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PostgreSQL

PostGIS

numeric, monetary, character, 
data/time, boolean, enum, 
arrays, ranges, 
XML, JSON, ... 

geometry, geography

MobilityDB
tgeompoint, tgeogpoint,
tint, tfloat, ttext, tbool, ...

MobilityDB: Architecture 
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Mobility Data: GPS, DCM
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Mobility Data: GPS, DCM
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MobilityDB Compact Format (1)

5



MobilityDB Compact Format (2)
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MobilityDB Compact Format (3)
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MobilityDB Compact Format (4)

Improvement over existing tools

● 10 - 100x reduction in size
● From millions of rows into thousands
● Query speedup

Novel benefits

● Interpolation
● Native database types
● Rich mobility analytics API
● Significant reduction in development time
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~ 300 GB per year

> 500 MB per day
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Temporal Aggregations: Travel Time
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Temporal Aggregations: Velocity Maps
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Spatiotemporal Proximity: Marine Data
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Spatiotemporal Proximity: COVID-19

https://ec.europa.eu/info/sites/info/files/recommendation_on_apps_for_contact_tracing_4.pdf 13

https://ec.europa.eu/info/sites/info/files/recommendation_on_apps_for_contact_tracing_4.pdf


Spatiotemporal Proximity: Smart Advertising
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Map Matching: Continuous Trajectories  

Original Map-matched
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MobilityDB Ecosystem
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BerlinMOD Data Generator*

* Visualization done by Maxime Schoemans as part of his PhD Thesis 19



Introduction to MobilityDB: Tables
CREATE TABLE trips (
  vehicle integer NOT NULL,
  day date NOT NULL,
  seq integer NOT NULL,
  source bigint,
  target bigint,
  trip tgeompoint,
  trajectory geometry,
  CONSTRAINT trips_pkey
  PRIMARY KEY (vehicle, day, seq)
)

CREATE TABLE municipalities (
  id integer,
  name text,
  population integer,
  percpop numeric,
  popdensitykm2 integer,
  noenterp integer,
  percenterp numeric,
  geom geometry
)
CREATE TABLE planet_osm_point (
  ...
  Name text
  way geometry(Point, 3857),
  ...
)
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Querying the Database

● Compute dataset summaries
SELECT MIN(startTimestamp(trip)), MAX(endTimestamp(trip)), 

MIN(length(trip)), MAX(length(trip)), AVG(length(trip)),
MIN(duration(trip)), MAX(duration(trip)), AVG(duration(trip)),
MIN(numInstants(trip)), MAX(numInstants(trip)), AVG(numInstants(trip)),
AVG(numInstants(trip) * 60 / extract (epoch from timespan(trip))) 

     AS avgPointsPerMinute
FROM trips;

2020-06-01 08:00:09.334+02 | 2020-06-03 00:25:53.92958+02 |
461.88900092268483 | 37543.95951933945 | 14914.107113980963 |
00:01:15.052723 | 01:10:16.893662 | 00:25:25.772065 |
25 | 3093 | 1244.1916666666666667 |
45.63301083678095
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Defining Heat Maps in QGIS
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Visualizing Heat Maps in QGIS
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MobilityDB and GTFS: Public Transport in 
Buenos Aires, Argentina     

Subway network

Train network

Bus network

• Juan Godfrid, Pablo Radnic, 
       Alejandro Vaisman, Instituto Tecnológico de    
       Buenos Aires, Argentina
• Esteban Zimányi, Université Libre de Bruxelles, 

Belgium
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MobilityDB and GTFS: Public Transport in 
Buenos Aires, Argentina 
● A first study using moving object databases and GTFS Static and Realtime 

● GTFS Static: scheduled trajectories of trains, subways and buses in 
Buenos Aires during a week

● GTFS Realtime: real trajectories of some buses (the bus network is very 
large in Buenos Aires)

● Data stored in MobilityDB as trips (spatiotemporal data)

● MobilityDB used to analyze public transport data: delays, speed, etc.
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Heatmap: Predicted vs Real Schedule 

Buse
s

Bus Line # 
152

Bus Line # 
80

Out of schedule
Close to schedule
On time trajectory 26



Visualizing Speed Comparison with Grafana
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Vision & Directions 

MobilityDB as Mainstream Database for Mobility

● Distributed Database

● Cloud Integration

● Visualization

● ...
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Distributed MobilityDB: Integration with Citus

* PhD project of Mohamed Bakli 29



Query Distribution Example
EXPLAIN
SELECT S.id , T.tripId
FROM trips T, ROI R
WHERE 
  intersects(T.trip , R.geom)

* Trips table is partitioned 
by the tripid as hash key

* ROI table is replicated on 
all nodes

Distributed MobilityDB Plan (Broadcast-Join Query):
 -> Scanning the global index: (Hierarchical):
  -> Total number of partitions: 36
 -> Remove Duplicates
  -> Number of Parallel Tasks: 36
   -> Task 1 (WorkerNode1):

-> Local Query:
 -> SELECT S.id, T.tripId FROM trips T, ROI R 

WHERE intersects(T.trip,S.geom) 
-> Local Plan:

   -> Nested Loop
    -> Seq Scan on ROI R
    -> Index Scan using trips_shard_1_spgist_idx on 
trips_shard_1
     -> Index Cond: (trip && S.geom)
     -> Filter: intersects(trip, S.geom)
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The Spatiotemporal Join Challenge 

SELECT S.id , T.tripId
FROM trips T1, trips T2
WHERE 
  intersects(T1.trip, T2.trip)
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Multidimensional Tiling
SELECT tripId FROM trips
WHERE intersects(trip ,'Polygon ((...) )')
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Multidimensional Tiling
SELECT tripId FROM trips
WHERE intersects(trip ,'Polygon ((...) )')

SELECT S.id , T.tripId
FROM trips T1, trips T2
WHERE 
  intersects(T1.trip, T2.trip)
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Multidimensional Tiling
SELECT tripId FROM trips
WHERE intersects(trip ,'Polygon ((...) )')

SELECT S.id , T.tripId
FROM trips T1, trips T2
WHERE 
  intersects(T1.trip, T2.trip)

SELECT length(trip) FROM trips
34



MobilityDB on Azure*: Objectives
Automation
● Exploiting the capabilities of Infrastructure-as-Code and Kubernetes to enable 

the automatic deployment and management of the MobilityDB cluster

Scalability
● Using Citus to move from an on-premises, single-node PostgreSQL Server to 

a cloud and fully distributed PostgreSQL cluster

Elasticity
● Applying and experimenting with different auto-scaling techniques to perform 

cluster scale in/out operations, depending on predefined rules

* Work done by Dimitris Tsesmelis as part of his Master’s Thesis 35
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Scalable Trajectory 
Visualization

37* Visualization done by Maxime Schoemans as part of his PhD Thesis



Complex Queries & 
Transformations
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Database for Visualization 

Moving
Object

Database

Common 
Visualization 

Tool
query-visualize

QGIS,  Cesium, Keppler, 
GeoMesa, …

Static Geometry
Animation
Interaction

Symbology & labeling
Plugins
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MobilityDB

Selection
Join

Aggregation
Transformation

Distributed Processing
Vector Tiles
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asMVT



asMVT

Database for Visualization 

Moving
Object

Database
query-visualize

QGIS
Linear segments

Kepler
GeoJSON

Big Data ?

Common 
Visualization 

Tool

QGIS,  Cesium, Keppler, 
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Future Work: Roadmap
● More functions

○ Data cleaning and preprocessing
○ Complex patterns
○ Ecological analysis 
○ ML models

● Domain-specific implementations 
○ Automotive
○ Public transit and multimodal mobility
○ AIS

● Real-time stream processing 
● Periodic moving objects (e.g., GTFS, NeTEx, SIRI)
● Large-scale data visualization
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