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Abstract: Real estate is one of the most important aspect of our life and play significant 

role in global economy. Sooner or later, everyone has contact with properties that are 

place for life, work, investment, relax. That is why properties are part of many decision-

making systems related to valuation, taxes, land planning and sustainable development 

of the areas. Analysis related to property market are based on many assumptions such 

as property homogeneity determination. The following paper presents proposal of 

utilization of automated solutions based on robust geo-estimation that enables high 

efficacy of property submarkets identification. The study is to propose the optimal 

solutions for initial part of the homogenous market analyses such as feature 

engineering, that enables unbiassed identification of the homogenous areas (zones). In 

this case the following methods based on robust geo-estimation/geoprocessing will be 

used: Gauss filter, geocoding and reverse geocoding, tessellation model and entropy 

theory. 
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Introduction 

Identification of comparable market areas seems to be the most neuralgic though 

substantial step in property analyses or valuation procedures. The one of the common 

interpretations of the markets states that these are, as similar to each other as possible, 

in the given local, conditions and types of real estates, taking into account physical-legal 

(endogenous) and location-economic (exogenous) aspects. The empirical problem in 

homogeneous markets elaboration is related to the reconciliation of two intrinsically 

heterogeneous phenomes: property describing factors and the properties themselves 

described by physical and legal characteristics. Another crucial aspect is the comparable 

market areas determination is the optimal way of analysis conduction.  

In every property market analyses the feature selection and definition is very 

important, therefore their proper measurement and coding that enable their real impact 

reflection seems to be additional challenge in this topic.  

The selection of homogeneous markets should be based on a strictly defined 

procedure in terms of its main stages, but as flexible as possible to ensure proper and 

real adaptation to the analyzed market area. An in-depth analysis of the literature on 

this topic was presented in the previous authors' publication entitled “Modern 

challenges of property market analysis-homogeneous areas” (Renigier-Biłozor et al., 

2022). General stages of feature model preparation for homogenous areas 

determination were presented below (Fig. 1). 

 

Fig. 1. Stages of feature model preparation for homogenous areas determination 

Source: Own elaboration 

The objective of the study is to propose the optimal solutions for initial part of the 

homogenous market analyses – feature engineering, that enables unbiassed 

identification of the homogenous areas (zones) with the use of following methods based 

on robust geo-estimation/geoprocessing: Gauss filter, geocoding and reverse geocoding, 

tessellation model and entropy theory. 
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Literature review and research issues 

An important and indispensable stage of most market analyzes is the grouping / 

classification of objects into similar ones as a certain model depicting a complex / multi-

dimensional phenomenon. While the details of this classification in relation to specific 

features or selected quantities are the domain of a given field of research, its general 

assumptions have (or should have) certain utilitarian schemes, stages or conditions 

incorporated into the technology or method used for this purpose. 

When analyzing the real estate market, it should be considered that the 

dependencies occurring on it may be purely random, and an additional difficulty is their 

dynamically changing nature. Along with the growing awareness of the difficulties in 

getting to know the details of the processes taking place in the real estate market and 

reducing it "artificially" to a strictly deterministic and, in fact, perfect phenomenon, the 

need to look for approximate, blurred, indistinct, fuzzy solutions that can provide 

optimal, more satisfying results than these so-called “categorical”. The importance of the 

following scientific problem is underlined in the current state of art e.g. Del Giudice & De 

Paola (2017); Goodman & Thibodeau (1998); Manganelli et al. (2016); Morano et al. 

(2017); Morano & Tajani (2016); Tajani et al. (2016); Borst (2012). 

In property taxation the homogeneity of the property market definition is 

indispensable. Usually, a taxation zone is an area in which a certain number of 

properties, being subject to an appraisal, demonstrate the same impact of the location 

on their value. According to Gnat (2019a) all the properties located in a given 

elementary area (a taxation zone) formally do not differ in terms of their locality. Many 

research work underlines the issue that indication of the zones constitutes one of the 

key problems that have significant impact on the accuracy of the achieved appraisal 

results (Cellmer & Kuryj, 2011; Manganelli et al., 2014; Morano & Manganelli, 2014; Rae, 

2015; Renigier-Bilozor et al., 2019; Sawiłow, 2009; Wu and Sharma, 2012; Wu et al., 

2020). 

On the other hand, it is worrying that many researchers “do not understand the 

implication of the market segments they use in their studies and choose areas arbitrarily 

and ones that are too large for a meaningful evaluation of the benefit of market 

segmentation” and “neighborhood delineation (…) does not depend on apriori 

definitions such as administrative units, census tracts, ward boundaries“ (Borst, 2007). 

The aforementioned methods of submarkets are frequently criticized and treated as 

unscientific by people preferring markets classification based on empirical data (Calka, 

2019; Chen et al., 2009; Mach, 2014; Salvati et al., 2019; Usman et al., 2020; Wu et al., 

2018). Very interesting definition of the homogeneous areas was provided by the 

Eremeev et al. (2017) who claimed that objects that are not even explicitly connected 

and include similar objects, such as buildings, parks etc., as a rule, make up structures.  

Another important issue in this topic is the determination of the size of 

homogeneous areas, which usually depends on the adopted assumptions. According to 

Manganelli at al. (2014) “the size of a homogeneous market area depends on structural  

factors and this value reflects the perception of market operators about location, 
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neighborhood, area where the property is located and inhabitants’ characteristics, in 

practice place identity”. According to Borst (2007) similarity of location is a fundamental 

assumption of division the universe of properties into subgroups. Numerous features of 

properties demand market segmentation through distinct property components 

consideration (Gabrielli et al., 2017; Islam & Asami, 2009; Keskin & Watkins, 2017; 

Warren et al., 2017). 

Homogeneous areas elaboration has useful implications in terms of the property 

valuation, taxation, planning territorial transformations and verifying ongoing or ex post 

decision making. What underline Royuela and Duque after Jenkins (Jenkins, 1978; 

Royuela & Duque, 2013) the use of homogeneous geographic regions to define the 

applicability and scope of a policy or marketing strategy increase the probability of 

achieving the intended effects and of better predicting the unintended effects. 

There is not both universal procedure and methods dedicated to homogeneous 

areas indication in property market analyses. 

Methodology of feature engineering in homogenous areas determination 

The methodology of the homogeneous property markets features engineering will 

be based on the several main stages. The proposed methodology is a universal and 

flexible solution that can be implemented in this form in other types of analyzes, aiming 

at homogeneous selection according to the predetermined ambiguous level of 

indiscernibility. In order to ensure that the analysis procedure follows the essential 

criteria presented in the proceeding chapters, the authors assumed the following 

conditions: 

- the object’s influence in space is not limited to a given space projection, but also 

includes buffers reflecting the strength of its impact, 

- the division of space into optimal figures using the methodology of analytical 

geometry algorithms, eliminating the so-called "information dead points" at the 

interface of the designated area division grid (figures / units), 

- "homogeneous" transactions are not strict (crisp) but a rough set with the assumed 

definition of similarity, 

- homogeneous transactions do not have to be located only in the nearest 

neighborhood, the measurement of factors should be consistent with their real 

meaning and impact (e.g. city center travel time, sea – view, public transport 

accessibility etc.), 

- minimizing the of the so-called behavioral simplification in the selection, 

quantification, and analysis of data through, inter alia, sensitivity analysis, 

- classification of the attribute’s significance by measuring capacity of information in 

data – there is no final and time-stable set of features for each type of market 

property. 
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Division of the area into optimal units. 

The initial point for every spatial analysis based on vector datasets is the description 

of data categories that is why analytical geometry algorithms can be used for that 

purpose according to the following stages: 

a) a rectangular node grid production at a fixed distance a.  

b) creation of regular units of circles based on the node grid (that forms the circles 

centers). 

Analysis of continuous and non-discrete impact of spatial factors for individual units 

according to the two simultaneous solution enables: 

- provision of covering parts of neighboring circles (at assumed radius derived 

from analysis, with fulfilled condition that r < a), thus preliminary continuity of impact 

of spatial features without specified delimiting concrete skeletal lines, 

- neighboring units attribute values influence increase. 

 

Fig. 2. Example of distances between the grid nodes and the radius of tessellation unit 

Source: Own elaboration 

Provided nodes grid with assigned features enable to conduct the sensitive analyses. 

The grid should be assumed based on the quantity of the established homogeneous 

groups. The nodes do not have to have strictly assigned attribute magnitude and their 

determination should be based on methods depending on the nature and spatial impact 

of the attribute. Additionally, it is worth to underline, that tessellation by means of 

tangent figures does not naturally consider the spatial characteristics of the neighboring 

units. A possible solution is to consider 4 or 8-neighborhoods, however, such a solution 

does not take into account the influence of units in a linearly dependent manner. 

Indication and collection scope of the information about market. 

In order to describe the analyzed market, the extensive literature review is usually 

conducted: 

- proximity and accessibility of facilities/services is one of the factors mentioned 

most frequently in the literature dealing with market analysis and property 

valuation. The facilities include education institutions (e.g. primary schools, 

kindergartens etc.), health care institutions (e.g. hospitals), shopping centers (e.g. 
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convenience, bakeries etc.). The reason for their significance is usually connected 

with suitability of the neighborhood, the need and frequency of their use and time 

required for it. (Rabiei-Dastjerdi et al., 2021; Zheng et al., 2016); 

- environment conditions are other characteristic indicated in the literature. Water, 

air or noise pollution and the accessibility of green spaces or natural hazards 

occurrence (e.g. floods) are the elements that seem to have the biggest influence on 

the residential property purchase decision. (Czembrowski & Kronenberg, 2016; 

Źróbek et al., 2015); 

- property communication is another factor taken into consideration in residential 

property purchase decision making. The feature is usually interpreted accessibility 

to public transport (buts, stops, rail, metro) or distance from central business 

districts or public facilities (measured with time of cost of travel) (Guo et al., 2016; 

Hendricks, 2016; Shen & Karimi, 2017); 

- neighborhood aesthetics and social and economic background seems to be the 

last predominate location characteristics described in the literature. Even though 

the factors might seem completely different they are usually strongly corelated. The 

dominating ethnicity, language, religion, family size, education level etc. usually 

influences the surrounding aesthetics (Bin et al., 2017; Mei et al., 2020; Pangallo et 

al., 2019; Xiao, 2017). 

Creation of database model based on the ETL solution  

Data acquisition and building a database model can be based on the classic ETL 

solution (Extract, Transform, Load). 

Extraction 

Data extraction and model determination should use of geoprocessing activities 

based on circle units. In order to fulfill the assumed requirements the following tasks 

should be conducted: 

- 2D objects description (e.g. green areas, surface area etc.), with special respect to 

zonal influence of individual spatial characteristics avoidance omitting – area size 

overlapping data layers (representing particular features); 

- relevant city objects (e.g. airport or other points of interest) distance (e.g. 

euclidean) measurement for the proximity assessment of factors where the 

propagation or nuisance of their impact is a linear dependence on the distance or its 

derivative; 

- the pgRouting use for factors proximity assessment where the propagation or 

nuisance of their impact is a nonlinear dependence on the distance or its derivative, 

distances to significant city life facilities measured along communication tracts; 

- most of the data used to build the description of spatially homogeneous groups can 

be provided directly or indirectly form OSM (Geofabrik). OSM layers should be 

grouped thematically and in terms of vector representation. 

Data application possibility can be analyzed, and spatial-semantic extraction 

performed with the use of (PostgreSQL/PostGIS/pgRouting) – Fig. 3. 
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Fig. 3. Extraction process and components diagram 

Source: Renigier-Biłozor et al. (2022) 

As a result of the extraction and transformation of the values of all attributes, the 

actions taken should lead to the construction of a database whose entity-relationship 

diagram (ERD) example was presented below (Fig. 4). 

 

Fig. 4. Working ERD Diagram 

Source: Own elaboration 
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Spatial extraction consisted in defining the spatial research area can be increased by 

a fixed buffer. Area boundary should be selected from the entire vast spatial data set 

only. Area boundary also makes it possible to define a tessellation layer of circular units, 

which in further stages of the study can have assigned quantified values of attributes 

describing space based on distance (Euclidean/pgRouting) to selected types of objects, 

their quantity or surface areas occupied by individual objects in units. 

Transformation 

Because of the fact that different attributes can have different characters (area, 

distances etc.) and type and format for storing that are not compatible – it is difficult to 

compare a description of numeric features, a greater unification can be indispensable. It 

can be processed with multiple and different types of sources data extraction and 

unification and smoothing. In individual units it can be obtained by the use of the 

entropy and Gaussian function for blurring unit tessellation. 

The entropy theory allows consider simultaneously information’s diversity, merit 

and usefulness. In the presented spin of entropy, a measure of 'disorder, chaos and 

randomness of certain information' (Shannon & Weaver, 1964), was used as 

a distinguishing factor. Entropy as a measure of homogeneity has been used in a regional 

analysis (Doszyń, 2008; Gnat, 2019b) as the useful measure of urban sprawl (Cabral 

et al., 2013), road connection order/disorder (Boeing, 2019). 

Even though different theories, perceive entropy in a different way one can 

approach a number of equations describing it. Commonly, entropy is a logarithmic 

measure of the number of states with significant probability. In property market 

analysis the analyzed data is usually presented in the continuous form where the 

common formulas are inadequate. Due to this fact the following Formula 1. (Frigg and 

Werndl, 2011; Klein, 1970) was used for the data that consider the specificity of the geo-

market information: 

                
 
   ;        ; i =1,…,m; j = 1,…,n,  (1) 

where:  

Ej– entropy,  

K – constant,  

m – number of states in particular features,  

n – expected (possible) states of feature. 

Increasing the blur, stretching, mutual penetration of influence on average units can 

be obtained with the use of Gauss filter (especially used during blurring image data in 

computer vision applications and spatial data filtration (Tysiąc, 2020)) (Formula 2): 

       
 

     
 

     

   ,  (2) 

 

Its discrete form of formula application for specificity of property market 

information is useful and efficient. Its discreet form with standard deviation  = 1 and 

the size of 5×5 kernel was shown on the example below in Fig. 5. 
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Fig. 5. The weights of individual neighboring units in Gauss filter discrete 

form for 3x3 kernel size and standard deviation equals 1 

Source: Own elaboration on the OSM background 

The received result data can occur to be of discrete character, which contradicts the 

concept of space continuity, also in terms of the real estate market. Therefore, in order 

to mitigate the locally high polarization of the descriptive attributes values that may 

occur in groups of neighboring units, Gaussian function can be used (Fig. 6). 

 

Fig. 6. Visualization of the Gauss filter attribute intensity mitigation 

(here: length road) with AVG calculated as arithmetic mean 

Source: Own elaboration 

Loading 

Prepared data sets (into comparable form and assumed database) can be collected 

in the relational database PostgreSQL with PostGIS (spatial database extender for 

PostgreSQL). This gives the opportunity to: 

- increase the efficiency of geometric and spatial processes with the use of spatial 

queries, 
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- automate the analyzed thematic layers geolocation of OSM, circle units and their 

mutual spatial relationships visualization in GIS tools (eg. QGIS, ArcGIS), 

- integrate data and its portability, 

- integrate data that provides compliance of the form of their storage and analysis 

with the objectives set up, 

- multiple computing scripts (which are important in parallel way) to achieve optimal 

results in relation to the spatial polarization of unit’s clusters. 

Geo-features significance 

Having removed the information redundancy an integral description of the space 

can be obtained within the database server – each clearly defined unit can have assigned 

strictly defined sets of values describing individual attributes. 

For the purposes of properly features diversification in terms of their relevance and 

importance the entropy method can be used. This phase can be complex due to the lack 

of a decision factor (dependent features), to which the significance can be determined. It 

can be assumed, for the analysis purposes, that the relevance of variables is determined 

on the basis of weight of features fixed using the measures of entropy. 

In this stage, a measure of entropy can be calculated for particular features 

according to the following Formula 3: 

   
    

       
 
    

,  (3)  

where:  

wj – weight for particular feature j, 

Ej – entropy calculated for particular feature j. 

It must be underlined that the smaller the value of entropy and smaller variation in 

the analyzed information, the greater the weight of a given factor and consequently the 

greater the significance of the impact of the information on the outcome of the 

homogeneity classification/analyses. Realization of this stage enables indication of the 

minimum weight that should be considered in the analyses. In this stage it is possible to 

remove some particular data with marginal weight (under assumed significance 

threshold). 

Conclusions 

Subjectivity in property market analysis or property valuation seems to be the 

biggest disadvantage of the procedures and source of many misunderstandings. 

Therefore, while estimating property values or assessing its’ investment potential, it is 

substantial to make the data collection and selection of homogenous groups of 

properties and market areas as objective and unbiased as possible. Proper 

comprehension of the complex real estate market dependencies requires the 

identification of relevant reference for analysis – submarkets. The challenge here is to 

determine appropriate criteria for distinguishing these submarkets and define the way 

of determining the similarity of the real estate market areas. The procedure of 

submarkets selection is multistage and involve:  
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- comparable area unit definition, 

- particular attributes definition, 

- methodology elaboration and appropriate methods selection,  

- results verification. 

The most troublesome, from analytical point of view, are the questions: how to 

combine two heterogeneous aspects - the property (physical and legal features 

describing it) and location (spatial features), and how to choose the size of the 

comparison unit? 

Modern approaches to this problem are seeking for methods that allow to minimize 

the impact of information noise, errors or gaps in information or subjectivity in data 

processing and allow the processes large databases to the highest degree of raw data. 

Particular advantages of the presented solutions enable do diminish the following 

common simplifications in this area of the research: 

- no need of a priori precise markets boundary definition, 

- no limitations in either area or number of transaction feature description, 

- no need of a priori features weights/significance definition, 

- interpretation of area as contiguity phenomena described by the features elaborated 

in the buffer mode, 

- indication of homogeneous areas as the indiscernibility areas that take into account 

specificity of the properties and markets related to their fundamental 

differentiation, 

- high flexibility, scalability of the algorithm related to the boundary conditions of the 

model (entropy weight). 
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