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In the paper, the usefulness of recent computer-based GIS and GPS techniques related to
charging the environment with vibroacoustical hazards has been characterised. These techniques,
joining the computer maps of the area with extensive databases, provide new research and ap-
plication possibilities in investigating the propagation of noise and mechanical vibration in the
environment and are a valuable tool in the so-called environmental management.

1. Introduction

The necessity of simultaneous interference in the in�uence of many (all) agents load-
ing the human living environment had created the need to develop e�ective tools serving
in minimising the destruction of the environment. In the literature there have appeared
such concepts as eco-development � i.e. economic development with the minimal loss in
the environment; sustainable development � being the economic development with an
optimum impact on the environment, etc., cleaner production � selection of the tech-
nologies with the minimum loading the environment. The primary concept that comprises
the above mentioned is the environmental management de�ned [1] as the organisational
structure, planning of actions, responsibilities, practices, procedures and resources for
the development, implementation, achievement, review and maintenance of the environ-
mental policy.

In the eighties, the British Standard Institution had developed the BS 7750 pack-
age of standards, published 1994, de�ning the principles in the above mentioned �elds.
These standards were then accepted, with some editorial changes, by the International
Standard Organisation (ISO), denoted as ISO 14000. The above mentioned documents,
accepted also by the European Union institutions, provide currently a basis for the as-
sessment of the quality of actions in the �eld of environmental protection. The package,
containing at present about a dozen of standards, becomes, also in this country, a basis
for the evaluation of economic undertakings in�uencing (loading) the environment. The
obtainment of a certi�cate is a con�rmation that a given business or local government
organisation acts in accordance with the standards of the environmental management
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package and con�rms the correctness of its pro-ecological working, and leads most often
to a considerable reduction of �nancial loads such as taxes, �nes and insurance premiums,
etc. The operation of the System relies on the implementing and consequent observance
of the actions depicted in Fig. 1. The undertaking of actions shown in the �gure is based
on a voluntary acceptance declared by all the employees to understand and submit to the
objectives leading to obtainement of a positive ecological e�ect. The actions, as shown in
Fig. 1, are repeated many times in the course of the implementation of the management
system until a state is reached which by the auditors is considered to be a state meeting
the standards being currently in force.

Fig. 1.

For the scope of this paper, of importance are the acoustical questions included in
the discussed package of standards. In the sheets of the standards that have appeared
hitherto, the noise is not separated as an agent liable to particular evaluation. The authors
consider this condition as resulting from the fact that these hazards are local in their
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character within the border of a given country or even area, while the remaining in�uences
are transnational in character, and thereby are separately speci�ed in the international
document.

Taking into account the ecological situation in Poland where the range of noise im-
pact in the environment includes the 8 million population (according to ITB data), and
continually increasing number of complaints directed to local government o�ces, this
justi�es the vibroacoustical problems to be included in the most important procedures of
the environmental management system. In the authors' team, a number of more exten-
sive works have been undertaken on preparing the management procedures for the area
of vibroacoustics [3 � 7].

The following procedures were prepared:
• Procedure for identifying the sources of vibroacoustical hazard.
• Procedure for carrying out vibroacoustical measurements in the outer environment.
• Procedure for determining acoustical power of the sources.
• Procedure for assessment and recording e�ects of vibroacoustical domain.
The structure of the developed procedures is based on utilising the block schemes of

proceeding. An example of the scheme for the procedure �Assessment and recording of
consequences for vibroacoustical impacts on the environment� is based in Fig. 2. The
procedure comprises the actions as follows:

1) List of all components (in machinery enterprise, in local government organisation,
plants in a given area, etc.), description of technological processes broken down into
individual departments of an enterprise or organisation.

2) Preliminary veri�cation of the sources with the view of the emitted vibroacoustical
energy, based on a specially prepared form sheet.

3) Formation of an input database on the sources of noise and vibration within the
premises of the plant which constitute potential hazards for the outer environment.

4) Performing the measurements of acoustical power of individual, selected sources.
5) Performing the measurements of vibration emitted by individual, selected sources.
6) Veri�cation with determining: source name, location, vibroacoustical properties.
The preparation of individual procedures is a laborious process which requires a

detailed knowledge both of methods, measurements and vibroacoustical evaluation in
the environment, legal-standardisation questions, as well as recognition of the structure
and principle of functioning of the organisation for which the environmental management
system seems, at a glance, to be a bureaucratic form of the clerk's performance. However,
by making a more detailed analysis on a basis of authors' own experience, the arranging
character was also noticed, �rst of all in the organisational area of the enterprise, and
in tech responsibility of individual persons and personnel teams, in parallel with the
execution of clearly assigned tasks de�ned in the procedures prepared and accepted by
individual employees [8 � 14].

The applied formalism of proceeding when establishing the management system in
accordance with the standards under consideration, creates the need to use special tools
to assist the prediction of the acoustical climate, supervision of correcting actions aimed
at reducing the hazard to e�ectively control (manage) all the agents in�uencing the con-
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dition of the environment. These tools are of particular importance in large organisations
as they help both to collect and select the measurement data and other numerical quan-
tities, and, in connection with the tools for economic and legal assessment, assist the
decision processes in the discussed management area.

Fig. 2.
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A closer analyses of these questions points at a particular usefulness of GIS and GPS
techniques.

2. Noise parameters

Sound can be generated by many di�erent sources and can be perceived as noise by
humans in many circumstances. Environmental noise is the sound generated by human ac-
tivity (road tra�c, railways, industry, ...) and perceived in the domestic environment [17].

The variety of noise sources appearing in the �eld requires the application of manifold
classi�cation sections [18, 19, 20]. In relation to the shape, they are divided into:

• linear (transportation routes, ...),
• super�cial (airports, depots, railway stations, large industrial plants, ...),
• punctual (small industrial plants, individual machines, ...),
• spatial (building type).
Instead, considering the environment in which the noise exists and the type of the

source generating it, one can divide the noises into:
• noise coming from the means of transportation, the so-called tra�c noise,
• industrial noise, and
• noise in habitable rooms, public utilities and rest and recreation areas, i.e. municipal

noise.
Apart from the size, the way in which the noise is emitted into the surroundings is also

of importance in assessing the impact of a speci�ed type of noise on the environment. Its
prediction in the environment is presently based on calculation methods of the external
noise determination.

However, the necessity of mathematical simpli�cation of the assumed models intro-
duced at every stage of the calculations leads to many mistakes; the results obtained from
those operations are of lower practical importance than one could expect [16, 18 � 21].
The choice of the approach results also from the fact that the most accurate transforma-
tion of the existing state is ensured by a measuring method relying upon determination of
the sound levels A under maintaining strictly de�ned and neutral methodology conditions
[21, 22].

The application of a suitable method depends on the way of determining an initial
parameter of the acoustic �eld. Forecasting works insisting on a prognosis of the acoustical
climate of a speci�c terrain basing on established parameters characterising the source
and environment, are an important problem in this range. Practically, the calculations
are made basing on popular dependence [16]:

rx = Rz · 10
∆l
10k

where Rx � substitute distance, K � coe�cient, depending on the kind of terrain's
cover.

Our tests made in the years 1994 � 1998 [3, 5, 6, 8 � 11, 14, 15, 23 � 25], proved im-
portant di�erences in the size of a areas of the noise's in�uence set on the base of real
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measurements in di�erent terrain's conditions. Basing on them, general dependences cor-
recting current dependences were educed. For example, for the most common used tra�c
noise, they are:

r = 4 · 10
∆l
13 ⇒ for ∆l ≤ 3.9

r = 8 · 10
∆l−3,9

13,3 ⇒ for ∆l ≤ 7.9

r = 16 · 10
∆l−7,9

13,3 ⇒ for ∆l ≤ 11.9

r = 32 · 10
∆l−11,9

14 ⇒ for ∆l ≤ 16.1

r = 64 · 10
∆l−16,1

14,3 ⇒ for ∆l ≤ 16.1

∆l = LZM − LDOP

where LZM � measured noise level LDOP � permissible noise's level for the precised
terrain.

The dependence mentioned above connects measured noise level with permissible
values, speci�ed by suitable norms and laws.

From among many factors, the in�uence of which on the level of annoyance is the
highest one, one can quote [19, 20, 22]:

• sound level A at the source,
• type of noise emitted,
• course of the spectrum of noise emitted by the source,
• type of the casing of the source or lack of thereof,
• occurrence and localization of areas liable to anti-noise protection.
Presently, the following documents [26] concerning the assessment of the hazard for

the environment by noise are in force Order of the Ministry of Environmental Protection
Natural Resources and Foresty of the 13th of May, 1998 on the protection of the envi-
ronment against noise. The Order of the Ministry of Environmental Protection Natural
Resources and Foresty on the protection of the environment against noise is an adminis-
trative act to this one mentioned above. The critical values of the equivalent sound level
A determined in it are given separately for the day (600−2200) and the night (2200−600).
It was assumed that during the day there are 16 hours, while during the night only 8
hours.

New law regulations [17] putting the long-term critical values for the state of the
acoustical climate's valuation into force, will require dissemination of methods of the
outer environment noise monitoring or creation databases about the outer environment.
If there are noise monitoring tests carried on, the measured sound level will be formed
by many di�erent elements like: changing the tra�c's spread, di�erent structure of the
measured squirt of vehicles, road parameters or the urbanistical arrangement of the
area in the road's neighbourhood. Modern methods of designing the space, valuation of
the in�uence on the environment, and forecasted noise multipoint measurements in the
terrain would require an automatic localisation of the points and connection the elements
collected in measurements with the maps of measured terrain. In works carried on in this
scope, the techniques of GIS and GPS should be used to connect cartographic maps
with databases for the visualisation of scores of basic measurements and calculations
connected with the terrain tested.
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3. Geographical information system (GIS)

The block scheme presented in Fig. 2 points to the usefulness of the application the
numerical information connected with the map picture of the area in which the tested
object (building, industrial plant, parcel of ground subjected to assessment of environ-
mental noise) is located. For this purpose special computer software named GIS is used.
The GIS systems [following 2] are computer programmes that serve to handle digital
maps. The functions of such a software resolve themselves into assisting the preparation
of maps, storage them in the computer memory and make possible to analyse extensively
of the data of the objects located on the map. Therefore, the basic activity in the GIS
technique is the formation of a digital map of the area subjected to testing and a related
computer database containing the data that characterise the object(s) located on the
map. Digital maps of the area are characterised by several important features � vectori-
sation enabling a continuous changing of the map scale, while the digital version of the
map is kept in the computer memory in the 1 : 1 scale. There is a possibility to apply
a set of di�erentiated graphical parameters such as: line thickness, sort of line (solid,
broken, dotted, etc.), line colour, various types and colours of �lling of surface objects,
variable dimensions and shapes of the description characters, an ease choice of various
symbols for marking point objects. The properties of computer graphics make possible
to divide the digital map into a number of layers comprising de�ned information being
of importance for a selected analytical cross-section. This enables to group the objects in
such a way that the information insigni�cant or useless for this analytical cross-section
are excluded. The presentation of the area map in the geographical coordinate system
enables to make thorough representation of the objects in the area. As mentioned above,
the GIS system containa, a part from a digital map, computer databases which are in
general easily con�gurable to local requirements. Apart from the digital data relating, for
example, to results of measurements, text data (e.g. description of the object, addresses,
names of persons related to the object), the databases of ten allow to conduct simple
calculations, for instance, calculation of the line of an equal sound level, an isoseismic
line (when carrying out measurements of the ground vibration, etc.).

When one does not use ready-made �les the preparation of a digital map of the area
(Fig. 3) is a laborious task relying, under a certain simpli�cation, on the transporting of a
photograph (e.g. scanning a printed map, use of satellite photos, etc.) into the computer;
and then, using a special device (called digitiser or tablet) assigning the coordinates of
points on the surface linked with a real network of geographical coordinates. The GIS
programmes enable to process extensively the map prepared in this way. It follows from
the authors' own experience that the most suitable form of processing is the creation
of the above mentioned informative layers containing selected objects together with the
related database [14, 15].

In the investigation of environmental noise, there is, more and more often a need
to make a spatial visualisation of the acoustical �eld distribution. Modern GIS tools
make also possible to create such maps and present them in various projections, three-
dimensional maps an more complex ones both in preparatory and interpretation phases.
These require also an highly e�cient computer equipment.
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4. Global positioning system (GPS)

In practice when using maps of the investigated area, there is a need of a fastlocation
of the measurement data. In the procedure applied so far, either the approximate location
in relation to the characteristic objects found in the considered area or, when conducting
very accurate tests, the location of the points was made using surveying measurements.

Over the recent years, �rst in the geodesy and presently in other di�erent domains, the
GPS system has been used which utilises a group of special geodetic satellites emitting
radio frequency signals determining their current position and the time of sending the
signal. The GPS instrument being a radio receiver of these signals, after at least three
satellites have been identi�ed, solves the set of equations determining the coordinates
of a given point. In practice however, this location is a little more complex since it
requires taking into account a correction of the specially transmitted random error signal.
The application of other calculation procedures makes possible to determine the spatial
coordinates. The discussed possibility to calculate spatial coordinates can be used, for
instance in determining the height of objects both in relation to sea level and locally in
relation to ground. This also enables to carry out automation of the calculation of the
area of the selected sites, and to estimate the volume of cubic structures.

Modern GPS receivers, often with preinstalled approximate maps of the area that
enable to perform a preliminary location of points, providing that an electronic memory
has been built-in, make also possible to draw, directly on the map, the route of a moving
object (e.g. a car).

5. Databases for the effects of road traffic noise

The operations comprising the storage of measurement data, various types of assess-
ment and comparison with a standard, and connections with the maps of the measured
area are accomplished by the database software installed, most often, in a stationary
computer. The base was designed in the MS Access 7.0 program. The functions of the
base can be easily adjusted to the individual needs of the user. An original element of
the base is the localisation of the measurement data and geographical position of each of
them by using a separate GPS module together with a suitable software. The results are
presented on a digital map of the area, made in our case, with the use of the GIS system
of Map Info Professional 6.5 [8]. A typical customer is interested in obtaining complex
and clearly prepared information on the e�ects of noise in the environment. The program
is composed of a number of options, the most important ones being: option Wyniki bada«
(measurement results) that makes accessible the data base being a set of the expected
information.

The conception of the database ensures the possibility to place the maps of de�ned
localities or smaller areas in which measurement points were localised. Indicating a de-
�ned measuring point and selecting the option Wyniki pomiarów haªasu (Results of noise
measurement) leads to the opening of the �folds� (Fig. 4) that give detailed information
(by GPS and GIS) relating to the location of the measuring point. The second fold Ocena
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Fig. 4.

(evaluation) gives a current state in the domain of the e�ects of noise emitted for ex-
ample by transport means in the outer environment. This option is to enables to utilise
the results both into evaluation of the condition of the environment and settling the
questions related to the localisation of new and modernised transport structures in the
scope realised by the customer.

6. Conclusions

The possibilities of using the GIS and GPS techniques, as discussed earlier, in as-
sessing vibroacoustical hazards in the environment, point at, following authors' own ex-
perience, a great usability, particularly in investigating larger areas (Housing estates,
localities, etc.) in which a need arises to carry out measurements in a greater number
of measuring points. Particular usability of the discussed techniques takes place when
preparing acoustical maps of towns and transport routes. The possibility to connect the
maps with relation databases makes possible to collect in a single place full information
about the investigated area and objects located in it. This enables to carry out various
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transformations and analyses of which most spectacular application is the optimisation
of the course of transport routes to minimise the noise and mechanical vibration loads to
the environment. The decreasing prices of the instrumentation (particularly GPS) and
software encourage to wider implementation of the discussed methods, which gives much
better and faster analytical and presentation capabilities of performed investigations.
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