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Abstract – LTE (Long Term Evolution), the fourth generation mobile communication standard, is regarded as the 

most successful mobile communication technology in the history of mobile communication with high speed wireless 

data transmission rate and stable communication service. Therefore, it has recently been applied to various 

communication fields as well as mobile communication services. PS-LTE (Public Safety-LTE), which is the 

advancement plan of disaster safety communication network, and LTE-R (LTE-Railway), the next generation railway 

communication network, are typical applications. In recent years, telecommunication technologies using LTE have also 

been advanced in the maritime communication field, which is relatively conservative in the development of 

communication technology. It is typical to use the high-speed communication network of the LTE to transmit high-

quality images between land and ship communications and ship-to-ship communications. In this paper, we summarize 

LTE technology and LTE application technology, and analyze next generation maritime communication technologies. 

Keywords – Long Term Evolution (LTE), PS-LTE, LTE-R, Maritime Communication. 

I. INTRODUCTION 

The first-generation mobile communication system was analog communication system and transmitted voice 

as it is. Therefore, the amount of data to be transmitted is relatively large, which limits the transmission speed. In 

addition, the frequency band is insufficient, and the call is interrupted by the other calls at the same time. The 

second-generation mobile communication is a digital communication system that improves the first-generation 

analog communication technology. Since analog voice signals are digitally modulated and transmitted, much 

cleaner voice quality is possible with much less data. The second-generation mobile communication standard is 

divided into the European system GSM (Global System for Mobile communications) and the American system 

CDMA (Code Division Multiple Access), and the GSM system is used more widely in the world [1]. The third 

generation mobile communication standard started with a project called IMT-2000 (International Mobile 

Telecommunication-2000) and was first commercialized in 2002. The European scheme is WCDMA (Wideband 

Code Division Multiple Access) and the US scheme is CDMA2000 (Code Division Multiple Access 2000). Third 

generation mobile communication technology has improved communication speed enough to transmit moving 

pictures and photos in real time [2]. 

Long Term Evolution (LTE) is the 4th generation mobile communication standard that evolved from the 

European standard WCDMA in the third generation mobile communication standard, and is regarded as the most 

successful communication standard in the history of mobile communication. The LTE standard has evolved into 

LTE-A (Long Tern Evolution-Advanced), leading the world's 4th generation mobile communications market 

based on the technology and economies of scale, starting with the first standardization Release 8. In 2008, the ITU 

(International Telecommunication Union) defined that the 4th generation mobile communication standard should 

be able to transmit data at a downlink speed of 1 Gbps when moving at low speed and at a downlink speed of 100 
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Mbps when moving at high speed. The initial LTE was called the pre-LTE or 3.9 generation communication 

because the transmission speed was not enough for the definition of the 4th generation mobile communication of 

ITU, and it became a genuine 4th generation mobile communication by developing into LTE-A. LTE is a 

technology that has evolved from the European WCDMA, which is used by more than 70% of the world, so it is 

relatively easy to work with the existing third generation mobile communication network. Therefore, it is 

advantageous to reduce the investment cost of the mobile communication network construction and to broaden 

the communication service coverage. In addition, since the data transmission speed is drastically faster than that 

of the existing third generation mobile communication service, high-quality video and music streaming can be 

viewed in real time, and the cloud service is popularized. The third generation of mobile communication has been 

divided into US and European communication systems. However, as evolving into 4G mobile communication, 

most countries adopted LTE as the fourth generation standard, making it the most successful communication 

method in history [3]. 

Because of these advantages, LTE is being applied in various communication fields. A typical example is PS-

LTE (Public Safety-LTE), which is an advancement plan for disaster safety communication network, and LTE-R 

(LTE-Railway), a next-generation railway communication network. In recent years, telecommunication 

technologies using LTE have also been advanced in the maritime communication field, which is relatively 

conservative in the development of communication technology. 

PS-LTE is a technology that has been internationally verified and builds nationwide broadband public safety 

communication network by utilizing LTE technology which is easy to construct broadband mobile communication 

with nationwide network. PS-LTE is very similar to broadband commercial network LTE, but differentiated 

technologies are added to respond to disaster situations. GCSE (Group Communication System Enablers) for calls 

in the group, MCPTT (Mission Critical Push To Talk) which can be used like a radio in case of emergency, D2D 

(Device to Device) communication which can communicate with the terminal, Relay and eMBMS (evolved 

Multimedia Broadcast Multicast Service) are added functions [4]. 

LTE-R is a railway integrated wireless network that applies LTE technology, a 4th generation mobile 

communication technology standard, to railway operation. Depending on the speed of the railway, there are two 

technologies for 150km/h and 350km/h. The LTE-R supports voice communications, data and video 

communications, and reliable communications for railway control signals, and plans to unify the nationwide rail 

network into LTE-R by the end of the 2020s [5]. 

As such, LTE technology has been applied to various fields due to its superior technology and marketability. 

Recently, LTE-M (Long Term Evolution Maritime) has been developed for maritime communication. The e-

Navigation has established technical standards in IMO (International Maritime Organization) to apply the latest 

mobile communication technology to marine communication service. LTE-M can use high-speed communication 

technology to enable high-quality video transmission between land and ship communications and ship-to-ship 

communications. In this paper, we summarize LTE technology and LTE application technology, and analyze next 

generation maritime communication technologies. 

II. LONG TERM EVOLUTION 

The LTE standard was first introduced in Release 8 by the 3GPP (3rd Generation Partnership Project), the third 
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generation asynchronous mobile communication technology standardization organization, and was called the 3.9 

generation wireless communication standard with HSPA+ (High Speed Packet Access). The initial LTE was 

promoted as a 4th generation mobile communication standard for the marketing of telecommunication companies. 

However, it did not meet the performance requirement of IMT-Advanced (International Mobile 

Telecommunications-Advanced), which is a genuine 4th generation mobile communication standard.  

LTE uses OFDM (Orthogonal Frequency Division Multiplexing) and MIMO (Multiple Input Multiple Output) 

as its core technologies. It can meet up to 100Mbps/20MHz transmission rate in downlink and up to 

50Mbps/20MHz transmission in uplink. The round-trip time of the RAN (Radio Access Network) is less than 

10ms, and supports the full-duplex communication method supporting both FDD (Frequency Division Duplex) 

and TDD (Time Division Duplex). 

Compared with the third generation mobile communication standard, the core technology of which the speed 

of LTE of 4th generation mobile communication standard developed remarkably is the efficiency of frequency 

using OFDM and MIMO greatly increased. OFDM is a digital data encoding technique that uses multi-carrier as 

a core. This modulates a high-speed transmission signal to a plurality of narrow-band subcarriers, and a plurality 

of subcarriers is orthogonal to each other. In this way, the data transmission efficiency is greatly improved by 

converting a high-speed data signal, which is vulnerable to reflected waves, to low-speed subcarriers and 

transmitting the data in orthogonal parallel form. The transmitter structure of OFDM is as follows [6]. 

 
Fig. 1. Transmitter structure of OFDM [7]. 

MIMO is a multi-antenna technology, which uses two or more antennas between a base station and a terminal 

to theoretically increase the communication capacity in proportion to the number of antennas. It increases the 

number of base stations and terminal antennas to more than two, multiplexes the data path, and the receiver detects 

the received signal through each path to reduce the interference by reducing each transmission rate. Signals sent 

independently using the same frequency at the same time through the transmit antenna experience different fading 

spatially in the channel, so that the signals received through the multiple antennas at the receiver have mutual 

inertia [8]. Figure 2 shows the channel model of the MIMO system. 

 
Fig. 2. Channel model of MIMO [9]. 

III. UNMANNED SHIP 

Recently, unmanned ships have attracted much attention with unmanned vehicles. The unmanned ship is 

capable of sailing or carrying out missions through a fully unmanned system, at least on board a ship. In order to 
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do so, it is necessary to receive instructions from the headquarters for navigation and short-range communication 

is necessary to avoid obstacles. Therefore, one of the key technologies for unmanned ship operation is high-speed 

wireless communication [10].  

Unmanned ships can be classified by various criteria. First, military and commercial classification is possible. 

Unmanned ships were first developed for military purposes like other transportations. It was originally developed 

for the purpose of spraying smoke shell in the World War II, and carried out tasks such as mine removal and 

contamination site inspection after the war. Recently, it has been applied to unmanned targets for missile training 

and gun shooting training. In addition, applications are spreading in various fields such as reconnaissance, harbor 

surveillance, marine use. Commercial unmanned shipbuilding is being developed in various fields, but the most 

important issue is the large container ship sector for international exports. Large container ships have a large 

portion of labor costs because they require a large number of people to board the ships for a relatively long period 

of time. In order to solve this problem, researches are being actively carried out to unmanned container ships. 

However, there is a problem that radio communication is necessary for autonomous driving and standardization 

is required because frequency of use is different between countries.  

In addition, unmanned ships can be categorized as unmanned ships operating in one country and international 

unmanned ships moving between the countries mentioned above. Offshore unmanned ships are used in tasks that 

require long time work in visibility and territorial waters or in dangerous tasks that human beings perform, and 

communicate using specific frequencies distributed for unmanned ships. There are many issues that need to be 

addressed, such as technological and legal restrictions, in order to commercialize international unmanned ships 

that cross the territorial waters of other countries. However, the first problem to be solved is that the frequency 

band allocated to use for mission and non-use is different according to the frequency distribution situation or 

situation of the countries, and many international discussions are needed to standardize it [11]. 

Korea is planning to develop unmanned ships and unmanned submersible vessels based on world-class 

shipbuilding technology. Korea Research Institute of Ships & Ocean Engineering and Agency for Defense 

Development are carrying out various research projects centering on the Ministry of Oceans and Fisheries. The 

Agency for Defense Development completed the task of autonomous tracking of underwater aquatic acoustic 

target in 2015. Korea Research Institute of Ships & Ocean Engineering is progressing the task of developing the 

multi-purpose intelligent localization until 2018. 

Internationally, the UK, Portugal and Norway are actively conducting research. A representative study is the 

MUNIN project in Norway and completed in 2015 as a technology development project to remotely coordinate 

large-scale containerships on land or to operate autonomously [12]. Figure 3 is an example of the MUNIN project. 

 
Fig. 3. MUNIN Project [12]. 
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In addition, ICARUS in Portugal is also a representative unmanned ship-related project, and is a project to 

integrate unmanned aircraft and unmanned aerial vehicles for the search and rescue of marine accidents. In recent 

years, Rolls-Royce of the United Kingdom has announced that it will develop a self-propelled vessel by 2020 

through a robotic ship project [13]. 

IV. APPLICATION OF LTE FOR MARITIME WIRELESS COMMUNICATIONS 

A. Marine Navi 

Based on LTE technology, KT cooperation has launched a marine integrated surveillance system Skyship 

service that combines the merits of airship and drones with Marine Navi, a vessel safety solution to prevent 

collisions between ships. In order to service these maritime safety solutions, a very stable communication network 

should be preceded with wide LTE coverage at sea. Currently, LTE communication coverage is secured up to 

200km from land [14]. 

Marine Navi is an integrated anti-collision solution that displays marine traffic information and marine situation 

as a single image. It is based on intelligent CCTV (Closed-Circuit Television) and fourth-generation mobile 

communication LTE technology. Basic navigation information such as vessel speed and position is collected 

through the AIS (Auto Identification System). Through the Marine Navi analysis platform, which can integrate 

such information with GPS (Global Positioning System) information, it is possible to analyze the location 

information of charities, distance information between ships within 10 km of charity radius. In addition, Marine 

Navi uses the Deep Learning technology to collect and learn the unique shapes of vessels through video 

information collected through CCTV. Even if the visibility of vessels is difficult due to weather deterioration such 

as seaweed, the image obtained through CCTV can be analyzed by image analysis technology, and the position 

of other vessels approaching the vessel can be indicated to provide a clear view to the navigators. In addition, 

Marine Navi dramatically improves the UI (User Interface) so that anyone can easily understand the information 

provided by Marine Navi. It sets the risk of collision based on GPS and image information. If the risk exceeds the 

standard value, it is expected that the risk of accidents involving small ships colliding with each other will be 

greatly reduced [15]. 

B. Skyship 

Skyship can fly beyond the normal drones' flight time and range, and can monitor the situation of maritime for 

up to 8 hours in a stable flight. It can fly up to 25km from the driver. It has a maximum speed of 70km/h and is 

helium-filled with low risk of falling. The Skyship is equipped with a 360-degree camera and LTE communication 

module, enabling real-time HD (High Definition) images to be transmitted over wireless signals to maritime safety 

control centers and mobile surveillance platforms. Unlike drones, Skyship also has the advantage of being able to 

mount weight lifting equipment and medicines together because the size of the airframe can be adjusted relatively 

freely. Skyship can also serve as a mobile base station through the advantages of maneuverability and long-term 

airplanes, and it can be quickly located in a disaster area in the event of a disaster to further secure disaster area 

network coverage. The Skyship can also be used for marine disaster situations and night-time rescue operations 

through 90,000 lumen LED lighting and thermal imaging cameras. These advantages will enable Skyship to be 

used in a variety of fields such as message propagation, monitoring illegal fishing vessels, monitoring forest fire, 

etc [16-17]. 
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C. LTE-M 

Looking at the e-navigation trends in overseas, the SAFE-PORT project carried out from 2010 to 2012 has been 

able to track the location of vessels in detail based on satellite communications and actively control them [18]. In 

the MUNIN (Maritime Unmanned Navigation through Intelligence in Networks) project from 2012 to 2015, the 

concept of unmanned craft was defined and test studies were conducted for the development of unmanned vessels 

and the verification of navigation. In addition, the ACCSEAS (Accessibility for Shipping, Efficiency Advantages 

and Sustainability) project, which took place from 2012 to 2015, has constructed an e-Navigation test bed for 

environmental protection and safety in the North Sea [19]. 

The Korean e-Navigation business, which is being promoted in Korea, is a service that combines non-SOLAS 

(Safety of Life at Sea) for domestic maritime traffic and LTE-M for multimedia services such as electronic bean 

streaming in e-Navigation developed by IMO [20]. The Korean e-navigation project is being conducted by the 

Ministry of Oceans and Fisheries at the Korea Research Institute of Ships & Ocean Engineering from 2016, and 

is divided into 6 categories according to the services. LTE-M is used as a means of communication for all services, 

including support for accident-vulnerable vessel monitoring, in-vessel system remote monitoring, optimal safety 

route support, small shipboard electronic charts, pilot/preliminary support, and maritime safety information 

provision [21-22]. 

V. CONCLUSION 

In this paper, we examined the application of 4th generation mobile communication LTE standard, which is 

considered to be the most successful mobile communication technology in the history of mobile communication, 

to ship technology. Unmanned vehicles are attracting much attention in various fields and unmanned ships are 

receiving much attention in maritime field. In addition, high-quality image information is required for safe 

navigation, and the necessity of high-speed communication has emerged. Therefore, although various 

communication technologies are applied to ships, application of LTE technology, which is widely used in mobile 

communication technology, is the biggest issue in the world. There is still a lot of work to be done to fully integrate 

LTE technology into the ocean, so rapid research is needed. 
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