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> tracking anonymised Wi-Fi signals 
from mobile phones 

> the method and anonymization of the 
data is approved by the Swedish Data 
Agency (Datainspektionen –no 1702-
2015) and GDPR compliant

> 18-20 areas spread in each city
> about 300 streets in each city

> areas with different density types 
(city centre, suburban, villa areas, 
modernistic etc.)
> streets with different centrality type 
(‘high’ streets, side streets, alleys, 
pedestrian paths etc.)  

> during three weeks in October 2017, 
one week per city
> counts from 6:00 in the morning to 
22:00 in the evening

The study
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Sample selection 
Areas_Variation in Density types

Distribution of built density types in Amsterdam, Stockholm and London (types are based on Accessible FSI, GSI in 500m)

Berghauser Pont, M., Stavroulaki, G., Gil, J., Marcus, L., Serra, M., Hausleitner, B., Olsson, J., Abshirini, E., Dhanani, A. (2017a), ´Quantitative comparison of cities: Distribution of street and building 
types based on density and centrality measures ´. Proceedings XI space syntax conference, Lisbon.
Berghauser Pont, M., Stavroulaki, G., Sun, K., Abshirini, E., Olsson, J., Marcus, L. (2017b),´Quantitative comparison of the distribution of densities in three Swedish cities´. Proceedings 24th International 
Seminar on Urban Form, Valencia.
Berghauser Pont, M., Stavroulaki, G., Marcus, L., (2018), ‘Development of Urban Types, based on Network Centrality and Built Density, and their Impact on Pedestrian Movement’, Environment and Plan-
ning B, under review



Sample selection 
Streets_Variation in Density types

Distribution of street types in Amsterdam, Stockholm and Lodon (types are based on network betweeness centrality in 10 scales from 500m to 5km)

Berghauser Pont, M., Stavroulaki, G., Gil, J., Marcus, L., Serra, M., Hausleitner, B., Olsson, J., Abshirini, E., Dhanani, A. (2017a), ´Quantitative comparison of cities: Distribution of street and building 
types based on density and centrality measures ´. Proceedings XI space syntax conference, Lisbon.
Berghauser Pont, M., Stavroulaki, G., Sun, K., Abshirini, E., Olsson, J., Marcus, L. (2017b),´Quantitative comparison of the distribution of densities in three Swedish cities´. Proceedings 24th International 
Seminar on Urban Form, Valencia.
Berghauser Pont, M., Stavroulaki, G., Marcus, L., (2018), ‘Development of Urban Types, based on Network Centrality and Built Density, and their Impact on Pedestrian Movement’, Environment and Plan-
ning B, under review
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Sample 
Examples of areas and street types

Cornhill, London
(dense mid-rise)



Sample 
Examples of areas and street types

Clapham, London
dense low-rise



Sample 
Examples of areas and street types

Noord, Kadoelen, Amsterdam  
(spacious low-rise)



Sample 
Examples of areas and street types

De Pijp, Amsterdam  
(compact mid-rise)



Sample 
Examples of areas and street types
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neighborhood
very local
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Method
Devices

> Contents: 
wi-fi router (receiver) 
4G modem (sender)
battery

‘Raw’ data:
> collected samples of wi-fi signals 
when phones are searching for wi-fi 
networks (wi-fi probe requests). 

> Each sample includes a timestamp, 
a RSSI (Received Signal Strength 
Indication) and an anonymized 
indicator. The RSSI gives us a the  
distance of the phone from the 
antenna.



Method
‘Raw’ data 

visit_id = unique id of a smart phone/ unonymised pedestrian
gate_id = unique id of the street intersection where a device was placed
timestamp = exact time when the “visit_id” was recorded at the “gate_id”  

STOCKHOLM: 789.889 visit_ids/trips
AMSTERDAM: 532.068 visit_ids/trips
LONDON:       766.645 visit_ids/trips 

gate/street intersection

recorded street segment

0114196-209 gate_id

  Västra Södermalm
  Katarina Församlingen



Method
‘Raw’ data_Editing

> Cleaning data from non-moving wifi signals and other ‘noise’ (e.g. wifi 
printers)

> Calibrating (scaling) data. A scaling factor was used for each city to account 
for the fact that not all people passing had enabled wi-fi. he scaling factor 
was based on previous studies and reference manual counts

> Extrapolating data in case of malfunctioning devices 

> Extrapolating data in case of not fully measured pedestrian paths, due to 
no probe-request within the measured zone*

* How often a phone searches for a wi-fi network differs a lot, from as low 
as two times a minute to sixty times a minute. The average rate is seven to 
fifteen times a minute. The rate depends on a lot of factors, such as distance 
to wi-fi network, usage of the device etc.



Results
Extracted data

visit_id = unique id of a smart phone/pedestrian
gate_id = unique id of the street intersection where a device was placed
timestamp = exact time when the “visit_id” was recorded at the “gate_id”  

from the raw data:

we can extract disaggregate and aggregate information on pedestrian movement 
through each area:
disaggregate information:
   > the unique path of each phone/unonymised pedestrian
 > the direction of movement
 > the speed of movement
 > the duration of each trip through the area

aggregate information:
   > the pedestrian flow in each street on different time-frames (e.g. per hour, whole day, during lunch hours) 
 > the presence of people in every intersection on different time-frames (e.g. per hour, whole day, during lunch hours) 
 > the overall presence of people in each area on different time-frames (e.g. per hour, whole day, during lunch hours) 
 > the fluctuation of movement intensity during the day, from 6:00 to 22:00* 
 > the average speed of movement*
*the results can be aggregated in different ways, per city, per area, per density type, per centrality type 



The results
Extracted data
Flows and presence

aggregate information:
   > the pedestrian flow in each street on different time-frames (e.g. per hour, whole day, during lunch hours) 
 > the presence of people in every intersection on different time-frames (e.g. per hour, whole day, during lunch hours) 
 > the overall presence of people in each area on different time-frames (e.g. per hour, whole day, during lunch hours) 
 > the fluctuation of movement intensity during the day, from 6:00 to 22:00 
 > the average speed of movement

  Västra Södermalm
  Katarina Församlingen

Full-day flows

Full-day presence
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Results
Extracted data
Full day flows

aggregate information:
   > the pedestrian flow in each street on different time-frames (e.g. per hour, whole day, during lunch hours) 
 > the presence of people in every intersection on different time-frames (e.g. per hour, whole day, during lunch hours) 
 > the overall presence of people in each area on different time-frames (e.g. per hour, whole day, during lunch hours) 
 > the fluctuation of movement intensity during the day, from 6:00 to 22:00 
 > the average speed of movement

Full-day flows



Results
Extracted data
Full-day presence_Stockholm

AMS STO LON



Results
Extracted data
Full-day presence_Amsterdam

AMS STO LON



Results
Full-day presence_London
Extracted data

AMS STO LON



Results
Extracted data
Fluctuation of flow intensity

aggregate information:
   > the pedestrian flow in each street on different time-frames (e.g. per hour, whole day, during lunch hours) 
 > the presence of people in every intersection on different time-frames (e.g. per hour, whole day, during lunch hours) 
 > the overall presence of people in each area on different time-frames (e.g. per hour, whole day, during lunch hours) 
 > the fluctuation of movement intensity during the day, from 6:00 to 22:00* 
 > the average speed of movement*
*the results can be aggregated in different ways, per city, per area, per density type, per centrality type 

STOCKHOLM

AMSTERDAM

LONDON



Results
Extracted data
Average speed of movement

aggregate information:
   > the pedestrian flow in each street on different time-frames (e.g. per hour, whole day, during lunch hours) 
 > the presence of people in every intersection on different time-frames (e.g. per hour, whole day, during lunch hours) 
 > the overall presence of people in each area on different time-frames (e.g. per hour, whole day, during lunch hours) 
 > the fluctuation of movement intensity during the day, from 6:00 to 22:00* 
 > the average speed of movement*
*the results can be aggregated in different ways, per city, per area, per density type, per centrality type 
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Applications and next steps
Explaining pedestrian flows
Street centrality and Built density

Full-day flows

Street types

next steps
> improve the statistical methods
(spatial statistics)
> add more variables e.g. attractions)
> add more data, cities

Berghauser Pont, M., Stavroulaki, G., Marcus, L., (2018), ‘Development of Urban Types, based on Network Centrality and 
Built Density, and their Impact on Pedestrian Movement’, Environment and Planning B, under review



Model R R Square
Adjusted R 

Square
Std. Error of 
the Estimate

1 .593a .352 .349 1.29424
a. Predictors: (Constant), Int500m_ln
b. Dependent Variable: PedCount_ln
N. 214

next steps
> improve the statistical model
(add spatial factor, add more variables e.g. attractions)
> add more data, cities

Applications
Explaining pedestrian flows
Street centrality and Built density 
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Model Summaryb 

Model R 
R 

Square 
Adjusted R 

Square 

Std. Error of 
the 

Estimate 
Durbin-
Watson 

1 .780a .608 .600 1.27918 1.457 
a. Predictors: (Constant), lnFSI_500, lnBet_500, lnlnt_1000, 
lnPlot_500  
b. Dependent Variable: PedCount_ln 

 
 

Coefficientsa 

Model 

Unstandardized 
Coefficients 

Standardize
d 

Coefficients 

t Sig. 

Collinearity 
Statistics 

B Std. Error Beta 
Toleranc

e VIF 
1 (Constant) 4.682 1.168  4.008 .000   

lnFSI_500 1.608 .123 .642 13.120 .000 .910 1.099 
lnPlot_500 -.509 .119 -.202 -4.288 .000 .977 1.024 
lnlnt_1000 1.008 .774 .070 1.302 .195 .751 1.331 
lnBet_500 .558 .092 .311 6.047 .000 .823 1.215 
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Model Summaryb 

Model R 
R 

Square 
Adjusted R 

Square 

Std. Error of 
the 

Estimate 
Durbin-
Watson 

1 .654a .428 .419 1.14858 1.804 
a. Predictors: (Constant), lnFSI_500,lnBet4000, lnInt1000, 
lnPlot_500 
b. Dependent Variable: PedCount_ln 

 
 
 

Coefficientsa 

Model 

Unstandardized 
Coefficients 

Standardize
d 

Coefficients 

t Sig. 

Collinearity 
Statistics 

B Std. Error Beta 
Toleranc

e VIF 
1 (Constant) 1.833 .628  2.917 .004   

lnFSI_500 .974 .142 .477 6.847 .000 .501 1.997 
lnPlot_50
0 .097 .079 .074 1.225 .222 .659 1.518 

lnInt1000 -.537 .639 -.056 -.840 .402 .544 1.837 
lnBet4000 .332 .044 .457 7.524 .000 .659 1.516 

a. Dependent Variable: lnTotalTot 
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Model Summaryb 

Model R 
R 

Square 
Adjusted R 

Square 

Std. Error of 
the 

Estimate 
Durbin-
Watson 

1 .723a .523 .515 1.14282 1.466 
a. Predictors: (Constant), lnFSI_500, lnInt_1000, lnPlot500_ln  
b. Dependent Variable: PedCount_ln 

 

 

 
 

Coefficientsa 

Model 

Unstandardized 
Coefficients 

Standardize
d 

Coefficients 

t Sig. 

Collinearity 
Statistics 

B Std. Error Beta 
Toleranc

e VIF 
1 (Constant

) 8.342 .458  18.226 .000   

FSI_ln .660 .113 .476 5.849 .000 .399 2.504 
P500_ln -.407 .096 -.276 -4.260 .000 .631 1.585 
lnInt1000 2.917 .489 .441 5.965 .000 .485 2.063 

a. Dependent Variable: PedCount_Ln 
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