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Research is devoted to the development of the information intelligent technology of the automated 

georeferencing of text information-language information by means of the NER (named entity recognition) 

technology and NLP (natural language processing) technology with the reference to the geographical 

objects of the vector maps. The study kit is formed by means of partition of the labeled entities-locations and 

entities-organizations into separate samples, which contain combined in a certain way entities, that 

characterize the planar objects of larger surface and, separately, those that characterize smaller planar 

objects, linear and point objects. Such division of the data enables to organize multistage revision of the 

identification results and models used, this allows to provide simultaneously the increase of the 

completeness, accuracy and speed of georeferencing of the set ecological text information.  

Recommendations, regarding the application of this technology for Ukrainian, English and other 

languages as well as  for the algorithm for the  preparation of the input cartographic data, using GIS-

package of ArcGIS programs are developed. The examples of the application of the separate elements of the 

suggested technology to real text data about the state of water arrays of the South Bug basin are given.  
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Introduction 

Every day the increasing volume of the electronic ecological information about the world around 

us is formed and its automatic processing, structuring, formalization to provide searching during the 

solution of various problems becomes more and more urgent.  

As it is known ecologic electronic information comprises any information about the state of the 

environment components (air, water, soil, landscape and natural objects, biological variety, etc and 

the interaction between these components), about the activity or measures, including administrative 

measures, agreements in the sphere of environment protection, policy, legislation, plans and 

programs, influencing or may influence these components; about the analysis of expenses, results 

and assumptions, used in the process of decision- making, regarding the problems, dealing with the 

ecological issues; about the state of health and security of people, conditions of life, state of the 

objects of culture and buildings, to the  extent, that the state of the environment components 

influence or may influence them [1]. The important characteristic of the ecological information is 

that it is analyzed only regarding the specific geographical planar objects – countries, regions, river 

basins, settlements, water bodies, conservancy areas, etc. Text may contain both the names of these 

objects and the names of the other objects, located there and the state or consequences of their  

impact  is the main subject of the analysis (rivers, corridors of the ecosystem, water discharge points 

of the enterprises-users of natural resources, landfill sites, farming lands, etc.), but their names the 

analyst, due to certain reasons, cannot know. Thus, there appears the problem of the data 

georeferencing to the objects with the a priori unknown names, which are in certain spatial relations 

with the known objects. The solution of this problem would enable to fill the specialized 

information searching systems more rapidly, for instance [2 – 4].  

In recent years the plans of all the river basins management are developed in Ukraine applying 

the approaches, used by the EC countries, according to these plans the ecological state should be 

analyzed, main tasks influencing the state are to be identified, the list of measures, aimed at 

realization of these tasks is to be developed. But the main task is that all the studies must concern 

each of tens thousands of the water bodies. For instance, in the basin of the South Bug river there 
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are more than thousand water bodies. In Ukraine there are no sufficient amount of monitoring 

stations the objects of the permanent control. One of the way outs  – is the search in all possible 

sources of the ecological information, which have spatial relation to these water bodies i. e., may 

have georeferencing to them. Similar problems appear as a result of the analysis and optimization of 

the elements of the ecological system of various regions, where it is necessary to find and analyze 

quickly the information, regarding its corridors and nuclei of different levels. It is important that the 

similar problem occurs not only in Ukraine but also abroad. And not only at the stage of 

development of various projects and plans but at the stages of their verification and state control, 

progress in the realization; especially when the analysis of maximum actual information from mass 

media regarding different problems  in the preset regions is important.  

Technological solution of such problem contains a complex of solutions both in the sphere of the 

location (geographical objects) allocation in ЕТІ and its comparison with the data, about  the objects 

of the environment and in the sphere of ЕТІ classification and formation of the classifiers in the 

form of the ontologies and semantic grid, in the sphere of maintaining the  hierarchically structured 

spatial relations, for instance, in the form of ontologies and semantic grid in the known formats 

XML, JSON or RDF [5 – 7]. As a rule, it is impossible to solve such problems without expert 

support. That is why, all the existing approaches, as a rule, differ by the level of the automation and 

experts participation at different stages, first of all, at the stage of the formation of geographical 

names which can be in ЕТІ. In the paper [4] the technology of the synchronous classification of 

texts and formation of the ontological model of the classificatory according to the principle of the 

mesh-grid was suggested, but however, this process also needs human participation. 

The existing solutions [2 – 4, 8 – 10] allow either to solve the problem accurately and 

completely but it takes much time and it is rather expensive, because great number of experts are to 

be involved in the analysis of all the texts. Or quickly, but the experts, without taking into account 

the context and various possible meanings. Or quickly but not completely, taking into consideration 

the context but only for the prefixed, collected by the experts, certain amount geographical named 

entities, which describe the analyzed object. 

Aim of the given research is to improve the completeness, accuracy and speed of the 

automated georeferencing of the ecological text natural-language information at the expense of the 

improvement of the corresponding intelligent information technology. 

Analysis of the modern approaches to the automated georeferencing of ETI and basic ideas regarding 

their improvement  

Conventionally the problem of the automated georeferencing is solved in the following way  

[5, 8 – 10]: 

– on GIS map the preset entities- geographical  objects , to which  the georeferencing is to be 

made, are marked i. e., to find with which of them there exist spatial relations (in case of the 

water bodies, they may be not only the boundaries of the water intake areas of these bodies but 

also water flows, water bodies, residential areas enterprises -water resources users) and the set 

of the name entities is formed (more detailed technological realization of this algorithm will be 

presented below); 

–all the word forms of each entity are formed by the preset language (for instance : Вінниця, 

Вінниці, Вінницю, Вінницею, etc.,); 

–  in ETI the search of each entity is carried out, and, in case of the coincidence, the 

corresponding text is marked as the text that has the georeferencing to a certain entity. 

Such simple, at first view, algorithm has many complexities: 

1. It is difficult to find GIS map, where all interesting objects are available, for instance, map 

of the country where all potential water users both point (enterprises) and diffusive (farming 

lands, forests) are plotted, it is important for the analysis of the factors, influencing the 

ecological state of the water. 
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2. It is difficult to find Ukrainian language free libraries, which generate all possible 

wordforms, especially for the names, consisting of different words, including words, borrowed 

from other languages. 

3. It is difficult to find relevant geographical entities (in Natural Language Processing (NLP) 

and Name Entity Recognition (NER) such entities are usually called «locations» [9, 10]) in ЕТІ, 

especially those which have in the name many words and sometimes it is not easy to understand 

if they all are the part of the name or they are homonyms (for instance, Silnytsia – it is a river 

and residential area, Kunka – it is a river and residential area). 

As a rule, for the solution of the problem of the entities search one of two types of approaches is 

used: 

– «Ruled-based» approaches – by the system of rules – operate quickly but can not find the 

entities, which were not known before; 

– approaches on the base of the technologies of artificial intelligence and machine learning, 

in particular – NER as a subtype of NLP-technologies – enable to find the unknown possible 

variants of the entities and their connection with the known ones but the procedure may take 

some time and find numerous irrelevant variants, that is why, these approaches require constant 

correction. 

In case of technologies application to a great number of various texts, as in our case, the first 

type of the approaches cannot be considered as the quick one, as for the formation of the complete 

set of entities in the whole ETI, first it must be analyzed in an expert way, and it requires much 

time.  

That is why, for such various by the spatial referencing problems, especially for the cases, when 

it is important to analyze new texts in the on-line mode, the second group of approaches is used. But 

the main task in this case is the necessity of expert correction of NER-technology operation and 

considerable uncertainty of the problem set up, regarding what spatial  relations and how should be 

taken into account.  

According to the set aim, the following approach is suggested: 

1. Form the basic maximally reliable set U of the locations, using geoformation systems of 

the region, data bases of different registers and cadasters, where the sample of data, regarding 

this region, can be made. For the problems of water resources management, GIS of the river 

basin with the hydrogeography layers, residential areas and water users, register of the 

enterprises-users of water resources, accounting of the 2
hd

 type may be taken. Form basic 

training sample U1, from these basic locations, but unlike the existing approaches make it only 

from the comparatively large planar geographical objects of the environment (river basins, water 

intake area of the water bodies, administrative regions and districts, boundaries of the residential 

areas, etc.), on the territory of which spatial objects, which are marked on the maps  as linear 

and points (rivers, water intake or discharge of the enterprises-users of water) or as planar  

objects of the comparatively small area (territories of the organizations, farming lands) may be 

located. From the second group of the entities-geographical objects (linear, points and small 

planar) basic test dataset U2 should be formed. Basic datasets must contain maximally reliable 

information, based on the verified GIS, state cadasters, registers of the spatial data, etc. 

2. Synthesize the word forms (we denote this operation by the function Fs) for the names of 

all the entities from the point 1 and add them to the datasets formed at that stage: 

𝑋1 = 𝐹𝑠(𝑈1),     𝑋2 = 𝐹𝑠(𝑈2),                                                      (1) 

where X1, X2 – are sets U1 and U2, correspondingly, supplemented by all possible wordforms in the 

same language. 

3. Basic training sample should be used for the construction of the M model for the 

identification of the entities in the ЕТІ, which refer to the preset geographical region (ecosystem 

of the region, river basin, water bodies, etc).  
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4. In texts T, which will be defined as those which contain entities- locations from the training 

sample, by means of the model M new set Y from the entities-locations and entities-

organizations, connected (by the criteria of NER-technologies) with entities-locations of this 

training sample should be identified:  

Y = 𝑀(𝑇, 𝑋1).                                                               (2) 

 Compare these new entities with the basic test dataset from p. 2. Arrange the model (or select 

from some possible models) in order to maximize the accuracy of entities definition by  

F-criterion, which takes into account both the accuracy and completeness of the identification [11]: 

Y = max𝐹(𝑀(𝑇, 𝑋1), 𝑋2).                                                      (3) 

 After that (probably after the random expert or other type of verification), new dataset is 

added to the basic one: 

𝑈2 = 𝑈2 + 𝑌                                                           (4) 

and the transition to p. 1 with further iteration of the pp. 2 – 4 is carried out, until the next random 

inspection shows that the result of the operation (3) does not give the value of F-error, for instance, 

f1_score from the library sklearn on Python, is higher than certain minimal value, for instance 0.7. 

5. If in p. 1 rather large test dataset was formed, which can be divided into n samples 𝑈2𝑖 (𝑖 =
1, 2, … 𝑛) by the volume or geographical criteria, then pp. 3 – 4 can be applied to them on 

multistage basis, until reliable for the accuracy analysis data are available: 

𝑌𝑖 = max𝐹(𝑀(𝑇, 𝑋1), 𝐹𝑠(𝑈2𝑖)),     𝑌 ∈  𝑌𝑖,   𝑖 =  1, 𝑛̅̅ ̅̅ ̅.                                      (5) 

After the completion of the georeferencing of ЕТІ process and to practical usage of the 

identified bulk of texts the complete verification of the correctness of the identified set of entities-

locations and entities -organizations and their connections with the entities-locations of the basic 

reliable datasets is desirable.  

The advantage of such approach is the speed of its formation as all the operations can be 

automated if the stage of the random expert verification is neglected and the verification is 

performed one time after the completion of the technology operation. The drawback is high 

probability of the second type error («False Negative»), when the entity is taken into account not 

correctly. For instance, certain  text will contain information regarding the ecological problems of 

all the regions of Ukraine. Including the region, being analyzed, but besides this region, other 

regions will be included in the text. Randomly, such algorithm may add then, and the expert – miss 

the case. For the minimization of such an error, first the preliminary processing of ЕТ Ican be done, 

for instance, entities are searched first in the content and then – only on the pages, which 

correspond to identified point of the contents, secondly distance in words between the entity from 

the basic sample and new identified entities can be limited, for instance, by 1000 words or 10% of 

the volume of words in the document, to decrease the risk of such error. 

Stages of the developed information intelligent technology of the automatic georeferencing of ЕТІ 

As it was mentioned above, the first stage of the improved information intelligent technology of 

the automated georeferencing of ETI is the formation of the basic set of U entities. We will consider 

this process on the example of the solution of the problem of georeferencing ЕТІ to the water 

bodies of the given river basin. This stage consists of the following steps: 

1) Vectorization of the water intake areas of the water bodies. This can be performed in the 

mode of the automatic vectorization, applying GIS ArcGIS Desktop. To perform this stage 

the following GIS-data must be available: 

– layer of the water bodies of the studied territory; 

– layer of the detailed hydrography; 

– digital array of the terrain (DAT). 
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2) Formation of the set of the intercrossing of the water intake basins of the water bodies with 

the geographical objects of the state cadasters: land, water, water registers, forestry 

inventory, mineral deposits inventory, etc. Such set of the intercrossing can be formed, using 

the facilities of the overlay analysis of the professional GIS (ArcGIS Desktop, QGIS or 

others). Fig. 1 shows the example of the intercrossing set of the water intake basins of the 

water arrays with the residential areas. It is important to note, that as a result of this 

intercrossing in the Table of attributes of each geographical object, entering the boundaries 

of the water intake basin the official code of water array is written  down automatically. 

 
Fig. 1. Example of the set of the intercrossing of water intake basins of the water arrays with the  

geographical objects of the state cadasters 

 

3) Formation of the list of the geographical names for the set of the intercrossing objects. 

To perform this step it is necessary to develop the module for the work with the text data, the 

module will provide: 

– settings, where it is indicated from what fields of the Table of attributes and from what 

layers the text data are to be collected; 

– collection of the text data according to the settings; 

– post processing of the collected data, their formatting, etc. 

4) Automated verification of the geographical names on the subjects of their actuality. This step 

includes the revision of the formed sample of the geographical names with the official lists of 

names, being object of changes as a result of the implementation of the decommunisation 

legislation in Ukraine or various renaming for reasons other than those above. 

5) Formation of the resulting data set, where for each entity the important information for the 

next stage will be saved: 

– about the name (it is desirable , in different languages, available in cadasters – often the 

names are both in Ukrainian and English languages); 

– about the type of the objects presentation on the map (planar, linear, point),  

– if the object is planar, then – the information about its area is needed. 

If GIS contains the information regarding the spatial relations between the objects, then it is 

important to save these relations, for instance, that certain city is located on certain river or certain 

district is a part of a certain region. The information, regarding spatial relations between the objects 

is expedient to save in JSON-format, which is the sets of the pairs of «key: meaning» type and may 

contain the references to other objects. The advantage of the given format is the flexibility of the 

data structure at the sufficient level of the formalization, that enables to read out the data by means 

of the program for further analysis, for instance, using Python language. 

For the formation of the wordforms  X1, X2 library pymorphy2 on Python can be used, it contains 

the algorithms for English, German, Italian,French and other languages [12]. For Ukrainian 

language ВЕСУМ  dictionary, developed by the team БрУК [13] can be used. 

For the construction of the model M spaCy library in Python can be used, it contains the 

algorithms for English, Chinese, French, Italian, Polish, Spanish languages [14]. For Ukrainian 

language stanza-lang-uk csan be used — it is the technology for the work with Ukrainian texts [15]. 

Block-diagram of the algorithm of the suggested technology is shown in Fig. 2. 
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Fig. 2. Block-diagram of the algorithm of the suggested information intelligent technology of the automatic 

georeferencing of ETI 

Example of the application of the developed information intelligent technology of the automated 

georeferencing of ETI  

 Below we will consider the example of the application of the suggested technology on the 

example of the water arrays of the south Bug River. Water-resource region (WRR) «The South Bug 

river from the mouth of the river Іkva to residential area Selysche», which in the Water Register of 

Ukraine has the official number UA_M5.4.0.02. Fig. 3 shows the example of the vectorized water 

intake basins of the arrays of this WRR. 

 

 
Fig. 3. Example of the vectorized water intake basins of the water arrays of the water resources region 
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UA_M5.4.0.02 «South Bug River from the mouth of the river Іkva to residential area Selysche» 

 

Using the suggested approaches for the collection and postprocessing of the GIG data  the 

formation of the data set (Fig. 4) for each water array is carried out.  

 

 
Fig. 4. Fragment of the resulting data set 

 

For testing the technology water arrays ВГД UA_M5.4 were selected, they contain cities 

Vinnytsia (UA_M5.4_0013), Kalynivka (UA_M5.4_0181) and Khmilnyk (UA_M5.4_0011), 

correspondingly. For these cities basic training set U1 of the data from planar objects of larger size 

(WRR UA_M5.4.0.02, Vinnytsia Region, districts of Vinnytsia Region) and test set U2 from planar 

objects of the smaller size (boundaries of the residential area) linear (rivers) and point objects (sites 

of the water discharge, water intakes of the enterprises-users of water resources, monitoring stations 

of water quality or amount) were formed. Fig. 5 presents the example of the combination of the 

water intakes basins of the water arrays with other point objects on the map.  
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Fig. 5. Water collecting areas of the water arrays are combined with the stations  of the hydrologic control 

(blue circles), water intakes (blue rectangulars) and water discharge (brown rectangulars)  

 

Further, for these sets with the relation (1) the sets with all word forms X1, X2 are formed. Test 

set X2 is divided into 3 – separately for each water array.  

For testing the technology one of the co-authors of the paper Mokin V. B.> with the participation 

of the other co-author Gorash M. A. and students of Vinnytsia National Technical University 

Pasichnik D. V. and Radetskyi O. V. created the public dataset of the sentences about the state of 

the water resources of the South Bug river basin, the dataset is installed on the platform Kaggle 

[16]. This dataset contains sentences from the monograph, published by the co-authors Mokin V. B. 

and Kryzhanivsyi E. M., the monograph has published English [17] and Ukrainian [18] versions. 

For the experiments English part of the dataset was used. The application of the suggested 

technology allowed to form the list of the entities locations, error f1_score for which on average 

was 0.78, the operation of separate solutions, suggested in the paper, was tested. Further full scale 

experiment for the determination of the completeness, accuracy and speed of the georeferencing of 

the set Ukrainian and English ecological text natural-language information for a number of water 

array area and for the comparison of these indices with the indices regarding the realization of such 

georeferencing in the traditional for such problems way is planned to perform.    

Conclusions 

The given paper describes the development of the intelligent information technology of the 

automated georeferencing of the ecological text natural-language information. New approach to the 

information of the training set of data by means of the division of the entities-locations and entities-

organizations into separate samples, which contain entities, combined in a certain manner, which 

characterize the planar objects  of the larger area and, separately, those which characterize smaller 
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planar objects, linear and point objects. Such division of data enables to organize multistage 

verification of the identification results and models used, this allows to provide simultaneously the 

increase of the completeness, accuracy and speed of the georeferencing of the set ecological text 

information.  

Recommendations, regarding the application of this technology for Ukrainian, English and other 

languages as well as the algorithm of the preparation of the input cartographic data, using GIS-

package of ArcGIS programmes are developed. The examples of the application of the separate 

elements of the suggested technology to real text data, concerning the state of the water arrays of 

the South Bug river are given:  

1. By means of GIS, for instance ArcGIS, applying the facilities of the overlay analysis it is 

possible to form the set of the water arrays of the water collecting basins of the water arrays with 

geographical objects of the state cadasters: land, water, forestry, cadaster, natural resources 

cadaster, etc.   

2. For testing and creation of ETI such water arrays of the South Bug river were used 

UA_M5.4_0013, UA_M5.4_0181, UA_M5.4_0011. The suggested technology was realized on 

Python using technologies Named Entity Recognition, BERT, also libraries spaCy and TensorFlow 

were used. 

3. For the given water arrays the data with the information, concerning the problems and rivers 

description, located there, were selected. The monograph, containing the description of the South 

Bug river was used. This monograph was published in two languages (English and Ukrainian, 

within the frame of Swedish-Ukrainian project, sponsored by SIDA) that enables to teach and train 

information technology both in English and Ukrainian. Bilingual dataset was formed from this 

monogram, but for testing only English text was used.   

4. Successful testing of the separate elements of the suggested technology was carried out. The 

error was 0.78. Further the development of this technology is planned to work with Ukrainian 

language.   
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