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Abstract: Assuring product safety and quality in the explosives manufacturing process is critical today to protect
worker and environmental safety. Temperature and humidity in the manufacturing plant are critical factors to consider
because they can impact the manufacturing process and the quality of the final product. In this work, we design a
temperature and humidity monitoring system for 31 explosive materials company using ethernet communication
standard. In explosives factories, this communication standard is more suitable than other commonly used wireless
communication technologies. We tested the system at 31 explosive materials factory. Test results show that the system
operates stably and accurately. This system assists factory operators in increasing production efficiency, reducing
dangers, and ensuring the quality of explosives.

Index Terms: Sensor Network, Temperature and Humidity Monitoring System, Explosive Materials Company,
Ethernet Communication, Hardware and Software Solutions for Monitoring System.

1. Introduction

Trinitrotoluene (TNT) is a powerful explosive that is commonly used in the defense and civil industries. It is
produced by a complex chemical process in which temperature and humidity play critical roles. The trinitrotoluene
production process involves a series of chemical reactions. Firstly, toluene is mixed with nitric acid and sulfuric acid in
a reaction vessel at a controlled temperature. This process produces dinitrotoluene (DNT). Subsequently, DNT is mixed
with a greater quantity of nitric acid and sulfuric acid to generate trinitrotoluene. In reality, to have a usable
trinitrotoluene explosive end product, several technological stages must be passed, such as refining the substance,
mixing additives, drying, packaging, and preserving. All these processes demand strict control over the temperature and
humidity of the manufacturing environment.

Temperature is an important factor in the manufacture of trinitrotoluene. If the temperature is too low, the chemical
reaction may not take place or will take place more slowly. If the temperature rises too quickly, an explosion may occur.
As a result, perfect temperature control throughout the manufacturing process is critical.

Trinitrotoluene quality can also be affected by humidity. Water may penetrate the product if the humidity in the air
or in the raw materials is too high, altering the properties of the trinitrotoluene and lowering its quality. Water
infiltration can affect trinitrotoluene's explosive power as well as its sensitivity to temperature and pressure.

Therefore, temperature and humidity must be strictly controlled during the trinitrotoluene manufacturing process.
Any sudden changes in both of these factors could have a negative impact on product quality and production efficiency.
As a result, understanding this process and how temperature and humidity affect it is critical.

Currently, the methods of monitoring temperature and humidity at 31 explosive materials company lack the
required accuracy and flexibility, potentially affecting the production process and final product quality. The goal of this
research is to propose and implement a temperature and humidity monitoring system at 31 explosive materials company.
We hope to create an accurate and dependable monitoring system that allows for real-time tracking and adjustment of
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temperature and humidity by utilizing modern methods and technologies. The system will help the company improve
production efficiency, reduce risks, and ensure trinitrotoluene product quality.

The rest of this paper is organized as follows. First, we present related works; then, we propose solutions for
monitoring temperature and humidity at 31 explosive materials company; and finally, at the end of this paper, we
provide some conclusions.

2. Related Works

We surveyed a number of current methods to solve the problem of monitoring temperature and humidity at 31
explosive materials company, as follows:

Traditional manual method can use thermometers, hygrometers, and combined devices such as mercury
thermometers and hair hygrometers placed in necessary positions to monitor temperature and humidity. Human
resources are arranged to monitor and record measurements of these devices on a regular basis at intervals of 15
minutes, 30 minutes, 1 hour, or longer, depending on the location of the thermometer and hygrometer and the
technological task at that position. The benefits of this method include its simplicity, ease of use, lack of technical
requirements, and low cost. However, it requires human intervention and does not give continuous, instantaneous data,
which can result in errors when reading and recording.

Another method is to use a SCADA (Supervisory Control And Data Acquisition) system [1] to collect data from
auxiliary devices such as sensors, PLCs (Programmable Logic Controllers), and various monitoring stations located
throughout the factory. The advantage of this method is that it allows for automation of the monitoring and control
process, reducing the need for human intervention. However, this approach requires regular maintenance and updates in
addition to a high initial cost. Deployment and maintenance of the system require the involvement of an exclusive
provider, either indirectly or directly.

In this paper, we use sensor network technology to design an accurate and dependable temperature and humidity
monitoring system. Several communication standards are currently available that could be used for sensor networks.
These communication standards are divided into two categories: wireless standards such as Zigbee[2], WIiFi[3],
LoRa[4], GPRS/3G/4GJ5], and Bluetooth[6], and wired standards such as Ethernet [7], Power Line Communication
(PLC)[8]. Wireless standards have the advantage of being simple to deploy and install, but they are not appropriate for
explosive materials company. Technical regulations on safety in the manufacturing, testing, acceptance, storage,
transportation, use, and destruction of industrial explosives and storage of explosive precursors states that radio
frequency wave emitting and receiving devices should not be used. As a result, we propose a solution in this paper that
makes use of the wired ethernet communication standard. This is a widely used wired standard that enables sensor
nodes to communicate with servers via the TCP/IP protocol suite [9].

3. Experimental Design and Implementation

3.1 Hardware Solution

In this paper, we present a temperature and humidity monitoring system built on an arduino uno, a DHT11 sensor,
and a W5100 ethernet shield module. This solution provides an efficient, cost-effective, and easy-to-implement solution.
Fig.1 illustrates the hardware block diagram.

Ethernet Shield

DHT 11 Sensor > Arduino Uno - > W5100
POWER

Fig. 1. Hardware block diagram

The microcontroller of the sensor node is the arduino uno, which is chosen due to its user-friendly programming
interface, affordable cost, and compatibility with a wide range of sensors. The arduino uno reads data from the DHT11
sensor and transmits it through the W5100 ethernet shield module. The DHT11 sensor measures humidity and
temperature in the air with high accuracy. The W5100 ethernet shield module attaches directly to the arduino uno,
allowing the arduino uno to connect to the LAN and transmit data over the network.

The embedded software's algorithm flowchart for the sensor node is shown in Fig.2. The microcontroller first
establishes links with peripherals. Following the setup stage, the DHT11 sensor provides temperature and humidity data
to the microcontroller. The T and H variables contain the data, respectively. The temperature and humidity data will be
transmitted to the server if the sensor node is connected to it and the data is valid. There's an established duration before
repeating this process.
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Fig. 2. Algorithmic flowchart

3.2 Software Solution

Fig.3 illustrates the system deployment model at 31 explosive materials company.
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Fig. 3. System deployment model

The sensor nodes periodically read environmental temperature and humidity data from the DHT11 sensor and
transmit the data via LAN to the server. The data received from sensor nodes is processed using Web API and stored in
a SQL Server database. This process ensures the secure storage and future accessibility of the data collected from sensor
nodes. The Socket Server retrieves the data from the SQL Server and forwards the data to the Web Client, ensuring the
data is continuously and real-time updated to the end user. When the data received from the Socket Server, the Web
Client will process and display that data on the web browser. The displayed data includes temperature and humidity
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values read from the DHT11 sensor. Users can monitor the data from any location via the web browser, helping them to
immediately determine the situation and make any necessary adjustments as soon as possible.

This temperature and humidity monitoring system is not only simple to implement, but also optimizes performance
and improves end-user interaction by combining hardware components such as the arduino uno, DHT11 sensor, and
WS5100 ethernet shield with software solutions such as web API, socket server, and web client.

4. Results and Discussion

We deployed and evaluated the system at 31 explosive materials company. The results of evaluation are as follows:
The microcontroller accurately reads and sends the data from the DHT11 sensor to the web API server; the data is
received, processed correctly by the web API server, and then stored in the SQL Server database; the web API server
provides the expected results and can process requests from other devices via HTTP; no errors occurred during testing,
and the system operated stably and reliably. Fig.4 illustrates the evaluation results for the data stored in the SQL Server
database.
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Fig. 4. Testing results of the data recorded in the SQL Server database

The comparison results between the measured the data from the sensor nodes and the historical data log obtained
from the web API server are shown in Fig.5.
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Fig. 5. Comparison between sensor node data and historical data log obtained from the web API
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Fig.6 illustrates the results of testing the accuracy and completeness of the data. The data is transmitted from the
backend to the frontend via Socket.1O0. We make a comparison between the data received at the backend and the data
displayed on the web interface. Test results show that the data transmitted from backend to frontend is complete and
accurate.
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Fig. 6. Results of testing the accuracy and completeness of the data

Fig.7 is the test result when we installed and deployed the system at 31 explosive materials company. The
temperature and humidity of the surrounding air in the sensor node's deployment area were affected by us. Test results
show that changes in environmental temperature and humidity are updated in real time on the web interface. Users can
monitor and promptly adjust environmental temperature and humidity parameters when necessary.

] Temperature through time Humidity through time

40.0 .
99
39.0 -
s J0
380 §
0 93
36.0 90
350 87
g 340 e pr—y 84 T
2 330 | — -
® .,
g 520
g 31.0 75
- - 7
F 300
72
29.0 —
N 69
28.0 P E
27.0 3 . 66
26.0 e Ny o 63
25.0 60
4 5 ® & P P P P S P @ a0 RO
S N N n A7 W0 WO AT N L 2 AN A
5, i T P A . S

Fig. 7. The system test results for received temperature and humidity data
5. Conclusion

This work presented solutions for monitoring temperature and humidity at 31 explosive materials company using
the wired sensor network based on the ethernet communication standard. Ethernet communication technology is
deemed more feasible and appropriate for 31 explosive materials company than other wireless communication
technologies. Our solutions have been successfully deployed and tested at 31 explosive materials company. The
outcomes of the experimental evaluation demonstrate that the system functions reliably and precisely, allowing factory
operators to detect and adjust temperature and humidity parameters at 31 explosive materials company in response to
sudden data changes.
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