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 Because oceans account for 70.8% of the Earth's surface, various Internet-of-

Things (IoT) applications for the marine industry are being researched and 
developed. The success of an IoT technology in the maritime industry 
depends on the location tracking technology used and how far it can 
communicate. In this study, we implemented a marine observation system 
using low power wide area (LPWA) communication technology to provide 
maritime IoT services. The proposed marine observation system consists of a 
marine IoT module and an ocean observation monitoring system.  
The information collected is GPS information and communication signal 
reception strength. As a result of an actual field test, we were able to obtain 

the distance to the gateway by measuring the position through the marine IoT 
module, and we found that the intensity of communication was proportional 
to the change in sea level. 
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1. INTRODUCTION  

Recently, various Internet-of-Things (IoT) applications have emerged, and there has been a 

significant increase in the number of devices used in everyday life and industry [1-4]. Statista, a statistics-

specialized agency, estimates that by 2025, 75.4 billion IoT devices will be distributed worldwide [5]. 
Therefore, various studies are underway that are investigating IoT characteristics, including low power 

communication, platforms, big data, and the cloud [2, 6-9]. LPWA targets low-data speed, low-power, and 

low-through applications, and can be connected as far as tens of kilometers using a sub-GHz band, which is 

less congested than the traditional Industry, Science, Medical (ISM) band [10, 11]. Although various studies 

and developments have been made on LPWA based IoT application programs, research and development of 

devices for application to the marine environment have not been conducted yet [12-14]. 

In this study, we developed a marine observation system to apply LPWA-based IoT applications to a 

marine environment. We evaluated the performance of the developed system using the collected information. 

As a result of actual field experiments, we determined the position of the marine IoT module using GPS 

information. Further, it is shown that the distance between each other can be obtained by using the GPS data 

of the gateway and buoy. As a result of the comparison between the sea level change data and the reception 

intensity through the LPWA communication, it was found that the change in the sea level can be observed 
using the reception intensity of the communication. Using these results, it is possible to observe the ocean by 

collecting various information regarding nearby oceans. 
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The rest of this paper is organized as follows. In Section 2, we describe a marine IoT module that 

collects information from the proposed system. Section 3 explains marine observation systems based on the 

maritime IoT module. In Section 4, we construct a test environment to evaluate the performance of the 

developed system and the performance of the developed system is evaluated. Finally, we provide the 

conclusions in the last section. 

 

 

2. DEVELOPMENT OF EQUIPMENT AND COMMUNICATION 

LPWA includes SigFox, LoRa, Weightless, and Ingenu using the 169, 433, 868/915 MHz, and 2.4 

GHz unlicensed bands, respectively; and LTE-M, EC-GSM, and NB-IoT using licensed bands depending on 
the operating area. Major LPWA technologies and their characteristics are shown in please refer to the 

following paper. [12, 13-21].  

Prior to developing the maritime observation system, we developed a marine-specific IoT module 

based on LPWA. This module, which is specialized for use in the ocean, can be understood using the circuit 

shown in Figure 1 and Figure 2. The power source is operated using a magnet to prevent leakage caused by the 

power source of the IoT device placed in the sea. Since it is used in the ocean for a long time, the MCU can 

control the power to the GPS, such that it can receive its position at the optimized position in the arranged place.  

 

 

 
 

Figure 1. Power source circuit 
 

 

 
 

Figure 2. GPS control circuit by MCU 

 

 

The MCU uses STM32L152RE from the STM company, and the GPS module uses MAX-M8Q 

from the u-blox company to reduce the position error using A-GPS. The LPWA module was made by 

Samtech's SX1276 RF module. We have developed software to drive this module. Figure 3 is a block 

diagram of the software functions in this module. The interface was designed using interlocking equipment 

and an internal module, and the execution concept was designed by unit software [22, 23]. 
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Figure 3. Software block diagram for maritime IoT module based on LPWA 

 

 

3. METHOD FOR MARITIME OBSERVATION 

The marine IoT module was used to develop marine control systems. Figure 4 shows the 

configuration of the ocean observation system proposed in this paper. The marine observation system 

receives data from a number of marine IoT modules. In order to receive data from a plurality of marine IoT 

modules, communication is performed by dividing them into a registration packet and a request packet. 

Figure 5 shows the communication procedure. The data collected by the marine IoT module is GPS data. 

GPS data are received, and latitude and longitude are transmitted to the ocean observation system. The ocean 

has a high tide and a low tide, so the position of the marine IoT module fixed on the floor changes 
incrementally, and the reception intensity of the signal generated in the communication changes, facilitating 

observation of the ocean. In this study, only information of GPS is received by the marine IoT module; 

however, various modules required for ocean observation can be attached, and information can be requested. 

 

 

 
 

Figure 4. Configuration of ocean observation system  
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Figure 5. Communication procedure for data collection 

 

 

4. RESULT AND DISCUSSION 

The experiment was conducted with reference to data from publications provided by Lineliumd,  

a European LoRaWAN hardware provider, and papers related to performance when LoRaWAN was applied 

in a city center [15, 16, 24, 25]. The experimental environment was constructed to evaluate the performance 

of the proposed marine IoT module based marine observation system using LPWA communication.  

The experimental environment is composed of an LoS state. The gateway installed in the experimental 

environment was installed about 10 m from the ground. The packet was transmitted under the control of the 

marine observation system. In order to check the message loss, the number of transmissions and the number 

of receivers were measured. The transmission rate was improved through one Ack message. The main 
parameters of LPWA used in the experiment are shown in Table 1. 

 

 

Table 1. Maritime IoT module parameter values  
Parameter Value 

Frequency 918.3 MHz 

Spreading Factor 12 

Bandwidth 125 kHz 

Coding Rate 4/5 

Transmit Power (uplink/downlink) 14 dBm/20 dBm 

Antenna Gain 2 dBi 

 

 
The experiment was carried out in Jangheung City, South Jeolla Province, Korea. Figure 6 shows 

the configured experimental environment. The gateway is installed on the second floor of the building.  

To perform serial communication, the marine observation system is installed next to the gateway. The marine 

IoT module is installed in a special case. Marine IoT modules are deployed in the sea using ships. 

 

 

 
 

Figure 6. Actual experiment environment  
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After establishing the experimental environment, two experiments were conducted. The first 

experiment measures the communication signal strength over distance, and confirms whether communication 

is possible up to 10 km. The second experiment is to confirm that the marine IoT module placed on the sea 

receives the time-varying data, and it is identical to the ocean change. Three marine IoT modules were used 

for the distance test. The three modules have the IDs TNI00003, TNI00004, and TNI00005. The TNI00004 

and TNI00005 modules were used for communication signal strength experiments. This test was performed 

at distances of 5 km and 10 km from the gateway. The reception results measured at each distance are shown 

in Figure 7 and 8.  
The actual position of the marine IoT module was tracked using the GPS distance calculation 

formula for the location data of the gateway and the GPS data. To calculate distance using GPS information, 

we need to calculate the horizontal distance and the vertical distance by using the hardness and latitude.  

The hypotenuse is then found using Pythagoras’ theorem. As shown in (1) to (4) are formulas for the distance 

between two points. As a result of measuring the distance, it was confirmed that the marine IoT module 

TNI00004 placed at 5 km was actually located at a distance of 6.3 km, and the marine IoT module TNI00005 

placed at 10 km was located at a distance of 11.8 km. 

The signal reception strength of TNI00004 is -123 to -113 dBm, at the minimum. The average is -

118.345 dBm. The signal reception strength of TNI00005 is -125 to -114 dBm, at the minimum. The average 

is -120.909 dBm. Since the average is about -121 at 11.8 km, it is considered that communication is possible 

at far distances, considering the maximum reception sensitivity. The maximum reception sensitivity of 

LPWA varies depending on the setting, but up to -136 dBm is allowed. 
The second experiment was carried out using the marine IoT module TNI00003. The marine IoT 

module installed at the 11.8 km site collected data for about one day. More data exist, but are expressed as 

averages over time, since there are limitations to the representation. Figures 9 and 10 show the intensity of 

the signal versus time and the elevation of the sea level. 

It can be seen that the communication signal strength increases when the sea level is low.  

In addition, it can be seen that the communication signal strength decreases when the sea level becomes 

higher. This allows us to observe ocean changes using communication signals. Through the results of 

Experiment 1 and Experiment 2, we have proved that it is possible to analyze sea level changes at specific 

locations using the information of the proposed system. 
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Figure 7. Test results at 5 km distance 
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Figure 8. Test results at 10 km distance 

 

 

 
 

Figure 9. Communication signal intensity change over time 

 

 

 
 

Figure 10. Sea level change over time 
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5. CONCLUSIONS  

We proposed a marine observation system based on a marine IoT module using LPWA 

communication. To validate the proposed system, we developed a marine IoT module, a gateway, and an 

ocean observation system that can receive information through LPWA. Using the developed system,  

we constructed the experimental environment in the sea and collected the signal strength of the location and 

communication of the marine IoT module. As a result, the distance between the gateway and the location of 

the marine IoT module was calculated using GPS. Further, it is proved that the intensity of the signal changes 

according to the change of the sea level when the intensity of the signal is compared with the change of the 
sea level. The system we have developed is part of a system that can provide marine IoT services. Therefore, 

we need to conduct further research to provide higher service. Further study should focus on attaching more 

sensors to the developed marine IoT module to gather more information. We will continue to experiment at 

longer distances.  
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