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Data

* A single undivided GPS

E- Full trajectory of a car
04/12/2006-1310/200

_]J@yyﬂ

track of a car from the
time period 04/12/2006 -
13/10/2007

* Load the project file
full_trajectory.app
from folder
exercises/trajectories/sing

Note the long straight lines: sa
correspond to gaps in data recc
parts of the track are missing)
to occurrences of large errors 1
measurement.

Total: 1 object
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Exercise 1

Stop detection, extraction, and exploration



Step 1: detect stop positions by segment <

filtering

* Open the Timeline view of trajectories (menu “Display”)

 The display contains a single bar representing the car trajectory.

* Open the tab “data”. Press the button “Change” on the right of a text
field labelled “Trajectory attribute:”. A dialog “Select attribute”

appears.
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* Open the section
“Point measures”
and select “Time to
the next point”.

-
| £| Select attribute l—-EI_@-J

Foint measures
" Speed

" Speed change
O Direction
" Turn

[ Distance to the next point
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" Distance from the previous point

" Titne from the previous point

¥ Interval measures

* Cumulative measures
w Spatial relations

w Tempaoral relations

w Existing position-related attributes

* In the next dialog,

select time unit
“minutes”.

In the next dialog, set
the upper limit of the
considered value range to
1440 (1.e., 24 hours).

P N
[£:| Time unit? l"ihl

P |
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Select time unit;
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Cancel |

M Cancel
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We exploit the data property resulting from the way of collection: the GPS

. ™
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device was switched off during the stops; hence, time gaps between

consecutive records correspond to the stops.
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* Open the tab “classes” and check the check box “Value classes”. The
system automatically divides the value range of the attribute into two
equal length class intervals. Bar segments are coloured according to
the class intervals of the respective values. Grey segments correspond
to time gaps over 1440 minutes.
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Set the class break to 5 minutes and apply segment filtering: filter out
the segments where the time between positions is less than 5 minutes.
For this purpose, click on the coloured rectangle representing the
lower class in the interactive legend on the left of the plot area.
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Step 2: Extract stop events

* Open the tab “data” and press the button “Extract events”.
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What to do with two or mare consecutive paints satisfving the filter?

" FIRST: create one event from the first point ofthe sequence

" LAST: create one event from the last point of the sequence

" MIDDLE: create one event from the middle point of the sequence

(" SEPARATE: create separate events frorn all points of the sequence
" AVERAGE: create one event with the average position frarm all points

MEDOID: create one event from the medoid ofthe pnintsé}
N o o o S RS S N SN SN BN SN BN BN BN S SN N S

" MULTI-POINT: create one multi-point event from all points

F:?! Dealing with multiple points lihj

ﬁ Zancel

cl{Ealalal &

* The next dialog asks about the way of QQ%/C

dealing with multiple consecutive points
satisfying the segment filter: whether to
treat each of them as a separate event or to
make a single event from them. In the
latter case, there are different options for

defining the spatial position of the event.
Select the option “MEDOID”*; press OK.

* The medoid of a group of points is the point
m with the smallest average distance to all other
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points in the group.

~ * The system creates a new map layer

“Events” consisting of the stop events

. extracted from the car trajectory.
You can now switch of the trajectory
layer and concentrate on the event layer.
You can increase the transparency of the
event layer (e.g., to 70%) to better

- distinguish the places of frequent stops.
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Step 3: Explore the stop events

* Open a 2D frequency histogram of the event start hour against the
start day of week.

* Menu “Display” > “Display wizard” > select table “Events” > select two
attributes “Start hour” and “Start day of week” in this order (for a better
display layout)

» If necessary, use the up and down buttons below the right list in the dialog to
put the selected attributes in the desired order.

» After pressing OK, a dialog with visualisation options appears. Select “2d
histogram” in the right column and press OK. A 2D histogram appears.

rlgl 2d histogram 1 A @J E@ér .
Select attributeds) ta visualise ‘f:Start day of week HOI’IZOHtal
(======= ~ 7 dimension
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Start mnnth )
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v include non-nurmeric attributes
1 frequency.
DK !}ancel raaximal height: 25 A Start |'|DALﬁ'

10

w Cantral panel




* Open a frequency histogram (one-dimensional) of the event duration

(In minutes).

 Menu “Display” > “Display wizard” > select the table “Events” > select
attribute “Duration (min)” > press OK

» A dialog with visualisation options appears > select “Frequency
histogram” in the right column > press OK > a histogram appears.
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F
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Starttime —
End time |
Spatial extent —
I paints

Ordinal W

Travelled distance
Displacement

loverment direction {degree)
Moverment direction text)

Start rmnnth -
Select all A | ¥ | Clear list
I include non-numeric attributes
Cancel
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Change the default settings of the
histogram display: set the step to 15
and the lower value of the range to 5
(press OK each time after entering a
value in a text field).

e

M bars: [20 Step: 70.24 Range; 4 - 1410 Height== 241
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* Explore the times and durations of the stops in the different places
of stop event concentrations. Utilise the dynamic linking between
the displays.

e Put the “check” button (v)) above the map in the sunken state and select a
group of stop points on a map by mouse dragging (the map layer “Events”

must be active; if not, click on its name in the legend). Observe the
distributions of black bar segments in the 2d and 1d histograms.

« To uncheck, double-click on a point-free location in the map or press button ¥

* Try to guess the meanings of the places based on the stop times and
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Questions to exercise 1

 Where are the likely home and work places of the car driver?

« What are the likely meanings of the other places of repeated stops?

Justify your answers based on the information about the stop times
and durations.



Exercise 2

Division of a track into trips, clustering of trips by
route similarity
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Step 1. Divide the trajectory into trips

1. In the timeline view, invert the segment filter: press the button “Clear”
below the legend on the left of the plot area and switch off the upper class
interval (> 5) by clicking on the upper rectangle in the legend. This will
select the parts of the trajectory where the time intervals between
consecutive position records are less than 5 minutes.

2. Press the button “Divide trajectories by filter” in the tab “data”.

Time to the nesxt paint {iminutes)
= 14049 012007 022007 0372007 04r2o07 052007 OE2007 avrzony 082007 oarzony

Clear Foimts: 112537--111874--111874, 100%--99.4%--99.4%, Segments: 1--661--661. Trajectories: 1--1--1; 100%--100.0%--100.0% (total-

. ) \

Trajectory attribute: 2 |r Divide trajectories by ﬂlter-[ |

q g g ° -
Time to the next paint {minutes) Change

Extract events T mMake hinary attribute

Aftach to position recards | Get statistics | Make time series | Gt statistics far evants |

Max value validity time: seconds - Appl
b M Trajectary Globe View
ktimehdataldisplay‘classes‘e;{tras
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U Trajectory duration lig'-J

Time precision:  minutes -

3. In the dialog “Trajectory duration”, which appears
next, set the minimal duration of a trajectory to 5
minutes.

Minimal duration of a trajectory; 4

Ok
-
Fﬂ_. Interval between trajectories I—E?"-]

Time precision:  minutes -

'

4. Do the same also in the following
dialog “Interval between trajectories”.

Minimal tirne interval length between two consecutive trajectaries: &

oK Sdealalal & el % o)
| Divided Full . F, — A N
- 4 tl'ajector.y'nfa - Foa," ; 2
5. The next dialog asks which 0212008 13100
. . . Total: 565 ohjects
attributes of the original Ol Everts
trajectory need to be attached to | 1
the resulting trajectories. Just e |

Total: 1 object

press OK (no selection 1s needed). .= "".....

Total: 1 ohject

6. The system creates a new map o] © AL
1ayeI' With the traj ectories Total: 0 objects

Territory: Sankt Augustin and

resulting from the division. If you |z

o I:I Backaround
do not like the layer colour, you ...,
can change it. You can switch off

the visibility of the event layer.

Heidebergen

Holzlar

Added table Divided Full trajectary of a car 041 2f2006-131 072007 general data



{2 Remove map layers ey 7. Close the timeline view. Remove the map

Which layeris) needis) to he removed?

[ layer with the original trajectory and the

" rectangle corresponding table from the system.

[+ iFull trajectory of a car 0401 220068-1301 072007 . 0
 Events  Menu “File” > “Remove map layers” > in the

[ Divided Full trajectary of a car 04/1 2/2006-131 /2007 | dialog, check “Full trajectory of a car

[ Remove also the related table(s) ' 04/12/2006-13/10/2007” and “Remove also the
related table(s)” > press OK > in the next dialog,

Ed _Sarcol confirm your wish by pressing “Yes”.

r|=;:| Space-time cube @-J =pen X

8. Visualise the derived trajectories
and the stop events in a space-time
cube (menu “Display” > “Space-time
cube”). You may need to modify the
colour and transparency of the
event layer to make the events
better visible in the cube.

=rr B
A A e
e i

o b et

041 23006 161441 13:10:200?12:53:25 D411 2/2006 19:14:41

[ Showthe map ontop ofthe cube Reset view

18
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Step 2. Density-based clustering of the trips

« Menu “Analyse” > “Trajectories: density-based clustering by routes”
> 1n the following dialog, select the layer with the divided
trajectories > a dialog for setting the clustering parameters appears.

-
L[é] Set clustering parameters I—E&]

Dimensions ofthe set of trajectories:
H-etent: 24946.90 m
Y-gxtent: 43569 88 m

Mumber of active trajectories: 565 (100.00% of the total 564 trajectories)

Define the spatial neighbguhgnd of a trajectary:;
-’
\
Average spatial distance threshold: ( 2000 I
e o (2000 1e— 5()()
[ Use additional attributes of the trajean"r'g.r points

Minimal numhber of trajectories in the neighbourhood = 3

* reqUired for a trajectary to be in cluster core
[+ [gnore clusters with less than 9 trajectories

[ O T —

Cancel

» Set the spatial distance threshold to
500 (metres), press OK and wait for
the clustering results.



== 3 trajectories in A00m; cluster size

2 gﬂﬂﬂ g ﬁﬂ ﬂ !l Cluster by OPTICS (Route similarity;

9: 7 ohjects (1.2%) B
10:15 ohjects (2.7%)
11:6 objects (1.1%)
12:10 ohjects {1.8%)
13:7 objects (1.2%)
noise; 128 objects (22

"~ Keep the table arder
Hideall | Showall

[ remove empty classes fram list

[~ Broadcast classification

=] - Divided Full  * %)
trajectary of
Slear 1(128)
04/12/2006-13/10/7 789
1 Representation 3 {B7)
method: Qualitative 41035)
colouring 8027
Divided Full frajectory of a
car04/12/2006-13/1 002007 6(22)
general data 5018
Cluster by OPTICS (Route 1015
similarity, >= 3 trajectories | _ s
in 500m; cluster size >=5) |~ 12010
. 1:128 ohjects (22.7%) =R
] 2 5 objects (0.9%) 13¢7)
B 3 67 objects (11.9%) 11 t6)
[] 4 35 objects (6.2%) 2 5)
B s 18 objects (3.2%)
[ & 22 objects (3.9%) ;
. 7- 89 objects (15.8%) 14 classes in tatal; 14 shown
. 8: 27 ohjects (4.8%) Crderclasses by sizes © labels

Total: 565 objects; active:
436

[ imsimim  Events | % r
Irig, Descartes, CommonGls, V-Analtics 1995-2015: Car trajectory 0401 2/2008-1310/2007

Manipulate

The clustering results are represented on the
map by colouring of the trajectory lines;
“orey” corresponds to the “noise”. The
colouring is automatically propagated to the

space-time cube. Switch off the “noise” to see | "\, rorrrer .

I‘egular trip routes. [~ Show the map on top afthe cube Reset view |
20

02007 12:58:25 041202006 19:14:41




Step 3: Obtain spatially summarised
representations of the clusters

Press the button “Zoom out” *! above the
map.

Menu “Analyse” > “Trajectories:
summarisation of clusters” > a dialog for
setting the summarization parameters
appears; set the parameter “Desired radius
of point clusters” to 500 (metres).

In the next dialog for selecting the table
column defining the clusters, select the list
item starting with “Clusters by OPTICS ...”
(note: it may be pre-selected)

U# Select column with classes S

Select the tahle column defining the classes or clusters:

Criginal trajectory D
Start date+time
End date+time
Start date

End date

Start time

l End tirme

FJ! Summarize classes of trajectories

Select the layer with trajectories to summarize:

- gxtent:
Scale: ——— 91871 m

[ use only the start and end positions
v intersect the trajectories with the areas
[ create a map layer with the areas

[ create a map layer with generalized trajectories

o«

Minimum angle of direction change (degrees): 30
Minimurm duration of a stop: 300
Minimurm distance to next position: 100
Maxirnum distance to next position: ’@.Q
Desired radius of point clusters: ( 5IZII3|)

N
W-extent; 24947

43570

Cancel
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The system creates a window with static images of the summarised clusters of
trajectories. The flow symbols show the movement directions and frequencies.

@Summarizedn’mtﬂfmm Divided iectory o )6 M h i ity: i 10m: clusts 0. EEE x
@ all " zelected IBSE E Frint |

-

#1015 #1200 [ 11 ()




Simultaneously, a new layer with the trajectories summarised into flows
appears on the map. The flow symbols are painted in the cluster colours. The
previous zoom level of the map can be now restored ( buttons &l or &/ )

-l Cluster by OPTICS (Route similarity; == 3
N

m Summarized maoves frorm
Divided Full trajectory of
acar
04/12/2006-13/10/2007
hy Cluster by OPTICS
(Route similarity, == 3
trajectories in 500m,
cluster size == 4)
(30.0/100.0/500.0;
r=500.0)

Shown: number of moves

Maximurm: 128.0

Total: 106 objects

O - Divided Full trajectory of

acar
0401 2/2008-1310;2007

A Representation method: Qualitative
colouring
Divided Full trajectory of a car
04/12/2006-1310/2007: general data
Cluster by OPTICS (Route similarity; ==
3trajectories in 500m; cluster size == §)

1:128 objects (22.7%)
2.5 ohjects (0.9%)

3 67 objects (11.9%)
4 35 ohjects (6.2%)
518 objects (3.2%)

6 22 ohjects (3.9%)
T.89 objects (15.8%)
8 27 ohjects (4.8%)

9: 7 ohjects (1.2%)

10: 15 ohiects (2.7%) Tk

T T T

(e )
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1128
ERGEN
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802
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5019
1015
12010
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11 (5

203

noise (1280

14 classes in total; 14 shown

Order classes by ™ sizes  labels
" Keep the table order
Hideall | Showal

[~ remove empty classes fram list

[ Broadcast classification

Manipulate
 Arenteutat:
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Enable “dynamic aggregation” (which allows the flow layer to react on
filtering of the trajectories):

 Menu “Other tools” > “Explore movement data” > in the dialog that
appears, check the check box “Enable dynamic aggregation” ¥ Enable dinamic agaregation
(it 1s at the top of the dialog).

?

m Summarized moves
from Divided Full

Divided Full trajectory of a car
04j12/2006-13M10/2007: general
data

Cluster by OPTICS (Route
similarity; == 3 frajectories in

A00m; cluster size == 5)

1:128 objects (22.7%); active:

2: 5 ohjects (0.9%)

367 objects (11.9%); active: C

4: 35 objects (6.2%); active: 0

5:18 objects (3.2%); active: 0
. 6:22 objects (3.9%); active: 0
. 7:89 objects (15.8%); active: C

||
b
|
[
|

{Bls/s/al o

2
h

Irig, Descartes, CommonGIS, Y-Analytics 1995-2015; Cartrajectory 041 2/2006-1 31 002007

2V WA RS

-l Cluster by OPTICS (Route similarity;

== 3 trajectoties in 500m; cluster size

noise {129/0)

14 classes in total; 14 shown

Order classes by @ sizes ( labels
™ Keep the table order

Hideall | Showall

[~ remave empty classes fram list

[~ Broadcast classification

Manipulate

Now you can switch off

wajston of acar Gy 1026m) and on the clusters of
04/12/2006-13/10/200; ® 7 (89i0) . .
by Cluster by o, trajectories and observe
OPTICS (Route .
similarity, >= 3 4 (35i0) the summarised
trajectorleg in 500m; 8 (27/0) . f h
lust >= 8)
duster sz =) 5 20y representations of the
r——— 5160 currently selected
OWnN: numper or moves "] 10(1 5)
Maximum:15_.0 v 12 01m ClusteI'S on the map.
Total: 106 ohjects ) .
| Divided Ful . SWltChlng off the larger
frajectory of a car v 13 (7)
04/12/2006-1 31 0/200; 11 @) clusters makes the
E4 Representation method: v
QUZIitati\re colouring 29 Smaller OneS better

visible. The visibility of
the layer with the
trajectories may be
turned off, for a clearer
view of the summarised
clusters.
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Questions to exercise 2

* By looking at the summarised representations of the clusters of
trajectories, describe the most frequent trip routes (clusters with
>20 trajectories)).

* Recall the locations and meanings of the significant (repeatedly visited)
places of the car driver and refer to these places in describing the trip
routes.

« What was the most usual route of driving from the work place to
home?

* Where else did the driver go from the work place?



Exercise 3

Time transformations



1. Remove the map layer with the stop events and the associated table from
the system. Reason: the transformation 1s applied to all data having time
references, and the durations of very long stop events may affect the
overall time range resulting from the time transformation.

« Menu “File” > “Remove map layers” > in the dialog that appears, check “Events”

and “Remove also the related table(s)” > press OK > in the next dialog, confirm
your wish by pressing “Yes”.

2. Re-create the space-time cube display for the trajectories.

3. To open a dialog with the time transformation functions, go to menu

“Other tools” > “Time functions” (at the bottom of the mer s rime functions =)
dialog “Time functions” appears > select “Transformation || Time fiter controts
. 99 " Tirne line view
Of tlme references > OK [:Jl_. Transformation of time lﬁ?—-l " Trajectary time graph
Transformation of the time references /\/\;?ETransfurmatinn oftirme references:

in relation to the temporal cycles: Z\// 014 Cancel
O daily cycle . e
 weekly cycle
[ days in & maonth
in relation ta the individual life times of the objects:
O start time

" end time

" gtart and end times

" restore the original time references

Cancel




Transform the time references in the
trajectories first to the daily cycle, then
to the weekly cycle. Observe the
changes in the space-time cube (also
the texts at the bottom showing the
time range of the data).

00:36:00 | T T T T T T 1 '|23:4D:03 00:35:09

[” Show the map on top ofthe cube Reset view

- oo £ _-;_ - __i 3 '=_=:______..f
041212006 19:1 4:41 131101200?12:58:25 041122006 19:14:41
[™ Show the rmap on tap of the cube Resetview

Question: how are the usual trip routes
related to the daily and weekly time
cycles?

TN
084311

[™ Show the map on top ofthe cube Reset view 28




Exercise 4

Spatio-temporal aggregation of trajectories



©®

Restore the original time references in the trajectories

* Menu “Other tools” > “Time functions” > “Transformation of the time
references” >"Restore the original time references”

Cancel the filtering of the trajectories (make all clusters and

“noise” visible). 2 Temporsl aggregerion NN e
. Aggregate the trajectories: Dateftime specification scheme: dd/mmivwyy hhittss

M “A 1 -~ “T . . (' stands for minutes: separatar symbols are irrelevant)
¢ enu na yse > raJeCtorleS: Divide the time period

generalisation and Summarisation” > from 0101272006 D0:00:00 to 131072007 12:58:25

. o lActuaI data range: from 081 272006 09:35:06 to 13 072007 12:58:245

a dialog for setting parameters appear; i i

set “Desired radius of point clusters” to 2 " tmeline

500 (metres) > OK oy breaks:

Remaowe

» A dialog for specifying the time division

appears. Select the radio button “cycle of” p—

and choose the cycle “hours 1in week”. New brealc

<. Automatic division:
Then press the second button “Divide”, .
tO lelde the Weekly tlme CYCle ll’ltO - into intervals nflength(:1‘—— hour(s) Dlwde:,

intervals Of 1 hOUI‘ length v Adiustthe breaks o the selotis U

* The tool will ask you to confirm producing o
168 time breaks; press “Yes” > press OK in the time division dialog.

» In the next dialog, leave the default settings and press OK.




fonch oo N e | | . i} o following dialog “Which aggregates?”, you may

Which aggregates to compute?

— un check the aggregates that you do not need.

<@

B 5. Question “Count also visits in neighbouring areas?”
| number of different visitors (trajectories) « 99
lv numbers of trip starts and ends appears; pI'eSS NO .

Flows: 6. A dialog with a suggested temporal parameter name

[v numbers of moves
| numbers of different movers (trajectories)

[v average move speeds name)

| average move durations

[ {average lengths!

ok

7. The system produces two new
map layers with associated
tables: “Places visited by
trajectories ...” consisting of
Voronoi polygons and
“Aggregated moves from ...
consisting of flow links
between neighbouring
polygons. The system
automatically visualises the
total move counts by varying
the widths of the flow symbols.

b

“hour” appears; press OK (you do not need to edit the
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O)
Exploration of the aggregation results

* For the aggregated moves, visualise the time series “(T) N moves by
hours” on a 2D time histogram

* Menu “Display” > “Display wizard” > select the attribute > select
“2-dimensional histogram”
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