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Abstract. This paper discusses an efficient method for the automated detection
of antropogenic changes in urban development with multispectral satellite pro-
ducing sub-meter resolution imagery. The proposed method efficiency is con-
firmed with vector layers of detected changes in urban development obtained as
a result of processing infrared and visible multidate images. The developed
technique significantly reduces complexity and thus increases operational effi-
ciency of map updating due to automation of satellite imagery processing.
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1 Introduction

The intensive development of new construction technologies in recent decades has
been one of the main reasons for the rapid dynamics of urban development world-
wide. This trend is observed both in the high-rise and low-rise housing and in the
construction of industrial and commercial facilities. Therefore, in the field of infor-
mation technologies there is an urgent task to develop highly efficient methods for
automated detection of changes in urban development. This can be judged from the
numerous scientific publications of recent years in the field of applied use of aero-
space images [1-5].

Ground-based measurements and aerial imagery have traditionally been used to
regularly update urban spatial databases. At the same time, the periodicity of updating
urban maps was extremely low (usually once every few years) due to high complexity
of data collection and processing. In recent years significant progress in the develop-
ment of optoelectronic multispectral scanners (Table 1) has fostered the use of satel-
lite imagery for assessing the evolution of land-based objects and updating urban
maps [6-8]. Their use is especially effective for the automated detection of changes in



various anthropogenic objects, such as buildings, roads, engineering structures, etc.
[9-13].

Table 1. Satellites with multispectral scanners of sub-meter resolution.

Resolution Accuracy of
. Year of  Operator Swath, .
Satellite PAN/MS, Radiometric, No. of km geolocation,
Launch  (country) )
m bit bands m
EROS-B 2006 Israel 0,7 10 1 7 N/A
Cartosat-2 2007 India 0,8 10 1 9,6 N/A
WorldView-1 2007 USA 0,5 11 1 17,6 5
GeoEye-1 2008 USA 0,4/1,6 11 4 15 2...3
WorldView-2 2009 USA 0,46/1,84 11 8 16 5
Cartosat-2B 2010 India 0,8 10 1 9,6 N/A
Pleiades-1A 2011 France 0,5/2 12 4 20 4.5
Kompsat-3 2012 Korea 0,5/2 14 4 17 13
Pleiades-1B 2012 France 0,5/2 12 4 20 4.5
SkySat-1 2013 USA 0,8/2,0 11 4 8 N/A
Gaofen-2 2014 China 0,8/3,24 10 4 45 50
ASNARO-1 2014 Japan 0,5/2,0 11 6 10 10
WorldView-3 2014 USA 0,3/1,2 11/14 8 13 35
SkySat-2 2014 USA 0,8/2,0 11 4 8 N/A
Kompsat-3A 2015 Korea 0,4/1,6 14 4 12 13
PeruSat-1 2016 Peru 0,7/2,0 12 4 10 N/A
SkySat-3...7 2016 USA 0,8/2,0 11 4 8 N/A
Gokturk-1A 2016 Turkey 0,7/2,8 12 4 20 10
SuperView- 2016 China 0,5/2 11 4 12 20
1A/B
WorldView-4 2016 USA 0,3/1,2 11 4 13 3
Mohammed- 2017 Morocco 0,7/2,8 12 4 20 N/A
VIA
SkySat-8...13 2017 USA 0,8/2,0 11 4 8 N/A
SuperView- 2018 China 0,5/2 11 4 12 20
1C/D

* N/A - no information available

In order to detect changes in multidate satellite images of submeter spatial resolu-
tion, differential images are used wherein detecting changes by difference in values
between adjacent pixels having the same geographical coordinates on two images
reduced to the same spatial resolution. As a rule, panchromatic band data providing
the highest granularity level and sensitivity are used. However, such a method has a
significant disadvantage in its simplicity: it does not allow to detect changes in cases



when compared objects have different level of brightness in multispectral bands, but
similar in panchromatic band.

The research aims at improving the method for the automated detection of
antropogenic changes in urban development with multispectral satellite producing
sub-meter resolution imagery in the visible and infrared bands by combining the data
of all spectral bands in order to increase the efficiency and reliability of urban map
updating.

2 Research methodology

The territory of Healdsburg in Sonoma County, California, USA, was chosen as a test
site to improve the method for the automated detection of antropogenic changes in
urban development as there a rather high dynamics of urban in-frastructure develop-
ment, including changes in housing and commercial facilities. Besides, the largest oil
and gas pipelines are located in or near Healdsburg, which requires regular monitor-
ing of changes in development in accordance with the existing standards. Multidate
satellite images in visible and infrared bands acquired by Pleia-des-1A Satellite Sen-
sor on May 31, 2012 and June 18, 2014 were selected for the analysis (Fig. 1).

Fig. 1. Fragments of initial satellite images acquired on May 31, 2012 (left) and June 18, 2014
(right).



The research comprised the following stages of image processing and analysis

[14]:

- Pre-processing (normalization) of multidate satellite images, the same for the
initial and the next images, including purification, augmentation of spatial res-
olution and correlative alignment to the reference image (Fig. 2);

- Thematic processing of normalized satellite images, including filtering of
shadows and small mobile objects (cars, itinerant trade locations, etc.), calcu-
lation of the 1st principle component, two-threshold binarization, morphologi-
cal and linear filtering and vectorization of identified changes (Fig. 3).
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Fig. 2. The main stages of preliminary satellite images processing.

The most widely used methods for estimating the accuracy of satellite image
change detection are [15]:

comparing the results of automated remote sensing data classification with
synchronous ground based observations and measurements performed simul-
taneously with satellite imagery (or with a small time interval);

comparing the results of automated remote sensing data classification with the
results obtained with certified satellite image processing software packages
(but it is difficult or impossible to assess the accuracy of the standard meas-
ure);



- comparing the results obtained with manual classification of changes using
remote sensing data with the operators’ results evaluated by the expert group
(this method is used for relatively small amount of data or for a limited set of
test areas to be evenly spread across the investigated territory).
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Fig. 3. The main stages of thematic satellite images processing.

Due to the lack of ground-based measurement data for the area under study, the
last of the above mentioned methods was used to assess the accuracy of anthropogen-
ic changes automated detection. Which means that comparison of the results obtained
with manual classification of changes was performed for separate fragments of RGB



image in interactive mode within the QGIS software environment. The expert assess-
ment of the standard measure accuracy thus obtained averaged 5... 9%.

3 Results and discussion

The file sizes of high-spatial resolution multi-spectrum images are usually large
enough (for example, a scene imaged in the visible and IR range can take several
gigabytes). Therefore, it is desirable to use modern computers with Intel Core i7 pro-
cessors or higher and at least 64 GB of RAM to quickly process real-time images
taken by the SuperView 1 A. The software can be either commercial (ERDAS, ENVI,
ArcGIS, etc.) or free (SNAP, SAGA, GRAAS, QGIS, etc.), run in both MS Windows
and Linux environments. To provide more efficient automation of processing proce-
dures it is possible to use tools (e.g. Imagine Model Maker in ERDAS package, Graph
Builder in SNAP package) or programming languages and specialized utilities (e.g.
IDL in ENVI package, Python GDAL in QGIS system).

A differential image was obtained after normalization and filtering of
multispectration satellite images in visible and IR ranges acquired by the Pleiades-1A
sensor on May 31, 2012 and June 18, 2014. It was further used to determine changes
in urban development (Fig. 4).

Detected changes Vector + initial image Vector + next image

Fig. 4. Detected changes and vector layers overlay on a raster.

The boundaries of the detected building changes were sufficiently accurately iden-
tified on various test areas. The high level of the proposed method stability was con-
firmed without using additional vegetation and water masks.

The main advantages of the proposed method in comparison with those using only
panchromatic band data are the ability to detect changes in cases when initial and next
images of the objects being analyzed have the same albedo values in the panchromatic
band. This contributes to significant improvement of change detection accuracy.



Besides, due to the high degree of satellite image processing automation, the method-
ology can significantly reduce complexity and thus increase the operational efficiency
of map updating. The software implementation of this methodology in the form of a
geo-information web service, compared to traditional software and hardware, has
significant organizational, technical and economic advantages, such as:

- it works directly in the browser, which does not require installation of

additional software;

- software and hardware independence, which ensures using this web service on

mobile devices;

- the results of image processing are stored on the server, which allows all

customers to use the web service regardless of their location;

- high economic efficiency (does not require purchase of powerful graphic

stations and expensive software);

- minimum requirements for the end-user training (there is no need to spend

time studying large and complex software packages).

The practical application of the proposed method is quite extensive as it provides
automated detection of changes not only in urban development, but also in any other
natural and man-made objects (road network, plant and water objects, etc.). Therefore
it could be used for the benefit of various State services, private companies and com-
mercial entities. With software implementation of this methodology in the form of a
geo-information web service, it can be used for informing the mass user - population.

The results of this research are included in the educational materials for lectures
and laboratory classes being a part of the module "Ultra-high spatial resolution satel-
lite images processing” for senior students of the Dnepropetrovsk National University
named after Oles' Honchar within the framework of the course "Remote sensing sys-
tems" and also used to prepare course and diploma papers. Students test the proposed
methodology experimentally using multispectral images of various Earth areas ac-
quired by the existing RSS satellites.

4 Conclusion

An efficient method for the automated detection of antropogenic changes in urban
development with multispectral satellite producing sub-meter resolution imagery in
visible and IR-bands is proposed. It significantly reduces complexity and thus in-
creases operational efficiency and accuracy of map updating due to automation of
satellite imagery processing and can be used to solve various applied tasks that are
associated with construction, communication lines, engineering communications, etc.

Directions of further research. Currently, the proposed methodology is being de-
veloped using multispectral images of different Earth areas acquired by the existing
submeter resolution satellites in order to determine the optimal operation parameters
for the main types of modern on-board sensors taking into account the environmental
and imaging conditions. In addition, this method is being improved with regard to the
use of additional vegetation and water masks in order to enhance stability and quality
of detection.
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