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Official Statistics

A Statisticspublished by government agencies or other public
bodies(e.qg. international organizationgs a public goad

A National Statistical Institutions (NSIs) describe economic and
social phenomena in a country and respond to national
developments and events.
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Data sources for Official Statistics

A Survey data

A Administrative data %
A Big data
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Examples: mobile phone road sensor social media internet s

Examples: tax data, health
data, insurance data,
vehicle registration data.




Data science in official statistics

Traditional statistics Modern statistics

Need for data Abundance of data
Hypothesisdriven Datadriven (machine learning)
Frequentistapproach Bayesiarapproach

Tables Data visualization

Fixed (scheduledppics  Hot topics (e.g. climate change)




Mapping human population

Many statistics are about humans:

A What are the demographics of certain regions?
A Where are people during daytime?

A How do people commute?

A Where do tourists go to?

A X

Two projects are presented in this presentation:
A Mobile phone datg a new source with huge potential
A Dot maps a visualization method for spatial data.




Mobile phone data




Predecessors of Mobile Phones

Car telephone system
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The target area is chopped into small cells such that each cell is covered b
cell tower.

cell tower

covered cell

Advantages

A Close proximity to antennas
small batteries

Hexagon celplan A Communication frequencies can %
be reused without disturbance
from other antennas 8




Rooftop cell site
A Coverage up to 40 km

Small cell
A Coverage upto 2 k

Cell tower 2[5
A 3 antennas, each covering =
120° Indoor cell

A Coveragaip to 40 km A Coverage 200 m




Simplified celLIt I y X

o Cellsite (BTS)

* Cellantenna

O Cellcoverage area



I\/Iobile phone generations
B Py T

Mobile radio telephone, used in car telephones. MpnvMRaT 1 Qa
1G Mobile analog telecommunications. 1981

2G GlobalSystem for Mobile Telecommunications (GSM) standard. 1991
Digitalencryption used. Introduction of SMS and MMS messages.

3G UniversalMobile Telecommunications Service (UMTS) and 2001
CDMA2000 standards. Introduction of mobile internet. 10 Mb/s

4G Mobile broadband data, including voice owata. Enabling video 2008
conferencing and cloud computing.
Download rates:
- 100 Mb/s at high mobility (cars/trains)
- 1 Gb/s at low mobility (pedestrians)

5G High speed mobile internet. Probably aroubdGb/s. 2020




Signaling data / Call Detall Records

—— —_—

Mobile phone usage
Signaling data

A 100 variables, e.g. A call(incl. being called) — Call Detail Record
A Antenna id A SMS(send and receive) (CDR) N
(geolocation) A Data(continuous logging) A Used for blllllng
A Time/date _ A Every provider
A Country — should have
A Provider them
A A Type of event Events trigged by movements,
Hundreds of records par | ¢ 4 handovers from one area =k

device per day (4G) 5 A =
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Applications for Official Statistics

. Day Time Populationthe number of people in a certain region at a certain
time. Useful for visitor counts during events, infrastructure planning,
emergency management.

. Tourism statisticswhat places do they visit, where do they overnight, wher
do they come from?

. Commuting patternswhere do people live and work? How and when do th
commute?

. Urban planning / smart citywhat trips do people make in urban areas? By
what mode of transport? o

. Social networkingwho is connected to whom? =

. Natural disasterswhat are the migration flows over time? 1




How to determine geolocation?

Voronoitessellation

4 |
Assumptions:

A Allantennasare omnidirectional

\A Areas do not overlap
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Cell tower

Area for which it is the nearest cell tower
A device using the cell tower is supposed to be
somewhere in this polygon (uniform distribution)




Taking overlap into account A

/
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Bayesian approach 00000 mB=) )
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whereg s a grid cell and an antenna - /
A 0(°Q specifies a prior probability that a device is in gridgell
A 0 & serves as a normalization constant
A 0(d3"Q is the likelihood, which can be defined as: \ -
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where 5(g, a) the (relative) signal strength of antenraain grid cellg
andd @ is the set of grid cells covered Ly
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Radiation plots for a specific antenna:

Angle w.r.t. main direction

Antenna Downtilt Angle Beam Width

|<— Distance 44

) (Hb-Hr){ Tan(A) Downtilt A Hb -Hr
Distance =—=-- A;g:)e' Tl ( Distancex 5280

Beam (sim P lified) for which (b) Cisco AIR-ANT2414S-R (c) Cisco AIR-ANT2414S-R
. . Azimuth Plane Pattern Elevation Plane Pattern
signal strength is good
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( Start )

Location Land

Location

estimation
process Loction (SRR

Connection
likelihood

Bayesian - Connection
P

update (al9) module

Location

posterior [ P(g | a) ; Timing

advance
likelihood
: Timing
B
b P(r | a,g) advance
update
module

Updated

location / P(g | a,T)
posterior
] Model

Further @
statistical Input data

inference D Estimates
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(a) Base map (b) Likelihood: Voronoi  (c) Likelihood: sig.str.
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(d) Prior: uniform (e) Post.: uniform/Vor. (f) Post.: uniform

loisolnd \
(g) Prior: land use (h) Post.: land use/Vor.

(i) Post.: land use/sig.str.
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(j) Prior: network (k) Post.: network/Vor. (1) Post.: network/sig.str.




From location to estimates

1. Deriving home location (needed because signatiata / CDR does not cgntai
customerRIF 4 F ® aSGiK2RY FAYR (GKS WK2YSQ
probabilities to the administrative region of interest (e.g. municipality)

2. Aggregate likelihood values per time frame (e.g. one hour) per device
3. Data cube:

Number
Home regio of

devices /'
Time

S
Current region =R

4. Calibrate with population registers and education registers.
19




Further research

A Validatethe results with GP&ata

A Use particle filter to estimate the route and mode of
transport

A Use clustering methods to group devices basedheir
routes, for instance in order to detect tourists (domestic
and foreign).




Dot maps




Classic dot map

Cholaraoutbreak in London (1854) by John Snow Dotsinsteadof bars 22
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Ethnic Origin
B Native Dutch
B western

| B Non-western
\

Native Dutch
Western
Non-western

1 dot = 1 person

The dots are randomly placed ‘[

. per neighbourhood.

Boundaries
Labels

Position of the dots:
density

Colors of the dots:
composition




5 s

- TCE s ¥

Ethnic Origin

| I Native Dutch
. Il western

“+ [l Non-western

What happens when you zoom out?

Native Dutch
Western
Non-western

1 dot = 1 person

[< <M<

The dots are randomly placed | =
per neighbourhood. |

Boundaries
Labels

(<<

Position of the dots:
density

Colors of the dots:
composition

Leaflet | © CBS, CanoDB; OsM



Out of pixels

[ Howto aggregatethe dots? ]

We proposetwo approaches:
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Blendedcolours

Pixelcoloursare selected from the HGolourspace:

Lumina nceT h—

Z Luminancefor density
Z HueandChromafor composition




" 88888888 384 Fé_ ST BT N\ A ® 5000 eces = “0008d000d08d
A I i i [ + b4 .2. "7;‘6“0 "',;:i... 28032 §x f N>‘:Ethnic Origin
pplication | »
9 -7 ees0s82008 22 Native Dutch
— $ %;.:g e 22 western
Native Dutch s5e 28 Non-western
M . . b k Ct) f Western . o 08¢ H BT dfardin \
|grat|0n aC groun Norwestern 3o q‘s‘@a‘ 5 < ;&: The dots are randomly placed
- Boundaries ol per neighbourhood. M
the Dutchpopulation o iR
- @ 4
® o
fg,, 08 S0 S0 °
e ny o
oo T3 ° > o !
X i, g i 3 2
2 - 38 $288insitntets 23 ¥t :
. . . % oo o ™ &‘:&’oo “
Dotsare distributed uniformi RN L S A
) ° © 0 .é::. ° x«g\
| oe ° T3
- 0006 ©" 00
per neighbourhoodand fec e
"% )0 ¢ o © ®
. t ®, (a2 ®
placedin the landuse R KR
14 " - % :81 .. 5 ® 2‘&; * m.x
categoryaresidentia& Sttt SR X RN
S0s " oot oo ° o205 e “‘;:Q’Q $
> 6 '\3‘: te 08 :: .04 e
o .20 3 333 s.\g\g% 3 20 0000 o
(@ )¢ .,: N% 2&34 s :’g ;x ‘-:
R e X s e o X
$882°,3: : 033,038 X
o _oeee 230330558 08¢ .
M;.x eeoo g,‘ 0-;;0" > ° e, ooe )000 © O x,m
I\E-' 3 © 00 50 0 0 )00 000 000 © 0005 90000 ) ¢ g. +
= Beta products indevelopment [1g gx 1t 4 ,x 2 99.3;5 -t
S1 0 L e R R RS ST R R R

Published a CBDS beta produgtps://research.cbs.nl/colordotmap/en



https://research.cbs.nl/colordotmap/en

Application

Migration backgroundof
the Dutchpopulation

Dotsare distributed uniformly

per neighbourhoodand
placedin the landuse
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Application

Migration backgroundof
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