Доклади на Българската академия на науките
Comptes rendus de l’Académie bulgare des Sciences
Tome 75, No 7, 2022

SPACE SCIENCES
Space control systems

GLOBAL SYSTEM FOR SPACE MONITORING OF
ENVIRONMENTAL LITTERING
Maretta Kazaryan, Mihail Shakhramanyan∗ , Andrey Richter∗∗ ,
Petar Getsov∗∗∗ , Pavlin Gramatikov∗∗∗
Received on February 21, 2022
Accepted on March 29, 2022

Abstract
As a result of human activity, a huge number of landfills and industrial
waste is formed. For timely intervention in the process of environmental pollution from unauthorized landfills and industrial waste, it is necessary to have
a global automated (automatic) space monitoring system. A model of such a
global system for landfill monitoring is proposed using remote sensing methods
from space. Modern methods for designing information systems are applied.
Several innovative methodologies have been developed and used in the proposed
model. The use of different images from the following satellites is classified:
QuickBird; Ikonos; IRS-1C/1D; Landsat 8; RapidEye; WorldView2; NOAA;
Terra; Meteor-3M and Radarsat-1.
Key words: satellite imaging and geographical information system, remote sensing and hazards classification, waste monitoring

1. Introduction. The article initiates a project to create a global automated space monitoring system for environmental emergencies associated with
unauthorized littering of the natural environment, designed to provide an operational overview of the study area, detection and mapping of real and potential foci
of unauthorized dumps. The aim of the proposed automated space monitoring
system is preliminary assessment of the scale of disasters and the possible consequences of an environmental catastrophe. This system cannot be built in finished
form and should be in constant development.
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2. Background. Human activity on a global scale is determined by the presence of a large number of waste disposal facilities (WDF), which have an extremely
negative impact on nature and life of living organisms and people. Mankind does
not think about the harm that such a “reactor” can cause due to certain circumstances, the main of which is limited access to research (field and air) conducted
by scientists. WDF violates the soil cover in the body of the object and in a fairly
large neighbourhood from the polygon. It is known that the filtrate penetrates
through the soil, having a rather dangerous structure of chemical elements (heavy
metals). Penetrating into the soil, they interact with other components of natural
and technogenic origin, forming carcinogenic and xenobiotic compounds. Even
more dangerous is the ingress of leachate into groundwater, which contributes
to its penetration into large areas and possible environmental disturbances with
ensuing consequences for the life of living organisms and humans. A variety of
human diseases, such as chronic lung diseases, malignant tumours, oncological
diseases are directly related to atmospheric pollution. The gas component of the
landfill is methane – a greenhouse gas influencing the processes of global climate
change on Earth. So, the problem that is put forward as an object of research is
really relevant on a global, universal scale.
The aim of the study is designing a model of a global automated (automatic)
system for monitoring solid domestic and industrial disposal facilities using remote
sensing of the Earth from space. Let us now consider the ideology of creating a
global system of space monitoring of environmental littering.
3. Methods. Ground methods for detection and research are well developed.
The papers analyze issues related to: 1) methods of reclamation, operation and
design of WDF; 2) the chemical composition and related processes of the landfill;
3) application of ground monitoring methods to study the impact of landfills on
the state of the environment; 4) studies of water, air, and soil located at WDF.
Literature analysis of ground-based methods of ecological monitoring of WDF
according to some sources [1, 2 ] demonstrated: 1) morphological composition of the
landfill, common fractions; 2) a scheme of the waste degradation process, consisting of anaerobic, aerobic phases and humification; 3) the production of leachate
and the movement of heavy metals; 4) landfill gas generation and infiltration;
5) production of humus and formation of organic substances; 6) production of
microbial fermentation and trophic groups.
Let us now turn to the remote method of monitoring territories for the presence of WDF. Literature analysis of remote methods of environmental monitoring
of WDF according to some sources [1, 2 ] demonstrated: 1) the necessary conditions
for the detection of household and construction waste by the threshold values of
brightness when conducting experiments with satellite images of the QuickBird,
Ikonos, IRS-1C/1D series (taking into account the specifics of the WDF texture,
it is necessary, in addition to threshold filtering, to use surface texture parameters
WDF ); 2) the necessary conditions for the application of methods of controlled
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classification and iterative methods of uncontrolled classification ISODATA – (to
separate objects into classes, it is necessary to use not the ISODATA method, but
“try on” the masks of standards on the image); 3) dynamics of changes in the area
of the WDF; 4) the presence of spontaneous combustion of debris and the detection of this factor on the thermal channel according to the values of brightness
and the presence of a fire plume, smoldering. The accuracy of satellite images
decoding varies from 88.76% to 98.9% using various processing methods.
3.1. Techniques for processing aerospace images. When conducting
aerospace monitoring based on aerospace images, it is necessary to use methods
for detecting WDF [2 ]. The following WDF detection techniques are used: 1) vegetation reaction index (VRI) technique; 2) method of information feature matrices; 3) visual technique; texture technique; 4) standard methodology; 5) method
of normalized vegetation index; 6) interactive methodology; 7) radar technique
[3–14 ].
The signs of the presence of landfills, giving the location of the object, distinguished from multispectral satellite images by comparing the pixel values of
the observation area – the pixel values of the reference areas occupied by test
objects on each channel. The algorithm of this detection method is based on the
maximum likelihood method.
The technique of VRI uses time series of multispectral images of the same type
of medium or high resolution. The corresponding algorithms require red, blue, and
near-infrared channels to run. Littering areas are detected by soil reaction index
(SRI) values as a time series of VRI values by salinity index. These underlying
surface indices are calculated for each pixel. The value of the SRI for the salinity
index, close to unity, strongly correlates with areas of debris. Having selected these
values by performing threshold filtering, we obtain a binary image in which the
debris surface is highlighted. This detection method is based on the regression
analysis method and the threshold filtering method. According to the method
of information feature matrices, WDF components are detected – classes of the
surface of the WDF, which have characteristic deciphering features visible on
satellite images of high spatial resolution, distinguishing it from other classes in
this image. This method for detecting different components is based on the nearest
neighbour method.
According to the landfill detection method, the following detection areas
(forms) obtained by processing satellite images can be established: (1) WDF
trace – the location of the object; (2) WDF area – the area covered by littering at
the current time of the survey; (3) time series of WDF areas – a number of these
areas at each moment of shooting time; (4) WDF focus – the territory covered
by littering at each moment of the survey with the highest value of the SRI (see
below); (5) pre-dump – the earliest part of the landfill area, which can be identified from satellite images; (6) area of the WDF component – the area of coverage
of the surface class (component) of the WDF; (7) classification of the surface –
1030
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assigning different parts of the landfill surface to one or another surface class.
According to the results of the first stage of detection, form (1) is established, on
the second – forms (2) – (5), on the third – forms (6) and (7).
In general, the first stage of WDF detection determines the location of the
object, the second – the area of the object, the third – the components of the
object. Each detection step can be carried out independently, giving its own
detection results. However, processing sequentially by stages can save time and
memory. When performing the third stage, each pixel of the high-resolution image
is processed separately (immediately after preprocessing). The introduction of the
first and second stages by orders of magnitude reduces the processing image area
of the third stage, thus reducing the time spent on processing and the amount
of random-access memory for storing intermediate processing information. At
different stages of detection there may be different incoming images (for example,
at the stage of detection – Landsat 8, at the stage of selection – RapidEye, at the
stage of selection of components – WorldView2). WDF locations are determined
from one or more input images and “updated” for new incoming input images;
WDF areas – over a time series of images in the vicinity of each detected object,
and then “updated” for each new incoming input image; WDF components – for
each of its high-resolution images at the disposal site itself for that area.
3.2. Modelling of the global WDF space monitoring system. The creation of a global monitoring system for WDF, as well as industrial waste, requires
the fulfillment of certain requirements – the basic elements of the global space
monitoring system (GMS). These elements are represented in the performance
of certain actions with satellite information. The core of the system consists of
a space and a ground segment. GMS includes a space segment which consists
of spacecraft in circular sun-synchronous orbits. It is advisable to use public
space systems such as NOAA (resolution 1100 m), as well as EOS AM TERRA
(resolution 250 m). When choosing high-resolution systems, let us focus on the
Meteor-3M satellite (resolution 37 m) and the Indian satellite IRS 1C/1D (PAN
resolution 5.6 m). These space systems will be the basis of the space segment of
the developed system.
In the microwave range, it is difficult to conduct surveys because of the existing cloudiness so it is advisable to use the Canadian satellite RADARSAT-1,
which performs active sounding. If these images are combined with images in the
thermal and visible ranges, then the information obtained when processing satellite images is extremely useful for WDF recognition. Consider the ground-based
structure of the GMS for WDF. It is based on a certain infrastructure that forms
a certain system for receiving information in the process of remote sensing. It is
logical to present it in the form of a distributed network for processing satellite
images, and there is also a need to create duplicate universal stations for receiving
satellite images.
Development of integrated automated (automatic) GMS WDF, which comC. R. Acad. Bulg. Sci., 75, No 7, 2022
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Fig. 1. General scheme of GIM1
Legend: a – locations of WDF; b – area of WDF; c – WDF components

bine into a single structure control and information modelling systems, equipment for collecting and transmitting information via local and global computer
networks, and software systems created for these purposes. A global integrated
methodology (GIM) consists of three blocks (A, B and C) [3 ]: GIM1 for the implementation of territory detection (Fig. 1); GIM2 for estimating the parameters
of WDF (Fig. 2) and GIM3 for assessing the impact of WDF on nature (Fig.
3). When conducting global monitoring of territories, the process of detecting
WDF is initially carried out using the original satellite images, then, using the
same information or additionally using other satellite images, the characteristics,
parameters and state of vegetation in the study area are evaluated.
WDF detection process [1–3 ] consists of three stages: 1) WDF is found using
the spectral brightness standard; 2) according to the VRI and SRI, the detection
of the WDF is carried out; 3) according to the matrix of information sign (MIS),
the components of the WDF are selected.
Let us consider block B (Fig. 2) [3 ]. As is already known [1 ], the main characteristics of the WDF, which are obtained as a result of the operation of remote
sensing technologies and the processing of satellite images, are: 1) thermal (the
surface temperature of the WDF minimum, average and maximum temperature);
2) geometric on the plane (perimeter, litter concentration, area); 3) geometric in
space (height, volume, slope angle).
Let us consider block C (Fig. 3): 1) at the input of the algorithm we have
multispectral satellite images, (Landsat 4–8) – time series, with medium or high
resolution – georeferenced, shooting conditions – warm season for good plant
detection; 2) according to the sub-satellite monitoring data and the metadata of
the images, the values of brightness are calculated; 3) the surface temperature is
determined from the thermal channel of the satellite images – factor for calculating
the vegetation reaction index; 4) the NDVI index is determined using the red and
infrared channels as a reaction calculated for fixed sections of the observation
area; 5) according to the normalized values of the factor, the vegetation and soil
reaction index.
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Fig. 2. General block diagram of GIM2
Legend: a – seasonal chronological changes in
temperatures, characteristic surface temperatures, etc.; b – perimeter, area, concentration
of litter, change of litter in the direction, etc.;
c – volume, slope angle, characteristic values
of height, surface area, etc.

Fig. 3. General block diagram of GIM3
Legend: a – matrix of VRI values; b – matrix
of MIS values

The GMS WDF (Fig. 4) consists of: Block I is a data warehouse for existing
WDF polygons. They are in the state register of landfills for municipal solid waste
at the moment; Block II is a subsystem for determining unauthorized WDF at
a given point in time; Block III is a control subsystem for compliance with the
rules for design, operation and reclamation of solid waste landfills; Block IV is
a subsystem for developing an assessment of the parameters of the WDF and
their impact on the natural environment; Block V is a subsystem for predicting
possible places of occurrence of WDF, parameters of WDF and the impact of WDF
on nature and human health. Block VI is a subsystem for satellite monitoring.
Block VII is a subsystem for additional processing and corresponding analysis of
the results of global space monitoring.
In the GMS for WDF, information is transmitted according to the following
principle: In block II, satellite image processing is carried out using automation
in conjunction with WDF detection [7 ]. The WDF detection area is compared
with the information in the database of landfills in block I, unauthorized WDF
C. R. Acad. Bulg. Sci., 75, No 7, 2022
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Fig. 4. Block diagram of the GMS for WDF
Legend: I – Database of municipal solid waste; II – Subsystem for detecting unauthorized WDF; III – Subsystem for monitoring the rules of
solid waste landfills; IV – Subsystem for evaluating the parameters of
WDF; V – Forecasting subsystem; VI – Subsystem of sub-satellite monitoring; VII – Subsystem of data analysis and processing; A – GIM1,
B – GIM2, C – GIM3

are found, which are then recorded in block II. In block IV, WDF parameters are
assessed for both WDF sites located in block I and unauthorized WDF located
in block II. In block V, information is collected by appropriate technologies and
methods of space monitoring to perform forecasting. By combining this information in block III with information from blocks I and IV, analysis and collection of
incoming data are carried out, violations of the necessary rules during the operation of existing landfills are determined and the necessary environmental measures
are applied. Block VII collects information from all blocks in order to process and
analyze it. In performing all of the above tasks, software systems with a high level
of automation, the ability to use distributed network technologies, etc., are used.
4. Conclusion. The paper proposes a model of a global information system
for the implementation of monitoring using remote sensing methods and technologies.
The structure and operation of the proposed space monitoring system is described. The system allows the detection of new landfills and the control of the
operation of existing ones, as well as the assessment of their negative impact on
the environment. A description is given of the methodologies and algorithms for
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processing satellite images, which are used to ensure the operation of this global
automated system.
It should be emphasized that the proposed system belongs to the class of
open systems and could be further upgraded.
Further research is expected on the design and practical implementation of
systems using elements of artificial intelligence.
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