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Abstract

The state of Minas Gerais is located in one of the most privileged Brazilian regions for the production of high-quality coffees. 
Due to its large territorial extension and environmental variation, it favors the production of specialty coffees with a great 
diversity of flavor and aroma. These differences are related to the peculiar characteristics of each microregion, particulary 
climate variations, altitude, latitude and production systems. Although the relationship between environmental characteristics 
and coffee productivity in different biomes is already well explored, its relationship with beverage quality still requires 
research. Given the need for more information on areas with potential for special coffee production, this paper proposes to 
associate data concerning to sensorial quality of coffees in the Cafés of Minas Quality Contest, with climatic and geographical 
variations of each state region, applying association rules for data mining, used to understand the aptitude of the state through 
the generation of rules that describe the most relevant patterns in the data. The climatic, geographical and classificatory 
information of the coffee samples is the result of the database of the contest participants in 2007 and 2008. The results 
demonstrate that with data mining techniques it was possible to associate the regions with the greatest potential with the 
climatic and geographical characteristics of the environment. 
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Introduction

Coffee production on Brazil has become one of the most 
prominent branches in the exports of agricultural products, 
due to the amount of bags produced annually and, mainly, 
to the quality presented [1]. This is due to the technological 
immersion on the field since the twentieth century, as well 
as the use of informational technology in the agribusiness 
management that made possible to add greater value and 
quality to the coffee produced in the country [2]. Minas Gerais 
is the state that has contributed the most to the highlight 
of coffee production, becoming the largest producer in the 
country, accounting for 78% of the national stocks and with 
a production of over 7 million bags of arabica coffee.

Minas Gerais also stands out for the production of high-
quality coffees, awarded both nationally and internationally. 
Because it has favorable characteristics for coffee production 
in the northwest (NW), northeast (NE), midwest (MW), 
southwest (SW) and southeast (SE), and distinct in relation 
to climate and environmental factors among these regions, 
the state is capable of producing a variety of flavors with 
particularities of acidity, sweetness, body and aroma [3].

In addition to field-applied technologies, there are key 
factors in achieving excellence on coffee quality. Climate 
and altitude variables, for example, directly influences the 
developmental stages of coffee, causing distinct patterns of 
growth and development in the floral organs of the plant, 
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which consequently generate a coffee differential in the 
national and international markets [4,5].

A prominent national competition that evaluates de 
quality of Minas Gerais coffees is the “Minas Gerais Quality 
Contest”, which was created by a State Government’s initiative, 
through the State Secretariat of Agriculture, Livestock and 
Supply, coordinated by the Company of Technical Assistance 
and Rural Extension of Minas Gerais (Emater-MG) and 
Federal University of Lavras (UFLA). The purpose of the 
event is to encourage the constant improvement of coffee 
quality to conquest markets, add value to the product and 
meet the growing demand for differentiated products. The 
identification of the best coffees in Minas Gerais is realized 
by BSCA (Brazil Specialty Coffee Association) tasters, who 
evaluate several aspects of the product, such as color, aroma, 
taste, body, acidity, among others. The contest comprises 
several stages and the coffees produced within the limits of 
the state are evaluated, being evaluated firstly the physical 
aspects and, in the later stage, the sensory attributes. The 
understanding of the environmental factors along with 
technological innovations can contribute with the increased 
production of specialty coffees in Minas Gerais and increasing 
quality improvement.

There are also competitions for research centers, 
such as the Brazilian Agricultural Research Corporation – 
EMBRAPA, which aims to encourage the development of 
new technologies in the field through the participation of 
universities and private companies.

To obtain a quality product in the field and understand 
the process that is favoring this production, it is necessary 
beyond the application of technology in the field and 
business management with the construction of a data 
generation workflow, the use of robust computational tools 
to analyze the information collected and turn it into a means 
of lowering costs, increasing the quality of your products 
and, consequently, business profit [6].

In the coffee industry, climatic aspects of the planting 
site may be closely linked to the quality of the beverage [7]. 
Due to the breadth of the regions of cultivation in the state, is 
necessary to analyze the combination of environmental and 
climatic factors (temperature, altitude, rainfall and humidity) 
to better understand their influence on coffee quality and 
contribute as a strategic tool for better use of these factors 
in the production of coffees with the higher quality potential 
[4,5].

The use of data mining techniques has proven to be a way 
of understanding and analyzing information from historical 
data. Data mining is a set of processing techniques for large 
databases aimed at extracting useful information through 

the discovery of previously unknown patterns, anomalies 
and relations in the data under study. To reach the level of 
information extraction, is necessary to go through several 
previous stages, such as data cleaning, data selection, data 
transformation, preprocessing, data mining and pattern 
assessment, all of which are of great importance to come up 
with real and relevant content results [8].

Therefore, for the analyses and evaluation of coffee 
quality in Minas Gerais, this work used the association rule, 
using an algorithm to associate the geographical and climatic 
factors with coffee quality.

Thus, the objective of this work was to analyze the quality 
distribution of coffees of Minas Gerais and to demonstrate 
the regions with the highest quality coffee production, 
applying data mining technique. For this, was used the 
contest’s database from 2007 and 2008, which included 
the record sample scores and environmental factors of the 
participant cities. The results may contribute to future works 
that relate the potential of coffee production with quality, 
and consequently, promoting better strategies for coffee 
agribusiness.

Materials and Methods

To perform the data mining process, it is necessary to use 
techniques that extract information from the data and turn it 
into knowledge. For this, is used the process of Knowledge 
Discovery in Databases, which is divided into several stages, 
like data selection, preprocessing, transformation, mining 
and analysis and assimilation of results iteratively and with 
the goal to identify valid patterns and useful information 
from a data set [9-11].

Thus, in this section, we present the main stages of 
analysis and modeling using a custom data set that was 
made available through a partnership among the Federal 
University of Lavras (UFLA), Minas Gerais State Technical 
Assistance and Rural Extension Company (Emater-MG), 
Agricultural Research of Minas Gerais (EPAMIG), Brazilian 
Coffee Research Corporation (Embrapa Café) and the Federal 
Center of Technological Education of Minas Gerais (CEFET-
MG), with data collected between 2007 and 2008.

The data used were from previous years to be able to 
understand the events that happened later without the use 
of any weather forecasting tool.

Preprocessing Step

In order to pre-process the data, data cleaning, data 
integration, data transformation and data reduction steps 
are performed, so it is possible to obtain an organized and 
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generalized visualization of the data, thus preparing the data 
and choosing suitable techniques for the processing step 
[9,10].
Raw data: Contest evaluators’ grade records are related 
to the environmental factors of each city sample. Only the 
attribute for the sample “Category” – natural or shelled – is 
categorical, the rest are all numeric.
Data organization: It was necessary to group the data 
by cities, because the environmental factors collected 
represented only the city of the samples, in this case, 1.161 
samples were reduced to 117 participating cities. In the 
grouping, the arithmetic average of the scores obtained 
by each city was taken into account to provide sufficient 
information and make comparisons. The grouping was 
performed at three levels. The first one was the average 
between of the grades obtained in each stage of the contest, 
except the first stage that evaluates only physical aspects 
of the coffee. In the second grouping, it was calculated the 
average between the samples from the same city. And finally, 
an average was made between the two years in question.
Data reduction: At this stage, null and inconsistent data 
values are excluded, so that they don’t interfere with the 
final result and creation of the developed predictive model. 
The categorization of quantitative data of environmental 
and climate variables into value ranges was also performed 
in order to improve the performance of the classification 
algorithm, as represented in Table 1.

Variables Range of values

Temperature (ºC)
16,35~17
17,1~20

20,01~24,62

Altitude (m)
238,66~517,86

517,87~912
912,01~1248,78

Rain (mm)
867,58~1046

1046,01~1300
1300,01~1700,51

Moisture (%)
2,11~8,24
8,25~49,7

49,71~89,69

Regions

Northwest (NW)
Northeast (NE)
Midwest (MW)

Southwest (SW)
Southeast (SE)

Table 1: Value Range for categorization of quantitative data.

Choice of Algorithm

Then began the data mining step, to identify relationship 
patterns between attributes. In this step it is necessary to 
select the algorithm and configure the parameters of the 
association rule. In this work it was selected the Apriori 
algorithm, one of the most traditional mining algorithms 
using the frequent items strategy [12-20]. The Apriori 
algorithm works based on data association. It tells what 
possible combinations of a given A, with a given B could 
provide a better result. The differential of this algorithm 
is the use of the principle that if a set of items is frequent, 
their subsets will also be frequent. And if a subset has low 
frequency, their supersets will also have a low frequency. As 
algorithm works by combining the data, in the case of this 
work, coffee quality (contest grades) was related to climatic 
and geographic location data.

Algorithm parameters: The functioning of the algorithm is 
divided into two steps. In the first phase, it is necessary to 
establish the minimum support (relation of one variable with 
all variables at the same time) and in phase two, based on the 
minimum support, the association rules with an established 
minimum confidence factor are explored.

The support is calculated by dividing the number of 
transactions the record is present by the total transactions 
[16,17,20]. This is the amount that the transaction appears 
in the record, that is how many times we have the record 
in each interaction. Empirically, it was noted that the best 
support was 25%, as smaller values returned unwanted 
results and larger values did not return valid results. The 
general formula for support can be seen in equation (1).

Amount of transactions with the presented recordSupport = 
Total Record Amount

(1)
The established trust can be calculated from the result 

of the amount that two records interact with the number of 
transactions of a record that is present in this transaction 
[13,18,19,20]. A hypothetical example would be how many 
times we have the southeast regions and an elevation of 
1000 meters divided by the number of times the southeast 
region is present in all interactions. Based on this formula 
we could establish that the relationship between the records 
and, in practice, it was termed that it would be better if the 
confidence were 25%, however we can see a general formula 
for trust in equation (2).

Amount of transactions with the presented recordThrust = 
Total Record Amount

(2)
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Knowing that thrust and support values are the 
minimum values, all values found that are higher than them 
will be presented by the algorithm.

Training and Validation: As it is impractical to use all base 
records in the construction of the developed predictive 
model and to have a model independent of a specific data set, 
a sample of data was divided into training, validation and test 
data sets [17,18,20].

The training set is characterized by the grouping of 
records used in which the model is developed; the test set is 
the grouping used to test the constructed model; while the 
validation set refers to the set of records used to validate the 
constructed model. It is important to perform this division so 
that the model stays independent of another characteristic 
set, avoiding faulty results when submitted to other sets 
with different values from those used in the construction and 
validation of the model [9,10].

The models were developed in the validation and 
test data set. The following configuration was used for the 
models: data division 70% for model training and 15% for 
validation and testing to determine final model performance. 
This final division is one of the recommended standards for 
the creation of data mining and machine learning models, as 
well as presenting satisfactory results.

After development, the trainee models were then 
compared based on the error matrix and the curves for 
the validation dataset, in other words, we used the same 
models from the training set on the validation basis. Thus, 
for a satisfactory result, the models should present the same 
result.

Computational Tools

To implement the model, two computational tools were 
used. One of these is the Environmental for Knowledge 
Analysis (WEKA) tool an open-source tool in the GNU model, 
where you can edit and use the code as long as the creators 
are quoted, and it brings together a toolkit for data mining 
and machine learning. Used in early data analysis, the tool 
contains techniques implemented for data preparation, 
classification, regression, grouping, association rule mining 
and visualization [17,20,].

The Python programing language was also used, a 
free-use collaborative programming language that contains 

advanced libraries for data mining and machine learning, 
as well as data processing algorithms, linear algebra, 
among others [9,10,15,17,20]. The use of this programming 
language was to be able to validate the results obtained with 
the Weka too, that is, based on what was done and the results 
obtained in the tool it was possible to obtain and understand 
these same results with Python.

Results and Discussion

After performing all the steps, the algorithm was 
executed and then a model was generated that tells us the 
best combinations to get a good coffee quality rating. The 
variable that most influenced the coffee scores, in isolation, 
were those represented on Table 2.

Variables Number of occurrences
Temperature (17.01°C~20ºC) 5

Altitude (517,87m~912m) 5
Rain (1300mm~1700,51mm) 4

Southwest region 4
Moisture (8,25%~49,7%) 4

Rain (1046,01mm~1300mm) 3
Temperature 

(20.01°C~24.62ºC) 3

Southeast region 2
Moisture (49,1%~89,69%) 2

Table 2: Variables that most contributed to the results.

The variables that most influenced the coffee scores, in 
isolation, were the temperature between 17,01ºC e 20ºC and 
altitude between 517,87 and 912 meters. But, in this case, 
with only one variable being evaluated, it is not possible to 
determine the quality of coffee produced in Minas Gerais. 
According to [16] environmental factors are decisive for 
the production of coffee quality. [5] reports that, faced with 
the need to identify properties that give flavor and aroma 
to coffees in the region of Minas Gerais, a tool is needed to 
ensure this quality standard. When combined, the pattern 
of environmental and climatic factors using data mining 
techniques is quite efficient in relation to the beverage 
quality of coffee produced in Minas Gerais. The result shown 
in Figure 1 represents the relationship between climate 
characteristics and coffee quality.
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Figure 1: Results of relationships of climatic and geographic variables

The description of characteristics is in Table 3, along 
with the indexes presented in graphic 3.1. Values obtained 

for data confidence are medium values.

Characteristics Subtitle Confidence
1 Moisture Index (8,25% ~ 49,7%) and Rain (1046,01mm ~ 1300mm) 83,33%
2 Rain (1046,01mm ~ 1300mm) and Temperature (20.01°C ~ 24.62°C) 83,33%
3 Moisture Index (8,25% ~ 49,7%) and Rain (1046,01mm ~ 1300mm) 83,33%
4 Temperature (17.01°C ~20°C) and Rain (1046,01mm ~ 1300mm) 79,13%
5 Temperature (17.01°C ~20°C) and Moisture Index (49,71% ~ 89,69%) 74,00%
6 Temperature (17.01°C ~20°C) and Altitude (571,87m ~912m) 72,92%
7 Temperature (17.01°C ~20°C) and Southwest 72,92%
8 Southeast and Moisture Index (8,25% ~49,7%) 71,43%
9 Southeast and Temperature (20.01°C ~24.62°C) 71,42%

10 Altitude (517,87m ~912m) and Rain (1300mm ~1700,51mm) 69,83%
11 Altitude (517,87m ~912m) and Southwest 64,80%
12 Temperature (17.01°C ~20°C) and Altitude (517,87m ~912m) 62,50%
13 Altitude (517,87m ~912m) and Rain (1300mm ~1700,51mm) 58,33%
14 Moisture Index (49,71% ~ 89,69%) and Southwest 51,25%
15 Rain (1300mm ~1700,51mm) and Southwest 51,25%

Table 3: Description of the combination of characteristics shown in Figure 1.

According to the data analyzed in Figure 1 and Table 
3, the Southeast region with temperature between 20,01ºC 
to 24ºC and humidity between 8,25% and 49,7% has a 
further 70% confidence in coffee harvesting with quality, 
such as the Southwest region combined temperature 
between 17,01ºC and 20ºC or humidity between 49,7% and 
89,69% or altitude between 517,87 and 912 meters or rain 
between 1300mm to 1700,51mm. Some regions that are 

predominantly characterized by physical and geographical 
characteristics and specialized agricultural practice are the 
differentiating factors for a special production of special 
authors of special quality [3,4,14,15]. The large territorial 
extension and environmental variety that the state of Minas 
Gerais makes possible produces quality coffees with a great 
diversity of flavor and aroma. These differences are related 
to the particular characteristics of each municipality, mainly 
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such as climatic variations, altitude and production systems 
[15]. Some climatic conditions were identified, such as the 
humidity index between 8,25% and 49,7% and rainfall 
between 1046.01mm and 1300mm annually, regardless 
of the region, as a confidence greater than 80% for coffee 
planting.

Conclusion

The article presented an analysis about the geospatial 
distribution of the quality coffees, demonstrating the regions 
with greater potential, showing that data mining is a valid 
technique for associating of the quality of coffees correlated 
with the climatic and geographical characteristics of the 
environment. According to the association rules of the Apriori 
algorithm, it was possible to observe patterns between 
coffee quality related to environmental characteristics. It 
was noteworthy that the data mining process can contribute 
to strategies and public policies for coffee agribusiness. The 
algorithm was executed on the Weka tool and validated with 
Python programming language with satisfactory results. For 
future work, we intend to expand the number of quantities 
researched and the application of other algorithms, aiming 
to search for patterns in the Coffee Quality Contest database 
that can, after analysis, be used in the future to estimate 
the potential for producing quality coffees based on its 
geographic location and climatic factors.
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