nmayes by hours
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I Dynamic map update

M late

AT 4
Iris, Descartes, CommanGIS, V-Analytics 1995-2013: Bike trips 25/07/2012 (Wednesday), 20% sample

)
=3

Questions to Exercise 4

* Describe the main features of the collective movement behaviour
that could be learned by exploring the aggregated data:
* Popular trip origins and destinations in different times of the day
* Frequencies of trips within the same areas (represented by rings)
» Major flows in different times of the day

* origins, destinations, directions
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Try on your own

 Bike trip data from one week (03-09/09/2012) aggregated by hourly
intervals

* Project file aggr_hours_week_2012_09_03-09.app
* Try partition-based clustering for place-based and link-based time
series

* The same operations as for the aggregated events in practical 3 can also
be used for these data.

* Generally, the partition-based clustering tools are used in standard ways
for spatial time series of any origin.
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