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Introdução
● It is estimated that bees are responsible for 

a $18 billion in pollination service;
● Despite the growing number of colonies in 

the US, beekeepers lose an average of 30% 
of their colonies each winter;

● In Brazil, in recent years, Northeastern 
semi-arid beekeepers have suffered severe 
losses due to absconding.

Fonte: 
http://g1.globo.com/natureza/noticia/2013/09/cienci
a-busca-causa-de-colapso-das-colonias-de-abelha
-no-mundo.html

http://g1.globo.com/natureza/noticia/2013/09/ciencia-busca-causa-de-colapso-das-colonias-de-abelha-no-mundo.html
http://g1.globo.com/natureza/noticia/2013/09/ciencia-busca-causa-de-colapso-das-colonias-de-abelha-no-mundo.html
http://g1.globo.com/natureza/noticia/2013/09/ciencia-busca-causa-de-colapso-das-colonias-de-abelha-no-mundo.html


Introdução
● To try to identify problems in the 

colonies in advance, the 
beekeeper usually performs a 
inspection. But:

○ stressful;
○ cause microclimate imbalance;
○ disturb the work of bees;
○ disrupts the organization of the 

colony;
○ can kill workers or even the queen 

crushed by removing and inserting 
the frames.



Introdução
● Sensors in the beehives can reduce the 

periodicity of physical management;
● Using the Internet of Things (IoT) it is 

possible monitorate: 
○ temperature, humidity, carbon dioxide (CO2) and 

oxygen concentration, hive mass, image, sound, 
and so on.

● Questão de pesquisa
○ “Is it possible to identify health status of Apis mellifera colonies 

through sensors data (internal and external) and inspection 
data?”



Related Works
Internal data Internal and external 

data
Internal, external and 
inspection data

Kridi et al. 2014 ✔ - -

Kviesis and Zacepins 2016 ✔ - -

Carvalho et al. 2018 ✔ - -

Robles-Guerrero et al. 2019 ✔ - -

Maciel et al. 2018 ✔ ✔ -

Este trabalho ✔ ✔ ✔

Table 1. Related works summary



Materiais e Métodos
● Dataset

○ Bayer Bee Care Center;
○ Located in Durham, Carolina do Norte, EUA;
○ Colony of Apis mellifera;
○ National Weather Service (NWS);
○ 6 months of monitoring;
○ Weekly inspection;



Sensors data
● Internal sensors

○ bees cluster temperature;
○ bees cluster humidity;
○ beehive temperature;
○ beehive humidity;
○ beehive weight.

● External sensores
○ external temperature;
○ dew point;
○ pressure;
○ wind speed;
○ precipitation per hour.

https://www.climaeambiente.com.br/prod,idproduto,3730043,
estacao-meteorologica-estacao-meteorologica-vantage-pro2
-davis--300-metros----rad--solar---k6162nouv

https://www.climaeambiente.com.br/prod,idproduto,3730043,estacao-meteorologica-estacao-meteorologica-vantage-pro2-davis--300-metros----rad--solar---k6162nouv
https://www.climaeambiente.com.br/prod,idproduto,3730043,estacao-meteorologica-estacao-meteorologica-vantage-pro2-davis--300-metros----rad--solar---k6162nouv
https://www.climaeambiente.com.br/prod,idproduto,3730043,estacao-meteorologica-estacao-meteorologica-vantage-pro2-davis--300-metros----rad--solar---k6162nouv


Healthy Colony Checklist
● 1 - All stages of brood;
● 2 - Sufficient adult bees;
● 3 - A young (<1 year old), 

productive, laying queen;
● 4 - Sufficient nutritious water, 

forage, and food stores;
● 5 - Presence of stressors;
● 6 - Suitable space.



● To calculate the colony health status, for each HCC feature was given 
binary value. 
○ If all items are ok (receive value 1) the colony is classified as healthy, 

class C3;
○ If 1 or 2 items are not ok (receive value 0), the colony is classified às 

attention, class C2;
○ If 3 or 4 items are not ok (receive value 0), the colony is classified as 

not healthy, class C1;
○ And, if more than 5 items are not ok (receive value 0), the colony is 

classified as sick, class C0.

Health Status



Preprocessing
● Exploratory Data Analysis (EDA)

○ mean, standard deviation, interquartile analysis and obliquity;

● Scatter plot



Preprocessing
● Basic Statistics

● Detecting and removing 
outliers (interquartile)

○ [Q1 − 1.5 × (Q3 − Q1), 
○ Q3 + 1.5 × (Q3 − Q1)]

● Dada resizing 
(standardization)



Machine Learning Strategies
● Classification Algorithms

○ Naive Bayes (NB):  is based on the Bayes Theorem to generate predictions for each 
observation by classifying a sample into a group that is most likely to have it;

○ k-Nearest Neighbors (kNN): The classification is then performed according to the highest 
number of k's closest neighbors belonging to the same class;

○ Random Forest (RF): is based on a group (or forest) of decision trees used to generate the 
classifications;

○ Neural Networks (NN): is based on a metaphor of the behavior of the brain.



○ Recall: or true positive rate explains 
how effectively the classifier identifies 
positive predictions.

○ F1-score: is a way of balancing 
Precision and Sensitivity.

Machine Learning Strategies
● Evaluation Metrics

○ Classification Accuracy (CA): is the 
accuracy of the classification model.

○ Precision: expressed the proportion 
of correctly classified samples, 
considering the set of all samples 
classified (correctly and incorrectly).

tp = true positive, tn = true negative, fp = false positive, and fn = false negative



Experiment Setup
● Data Labeling

○ The classes were obtained through the inspection worksheet by overlapping process 
between sensed and inspection data.

○ The classes were assigned in the sensors samples subsequent to an inspection in such a 
way that it remained the same between one inspection and another until the state of the 
colony changed.

● Data Splitting
○ 60% to train, 20% to validation, and 20% to test with 10-fold cross-validation.

●  Hyper-parameters
○ Naive Bayes: performed 50 times;
○ k-NN: k = 1;
○ Randon Forest: 76 trees;
○ Neural Network: architecture 1:5:2:1, i. e., 2 hidden layers (with 5 and 2 neurons).



Results
● NB and kNN Confusion matrices

C0 C1 C2 C3 C0 C1 C2 C3

C0 2 0 0 0 C0 2 0 0 0

C1 0 5 1 0 C1 0 4 1 1

C2 0 2 80 15 C2 0 0 78 19

C3 0 0 34 41 C3 0 0 19 56

Table 4. NB Confusion Matrix Table 5. kNN Confusion Matrix



Results
● RF and NN Confusion matrices

C0 C1 C2 C3 C0 C1 C2 C3

C0 2 0 0 0 C0 0 0 0 2

C1 0 4 1 1 C1 0 0 0 6

C2 0 0 75 22 C2 0 0 78 19

C3 0 0 18 55 C3 0 0 14 61

Table 6. RF Confusion Matrix Table 7. NN Confusion Matrix



Results
● Metrics

CA Precision Recall F1-score

NB 60.11% 0.59 0.72 0.65

kNN 80.04% 0.80 0.80 0.79
RF 78.20% 0.78 0.78 0.78

NN 77.22% 0.77 0.75 0.76

Tabela 8. Métricas de avaliação da acurácia dos algoritmos de classificação.



Results
● Accuracies Plot

Boxplot with the success rate of the classification algorithms.



Conclusion
● We present a machine-learning approach to predicting bee colony health 

status Apis mellifera;
● Were used data from internal and external sensors from a hive that was 

monitored for a period of 6 months;
● Was generated 4 classifications models from Naive Bayes, k-Nearest 

Neighbors, Random Forest e Neural Networks;
● We get hit rate that reached 80% with kNN algorithm;
● Thus, the answer for the research question is YES. So, from sensors and 

inspection data it is possible determine the health state of a bee colony 
Apis mellifera with high precision;



Questions?


