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✔ Postdoctoral Research Fellow at Politecnico di Milano, Italy

Who I am
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✔ Secretary of the ISPRS (International Society for Photogrammetry and 
Remote Sensing) WG IV/4 "Collaborative Crowdsourced Cloud Mapping 
(C³M)" since 2016

✔ Charter Member of the Open Source Geospatial Foundation (OSGeo) 
since 2015

➔ research topics: Volunteered Geographic Information (VGI), Citizen 
Science, (geo)crowdsourcing & OpenStreetMap

✔ OSM contributor since 2014 [username: mingo23]

✔ OSM teacher and mapathon organizer since 2015

✔ Voting Member of HOT since 2017

✔ Faculty Advisor of PoliMappers – a YouthMappers 
chapter based at Politecnico di Milano, since 2016

➔ https://wiki.openstreetmap.org/wiki/User:Mingo23 

http://www.openstreetmap.org/user/mingo23
https://wiki.openstreetmap.org/wiki/User:Mingo23
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Research on OSM

✔ Over the last few years, OSM has become a research topic on its own
➔ 5 core research areas (+ 50 research trends) were identified [1]:

✗ quality assessment and analysis
✗ assessment of contributors' behavior
✗ application to navigation and disaster
✗ traffic simulation and mobility
✗ indoor navigation models

✔ This presentation will focus on 3 recent research works on OSM:
➔ 1. quality assessment of OSM road networks
➔ 2. analysis of OSM contribution patterns
➔ 3. use of OSM to generate Land Use/Land Cover maps

[1] Sehra S.S., Singh J. & Rai H.S. (2017). Using Latent Semantic Analysis to Identify Research 
      Trends in OpenStreetMap. ISPRS International Journal of Geo-Information, 6(7), 195.
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Quality assessment of 
OSM road networks

1
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✔ Increasing availability of open data from National Mapping Agencies and 
Commercial Mapping Companies usable as a source of comparison for 
VGI (and OSM) data, i.e. for extrinsic quality assessment

OSM quality

✔ Literature provides plenty of works assessing or comparing OSM quality 
against that of authoritative datasets: 

➔ strongly focused on road network
➔ OSM compared to data from NMA (UK Ordnance Survey, French 

NMA, USGS TNM/TIGER, etc.) and CSC (Navteq, TeleAtlas, etc.)
➔ semi- or fully-automated

✔ Comparison techniques are very strong and fit for purpose, but mostly 
application and dataset specific:

➔ hard to replicate
➔ difficult to extend to other dataset comparisons
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✔ Novel methodology to compare OSM and authoritative road datasets:  

Our methodology

➔ fully automated
➔ focused on spatial accuracy and completeness
➔ flexible, i.e. not developed for a specific dataset
➔ built with FOSS4G (Free and Open Source Software for Geospatial)

✗ reusable and extensible in case of need
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➔ 1. Preliminary comparison of the datasets and computation of 
global statistics

➔ 2. Geometric preprocessing of the OSM dataset to extract a subset 
which is fully comparable with the reference dataset

➔ 3. Evaluation of OSM spatial accuracy using a grid-based approach 

✔ Currently developed as 3 GRASS GIS modules:

Our methodology – Overview

➔ written in Python
➔ available with a Graphical User Interface (GUI)

✔ Comparison between the OSM & the reference road network datasets 
composed of 3 consecutive steps:
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✔ Source code: https://github.com/MoniaMolinari/OSM-roads-comparison 
 

https://github.com/MoniaMolinari/OSM-roads-comparison


8

Case study: Paris

data © IGN and © OpenStreetMap contributors
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✔ Compute the total length of the OSM and IGN datasets and their length 
difference, both in map units and percentage [required]

Step 1: Preliminary comparison of the datasets

➔ output values are returned in a text file

✗ ≅450 km more in OSM than IGN dataset!
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✔ Cleaning of OSM dataset to make it comparable with IGN dataset

✔ Apply a buffer of user-specified width around the IGN dataset

Step 2: preprocessing of the OSM dataset

data © IGN and © OpenStreetMap contributors

➔ suitable buffer width derived from Step 1
➔ delete all the OSM roads falling outside the buffer
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Step 2: preprocessing of the OSM dataset

✔ Further clean the OSM dataset:
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✔ Use a grid to take into account OSM heterogeneous nature:

Step 3: grid-based evaluation of OSM accuracy
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✔ For each grid cell, find the OSM maximum deviation from IGN:

Step 3: grid-based evaluation of OSM accuracy

➔ generalization threshold = 0.5 m, buffer = 11 m, OSM length % = 95

5 - 6 m

6 - 7 m

7 - 8 m

8 - 9 m

9 - 10 m

10 - 11 m
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✔ For each grid cell, evaluate OSM accuracy against one or more target 
values of OSM deviation from IGN:

Step 3: grid-based evaluation of OSM accuracy

➔ length percentage of OSM roads included in the target buffer
➔ Area 2: target buffer = 6 m

85 - 90%
90 - 95%
95 - 100%
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✔ For each grid cell, evaluate OSM accuracy against one or more target 
values of OSM deviation from IGN:

Step 3: grid-based evaluation of OSM accuracy

➔ length percentage of OSM roads included in the target buffer
➔ Area 2: target buffer = 8 m

85 - 90%
90 - 95%
95 - 100%
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✔ For each grid cell, evaluate OSM accuracy against one or more target 
values of OSM deviation from IGN:

Step 3: grid-based evaluation of OSM accuracy

➔ length percentage of OSM roads included in the target buffer
➔ Area 2: target buffer = 10 m

85 - 90%
90 - 95%
95 - 100%
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Analysis of OSM 
contribution patterns

2
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✔ OSM applies a folksonomy approach to tagging with no formal rules or 
ontologies forced

Tagging in OSM

➔ tagging rule-book is the OSM Map Features wiki page
✗ guidance on which tags and combinations of tags to use
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✔ OSM applies a folksonomy approach to tagging with no formal rules or 
ontologies forced

Tagging in OSM

➔ tagging rule-book is the OSM Map Features wiki page

➔ taginfo shows that this guidance may not be universally adopted!

✗ guidance on which tags and combinations of tags to use
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Analysis of OSM tagging practices

✔ Research questions:
➔ do OSM contributors comply to the suggested combinations of tags?
➔ does this compliance vary spatially?

✔ Selection of 10 among the most frequently occurring tags in OSM
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Analysis of OSM tagging practices

✔ Research questions:
➔ do OSM contributors comply to the suggested combinations of tags?
➔ does this compliance vary spatially?

✔ Selection of 10 among the most frequently occurring tags in OSM
✔ Selection of 40 world cities
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Methodology

✔ For each city, for each target tag and for each of the suggested tags to 
be used in combination:

➔ computation of the fraction of objects containing both the target 
tag and the suggested tag

➔ mapping of the fraction to a 5 part Likert Scale

✔ Example: Christchurch (New Zealand), tag leisure=pitch

✗ 0-20% – POOR
✗ 20-40% – FAIR
✗ 40-60% – AVERAGE
✗ 60-80% – GOOD
✗ 80-100% – EXCELLENT
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Results

✔ highway=residential

✔ natural=tree

✔ highway=primary
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Results

✔ highway=bus_stop

✔ leisure=pitch

✔ Summary:
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Use of OSM to 
generate Land Use/ 
Land Cover maps

3
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➔ the creation and updating process is long, costly & time-consuming 
– insufficient to describe rapidly-changing environments

➔ the level of detail and spatial coverage are inadequate for many 
applications

✔ LULC maps are crucial products for multiple areas of application:

Land Use/Land Cover (LULC) maps

➔ modeling climate and biochemistry of the Earth
➔ biodiversity monitoring
➔ natural resources management
➔ planning/urban studies
➔ many others

✔ LULC maps are created through the classification of satellite imagery 
and validated using reference data:
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✔ Exploiting OSM as a source for LULC maps has a number of advantages:

OSM as a source of LULC maps

➔ OSM full spatial coverage in the world
➔ OSM richness
➔ OSM non-stop updating
➔ OSM open license

✔ Exploiting OSM as a source for LULC maps has some disadvantages:

➔ OSM uneven spatial coverage
➔ OSM positional accuracy & geometrical inconsistencies
➔ OSM semantic inconsistencies

✔ Purpose: creating an automated procedure which converts OSM data in 
a specific area into a LULC map

➔ reference nomenclatures of current EU and global LULC maps (e.g. 
Urban Atlas, Corine Land Cover, GL30)
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Example of nomenclature: Urban Atlas

Level 1 Level 2 Level 3

1 Artificial 
Surfaces

1.1 Urban Fabric
1.1.1 Continuous urban fabric
1.1.2 Discontinuous urban fabric
1.1.3 Isolated Structures

1.2 Industrial, 
commercial, 
public, military, 
private and 
transport units

1.2.1 Industrial, commercial, public, military and 
           private units
1.2.2 Road and rail network and associated land
1.2.3 Port areas
1.2.4 Airports

1.3 Mine, dump 
and construction 
sites

1.3.1 Mineral extraction and dump sites
1.3.3 Construction sites
1.3.4 Land without current use

1.4 Artificial non-
agricultural 
vegetated areas

1.4.1 Green urban areas
1.4.2 Sports and leisure facilities

2 Agricultural, semi-natural areas, wetlands

3 Forests

5 Water
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Methodology to convert OSM into LULC maps

Step 1

Step 2

Step 3

Step 4

✔ Source code: https://github.com/JoaquimPatriarca/senpy-for-gis 

✔ Web service: http://vgi.mat.uc.pt/vgi/osm/osm2lulc – work in progress!
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✔ Paris area

Case studies

© OpenStreetMap contributors
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✔ London area

Case studies

© OpenStreetMap contributors
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✔ Areas [ha] occupied by Level 2 classes associated to the overlapping 
regions in the Urban Atlas & the OSM-derived maps – Paris study area

Case studies

PARIS

Classes assigned to the overlapping regions in 
the OSM-derived map Match/ 

Row 
Sum (%)1.1 1.2 1.3 1.4 2 3 5

Classes 
assigned to 

the 
overlapping 

regions in 
UA

1.1 967 106 1 11 50 24 1 83

1.2 186 640 37 20 50 13 3 67

1.3 19 24 227 0 45 7 0 71

1.4 56 26 0 161 57 6 5 52

2 108 148 33 43 3545 124 10 88

3 21 28 11 44 138 2425 5 91

5 3 4 1 1 6 5 221 92

Match/Column 
Sum (%)

71 66 73 57 91 93 90  85
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LONDON

Classes assigned to the overlapping regions in 
the OSM-derived map Match/ 

Row 
Sum (%)1.1 1.2 1.3 1.4 2 3 5

Classes 
assigned to 

the 
overlapping 

regions in 
UA

1.1 2346 796 16 86 8 2 21 72

1.2 525 2323 214 174 32 8 86 69

1.3 25 51 18 26 5 3 7 14

1.4 19 111 5 644 17 5 18 79

2 5 18 41 23 3 3 9 3

3 0 0 0 0 0 0 0 0

5 12 22 8 5 0 0 1107 96

Match/Column 
Sum (%)

80 70 6 67 4 0 89  73

✔ Areas [ha] occupied by Level 2 classes associated to the overlapping 
regions in the Urban Atlas & the OSM-derived maps – London study area

Case studies
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    This presentation can be downloaded from here: 
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Special Issue on JGS on VGI

✔ The Journal of Geographical Systems (JGS) is an interdisciplinary journal 
aiming to encourage and promote high quality scholarship on important 
theoretical, methodological & empirical issues with a central spatial or 
regional dimension
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➔ Impact Factor: 1.314 (2016), Journal Citation Reports®

✔ Special Issue “Volunteered Geographic Information: Looking Towards the 
Next 10 Years”: 

➔ the first 10 years of VGI have seen an explosion of activity, 
particularly in the form of projects such as OpenStreetMap – but 
what will the next 10 years hold?

➔ Guest Editors:
✗ Linda See, IIASA, Austria
✗ Cidália Costa Fonte, University of Coimbra, Portugal
✗ Vyron Antoniou, Hellenic Military Geographical Service, Greece
✗ Marco Minghini, Politecnico di Milano, Italy
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