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Abstract. The article proposes the solution of the problem of the multidimen-

sional data research. The purpose of such research is detection of internal regu-

larities in initial data, what increases the level of knowledge and understanding 

the essence by the researcher.  

The possibilities of using visual data models to achieve this goals are shown. 

Results of practical use of visual analysis of multidimensional data for justifica-

tion of the choice of not determined parameters for modeling and designing oil 

and gas fields using given analogies. High productivity of the developed ap-

proach for solving problems of the multidimensional data analysis was con-

firmed. 
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1. Tasks of data analysis  

In a case when the user has an experience in using visual models, actual grounds ap-

pear for explanation their effectiveness and a choice of the most effective tool [1]. 

Due to this, there might be an additional advantage of visual analysis, related to the 

reduction of time. First of all, to select the type of visual model it is necessary for the 

researcher to understand accurately the goal for using visual analysis tools. 

The purpose of data analyses, including visual data, is to obtain an answer of the 

main research question [2]. While constructing a general analysis methodology, two 

additional circumstances should be considered. Firstly, before the completion of the 

analysis process, new data appears which may affect on the formulation of the main 

question. Secondly, the answer for the question should be considered not as the state 

of the visual model, but the achievement of the researcher of the necessary degree of 

understanding of this state. 

Therefore, the meaning of the research issue, the validity of the formulation, the 

degree of its complexity, the correspondence between the form of the response ob-

tained as a result of interaction with the model and the researcher’s understanding of 

its significance become important [3]. Since getting the right idea about the result of 

the analysis is a priority task of the visual model, the development of expressive tools 
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(which are a part of the visual model) need to focus on this circumstance, and not, for 

example, on the correspondence to the initial data. 

In addition to understanding the goal, there are numbers of additional circumstanc-

es which increase the effectiveness of the process of visual analysis. There is the fac-

tor of emotional persuasiveness that allows the user to make a decision without the 

need for excessive verification of its reliability, as well as the ability to overcome the 

negative impact of such factors as a lack of concentration, fatigue or subjective rejec-

tion. 

Differences in purposes of analysis form several types of models. 

 Analytical models. Designed to find unknown patterns in the data, internal de-

pendencies, correlation of changes in parameters, etc. 

 Controlling models. They are used to detect inconsistencies in the visualized in-

formation to the existing understanding, inaccuracy or insufficiency of data that 

could not be seen or estimated by other tools. 

 Models of choice. Are focused on granting methods of a comparison of possible 

variants of decisions to the researcher in those problems when the necessary choice 

is made by expert opinion using internal knowledge of the user or other criteria 

chosen by him. 

2. Requirements for the visual solution 

Solving the problem of visual analysis of data leads to obtaining new information that 

can have a reverse effect on the user's opinion, and therefore there are a number of 

requirements for the procedure for obtaining an answer of the research question. For 

example, the features of using visual models are associated with the concentration of 

attention on the object of studies [4]. This leads to the need for simultaneous visuali-

zation of both the background information and the intermediate information needed to 

answer the research question. 

Changing the visual model during the analysis of the data creates the need to verify 

the correspondence of the new shape to the conditions of the initial analysis task. The 

phase of such assay also becomes a part of the visual image and changes its percep-

tion [5]. The output from an infinite cycle of verification of the received solutions is 

achieved by means of the visual model itself. For this purpose, the following charac-

teristics have been distinguished: 

 Predictability of the consequences of decision making.  

 Compliance with additional criteria.  

 The uniqueness or originality of the solution [6]. 

 Dimensionless of the representation. 
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3. Complex approach to visual analysis 

Visualization is one of the ways of modeling and it fulfills functions of the cognitive 

tool. While creating a visual image of the studied data, the original object S is associ-

ated with the model Z, which can have a completely different ontological affiliation. 

As an object of study, S can be a real object or a complex of them, data of any kind 

and origin, events, as well as individual properties of Pi objects. Thus, the object of 

the research S = {P
(S)

i} is considered to be a set of elements localized in time (t) and 

space (r). The visual model Z is also an object, which consists of properties of P
(Z)

k, 
which are matched to the original [4]. 

 S (t, r)= {P
(S)

n(t, r)} → Z(t, r)={P
(Z)

k(t, r)} , n = 1..N(S), k = 1..K(Z), 

where N(S)  is the space dimensionality of features of the original object S; K(Z) is 

the number of perceived characteristics of the visual model associated with the origi-

nal object. 

In general, the dimensions of spaces of features N (S) and K (Z) may not be coin-

cided. In addition, some properties of the object N*(S) are not correlated to properties 

of the model Z. Such models - ZА are abstract, because the choice of displayed prop-

erties is arbitrary and is determined by the author of the visual model. Any visual 

model is abstract: 

 ZА =  {P
(Z)

k(t, r)} | Fmap: P
(S)

N(S) → P
(Z)

K(Z), P
(S)

N*(S)  P
(Z)

} 

The visual image received by the observer is an artificial form, located between sen-

sual perception and thinking. This allows to combine visual processing of information 

and mental analysis of data stored in the memory of the researcher. The rationale of 

choosing the matching method (modeling function) Fmap is necessary to create the 

most successful simulation analogy, ensuring success of visual analysis. The purpose 

of visual analysis is to obtain an answer for a question with a visual model, within the 

constraints. 

The statement. The effectiveness of visual analysis increases in the case of im-

plementation of a complex approach in the function of visual modeling. 

The decision to choose a matching method is taken by the author of the model. 

Subjectivity of the model and its interpretation determines the existence of objective 

Rmap(S) and conventional Сmap(S) components in the modeling function Fmap. For 

abstract models ZА, the conventional matching function of Сmap(S) becomes the main 

function. 

 Fmap = {Rmap(S), Сmap(S)};  

 ZА = {P
(A)

k(t, r)} | F
(A)

map: Сmap(S)=max, Rmap(S)=min} 

Thus, the choice of the mapping function (visual modeling) depends on properties of 

the original object S, the goal of modeling Ev and the subjective decision of the re-

searcher H. Each of the arguments of the visual modeling function can vary in space 

and time. 

 Сmap = Сmap (S, r, t, Ev, H) 
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Subjectivity influences on the solution of the task of visual analysis twice: from the 

side of the author of the model and from the side of the researcher. Therefore, the 

control of the effectiveness of visual analysis should include management of the visu-

al presentation of the data and management of its reading. This creates two additional 

components in the simulation function: the direct function Epr (control of the presen-

tation form, representation) and the inverse one Eit (control of the results of percep-

tion, interpretation). 

 Сmap = <Сmap (Ev ), Сmap (Epr ), Сmap (Eit )> 

Corollary A. Each component of the modeling function can be controlled and 

changed in time. 

Corollary B. Regulation of the degree of participation of each component leads to 

the creation of visual models for various purposes and allows to solve problems of 

visual analysis of different types. 

Corollary C. The effectiveness of visual analysis is determined by the time taken 

to obtain a solution. 

Based on the proposed idea of the participation of various factors in solving prob-

lems of visual analysis, there are several definitions: 

An integrated approach (to visual data analysis) is a balanced directional use of all 

components significant for achieving the purpose of analysis in the function of visual 

modeling Сmap. 
Functional approach Сmap (Ev). The visual modeling function is responsible for 

matching visual data to objects based on the purpose of the analysis - Ev. Tasks of the 

functional approach are decomposition of the main question of analysis into research 

stages which have controlled effectiveness. Examples of such steps are answers for 

basic questions, the formulation of intermediate tasks, preservation of the research 

data or connection to the analysis of additional data sources. 

Semiotic approach Сmap (Epr) is a function of representation of the data, aimed at 

choosing the form of presentation, depending on the type and amount of data, availa-

ble modeling resources, observer’s awareness. The task of the presentation function 

Сmap (Epr) is the transfer of data to the stage of thinking in a form that ensures the 

achievement of the goal or corresponding to the formulated requirements. The gener-

alization of modeling tools, which is necessary for the presentation of various data, is 

the basis for the transition to the concept of visual language [7]. 

The psychoemotional approach Сmap (Eit) is a modeling function which regulates 

the interpretation of the visual shape [8]. It is necessary to overcome or exploit the 

subjective nature of visual perception. The main tasks of the interpretation function 

Сmap(Eit) are the use of the cognitive potential of the researcher, managing his motiva-

tion and attitude to the analysis, reducing the time spent on making a decision. 

4. The structure of the visual model of data 

Data analysis is a process directed by an action which can be a sequence started with 

the formulation of the question and continued with the search for hypotheses con-

tained the answer for this question. In this case, the correctness of the result of the 
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analysis depends on two factors: the nature of the issue, which is determined by the 

degree of preliminary understanding of the analyzed information, and also the form of 

the question (see Fig. 1). The form is determined by the language of the question, by 

the internal structure, by logic and need for interaction with additional sources of 

information [9]. 

 

Fig. 1. Analysis of the visual shape. 

The scheme of the visual analysis process, demonstrated a consistent approach to the 

answer on the general research question (see Fig. 2), confirms the reasonableness of 

the integrated approach to the visual analysis. The modeling functions, combined in 

an integrated approach, are parallel information flows that regulate the process of 

analysis. 

Statement. Visual data analysis is a controlled process of constructing the pattern 

of regularities discovered by the user in the data. 

 

Fig. 2. The scheme of functioning of the visual model. 

Corollary A. The visual model should allow verification of regularities which are the 

result of the analysis. 

Corollary B. The consistent nature of the analysis process allows dividing the 

whole process into stages which have the same properties and purpose. 
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The structural unit of visual analysis is an element of the visual model (see Fig. 3). 

The visual element is the state of the visual model, interpreted as a response to an 

elementary question, previously deliberated by the user. The complexity of such ques-

tion is determined by the limited time of the analysis. 

The structural unit of the visual analysis is a controlled system S with feedback 
R(t). The volume of the studied data comes in to the uncontrolled input V(t) of the 

structural unit. A feature of such system is the possibility of changing the state of the 

controlled input of the system U(t) as a function of the obtained results Y(t). User P is 

a mandatory participant in the structural unit, from the point of view of an integrated 

approach to the visual analysis. 

 

Fig. 3. Structural unit of visual analysis. 

In general, the element of the visual model can be represented by a simple logic 

scheme (see Fig. 4). The tested data is going to the unmanaged input (IN), forming 

the original form. As a result of user’s interaction with the form, a new form is 

formed, corresponding not to the original data, but to the understanding of their 

meaning by the researcher. It corresponds to the amount of new data sent to the output 

(OUT). If the received information is a necessary response, then the analysis process 

ends, and in the remaining cases the data is transferred to the input of the next element 

of the visual model. 

In the process of forming the response, a request is made to attract additional in-

formation which is sent to the controlled input (IN2). In addition, the comprehension 

even of a single visual fact can create associative hypotheses which are answers to 

questions that are not relevant to the topic of the research. These data can be captured 

in the form of perceived fragments of the data shape and be memorized by the user. It 

enters the output of the structural unit, (OUT2) and changes its own internal aware-

ness. 
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Fig. 4. Logical diagram of the structural unit. 

Based on the proposed description of the structural unit of the visual model, it be-

comes possible to accurately determine types of visual models which differ in their 

capabilities, purpose and, therefore, applicability for solving various types of prob-

lems. The logical schema of the element allows to declare differences between them 

based on the activity of using existing links. In addition, the combination of structural 

units, including various types, allows analyzing and predicting the effectiveness of 

using visual analysis tools. 

5. Selection of the type of the visual model 

Attraction of visual research methods is aimed at reducing the time spent on data 

analysis. A preliminary study of possibilities of the visual model makes it possible to 

determine its correspondence to conditions of analysis and, possibly, to eliminate 

elements that require unreasonably long time expenditure. In addition, from the point 

of view of an integrated approach, the basis for choosing a visual model is, not only 

the features of the problem being solved, but also the characteristics of the researcher 

[5]. 

Based on the proposed description of the structural unit of visual analysis, the visu-

al model can be determined by the characteristics of the activity of using infor-

mation’s inputs and outputs. In one of the simplest cases, the visual image is used as 

an indicator of the state of the observed system. The purpose of the data model is to 

notify the observer about a change in state or, more correctly, about the occurrence of 

an expected event (see Fig. 5).  

 

Fig. 5. Model of visual information. 
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The main load is tested by the information input (IN), which provides modeling func-

tions with information about the necessary form of informing of the observer. This 

means that no information is important for the user, except the message about the 

occurrence of the expected state (OUT). Input of additional information (IN2) is not 

activated, because the expected shape is the part of the conventional notation system. 

Consequently, increasing the effectiveness while solving the problem of analysis of 

this type is associated with the maximum simplification of the visual shape. 

In addition, the control effect, formalized as a question to the stage of visual analy-

sis (IN2), in this case is transformed into the simplest logical switching "yes / no?". 

The control action (OUT2), associated with a visual assessment of the shape and the 

appeared emotional response, can also be reduced as much as possible, because of the 

use of unambiguously interpreted shapes. Thus, the transition to the next stage of 

visual analysis, if it exists, occurs together with a change in the state of the user's 

internal awareness. It arises as a realized expectation, which does not use external 

sources of information and does not change the amount of accumulated knowledge. 

In the following case, the use of external connections of the structural element of 

the visual model takes more complex character. A new visual model is designed for 

user’s training, i.e. for information, accompanied by the verification of a new solution 

due to the previously generated internal awareness of the user. In a simplified form, 

the task of the training visual model is to transmit to the observer the necessary 

amount of information, which reliability is not questioned (see Fig. 6). 

 

Fig. 6. Visual model of training type. 

The verification of the hypothesis of interpretation occurs on the basis of previously 

defined criteria for achieving the necessary degree of understanding and becomes a 

formalized procedure. As a result, a training model or a visual model, intended for the 

most correct transmission of information, must have powerful information links - both 

incoming (IN) and outgoing (OUT), while the role of control links (IN2, OUT2) can 

be reduced to Minimum functional purpose. 

Visual data models are widely used in decision support systems. In this case, the 

analysis task requires a quick comprehension of the incoming data. The determining 

condition for data models is the active use of the observer's knowledge and experience 

to obtain conclusions that influence on the further existence of the system [10]. This 

type of visual analysis is characterized by the active use of additional information, 

user’s knowledge and the formulation of interim questions (see Fig. 7).  
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Fig. 7. Visual model for decision-making tasks. 

The model’s information input (IN) is used to provide the information which is neces-

sary to construct a visual image in a form consistent with the form of the control ques-

tion, which enters the input (IN2). This means that the perceived components of the 

model become objects that initiate the construction of response hypotheses, and there-

fore the choice of the type of visual representation has fundamental importance [11]. 

6. The task of data recovery 

Due to the high speed of data analysis with the help of visual models, their application 

in the study of empirical data, which require a large amount of computation or mental 

efforts, is in demand. Evaluation of the effectiveness of the use of visual methods of 

data analysis was held for reconstruction the missing data in the description of oil 

production facilities. Objects of analysis are parameters (geological, technological and 

other) of the oil and gas field, which are necessary for designing, modeling forecast-

ing solutions, estimating reserves, etc. In this case, all parameters are characterized by 

a high cost of obtaining and not all of them are measured or identified.  The hypothe-

sis of solving this problem is the assumption of the possibility of borrowing missing 

data from deposits characterized by similar geological conditions, similar values of 

key parameters. Thus, the purpose of visual analysis is to quickly find objects that 

have similar properties. The proximity criterion is determined by the user subjectively 

(based on the expert’s judgment). 

While designing the development of deposits, the search procedure for analogies is 

poorly formalized and in many ways is subjective - the decision always remains for 

the designer or expert and is often based on personal experience and is not supported 

by factual material. Thus, the peculiarities of the considered problem are analogies: 

 Diversity of data; 

 Lack of strict formalization and methods of solution; 

 Subjectivity of the received solution (Weighting factors of the parameters are de-

termined by the expert); 

  Flexible restrictions constraints (in the absence of a solution, the framework can 

be extended to increase the sample being processed, since the solution must be 

found in any case). 
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Traditionally, the solution of the problem of selecting analogies can be obtained sta-

tistically, this method is associated with processing of tabular data on available depos-

its and identifying objects that are close by certain criteria. The visual solution of the 

problem can be obtained using histograms of deviations, correlation diagrams, etc. 

(see Fig. 8), which is time consuming, because In this case, the expert must analyze 

graphs for each parameter. In this issue, to search for a solution, there is a need to 

construct diagrams with 13 parameters (n = 13). 

Indicated solutions are associated with the processing of large amounts of data, are 

time-consuming and do not allow a comprehensive assessment of all available data in 

one model, which would make shorter the decision time. The main reason for this is 

that in modern conditions of growth of information volumes, traditional methods of 

visual data analysis based on flat two-dimensional models can not provide sufficient 

information to the user. It is necessary to use multidimensional data models [12]. 

 

Fig. 8. Visual solution of the problem of choosing analogies in the traditional way. 

To solve any problem, a model, corresponded to the type of visual decision making, is 

required. This indicates on the need to actively engage the user's capabilities in ob-

taining an answer to the research question. In addition, one of the prerequisites is to 

reduce the analysis time. The fulfillment of this requirement can be achieved by sim-

plifying the model to the type corresponded to the usual information, as well as by 

using expressive visual means that do not require long acquaintance and reflection 

(Table 1). 

The function Сmap (Epr) is to reduce the time required for the user to get acquainted 

with the original data. In the situation of visualizing a significant number of parame-

ters, Сmap (Epr) is selected to remove components that require familiarization from the 
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shape being created. For this reason, in the model being created, the shape of an indi-

vidual element, combined a given number of parameters, is represented as a three-

dimensional graph. 

Table 1. An example of a data structure that is examined according to the principle of analo-

gies. 

Name Weight 

(1-5) 

Toler-

ance,% 

Unit of 

meas-

urement 

Conditions 

Poro Porosity 5 10 
Unit 

fraction 
0,1 < Poro < 0,25 

So Oil saturation 5 10 
Unit 

fraction 
0,4 < So < 0,7 

Perm Permeability 5 10 mkm2 0,1 < Perm < 30 

mo 
Oil viscosity in reservoir 

conditions 
4 15 мPа*s mo < 1,2 

ρo 
Oil density in surface condi-

tions 
4 8 g/сm3 0,8 < ρo < 0,95 

bo Oil-formation volume factor 4 5 
Unit 

fraction 
1,1 < bo < 1,3 

G Gas content of in-place oil 4 10 м3/t 30 < G < 150 

h 
Average net productive 

formation thickness 
3 20 м 2 < h < 47 

hnet Average net oil thickness 3 15 м 0,5 < hnet < 31 

H Average depth of bedding 2 5 м 2350 <  < 2590 

NTG Net-to gross 2 15 
Unit 

fraction 
0,42 <  < 0,76 

p Initial formation pressure 2 15 МPа 19 < p < 27 

ρw 
Water density in surface 

conditions 
1 5 g/сm3 1,005 < ρw < 1,150 

One of ways to solve the problem of effective time use is to reduce the amount of 

excessive information for an observer. On the one hand, this is achieved by analyzing 

the informativeness of the obtained images and eliminating elements whose meaning 

is not related to the formulation of the study. But, in addition, it is possible to involve 

the ability of a person to mental interpolation and extrapolation of data, which makes 

it reasonable to reproduce in the data model only a part of them [13]. 

The organization of the verification procedure, performed by the interpretation 

function Сmap (Eit), for models with the need for deep decomposition of the original 

question, is a complex problem. Therefore, in the studied issue, the visual model is 

accompanied by the maximum possible degree of interactivity of the control system 

(see Fig. 9), which allows to formulate a mental question at each step of the analysis 

in such a way that it corresponds to the speed and features of the researcher's thinking. 
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Fig. 9. Interface of the developed visual data model. 

In addition to evaluating an array of heterogeneous data in one visual model, the 

complexity is also in the ability to perform visual analysis of data simultaneously in 

several directions: absolute values, absolute and relative deviations from the standard, 

and data dynamics. 

Within the framework of this search for analogies, the closest analogue field is se-

lected from the sample of candidates, taking into account the weight coefficients of 

parameters and permissible deviations of parameters of candidates from the standard. 

A conceptual diagram of the obtained visual data model for solving the problem of 

searching for analogies in the design of field development is presented in Fig. 10. 
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Fig. 10. Conceptual diagram of the visual data model. 

In 2D mode the model allows to analyze the array of data taking into account the 

weight coefficients, while for a better visual perception, parameters are scaled. To 

solve the problem of finding analogies in the model, the comparison mode with the 

standard is implemented, for which a third dimension is added, which displays the 

deviation of parameters of each candidate from the standard. The solution of the prob-

lem is reduced to a visual assessment by the expert of deviations of parameters and 

the choice of the most suitable candidate. 

To test the presented approach on real data, one of the Tomsk Oblast deposits was 

selected, where there are no own core studies which are necessary for designing the 

development forecast. Such studies can be taken on a similar deposit, it is necessary 

to find in the initial sample of candidates an analog field that is closest to the bench-

mark by key parameters. The initial sample includes 18 candidates (see Fig. 11). Of 

the total data set for each of the deposits, 13 (n = 13) key geological and physical 

characteristics were assigned. Weight coefficients and allowable deviations from the 

standard were appointed to them. The resulting visual model is shown in Fig. 12 
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Fig. 11. Initial sample for finding analogies. 

 

Fig. 12. Visual data model for the task of finding analogies among deposits. 

The created tool for visual analysis and obtaining new information is an example of 

visual data interpolation due to the realization in the model of the functional principle 

of visual analogies. Using the developed visual model allows to identify quickly in 

the studied empirical data objects, which are close to each other, in terms of the ob-

server and the principles recognized by him. This approach allows you to quickly and 

efficiently evaluate, analyze and compare large amounts of data, which is time-

consuming when using traditional methods of analysis [14]. 

In addition, such model allows to verify the data, as well as assessing the obtained 

forecast solution for field development, taking into account the experience of devel-

oping similar facilities (see Fig. 13). 
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Fig. 13. Example of an estimate of the forecast solution taking into account the development 

experience. 

The use of visual models adapted to rapid transformation, controlled and justified 

from the point of view of the impact on the observer, develops the definition of the 

process of visual analysis. In this case, visual analysis becomes a consistent process of 

investigating some information, and consists in a meaningful manipulation of the 

visual model. The goal of such controlled transformation is a step-by-step transition to 

a visual model, which interpretation is analogous to the formulated answer to the 

general question of analysis. 

7. Conclusion 

Application of visual methods of the data research allows to use the researcher's 

knowledge in creating a solution hypothesis. The creation and description of the visu-

al, based on the proposed integrated approach, made it possible to identify main ways 

to increase the effectiveness of the multi scale analysis of multidimensional data. 

Recusing the time of the analysis of such data is reached using interactive manage-

ment of a visual shape. The offered approach of the data analysis is used to solve a 

problem about justifying the choice of not determined parameters for modeling and 

designing oil and gas fields using given analogies. This is the first time when in one 

visual model multidimensional and multi scale data have been comprehensively eval-

uated. Therefore optimum parameters of modeling a field have been selected. 
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