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Abstract — The development of geographic information 

systems is an important prerequisite for implementing 
information systems in agriculture. The work is devoted to 
the Conceptual Research Model of the Development of the 
Geographic Information System for Agriculture. The model 
reflects four stages: goal setting, functionality description, 
implementation, and diagnosis. The paper describes the 
objects and subjects of the environment in which the geo-
information system operates. A mathematical model for 
describing the problem of crop yield monitoring is also 
proposed. The model is based on the analysis of the cropped 
image and the use of time series analysis. 
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I. INTRODUCTION  
In recent decades, the use of digital images of 

geographical areas for agricultural purposes has 
become relevant. This area's rapid development is 
facilitated by the development of wireless technology, 
digital photography technology, image display devices, 
operating systems, and services for storing and 
processing these images. These opportunities have 
become a prerequisite for the intensive development of 
geographic information systems and technologies in 
general. 

The development of geographic information 
systems and technologies is associated with the 
improvement of imaging and image processing 
technologies, the emergence of high-quality maps, such 
as Google Maps, increasing data rates, and developing 
a new direction - the Internet of Things, which has 
direct application in agriculture. A description of the 
evolution of geoinformation technologies was made in 
[1]. 

Paper [2] describes the hypothesis that 
inhomogeneities can directly determine crop yields in 
field images. The processing of digital images of fields 
provides valuable information about the state of crops, 
allows you to assess plant health, and predict the yield, 
timing, quantity, and quality of products in the future. 

The image of sown areas can be presented in the 
form of time series, allowing them to apply appropriate 

forecasting methods [3-5]. The works [6-8] describe 
the methods and technologies of processing time series 
of digital images for agriculture decision-making. 

For effective management to obtain a higher yield, 
forecast the harvest price, prompt elimination of plant 
diseases, information is needed: on soil quality, the 
need to apply fertilizers to certain agricultural areas, 
plant morbidity, analysis of flowering, etc. 

Today, the popular concept is based on SSCM (Site 
Specific Crop Management). An important task of 
SSCM is to increase yields, i.e., to ensure the quality 
and quantity of agricultural products. SSCM is 
implemented based on GPS technology, which 
determines the location of objects and the condition of 
plants on agricultural land through a network of 
satellites. RTK (Real-Time Kinematic) technology 
allows you to identify objects in the area with great 
accuracy. After collecting information on the state of 
the soil, SSCM technology allows you to control the 
use of fertilizers, chemicals, herbicides, pesticides, and 
other substances. This technology is relevant not only 
for Ukraine but also for China, wherein some regions 
and farms produce crops several times a year. All this 
requires prompt management of the ripening process of 
crops. The equipment that uses the GPS module makes 
it possible to cultivate large areas quickly and 
minimize human impact. 

Consider the leading geographic information 
systems that exist today: CMaps Analytics by Centigon 
Solutions, Maptitude by Caliper, Map Business Online 
by MapBusinessOnline.com, Rosmiman IWMS by 
Rosmiman Software Corporation, and special 
noteworthy ArcGIS by ESRI, 

CMaps Analytics [9] is a system that positions 
itself as a convenient visualization tool based on 
electronic Google Maps. The system is a web service, 
so it is accessible through the browser of any device. 
The system can work with built maps in other systems, 
such as ArcGIS. The software package's main feature 
is a large number of applications and extensions for 
different products, depending on needs. Access to the 
resource is paid, the price is determined individually 
during negotiations with the client. 
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Quantum GIS [10] is an open-source graphical 
information system distributed under the General 
Public License. Quantum GIS is an Open-Source 
Geospatial Foundation project that runs on Linux, 
Unix, Mac OSX, Windows, Android, supports many 
vector and raster formats, databases, and has extensive 
analysis and presentation capabilities geospatial data. 
There is some set of raster image analysis. However, 
the main emphasis is on working with raster and vector 
layers, databases, and various types of data, such as 
Oracle GeoRaster, Oracle Spatial, WMS \ WMTS 
(Web Map Service), WCS (Web Coverage Service), 
WFS (Web Feature Service), CSV (Comma-Separated 
Values), etc. 

ArcGIS [11] is the most popular geographic 
information system. Forms a whole set of software 
applications allows you to convert raw data using 
advanced analysis and highly specialized applications. 
Helps to integrate all types of environmental data and 
apply analytical methods. Presents results in the form 
of maps and graphs. The system supports the following 
data sets: spatial data, bitmaps, and tables. There are 
specialized methods for analyzing sown areas: soil 
analysis, collection of information on yield, 
construction of the history of the yield of the zone. 
Based on many factors, recommendations for soil 
improvement are determined. The software is paid. 

II. A CONCEPTUAL  

We will consider the conceptual research model of 

a geographic information system for agriculture as a 

way to describe it. The main task of this model is to 

display the features and key characteristics of the 

system. The model also answers the question of 

developing a geographic information system for the 

agriculture system and the expected results of its 

operation. 

In developing the research model, the authors 

followed the sequence of application of scientific 

approaches. According to the conceptual approach, the 

statement is formulated in the first step, the main 

direction, course, and architecture of the research are 

determined. The primary reference points of 

information system development are defined. As a 

result of the conceptual approach, the conceptual 

model [12] is received. 

Next, it is applied to the aspect approach. As a 

result, the most critical aspects of the system are 

highlighted. In [13], the peculiarities of using image 

analysis to determine crop yields are highlighted. 

Further research is proposed to continue using a 

systems approach. The main purpose is to determine 

the nature of the links between the elements of the 

system. 

The process of developing a geographic 

information system for agriculture is proposed to be 

divided into four stages. 

1. The stage of determining the goal. At this stage, 

it is necessary to explore the environment where the 

information system will operate. Select all objects and 

entities in this environment. Formulate the 

requirements of the final product. Determine the results 

expected from the launch of the information system 

and its benefits. 

Crop yield management is part of the management 

tasks of an agricultural enterprise, which requires the 

application of new concepts of project management 

and programs 

2. Stage of the description of functionality. This 

stage is to formalize the research task. Development of 

a mathematical model to describe the problem. They 

are choosing methods that best solve the research 

problem. 

3. Implementation stage. It is necessary to 

implement the methods and models obtained at the 

previous step in the form of software. Also, the features 

of the state task require the use of specialized 

hardware. Therefore, at the implementation stage, it is 

necessary to configure it. 

4. Stage of diagnosis. At this stage, it is necessary 

to identify criteria and quantitative indicators by which 

to evaluate the results of the geographic information 

system for agriculture. Also, in the fourth stage, the 

system is tested. 

They considered four stages are presented as four 

components of the conceptual research model (See Pic. 

1). Consider each element in the model in more detail.  

 

 
Figure 2.  Conceptual research model of development of the 

geographic information system for agriculture 

At the first stage, it is proposed to formulate the 

purpose of the geographic information system for 

agriculture as a collection and presentation of 

information necessary for management decisions. In 

particular, for the management of sown areas, this may 

be information about: 



221 

 

1. plant health; 

2. plant needs for fertilizers, watering, etc .; 

3. forecast of crop yields that can be obtained in the 

current year; 

4. readiness of the crop for harvesting, digging, and 

other activities; 

5. signs of pest spread; 

6. damage from flooding, hail, wind, or other 

emergencies. 

Essential requirements that geographic information 

systems must meet are: 

1. the ability to use new maps of territories and 

update old maps; 

2. the ability to save and access digital images of 

the region and their comparison with plans; 

3. integrated with data collection, storage, 

processing, and visualization systems. 

4. cross-platform system. 

Also, at the first stage, the following subjects and 

objects of the system environment were identified: 

1. The territory on the Earth's surface. The area is 

the main object of observation. The region is divided 

into a finite set of sections. Each is considered a 

valuable resource for user activity. The site has a 

specific set of characteristics. The result of action on 

the specified site depends on the concrete value of 

these characteristics at each moment. The features of 

the site are dynamic values, i.e., they change over time. 

Its location on the territory determines the features of 

each section. Influence on the significance of the land 

plot's characteristics, ecological, biological factors, and 

results of activity on the site previous periods. 

Estimating land characteristics values is usually known 

as a priori and can be obtained from the cadastral 

register, agricultural databases, etc. 

2. The user of the land plot. It can be an agricultural 

enterprise, an individual, or the state. This facility uses 

land and other resources to generate food. 

3. Environmental monitoring systems. For these 

purposes, you can use drones, which are equipped with 

a specialized camera to create images of maps of the 

state of crops, considering the infrared reflection. 

Remote sensing using aircraft is also used. 

At the second stage of information system 

development, it is necessary to define mathematical 

models and methods that ensure the information 

system's functioning. Consider a mathematical model 

for monitoring crop yields. 

 Yield monitoring will be understood as a system of 

monitoring and measuring crops' growth, considering 

meteorological, agrometeorological, phenological, and 

other indicators based on the analysis of time series 

images obtained by photographing sown areas to assess 

and predict potential crop yields. It is also envisaged to 

consider the uneven yield on different areas of sown 

areas, which can be visualized with the help of yield 

maps. Different colors indicate the volume of 

production after harvest. It should also be borne in 

mind that yield monitoring should involve a two-

dimensional assessment: the number of products that 

will be potentially obtained and the quality of these 

products on an appropriate scale. To ensure effective 

monitoring at all levels, it is necessary to provide high-

quality aerospace images for analysis, stored and 

analyzed in time series. 

The main phenological indicator in the analysis of 

images of sown areas is the normalized differential 

vegetation index. The vegetation index is a quantitative 

indicator of active photosynthetic biomass used to 

quantify vegetation, which is calculated by the 

formula: 

N R
NDVI

N R

−
=

+
, 

 

R is the intensity of the light reflected from the 

spectrum's surface in the visible red region (630-690 

nm), N is the intensity of the light reflected from the 

surface of the spectrum in the infrared region of the 

spectrum (760-900 nm). 
The input data for the information system is the 

image of the site. The image can be represented as 
some size matrix. The image shows culture on certain 
pixels. Others show a soil that is not culture. Each 
image's intensities have an intensity distribution close 
to the normal distribution (See fig.2). Therefore, a 
threshold function can be introduced 
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where x, y are the coordinates of the pixel in the image, 
β is the value of the NDVI in a particular pixel, and B 
is some threshold value. Marking  

Then the yield of the site is described by the 
following model: 

( )( , ) ( , ) ( , ) 1 ( , ) ( , )x y x y p x y x y p x y =  + −  , (1) 

 
where o the distribution density of the culture in the 
image, r the distribution density of the culture. Yield 
can be estimated by finding a two-dimensional integral 
of crop density. 
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Figure 3.   a)The image of the field with growing corp retrieved 
from Google maps b) Color histogram 

 
The forecasting model based on phenological 

indicators is based on the definition of critical points in 
the NDVI trajectory. Sequential measurements of 
NDVI for one site at specified intervals (day, week, 
two weeks, etc.) form a discrete-time series of 
estimates 

 1 2, , , n =     

Using prediction methods for time series [14-19], 
predict NDVI values for subsequent periods. And using 
the model of yield forecasting (1) - to estimate future 
yields. 

In the third stage, specialized mathematical and 
statistical packages and tools MatLab [20], R [21] 
environment, as well as software for image processing 
GRASS [22], IDRIDI [23], ENVI can be used to 
analyze the images of agricultural lands for yield 
monitoring [24]. Also, it is not enough to use 
traditional databases such as MySQL or PostgreSQL to 
store information, so you need to use special spatial 
databases such as MLPQ / GIS [25-29]. 

At the fourth stage, it is necessary to determine the 
criteria and indicators of the functioning of the 
geographic information system. These indicators 

should make it possible to quantify the performance. It 
is a diagnostic tool that allows you to evaluate the 
usefulness of GIS in decision-making and improve it in 
future seasons. This issue needs a more in-depth study. 

 
III. CONCLUSIONS 

 

The article describes the known methods of multi, 

as a result of research built Conceptual Research 

Model of developing the geographic information 

system for agriculture. This model includes four stages 

that completely determine the outline of the study. In 

the first stage, the objects and subjects in the 

environment where the geographic information system 

operates are identified. The requirements for the final 

product are formulated, and the expected results are 

determined. At the second stage, the mathematical 

model of estimation and forecasting of productivity 

based on images’ analysis is constructed. According to 

the third stage, the software is being developed. 

Determining the criteria and indicators of the 

geographic information system’s functioning is the 

subject of further research.   
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