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i Objective:

= to introduce mobile positioning data

= study of activity spaces with positioning
data



Mobile positioning: finding geographical

location of the mobile phone

+

Cell Global Identity +

Timing Advance

CGI+TA



Active mobile positioning —
asking locations with special queries

“Trace phone 50xxxxxxx with
15 min interval 10.03.08-
14.03.08”

Network based methods

Handset based methods




Passive positioning — |location information
from memory files of mobile operator
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i Research team in Estonia

= Chair of Human Geography, University of
Tartu

= Spin-off firm Positium LBS — data, modelling,
web solutions

= Contract with 2 biggest mobile operators in
Estonia: EMT and Elisa



Experiments with

!'_ active mobile positioning
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Studying new suburban
i commuters of Tallinn:

= Sampling — randomly selected 600 families
from 5589

= Questionnaire — 60 min questions by polling
firm TNS EMOR

= Tracking mobile phones Positium LBS

= 15 min intervals 06:00-01:00
= 60 min intervals 00:30-06:00
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ing frequency
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5 min

10 min

15 min

interval

20 min

25 min
30 min
35 min
45 min
60 min
— Actual by GPS

80 1

70 A

60 A

50 A

40 A
30 1
20 A
10 1
0

Wi



Actual location of home and

i work

movement
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Location of respondents on the free time 18.00-
20.00(not work or home anchor points)

Number of people in free time anchor points
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Activity space ellipses (Visar)

Major | Minor
axis axis | Angle | Area
Residental
area Yes*** | Yes*** - Yes***
Age - Yes* - -
Gender - - - -
Occupation Yes** - - Yes*
Education Yes** Yes** - Yes**
Maritial status - - - -
Significance of social characteristics Children - - Yes* -
of the studied 117 participants on
activity-space ellipse parameters by Pay - - - -
the results of the Kruskal-Wallis test. .
(*** - P<0.01; ** - P<0.05; * - Resident/com
P<0.1) muter Yes*** | Yes*+* - Yes***




‘L Job location: Kernel densi

Spare time
07:00-09:00 and

18:00-23:00 TALLINN

Tallinn

Relative density of Workers / Managers
spare time on working days

Workers dominate
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Specialists and managers dominate
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!'_ Passive mobile positioning
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i Passive positioning dataset

= Location of call activities with accuracy
of Cell ID

= Random ID

= [IMe

= Location of Cell
« Social features

= Random ID allows to link calls of one person !



pos_usr_id call_time cell_id

. 4155076 12052007 12:11:39 523
| 4185076 12082007 121203 74
. 4155076 12.05.2007 12:56:05 277
| 5433301 12082007 19:59:149 2307
a a a S e | 5479234 12.05.2007 20:34.23 2687
- 4185076 12.08.2007 211211 274
| 4185076 12.08.2007 21:36:0 270
- 4185076 12.08.2007 21:37.M 270
| 4185076 12.08.2007 21:37:14 277
- 4185076 12.08.2007 21:41:18 277
| 4185076 12.08.2007 231116 4
- 4185076 12082007 231247 1732
| 4185076 123.08.2007 9:01:54 270
] 4185076 13.08.2007 10:34:33 312
| 4185076 13.08.2007 10:37A17 2433
] 54333 13.08.2007 10:40:30 1506
| 4185076 13.08.2007 11:04:52 M4
. 543335 13.08.2007 123711 1506
| 4185076 13082007 132220 2311
| 4155076 13.05.2007 15:06:02 1506
| 280165 13.08.2007 16:05:36 1506
| 5479234 13.05.2007 16:24.16 2756
- 2479234 13.08.2007 16:27.36 1729
| S479234 13.08.2007 16:29:36 329
- 2479234 13.08.2007 16:30:53 327
| 280165 13.08.2007 16:55:00 1507
- 2479234 13.08.2007 16:56.47 2145
| 54333 13.08.2007 17:54:59 1506
- 2479234 13.08.2007 19:55:05 1729
| 5479234 13.08.2007 19:57.26 1729
] 2479234 13.08.2007 21:03.03 1732
| 5479234 13.08.2007 21:08:18 M4
. 5479234 13.06.2007 21:11:20 1731
| 5479234 13.08.2007 21:59:29 1732
. 5479234 13082007 22:17.47 1732
| 5479234 13.08.2007 222209 1732
| 4155076 13.05.2007 22:29.35 312
- 2479234 13.08.2007 22:30:55 1732
| S479234 13.08.2007 232451 173
- 2479234 14 08 2007 000313 1732
| S479234 14 08 2007 0:3224 2302
- 2479234 14 08,2007 1:06:16 2302
S479234 14 08.2007 1:21:48 2302




i Positium LBS database

= Estonian users 600 000 active phone cards
since 2006

= Foreign users (roaming) since 2004

= Data management model (interpolation,
evaluation, bias): Ericsson, Nokia



i Database

a)

Number of IDs

610 000

605 000

600 000

595 000

Nov Det Jan Feb Mar Apr May Jun Jul Aug Sep Oct
Months

b) 90 000 000

Number of calls

80 000 000

Nov Det Jan Feb Mar Apr May Jun Jul Aug Sep Oct
Months



Number of calls out:
average per day

Legend

B <-2,7 std. Dev. 0,25 - 0,75 Std. Dev.
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Age and geography in
distribution of calls

Tallinn Tallinn Regional Regional County County
surrou cent center cent center
ndings ers surrou ers surrou

total ndings ndings

5-9
10-14
15-19
20-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
| 80+

| Total

Rural
area

Total




!'_ Finding regularly visited places
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i Reqgularly visited places

= Anchor points are locations where people
regularly stay

= Common anchors as landmarks
= Personal anchors

= Personal anchors: Home, work, shopping,
family, friends, second home...

= Meaningful places...



i Mobile phone as “third place”

a [he mobile phone can be viewed as a
"place’

= Phone can be third important location
after home and work

Kopomaa T. 2004



Passive positioning
database

Number of days
on network cell

‘ Regular places | | Random places
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‘L Anchor points modeled

1.
2.
3.
4.

Home
Work-time
School

Secondary anchors
1,2,3

. Non regular — local

tourism

. Second home




Modelling traffic from

‘L Cell ID data

; 4 ® Real vehicle position
: O Cell of a “Location Registe

@® Measured position
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Modeled movements in

allinn

artu

highway 46 km versus traffic counter:
1 week, november
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Traffic destination distribution

from Ardu profile line on weekday's rush hours
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* Location of homes

Density of home anchors (anchors/km? )




‘L Commuters to Tallinn

Mumbar of peophs moving

Botwoen anchor points
...........,mm
S

Work place in Tallinn w

city: min 12 visits per T

month v -

» );'\NM‘ ?
bcﬁ:*_r. F , 1
. : B |
Home outside of Tallinn: \f{;ﬁjﬁ
min 12 visits per month )




Everyday home-work connections
i in Estonia: Major Cities




Everyday home-work connections
‘L in Estonia: Regional Centres




i Research team




‘L Number of connections

MK.N‘%@HV. 19
MK 198D_11 NK1979_20

NK1082_15 MK1081_13
NK®_14 NL1{947_7
NL1677_10 NK108D_12
NL{997_9 ML{955_6
NL{973_8 MK1982_16

ML{084 4 ML{966_1 )
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Networks of regularly visted

‘L places

MK198D_11
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Stregnths of passive mobile
i positioning data

= Mobile phones are everywhere, people like to carry
them on

= Digital data, no bias from questioning or digitalization
= Actual locations

= Good spatial accuracy

= Cost effective

= Real time applicability



Problems with passive mobile
‘L positioning data

s Accsess to data is difficult

= Surveillance & privacy issues

= High quantity of data



i Methodological issues

= How & when they use mobile phones?
= Number of call activities?
= Radio coverage?

= 100 quantitative “moving dots™?



Thank you!
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