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Research Scope 

▐ MDP with surveys 

 Infrequent updates (~5-10 years) 

High labor cost 

Static Information 

 

 

▐ Develop methods and techniques that: 

 enable the utilization of user-generated data (Smart Card logs, 

Social Media) for MDP 

 identify automatically individuals’ mobility patterns from 

users’ data logs 

 protect users’ privacy by obfuscating users’ IDs and geo-tagged 

locations 



PANAM 2014: Pan-American Conference of Traffic, Transportation Engineering and Logistics  Page 3 

Motivation for utilizing user-generated data for MDP 

 Continuous generated information 

 Vast amount of inexpensive data 

 Capture seasonality effects on travel  

    behavior 

 information-rich data (i.e., embedded text) 

 

▐ But.. there are some drawbacks: 

 Privacy issues 

 Market penetration way below 100% 

 Retrieved data cannot feed traditional travel demand prediction 

models 
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Overview of the Approach 

        Data Analytics Phase 

PAMs of SC 

Users 

PAMs of SM 

Users 

KL Divergence Matrix 

DBSCAN-based 

Clustering 

Daily Travel Plan of the 

Representative User of 

each Cluster 

Data Fusion 

Social Media 

Data Logs 

Smart Card  

Data Logs 

Anonymization Phase (Obfuscate users’ IDs) 

Spatio-Temporal Analysis and 

Activity-Location Linking 

Spatio-Temporal Analysis and 

Activity-Location Linking 

Generation of Individualistic 

Probabilistic Activity Model 

Generation of Individualistic 

Probabilistic Activity Model 

Prediction of Mobility 
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PAM: Model for forecasting users’ daily schedules 

▐ Basic assumption: Individuals are 

characterized by their current state 

which evolves during the day 

 

 

 

 

 

 

Time of Day 
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▐ Individualistic PAM: 

 

Probabilistic (Activity) Model – PAM 

Learning Phase 

Probabilistic Activity Model  

(PAM) of the User 
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Generating user’s PAM from Smart Card Data 

 

▐ For each Smart Card User: 

 Revisited SC terminals are assigned to one of the following activity 

types  

 

 

 

 

 

 For the assignment spatio-temporal 

    analysis of users’ tap-ins/outs is  

    performed† 

†GKIOTSALITIS, K., ALESIANI, F., BALDESSARI, R. (2014). Educated 

rules for the prediction of human mobility patterns based on sparse 

social media and mobile phone data. In Transportation Research Board: 

93rd Annual Meeting Compedium of Papers, Paper: #14–0745. 
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Generating user’s PAM from Social Media Data 

▐ For each SM user: 

 Geo-tagged locations are 

represented by the nearest 

SC terminal station (centroid) 

 Users’ IDs are obfuscated  

 Activities are assigned to 

centroids based on: 

 For the assignment, spatio-temporal analysis of users’ SM data is 

performed 
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KL-Divergence Matrix 

▐ PAM probabilistic distance between users based on Kullback-

Leibler Divergence: 

 

 

 

 

 

▐ K-L matrix (all pairs of users):  
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Description of the Data Sample 

SC: Data entries from 200 users in London 

(Oyster Card; 608 stations) 

SM: Data entries of 32 users;  

time period varies  

from 2 to 12 months from  

November 2012-February 2014 
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KL-Divergence Results 

 

KL Distance Matrix. 0-199 are SC users and 200-231 are SM users 

 The probability 

distance is bigger 

among SC users 

(range 0.58-0.587) 

 

 SM users have more 

common mobility-

activity patterns (range 

0-0.53)  

 

 The probability 

distance between SC 

and SM users is in the 

range of 0.53-0.587 
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Results of Users’ Clustering based on a modified 

DBSCAN method 

1st Run of DBSCAN 

Generated Clusters: 11 

['User2', 'User39', 

'User45', 'User46', 

'User64', 'User90', 

'User100', 'User109', 

'User124', 'User127',  

'User139', 'User141', 

'User155', 'User173', 

'User178','User180','Use

r195','SM0','SM1','SM2',

'SM3','SM4','SM5','SM6'

,'SM7','SM8','SM9','SM1

0','SM11','SM12','SM13'

,'SM14','SM15','SM16','

SM17','SM18','SM19','S

M20','SM21','SM22','SM

23','SM24','SM25','SM2

6','SM27','SM28','SM29'

,'SM30','SM31'] 

 

['User3', 'User164']  

 
['User8', 'User31']  

 

['User11', 'User56']  

 

['User17', 'User20', 

'User35', 'User61', 

'User78', 'User147', 

'User161','User188','

User189','User194']  

 

['User28', 'User69']  

 
['User29', 'User85', 'User172'] 

['User48', 'User91', 'User181']  

 
['User54', 'User74', 'User148']  

 
['User67', 'User87', 'User89', 

'User117', 'User129'] 

 
['User113','User132','User135']  

 
['User119', 'User192']  

 ['User2','User20','User31','

User35','User39','User45','

User46','User54','User56','

User61','User64','User87','

User90','User91','User100',

'User109','User124','User1

27','User139','User141','Us

er148','User155','User161','

User164','User173','User17

8','User180','User188','Use

r189','SM1','SM2','SM3', 

'SM4','SM6','SM7','SM8','

SM9','SM10','SM11','SM1

3','SM14','SM15','SM16','S

M17','SM18','SM19','SM2

0','SM22','SM23','SM24','S

M25','SM26','SM28','SM2

9','SM30'] 

['User22', 'User192'] 

 
['User24', 'User48'] 

 

['User12', 'User181']  

 

['User17','User75', 

'User78','User85','U

ser113','User117', 

'User119','User132', 

'User135','User147', 

'User163','User177', 

'User194']  

 

['User3', 'User82'] 

 
['User0','User195','SM5','SM12'

,'SM21','SM27','SM31'] 

['User4', 'User77', 'User142']  

 
['User70', 'User121'] 

 
['User28', 'User69', 'User116'] 

 
['User29', 'User172']  

 
['User57', 'User89', 'User130'] 

 
['User67', 'User98', 'User129'] 

 
['User74', 'User107'] 

2st Run of DBSCAN 

Generated Clusters: 14 
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Daily Travel Plan 
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Daily Mobility Patterns of the Representative User in Cluster 1  

(OpenStreetMap View) 
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Discussion 

▐ The developed techniques were tested with the use of SC and SM 

data demonstrating that: 

 User-generated data from different sources can be fused based on 

users’ mobility-activity patterns without taking into account privacy-

sensitive information 

 Linking users’ from different sources can be used for: 

 Improving data completeness; supplement traditional surveys 

 

▐ For future research 

 Link clustered users with census data to perform mobility demand 

prediction in a city-scenario 

 Test the performance of the techniques against O-D data from a city 
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