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1. INTRODUCTION

Neural networks are a type of artificial intelligence that can learn from data and perform
tasks such as classification, regression, and generation. Neural networks are composed of
layers of neurons that process inputs and produce outputs. Each neuron has a set of
weights and a bias that determine how it responds to the inputs. The weights and biases
are updated during the training process using a learning algorithm such as gradient
descent. (Izhari, 2020)

Neural networks can be used for various applications, such as image recognition,
natural language processing, speech synthesis, and more. Neural networks can also be
designed with different architectures, such as feedforward, recurrent, convolutional, and
generative adversarial networks. Each architecture has its own advantages and
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disadvantages depending on the task and the data. Neural networks can recognize objects,
faces, scenes, and emotions in images. For example, a neural network can identify whether
an image contains a cat or a dog, or whether a person is happy or sad. Some neural
networks can also generate captions for images, describing what they see in natural
language (Mayatopani, 2021).

Neural networks can understand and generate natural language, such as text and
speech. For example, a neural network can translate text from one language to another, or
synthesize speech from text. Some neural networks can also perform tasks such as
sentiment analysis, question answering, and summarization. Neural networks can produce
realistic and expressive speech from text or other inputs. For example, a neural network
can convert text to speech, or mimic the voice of a specific person. Some neural networks
can also generate speech from non-verbal inputs, such as music or images. Neural
networks can create new and realistic data from existing data, such as images, text, or
audio. For example, a neural network can generate new images of faces, animals, or
landscapes, or new text or audio samples. Some neural networks can also modify or
enhance existing data, such as adding color to black and white images, or improving the
quality of low-resolution images. (Abidin, 2022)

One of the applications of neural networks is smoke detection, which is the task of
identifying whether an image contains smoke or not. Smoke detection is important for
industrial safety, fire prevention, and environmental monitoring. However, smoke detection
is challenging because smoke can have different shapes, textures, colors, and intensities
depending on the source, environment, and lighting conditions.

The aim of conducting research on smoke detection is to find out the working
principles, components, types and working methods of fire detection devices which can
provide early warning to building or workplace owners if a fire occurs. Smoke detection
also aims to increase public awareness and preparedness in facing the dangers of fire, as
well as to reduce the negative impacts of fire, such as casualties, material loss and
environmental pollution. Smoke detection is very important to carry out research because
it can provide benefits for various parties related to fire problems. Some of the benefits of
smoke detection research are: For building or workplace owners: Smoke detection research
can help them choose a detection tool that suits their conditions and needs, as well as
provide information about how to install, maintain and operate the tool correctly and safely.
For the public: Smoke detection research can increase public awareness about the dangers
of fire and how to avoid them or handle emergency situations if they occur. Smoke detection
research can also provide information about how to detect smoke or fire around them using
simple tools that are easy to obtain. For the government: Smoke detection research can
provide data and analysis about the frequency, location, causes, impacts and solutions of
fire cases that occur in a region or country. Smoke detection research can also provide
recommendations regarding quality standards, legal regulations, prevention programs,
public education, technical assistance, and cross-sector cooperation in the field of personal
protection from fire hazards.

2. RESEARCH METHOD

Research methodology is the process of planning and conducting a systematic investigation

to answer a research question or solve a problem. Research methodology can vary

depending on the field, topic, and purpose of the research. However, some common steps

are:

- Define the research problem and formulate the research question or hypothesis.

- Review the existing literature and identify the knowledge gap and the research
significance.

- Choose the appropriate research design and methods to collect and analyze the data.

Sapriadi, Analysis neutral network for smoke detection predictions



3490 O ISSN 2685-4236 (Online)

- Implement the research plan and collect the data from the sources.

- Analyze the data using statistical or qualitative techniques and interpret the results.

- Report the findings and conclusions and discuss the implications and limitations of
the research.

Table 1. Dataset Smoke Detection

Temper

UTe ature Humidity TVOC eCO2 Raw Raw Pressure PM1 PM2 Fire
(C] [%] [ppb] [ppm] H2 Ethanol [hPa] .0 5 Alarm

o 1654733 59 5736 0 400 123 18500 939735 0 ..0 0
331 06

1 1654733 55015 s6.67 0 400 123 18651 939744 0 ..1 0
332 45

2 1094733 56020 55.96 0 400 123 18764 939738 0 ..2 0
333 74

3 1694733 54044 55.8 0 400 23 18849 939736 0 ..3 0
334 90

4 1024733 20059 s460 0 a00 22 18021 930744 0 ..4 0

Smoke detection is the process of identifying the presence of smoke in the
environment, which can be an indication of fire or other hazards. Smoke detection is
important for protecting lives, properties, and the environment from the damages caused
by fire. Smoke detection can also be used for monitoring and controlling industrial
processes, such as combustion, welding, or smelting. There are different types of devices
that can perform smoke detection, such as smoke detectors, smoke alarms, and smoke
sensors. These devices can use different methods to sense smoke, such as optical,
ionization, thermal, or gas. Each method has its own advantages and disadvantages,
depending on the characteristics of the smoke and the environment.

Smoke detectors are devices that can detect smoke and send a signal to a fire alarm
system or produce a local alarm. Smoke detectors are usually installed on the ceiling or
the wall of a building, where they can cover a large area and detect smoke at an early stage.
Smoke detectors can use optical or ionization methods to sense smoke. Optical smoke
detectors use a light source and a sensor to measure the scattering or absorption of light
by smoke particles. Ionization smoke detectors use a radioactive material and an electric
current to measure the ionization of air molecules by smoke particles. Smoke alarms are
devices that can detect smoke and produce a loud and audible sound to alert the occupants
of a building. Smoke alarms are usually battery-powered and can be placed in any room
or location where there is a risk of fire. Smoke alarms can also use optical or ionization
methods to sense smoke, or they can use both methods in combination to reduce false
alarms.

Smoke sensors are devices that can detect smoke and provide a digital or analog
output to a computer or a controller. Smoke sensors are usually small and low-cost and
can be integrated with other devices or systems, such as cameras, robots, or drones. Smoke
sensors can use thermal or gas methods to sense smoke. Thermal smoke sensors use a
thermistor or a thermocouple to measure the temperature change caused by smoke. Gas
smoke sensors use a semiconductor or an electrochemical cell to measure the
concentration of gas molecules produced by smoke. Smoke detection is a challenging and
active research topic, as smoke can have different shapes, colors, textures, and intensities
depending on the source, environment, and lighting conditions.
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3. RESULTS AND DISCUSSIONS

Smoke detection is important for protecting lives, properties, and the environment from
the damages caused by fire. Smoke detection can also be used for monitoring and
controlling industrial processes, such as combustion, welding, or smelting.

Some of the benefits of smoke detection are:

- It can provide early warning and alert the occupants of a building or the authorities of
a potential fire, allowing them to take appropriate actions, such as evacuating, calling
the fire brigade, or activating the fire suppression system.

- It can reduce the risk of injury, death, or property loss caused by fire, as well as the
environmental impact of fire, such as air pollution, greenhouse gas emissions, or

deforestation.

- It can improve the efficiency and safety of industrial processes, such as optimizing the
fuel consumption, reducing the waste production, or preventing the equipment damage.

Neural networks can detect smoke in images or videos captured by cameras or
sensors deployed in the environment, such as forests, grasslands, or urban areas, and
provide data and information for environmental research and analysis. Neural networks
can also measure and estimate the impact of smoke on the environment, such as air

quality, climate change, or biodiversity.
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Figure 1. Parameter Data
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It can be seen that time does not affect the other parameters. Both positive and
negative results are at different points of time. Time will not be taken into account for

future prediction.

The table below this will be shown the results of data analysis from epochs 1 to 30.
Comparison results Among target networks (0 and 1). More clear information could be seen
in the table under this:

Table 2. Results of data analysis from epochs 1 to 30

Epoch

Times

loss

Accuracy precision

recall
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Epoch 1/30 4s 24ms/step 0.1228 0.9434 0.9484 0.9739
Epoch 2/30 3s 2ms/step  0.0691 0.9692 0.9761 0.9809
Epoch 3/30 3s 2ms/step 0.0585 0.9727 0.98 0.982

Epoch 4/30 3s 2ms/step 0.0512 0.9764 0.9835 0.9836
Epoch 5/30 3s 2ms/step 0.0471 0.9794 0.9857 0.9856
Epoch 6/30 3s 2ms/step 0.0426 0.9814 0.9867 0.9873
Epoch 7/30 3s 2ms/step  0.0386 0.9839 0.9881 0.9895
Epoch 8/30 3s 2ms/step  0.0317 0.9882 0.9909 0.9926
Epoch 9/30 3s 2ms/step  0.023 0.9933 0.9938 0.9969
Epoch 10/30 3s 2ms/step  0.0167 0.9947 0.9949 0.9976
Epoch 11/30 3s 2ms/step 0.0161 0.995 0.9955 0.9975
Epoch 12/30 3s 2ms/step  0.0128 0.996 0.9964 0.998

Epoch 13/30 3s 2ms/step  0.0145 0.9959 0.9961 0.9981
Epoch 14/30 3s 2ms/step  0.0115 0.9964 0.9967 0.9983
Epoch 15/30 3s 2ms/step  0.0122 0.9966 0.9969 0.9983
Epoch 30/30 Os 16ms/step 0.0061 0.9981 0.9984 0.999

The following are evaluation metrics of the epoch values produced in testing Smoke
Prediction with neural network:

Evaluation metrics

1.0
-
0.8
0.6 —— Loss
Accuracy
—— Precision
0.4 —— Recall
0.2
0.0
0 5 10 15 20 25 30

Epoch

Figures 2. Evaluation Metrics
4. CONCLUSION

Neural networks can detect smoke in remote sensing images or aerial videos captured by
satellites, drones or airplanes, and provide early warning and alertness to forest fires.
Neural networks can also predict the spread and evolution of forest fires, as well as help
decision makers plan mitigation methods and extinguishing tactics. A forest fire smoke
detection model neural networks and support vector machines proposed a method to
distinguish between clouds and smoke in remote sensing images, and achieved 99.90%
accuracy. Neural networks can detect smoke in images or videos captured by cameras or
sensors installed in industrial locations, such as factories, power plants, or mines, and
provide real-time feedback and alarms for potential fires or explosions. Neural networks
can also monitor and control industrial processes involving burning, welding, or melting,
and optimize fuel consumption, waste production, or equipment breakdown. Neural
networks can detect smoke in images or videos captured by cameras or sensors used in
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environments, such as forests, grasslands, or urban areas, and provide data and
information for environmental research and analysis. Neural networks can also measure
and estimate the impact of smoke on the environment, such as air quality, climate change
or biodiversity. This research has many limitations so it needs to be developed again in the
future, so I suggest further research using the transfer learning method to utilize pre-
trained models, such as VGG16, InceptionV3, or Xception, to increase the accuracy of
smoke detection. Transfer learning is a technique that allows you to use a model that has
been trained on other data with skills that match the new data. Then use the learning
without forgetting (LwF) method to train your model with a new task without losing
previous classification capabilities. LwF is a technique that allows you to maintain the
classification ability of your model while being trained on new data, so that there is no
performance degradation due to overfitting or underfitting. Next, use the 3D convolutional
neural networks (3D CNN) method to detect smoke in recorded videos. 3D CNN is a type of
neural network that can process three-dimensional data in parallel, making it faster and
more efficient than 2D CNN. 3D CNN can also handle data with complex and heterogeneous
structures, such as video footage from drones or satellites. Hopefully this research and
suggestions will provide benefits for further research.
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