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CONTENT OF LECTURE

Presenter
Presentation Notes
This lecture is about slum mapping – the process of identifying, delineating and characterizing slum settlements. In particular it examines how changes in geospatial technologies for the acquisition and management of spatial data affect the ways in which slums are being mapped. Before dealing with this aspect we will first look at the nature of slums and some of the different types of slum mappings that are possible. 



The nature of slum 
dwellers and slums
Who are slums dwellers?
Urban households lacking 
at least 1 of the following:
 Adequate water 
 Adequate sanitation
 Sufficient living space
 Secure tenure
 Durable housing (quality 

of structures & 
environment – hazards)

UN-HABITAT 2002

Presenter
Presentation Notes
In 2002 UN Habitat hosted an expert group meeting that concluded that slum dwellers are those persons who lack at least 1 of the following attributes:Slum areas can be considered as spatial concentrations of slum dwellers – but how can these be mapped? 



SLUMS: SPATIAL CONCENTRATION OF SLUM 
DWELLERS - DIVERSITY OF PHYSICAL FORMS 
AND SETTINGS

Addis Ababa
Ethiopia

Cairo
Egypt

Ahmedabad
India

Rio de Janeiro
Brazil

Presenter
Presentation Notes
Given the great variety of their physical settings, characteristics and morphologiesThe most obvious features to start examining when trying to map slums are the buildings and the public spaces and roads. Principle research focus is on building a robust method to map and monitor durable housing as an indicator of slumsHouse is a physical asset – visible and (generally) immovableLink to land occupation and tenureOccupants (owners/tenants) can be spatial registered via houseBuilding quality: building materials, state of repair (roofs) and some building standards (size, location aspects perhaps)Also include Neighbourhood quality: (adjusted) planning standards for neighbourhood development – open space, road access (widths, pattern, connectivity)Hazards: natural and technological – not always visible, often high degree of spatial-temporal variability (e.g. floods, landslides,  industrial accidents)



Morphological 
features 

Slums /informal Formal /planned

Size • Small (substandard) 
building sizes

• Generally larger building 
sizes

Density • High densities (high roof 
coverage)

• Lack of public spaces 
within or in the vicinity of 
residential areas

• Low – moderate density 
areas

• Provision of public spaces 
within or in vicinity of 
residential areas

Pattern • Organic layout structure 
(disorderly road network
and noncompliance with 
planning standards)

• Regular layout pattern 
(orderly road network and 
compliance with planning 
standards)

The physical nature of slums: possible morphological 
characteristics of slum areas and planned areas

Presenter
Presentation Notes
It is often quite easy to distinguish slum like areas from better quality neighbourhoods based upon a few key characteristics such as:Building sizeHigh density (roof coverage) with relatively little public spaceAnd a tendency to have a more organic type of morphology – a narrow, irregular street layout and no sign of planning regulation compliance. Though as we will see later, this is not always the case. 



INFORMAL VS FORMAL DEVELOPMENT PROCESS
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Urban Management Information
combining data (including slum data) into a 
common database



Scales of slum 
mapping: city wide

Location, expansion and 
densification
Dar es Salaam, 1992-1998

Presenter
Presentation Notes
Slum maps can be made for various purposes – at a city wide scale maps may show the location and extent of slum areas and be used for monitoring their expansion or densification, such as this map of Dar es Salaam produced by interpreting aerial photos and satellite images. 



Modelling informal development in Dar es Salaam
Source: Fikreselassie K. Abebe, 2011., MSc thesis. 

12-Jun-17
http://www.itc.nl/library/papers_2011/msc/upm/abebe.pdf
Modelling informal settlement growth in Dar es Salaam, Tanzania

9

IS area at 2012
 Substantial agreement 
(Kappa = 0.74)
 New IS cluster around 
existing IS

IS area at 2022
 Moderate agreement 
(Kappa = 0.56)
 Compact IS dev’t by LRM
 Leapfrog IS dev’t by CA

http://www.itc.nl/library/papers_2011/msc/upm/abebe.pdf


Scales of slum mapping – settlement, plots

Min. Lands Housing & Urban Development, Tanzania

Presenter
Presentation Notes
While maps of individual settlements will often be made at larger scales and show individual buildings, roads and other infrastructures. Such detailed maps may be required for tenure regularization or upgrading projects for example. Here the mapped buildings or parcels can be readily connected to information on the owners/users of the land and buildings. 
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RESIDENTIAL LICENSE

Min. Lands Housing & Urban Development, Tanzania

Presenter
Presentation Notes
Ultimately making it possible to regularize possession and ownership of the land through a residential license or title. 



Trends in geo-spatial technologies: from space to 
unmanned aerial vehicles & terrestrial systems

Presenter
Presentation Notes
Now that we have briefly examined what slums and slum maps are lets look now at some of the major trends in geo-spatial technologies. Spatial data can today be acquired via a variety of platforms – from terrestrial survey equipment, hand-held devices, aerial photographs from traditional surveying companies to unmanned aerial vehicles, up to a whole range of public and commercial satellite systems. A vast array of options exist. 



Slum mapping
4 broad communities

Professional 
commercial data &
mapping services

Academic 
researchers 

new technologies 
& methods

NGO/CBO
participation

& empowerment

Professional 
public data & 

mapping services

How are slums being mapped?

Presenter
Presentation Notes
We can broadly identify 4 different communities:Two professional groups : public and private sector mapping organizationsAcademic researchers who are primarily engaged in the development of new technologies and methods for data acquisition and processing andCivil society groups (NGOs and CBOs) that are more and more engaged in building the capacity to produce their own maps and enumerations of slum areas as an aid to self determination and empowerment. In the remainder of this lecture we will look a little closer at how slum maps are being made by the last two groups. 



Trends in geo-spatial technologies
Increasing spatial, spectral and temporal 
resolutions

WorldView 2 - 2009
 VNIR: 1.8 m 

(8 bands)

 PAN: 0.5 m 

WorldView 3 - 2014
 VNIR: 1.24 m 

(8 bands)

 PAN: 0.31 m 

SWIR 3.7 m

CAVIS 30  m

Presenter
Presentation Notes
These platforms collect various types of data using different types of sensors covering the full range of the electro-magnetic spectrum. The combination of so many platforms and sensors means ever higher spatial, spectral and temporal resolutions. For example comparing the WorldView 2 & 3 satellitesIllustrates this development very well. More types of data are being collected at ever higher resolutions and with higher frequencies. Making it possible to collect new data every day if it is needed and, in the case of this optical sensor, if there is no cloud cover. Optical data, radar, lidar, Mobile technologiesOpen data & softwareWeb-based options



JURSE 2015, Lausanne, 30 March – 1 April 2015

SLUM AREA MAPPING

12/06/2017

Slum areas are areas which are physically 
deprived in terms of the housing structure, 
availability of basic services and presence of 
open space. They share morphological 
characteristics (built-up densities, buildings 
sizes, organic layout patterns).



 Image segmentation
 Rule based extraction of objects

To modify choose 'Insert' then 'Header and footer'

OBIA - MUMBAI

12/06/2017



JURSE 2015, Lausanne, 30 March – 1 April 2015

SLUM AREA MAPPING BASED ON IMAGE TEXTURE
EXAMPLE AHMEDABAD

12/06/2017

Presenter
Presentation Notes
Since 2007 out of service – 1m res images! 



To modify choose 'Insert' then 'Header and footer'

RANDOM FOREST CLASSIFICATION 
EXTRACTION OF SLUM AREAS (HOMOGENEOUS URBAN PATCHES) IN MUMBAI

12/06/2017
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(Source: Sliuzas, 2004)

Presenter
Presentation Notes
SFAP approach can produce very good results and useful products for settlement level mapping. Eg in upgrading project .. Ere Hanna Nasif, Dar es Salaam. 



OPPORTUNITIES FOR UAV MAPPING TO SUPPORT 
UNPLANNED SETTLEMENT UPGRADING
Caroline GEVAERT, Richard SLIUZAS, Claudio PERSELLO,
George VOSSELMAN

UNIVERSITY OF TWENTE – FACULTY ITC
GEOTECH CONFERENCE, RWANDA, NOV. 2015.



UAV FLIGHTS KIGALI MAY 2015
AGATARE: 86 HA – 4000 HOUSEHOLDS – 19000 PERSONS

21

11 days, 89 flights, 150 ha, 15 700 images
 DJI Phantom 2 Vision+, 1.2 kg., 14MP RGB camera, fish-eye lens, 
 Flight planning with Pix4D app for smartphone

Source: Caroline Gevaert

Presenter
Presentation Notes
Photographer/pilot on the ground and visible/accessible to residents. Massive number of images to cover relatively small area. 



SIGNIFICANCE FOR UPGRADING PROJECTS
DESCRIBE AREA AND PRIORITIZE INTERVENTIONS

22

Existing Orthophoto (2008, 20 cm 
pixels)

UAV Orthophoto (2015, 3 cm 
pixels)
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APPROPRIATE CLASSIFICATION ALGORITHMS FOR SLUM MAPPING  
(GEVAERT ET AL)

 Multiple Kernel Learning (MKL) – Support Vector Machines (SVMs)

 5.2% improvement over single-kernel SVM and 4.1% over random 
forests

RGB image SVM MKL-SVM Reference

Buildings High vegetation Bare surface Clutter

Walls Low vegetation Impervious surface Unlabeled
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CLASSIFICATION RESULTS EXTENDED STUDY AREA
 Extended study area (Kigali, Rwanda)

Source: Caroline Gevaert



SIGNIFICANCE FOR UPGRADING PROJECTS
CURRENT USAGE – PARTICIPATORY DESIGN OF UPGRADING

27

 Design to mitigate expropriation

 Speed up field work

 Integrated overview of area

 Communication with residents

Feasibility Prioritize Design Implement



DETAILS OF MOVING OBJECTS (INCLUDING MOST PEOPLE) 
ARE LOST IN FINAL PRODUCT (RIGHT)

But who controls access to the original images and 
derived products?
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VERY HIGH RESOLUTION IMAGES CAN BE VERY INTRUSIVE
PROBABLY NEED TO CONSIDER PRIVACY AND ACCESS



2D & 3D MODELLING OF SLUMS 
USING TERRESTRIAL IMAGERY

LINUS KIHARA MWANGI

SUPERVISORS
M. GERKE

F. NEX
C. PERSELLO

ADVISORS:     C. GEVAERT, M. KOEVA, R. SLIUZAS



TERRESTRIAL DATA ACQUISITION WITH SIMPLE 
EQUIPMENT



Mapping of Mashimoni village, Mathare, Nairobi

Presenter
Presentation Notes
The main objective of this research is to develop a low cost method to create a 3D model and delineate a 2D footprint of buildings in a slum. 



SNAPSHOT FROM POINTCLOUD

JURSE 2015, Lausanne, 30 March – 1 April 2015



FINAL PRODUCTS MAY ALSO REQUIRE SCREENING TO 
PROTECT PRIVACY. 



SHOULD PEOPLE ON THE STREET BE PROTECTED?



Participatory slum mapping
NGO/CBO approaches 



Informal settlements in Kawempe Division Kampala



Participatory Voluntary Geo-Information (VGI)
http://mapkibera.org/

http://mapkibera.org/


Participatory Voluntary Geo-Information (VGI) using UAV 
images and open source mapping tools. www.ramanihuria.org/

• > 90 sq.km. mapped 
• Quality is variable
• How to update and maintain 

the database?
• Replication ongoing

http://www.ramanihuria.org/


12/06/2017

HANA NASIF
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Trends in geo-spatial technologies open data and software

 Increasing availability of open data – e.g. promoted by Group on Earth 
Observation (www.earthobservations.org) – some images freely available

 Internet platforms for access to data and maps: OpenStreetMaps, Google 
Earth/Maps/Map maker, India’s Buhvan server and Wikimapia etc.

 Many open source software packages (e.g. QGIS, ILWIS, GRASS, etc.)
 Advanced methods for data fusion, dense image matching, etc. to 

improve data extraction and quality

Presenter
Presentation Notes
Technological developments are not restricted to the realm of hardware, there are also some observable trends related to data access and software. We see increasing access to a whole variety of image data: from Landsat, Indian and European systems. For example the Group on Earth Observation is heavily advocating free and open access to such images, not only for use in post-disaster situations.Access to Earth imagery is also facilitated by the growth and power of the internet. Map/Image based services are on the increase around the world though perhaps there is still a lot to do with respect to slum mapping. But who are the slum mappers and sort of maps are being made?

http://www.earthobservations.org/


Summing up

 Developments in GIT create many opportunities for slum mapping

 Automatic slum identification, delineation and characterization is useful in 
certain contexts –rapidly developing research field but not yet operational. 

 Social and institutional issues – governments have the power to recognize 
and legitimize community based slum mapping or reject it, and as well to 
open their spatial databases to their citizens. These choices are crucial to 
engage citizens as partners in urban planning and management 

 Mapping is not a one off exercise: slums change rapidly so we need to 
create and maintain data on slums – think in terms of databases not maps.

 Building knowledge and capacity and actions more important than the 
geospatial technologies and the maps themselves. 



USPM - R. Sliuzas 44

How to create and maintain sustainable 
information infrastructures for fast growing 
cities?



Other resources

 Online video lecture: http://uni.unhabitat.org/new-lecture-release-s03e06-richard-
sliuzas-implications-of-developments-in-geo-spatial-technologies-for-slum-
dwellers/

 Kuffer, M., Pfeffer, K., & Sliuzas, R. (2016). Slums from space-15 years of slum 
mapping using remote sensing. Remote Sensing. http://doi.org/10.3390/rs8060455

 Sliuzas, R., Kuffer, M., Gevaert, C., & Pfeffer, K. (2017). Slum mapping From 
space to unmanned aerial vehicle based approaches. In Proceedings of Joint 
urban remote sensing event (JURSE) 2017, 6-8 March 2017, Dubai, United Arab 
Emirates. (pp. 1–4). Dubai: IEEE.

 Kohli, D. (2015). Identifying and classifying slum areas using remote sensing. 
University Twente. Retrieved from 
http://purl.org/utwente/doi/10.3990/1.9789036540087

12/06/2017

http://uni.unhabitat.org/new-lecture-release-s03e06-richard-sliuzas-implications-of-developments-in-geo-spatial-technologies-for-slum-dwellers/


Other resources

 Taubenbock, H., & Kraff, N. J. (2013). The physical face of slums: a structural 
comparison of slums in Mumbai, India, based on remotely sensed data. Journal of 
Housing and the Built Environment. http://doi.org/DOI 10.1007/s10901-013-9333-x

 Sliuzas, R. V, & Kuffer, M. (2008). Analysing the spatial heterogeneity of poverty 
using remote sensing : typology of poverty areas using selected RS based 
indicators. In: Remote Sensing : New Challenges of High Resolution, EARSeL, 
Joint Workshop, 5-7 March 2008 Bochum, Germany / Ed. by C. Jürgens. Bochum : 
EARSeL, 2008. ISBN 978-3-925143-79-3. Pp. 158-167. Retrieved from 
http://intranet.itc.nl/papers/2008/conf/sliuzas_ana.pdf

 Kuffer, M., Orina, F., & Sliuzas, R. (2017). Spatial Patterns of Slums : Comparing 
African and Asian Cities. In JURSE 2017 (pp. 7–10). Dubai: IEEE.

 Kohli, D., Sliuzas, R., & Stein, A. (2016). Urban slum detection using texture and 
spatial metrics derived from satellite imagery. Journal of Spatial Science, 
8596(May), 1–22. http://doi.org/10.1080/14498596.2016.1138247

12/06/2017
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