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Urban land cover and land use information is essential for many urban-related applications. It is 
known that remote sensing images have the potential of extracting urban land cover and land use 
information and monitoring its change at local, regional, and national scales. In particular at local 
scale, the growing availability of Very High Resolution (VHR) remote sensing images, e.g., from 
QuickBird, GeoEye, WorldView and Pleiades sensors, has caused a considerable increase in both 
scientific and application fields associated with urban land cover and land use extraction. By 
definition, land cover refers to the physical properties of the each surface, whereas land use refers to 
the corresponding functional aspects, i.e. how the land cover is used by human beings. 

This paper presents a novel method for urban land cover extraction from VHR images, and models 
the link between land cover and land use for urban land use extraction. For urban land cover 
extraction, from the methodological point of view, we focus on building roofs extraction from single 
VHR imagery by making use of the directional relationship between a building roof and its shadow. 
For modelling the link, we provide a novel way to statistically quantify the spatial arrangement of 
land cover elements for characterizing urban land use. Then, the urban land use classification is 
conducted. We applied our proposed method to a subset of Pleiades image at an urban area of 
Wuhan, China. From our experiments, we conclude that our proposed method can provide an 
effective means for urban land cover and land use extraction. In addition, the challenges and future 
work associated with urban land cover and land use extraction are discussed.  
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 Importance of urban land cover and land use (application-driven).

 Availability of Very High Resolution (VHR) satellite images (data-driven).

 Advancement of Machine learning and pattern recognition algorithms 
(method-driven).

 Challenging (focus): characterization of urban land cover and land 
use types. 
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BACKGROUND



Area Wuhan, China

Sensor Worldview Pleiades

Bands 4M + 1P 4M + 1P

Resolution 2m + 0.5m 2m + 0.7m

Size 100 km2 25 km2
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STUDY AREA AND DATA

Wuhan, China 10,000×10,000 pixels



1. Define urban land cover classes
Tree, grass, shadow, water, bare soil, building and others.

2. Choose basic analysis units
Pixels vs. objects

3. Conduct image segmentation *
4. Calculate objects’ features

Spectral, textual, geometrical, morphological, and spatial.
5. Apply a classifier *

e.g. Random forest, support vector machine, Bayes classifier.
6. Assess extraction accuracy

Global (e.g. confusion matrix) and local (e.g. geometric error indices) 
measures.
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URBAN LAND COVER EXTRACTION



COMMON OBJECTS’ FEATURES

Category Feature name

Spectral
Mean StdDev Brightness

Max_Diff NDVI NDWI

Geometrical

Area Perimeter Length

Width Length/With Border index

Compactness Shape index Roundness

Rectangular Solidity Convexity

Textual (GLCM)

Homogeneity Contrast Dissimilarity

Entropy Ang.2nd moment Mean

StdDev Correlation

Table 1. Commonly used features of image objects.

We expect 
buildings like,

In fact, 
they like,
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 When a building height information is not available, make use of the 
directional relationships between a building and its shadow.

 Assume that this directional relationship relies on two measures (Li et al. 
2015):
𝜃𝜃𝛽𝛽 𝑥𝑥, 𝑜𝑜 , calculates the angle between the vector from pixel 𝑥𝑥 to 𝑜𝑜 and 
the vector along the direction 𝛽𝛽;
𝑑𝑑(𝑥𝑥, 𝑜𝑜), calculates the distance between 𝑥𝑥 to 𝑜𝑜.

DIRECTIONAL FEATURES

Li, M., Bijker, W., Stein, A., 2015. Use of Binary Partition Tree and energy minimization for object-based 
classification of urban land cover. ISPRS Journal of Photogrammetry and Remote Sensing 102 (0), 48-61
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 Methods: model this directional relationships into a fuzzy landscape 
using fuzzy dilation.

 Construct a fuzzy structure element (SE) 𝑣𝑣 consisting of an angle-related 
SE 𝑣𝑣𝛽𝛽 and a distance-related SE 𝑣𝑣𝑑𝑑

 Apply a fuzzy dilation to the extracted shadow using SE 𝑣𝑣, to create a 
fuzzy landscape.
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DIRECTIONAL FEATURES

𝑣𝑣𝛽𝛽 𝑣𝑣𝑑𝑑 𝑣𝑣

× =



 Pixel-based accuracy assessment

Confusion matrix & Kappa coefficient.

 Object-based accuracy assessment

Compare the shape agreement between classified and reference objects, 
by means of the modified over-classification, and under-classification 
geometric error indices (Li, et al. 2015).
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URBAN LAND COVER ACCURACY ASSESSMENT

Extracted object

Reference object

One-to-one One-to-many



 Define urban land use classes

9

FROM URBAN LAND COVER TO LAND USE

(a) high-density residential (b) low-density residential (c) commercial

(d) public management-services (e) green space

(f) industrial

(g) undeveloped land (g) transportation



 Table 2: Commonly used land use indicators
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CHARACTERIZATION OF URBAN LAND USE

Indicators Description

Land use unit - related
Basic geometrical features, e.g. area, perimeter, 
compactness, and shape index, with respect to land 
use units.

Land cover - related
The coverage ratio of a specific land cover class.

The density of a specific land cover class.

Landscape metrics

Fractal dimension.

Landscape shape index.

Shannon’s diversity index.



 Spatial arrangement characterization considering the functional 
properties of buildings, referred to as building types.

 To characterize building types, we use the geometrical and 
morphological features of classified buildings (Li, et al. 2016).

 Create a morphological profile 𝑀𝑀𝑀𝑀 by a set of path openings

𝑀𝑀𝑀𝑀 𝑥𝑥 = Π𝐿𝐿 𝑥𝑥 , 𝐿𝐿 ∈ 1, … , 𝐿𝐿max

 The building types are classified by an unsupervised method based on 
morphological and geometrical features.

11Li, M., Stein, A., Bijker, W., Zhan, Q., 2016. Region-based Urban Road Extraction from VHR Satellite Images

Using Binary Partition Tree. International Journal of Applied Earth Observation and Geoinformation, 44, 217-225.

SPATIAL ARRANGEMENT CHARACTERIZATION



 Directional features
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RESULTS

The brighter, the dir. 
relation is stronger, 
and the object is 
more likely being a 
building object.

(a) VHR image (b) Extracted shadow

(c) Fuzzy landscape (d) Directional features
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RESULTS

Not using dir. feature

Using dir. feature
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RESULTS

% GR TR SH WT BS BD OT UA

GR 128 100.00

TR 118 100.00

SH 118 2 2 96.72

WT 6 49 1 87.50

BS 115 3 7 92.00

BD 4 3 1 105 6 88.24

OT 9 1 128 92.75

PA 100 100 92.19 90.74 92.00 94.59 90.14

OA =  94.42,        Kappa = 93.43                        

Table 3: Pixel-based accuracy assessment for classified land cover. GR: grass, TR:
tree, SH: shadow, WT: water, BS: bare soil, OT: others, UA: user accuracy, PA:
producer accuracy, OA: overall accuracy, Kappa: kappa coefficient.



 Object-based accuracy assessment by geometric error indices.

15

RESULTS

Total 
error

< 0.2 < 0.4 < 0.6 < 0.8 < 1.0
Reference 
building

False 
positives

Object-based assessment Classified building

Reference building
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RESULTS

CI → PM

RL → CI
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RESULTS

Table 4: Accuracy assessment of the classified urban land use. RL: low-density
residential, RH: high-density residential, GS: green space, UN: undeveloped
land, PM: public management and service, CI: commercial and industrial, UA:
user accuracy, PA: producer accuracy, OA: overall accuracy, Kappa: kappa
coefficient.

% RL RH GS UN PM CI UA
RL 118 17 0 0 8 10 77.12

RH 0 36 0 0 1 0 97.30

GS 4 0 85 1 4 0 90.43

UN 1 2 1 45 1 1 88.24

PM 0 0 4 1 41 1 87.23

CI 18 20 4 10 26 89 53.30

PA 83.69 48.00 90.43 78.94 50.62 88.12

OA = 75.00;     Kappa = 69.70        



 Conclusions
i. The directional relationships between buildings and their shadow can improve

the distinguishability of buildings from other man-made land cover features.

ii. When inferring urban land use from land cover, the spatial arrangement of urban
land use can be characterized by quantifying the composition of buildings with
different types.

 Discussion and future work
i. To classify buildings to specific types and deal with the associated uncertainties.

ii. To investigate the transferability of the proposed method to different urban 
landscapes, e.g. a study area in Oklahoma, US, or to big datasets.

iii. To apply or extend the proposed method for VHR stereo-images.
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CONCLUSIONS AND DISCUSSION



Thank you!
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