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– Predicting environmental temperature for
factories and office buildings is the basis for controlling
the ON/OFF of heating, ventilation, and air conditioning
(HVAC) systems. This paper developed a temperature
prediction model for a smart factory by long
short-term memory and the recurrent neural network
(LSTM-RNN) method. The data was collected and
installed in layers of the LSTM-RNN algorithm to
train the model. The LSTM-RNN's design factors
were determined while training and testing the model.
After testing the LSTM-RNN model, the results show
that the accuracy of the model was about 98% with
relatively small errors. The results of this study play a
very important role and will be applied to control
HVAC systems ON/OF in the smart factory.
Abstract

1. Introduction

Recently, the energy demand has become a big
problem in the world because of the rapid population
growth and the development of the high-tech industry.
Especially, with the explosion of industry 4.0, robotic
systems and heating, ventilation, and air conditioning
(HVAC) systems were applied to improve productivity
and control ambient temperature in the factory. These
systems use a lot of energy, for example, HVAC
systems use about 30% of the total energy
consumption in office buildings and up to 50% in more
extreme climates [1], so the power consumption is
increasing day by day in factories. This can break
stability and disrupt production if the energy demand
increases fast and sudden. Therefore, the factory
energy management systems have been developed and
applied to control the energy demand and ensure
production activities. Environmental temperature
prediction for controlling HVAC systems is one of the
essential factors for managing and saving energy in
factories. There are many methods to design
temperature prediction models and artificial intelligence
algorithms are being applied very popularly with high
results due to the development of technology and big
data. Long short-term memory and recurrent neural
network (LSTM-RNN) is a special type of artificial
neural network that is adapted to use sequential data
or time-series data [2].
In this paper, the authors designed and developed a
temperature prediction model for a smart factory by the
LSTM-RNN method. The temperature prediction model
was built on the temperature dataset that was
measured and recorded by the company. The data was

aggregated and analyzed. In this process, the authors
selected and filtered data to fit the LSTM-RNN
algorithm. The number of nodes in the input layer,
hidden layer, and output layer were installed to train
the LSTM-RNN model using the Tensorflow library.
During the testing and training process, other factors
such as learning rate, activation function, loss function,
and the optimizer were found. The target of
temperature prediction error was lower than 3%.
As a result, the model can predict the ambient
temperatures with very high accuracy at different times
of the day. The minimum error was 1.9%. The results
of this study will be used to control HVAC systems
ON/OF to save energy in the smart factory.
2. Design of a temperature prediction algorithm using
LSTM-RNN
2.1 Temperature data collection and analysis

In this study, the LSTM-RNN algorithm required a
dataset as an environment temperature data to build
and train the LSTM-RNN model. The temperature data
was recorded in real-time from November 18 to
December 16, 2021 by the company.
Fig. 1 describes the relationship between the ambient
temperature and the energy demand of an HVAC
system. The authors realized that the operating
capacity of the HVAC system depends on the
environment temperature. Therefore, the HVAC system
can be controlled ON/OFF following the key
temperature points.

<Fig. 1> Relationship between the room
temperature data and the power demand of an
HVAC system
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2.2 AI model design process

The design process of the LSTM-RNN algorithm for
the temperature prediction is depicted in Fig. 2. The
authors started with data collection and analysis. The
configuration of the LSTM-RNN algorithm was
designed by building the input layer, the hidden layer,
and the output layers and defining algorithm factors
such as the learning rate, activation function, loss
function, and optimizer. Finally, the configuration of the
LSTM-RNN algorithm was validated and trained to
predict the ambient temperature for the next 15
minutes with an error of less than 3%.
The input of the LSTM-RNN algorithm was the
temperature data that was recorded every 15 minutes
for 3 days. After changing the parameters and testing
several configurations of the LSTM-RNN algorithm,
the output of the LSTM-RNN algorithm predicted the
temperature with high accuracy. Thus, the most
suitable specifications for the LSTM-RNN algorithm
were determined as shown in Table 1.
<Table 1> Specifications of the LSTM-RNN
algorithm for predicting temperature

LSTM-RNN
model
Number of inputs
288
Number of outputs
1
Number of hidden layers
2
Number of neurons in each hidden layer 1
128
Number of neurons in each hidden layer 2
256
Sigmoid,
The activation function in hidden layers
Tanh
The activation function in the output layer
Linear
Adapting learning function
Adam
Learning rate
0.001
Loss function
MSE
SMAPE,
Accuracy metrics
MAE
Items

(a)

(b)

<Fig. 4> Test results and actual results of the
LSTM-RNN model: (a) the results of the
testing model, and (b) the actual prediction
results
3. Results and discussions

The LSTM-RNN model was trained and tested
through 500 epochs. As a result, the training
performance achieved a mean squared error (MSE) of
approximately 0.0015 as shown in Fig. 3. The authors
continued to check the function of the LSTM-RNN
algorithm by using the testing dataset for the
LSTM-RNN model. The results depicted in Fig. 4(a)
presented that the LSTM-RNN model worked very
well to predict the temperature with the mean absolute
error (MAE) reaching about 0.1°C. Finally, applying the
LSTM-RNN algorithm for the company to predict
temperature. Fig. 4(b) exposed the high model
performance in predicting the ambient temperature in
real-time from March 18 to March 25, 2022 when
using the LSTM-RNN model.
4. Conclusion

This paper had built an LSTM-RNN algorithm to
predict the environment temperature for controlling an
HVAC system in a smart factory. After training and
testing the model, the LSTM-RNN algorithm has
shown its strength and superiority when it predicted
the ambient temperature with high accuracy. The
application of this LSTM-RNN algorithm to predict the
temperature in real-time for smart factories will help
the authors that can control ON/OFF the HVAC
system to manage and save energy.
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<Fig. 2> Design process of the LSTM-RNN model
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