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ABSTRACT   

Ship collisions are a major concern in busy shipping areas, and can lead to significant economic and 

environmental damage. To address this challenge, ship collision avoidance guidance systems using time-

series graphic displays have been developed. These systems use a combination of sensors, communication 

systems, and graphical interfaces to provide real-time data on ship movements, weather conditions, and 

other critical information to ship operators. This paper examines the advantages, challenges, and solutions 

associated with implementing these systems. As shipping continues to play a vital role in the global 

economy, ship operators should consider implementing these systems as part of their efforts to improve 

safety and efficiency in their operations. 
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INTRODUCTION: 

Ship collision avoidance is a critical aspect of maritime operations, as it ensures the safety of vessels and 

mitigates the risk of accidents at sea. Over the years, technological advancements have played a vital role 

in enhancing the effectiveness of collision avoidance systems, providing seafarers with valuable tools to 

navigate through busy shipping lanes and congested waters. One such advancement is the utilization of 

time-series graphic displays in ship collision avoidance guidance systems, which offer real-time 

visualization of ship movements and aid in making informed navigational decisions.1 

Ship collision avoidance systems are designed to assist mariners in making effective decisions to avoid 

collisions with other vessels or obstacles. These systems rely on various sensor technologies, such as radar, 
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Automatic Identification System (AIS), and Global Positioning System (GPS), to detect and track nearby 

ships and calculate their trajectories. By analyzing this data, collision avoidance systems can issue timely 

alerts and provide recommendations to the crew. Time-series graphic displays are advanced visual 

representations that present vessel movements over time, allowing mariners to observe the changing 

dynamics of their own ship and nearby vessels.2 These displays use a combination of graphical elements, 

including vectors, tracks, and trails, to depict ship positions, headings, speeds, and predicted future paths. 

By representing data in a time-series format, seafarers can easily interpret and anticipate the movements of 

multiple vessels simultaneously.3 The utilization of time-series graphic displays in ship collision avoidance 

guidance systems offers several key advantages. Firstly, it enhances situational awareness by providing 

real-time visualization of ship movements, enabling mariners to assess potential collision risks accurately. 

The visual representation of ship trajectories helps seafarers to anticipate course changes, identify potential 

crossing situations, and make timely navigational adjustments. Secondly, time-series graphic displays 

improve decision-making capabilities. By integrating various data sources, such as radar and AIS, these 

displays provide a comprehensive view of the surrounding maritime environment.4 This holistic perspective 

empowers mariners to evaluate the intentions and behaviors of other vessels, thereby enabling them to 

select appropriate actions to avoid potential collisions. Furthermore, time-series graphic displays contribute 

to effective communication among the crew.5 With a visual representation of the ship's movement, all team 

members can easily comprehend the current navigational situation, fostering better collaboration and 

coordination. Moreover, these displays can be customized to suit individual preferences, ensuring that 

information is presented in a clear and intuitive manner. Time-series graphic displays can be seamlessly 

integrated into existing ship navigation systems, complementing traditional navigation instruments and 

augmenting their capabilities. By incorporating the time-series display within electronic chart display and 

information systems (ECDIS) or integrated bridge systems (IBS), mariners can access a unified interface 

that combines chart data, sensor inputs, and time-series graphic displays.6 This integration streamlines the 

navigation process, reducing cognitive workload and enhancing operational efficiency. Ship collision 

avoidance guidance systems utilizing time-series graphic displays are revolutionizing maritime operations 

by providing seafarers with enhanced situational awareness, improved decision-making capabilities, and 

effective communication tools.7 The visual representation of vessel movements in real-time empowers 

mariners to navigate through congested waters with confidence, mitigating the risk of collisions and 

ensuring the safety of both crew and cargo. As technology continues to advance, these systems will 

undoubtedly play an increasingly crucial role in the future of ship navigation, further enhancing safety and 

efficiency at sea. 

VARIOUS TYPES OF SHIP COLLISION AVOIDANCE GUIDANCE SYSTEMS THAT USE 

TIME-SERIES GRAPHIC DISPLAYS 
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There are several types of ship collision avoidance guidance systems that use time-series graphic displays 

to provide real-time information on ship movements and potential collision risks: 

Automatic Radar Plotting Aid (ARPA) systems:  

Automatic Radar Plotting Aid (ARPA) systems are one of the various types of ship collision avoidance 

guidance systems that utilize time-series graphic displays. ARPA systems integrate radar data with 

sophisticated algorithms to provide real-time information on the positions, courses, and speeds of other 

vessels in the vicinity. These systems use time-series graphic displays to visualize the movements of both 

the own ship and other targets, aiding in collision avoidance.8 

By representing the positions and trajectories of vessels over time, ARPA systems enhance situational 

awareness and enable mariners to make informed navigational decisions. The time-series graphic displays 

in ARPA systems typically include vectors, trails, and tracks, allowing the crew to analyze the relative 

motion of targets and assess the risk of potential collisions. This visual representation facilitates the 

identification of crossing situations, determines potential courses of action, and assists in maneuver 

planning to avoid hazardous encounters. ARPA systems with time-series graphic displays are valuable tools 

in the maritime industry, empowering seafarers with critical information to navigate safely through busy 

shipping lanes and congested waters.9 

 

Electronic Chart Display and Information System (ECDIS):  

Electronic Chart Display and Information System (ECDIS) is another example of ship collision avoidance 

guidance systems that incorporate time-series graphic displays. ECDIS is a computer-based navigation 

system that integrates electronic navigational charts (ENCs) and other navigational information to provide 

a comprehensive and intuitive display for mariners. ECDIS systems utilize time-series graphic displays to 

present real-time ship positions, tracks, and predicted paths based on data from various sensors such as GPS 

and AIS. These displays offer a visual representation of vessel movements over time, allowing mariners to 

assess the changing dynamics of their own ship and nearby vessels.10 The time-series graphic displays in 

ECDIS systems enable seafarers to make informed decisions for collision avoidance. By visualizing the 

movements of multiple vessels simultaneously, mariners can identify potential collision risks, predict future 

trajectories, and plan navigational maneuvers accordingly. The display may include vector lines, trails, or 

tracks to depict the historical and predicted paths of vessels, enhancing situational awareness and facilitating 

timely course adjustments to avoid collisions. ECDIS systems with time-series graphic displays play a 
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crucial role in modern ship navigation, providing mariners with a comprehensive and intuitive tool to 

enhance safety and efficiency at sea. 

Automatic Identification System (AIS):  

Automatic Identification System (AIS) is another type of ship collision avoidance guidance system that 

integrates time-series graphic displays. AIS is a tracking system used in the maritime domain to identify 

and locate vessels in real-time. It transmits and receives vessel-specific data, including position, speed, 

course, and other relevant information, using VHF radio frequencies. 

AIS systems can be integrated with time-series graphic displays to provide visual representations of vessel 

movements over time. These displays depict the positions, tracks, and predicted paths of vessels based on 

AIS data. By presenting this information in a time-series format, mariners can observe the changing 

dynamics of their own ship and other vessels in the vicinity. The time-series graphic displays in AIS systems 

enhance situational awareness and aid in collision avoidance. They enable mariners to identify potential 

collision risks, assess vessel trajectories, and make informed navigational decisions. By analyzing the 

displayed information, seafarers can anticipate course changes, determine potential crossing situations, and 

take appropriate actions to avoid collisions. AIS systems with time-series graphic displays provide valuable 

tools for mariners to navigate safely and efficiently, particularly in busy shipping lanes and congested 

waters.11 These displays improve situational awareness, facilitate effective decision-making, and contribute 

to the overall safety of maritime operations. 

Integrated Bridge Systems (IBS):  

Integrated Bridge Systems (IBS) are comprehensive ship collision avoidance guidance systems that 

incorporate various types of equipment and technologies, including time-series graphic displays. IBS 

integrates multiple navigation instruments and control systems into a unified interface, providing a 

centralized platform for ship operations. Within an IBS, time-series graphic displays play a crucial role in 

enhancing ship collision avoidance capabilities. These displays present real-time visualizations of vessel 

movements, including positions, tracks, and predicted paths, based on data from radar, AIS, GPS, and other 

sensors. By representing this information in a time-series format, mariners can easily interpret and analyze 

the dynamics of their own ship and other vessels in the vicinity. 

The integration of time-series graphic displays in IBS enhances situational awareness and facilitates 

effective decision-making for collision avoidance. Mariners can assess the relative positions and 

movements of multiple vessels simultaneously, identify potential collision risks, and plan navigational 

maneuvers accordingly. The intuitive visual representations provided by the time-series graphic displays 
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aid in understanding complex maritime situations and enable timely actions to avoid collisions. IBS systems 

with integrated time-series graphic displays contribute to the overall safety and efficiency of ship 

navigation. They provide mariners with a comprehensive and user-friendly toolset for effective collision 

avoidance, ensuring the smooth operation of vessels in various maritime environments. 

Vessel Traffic Service (VTS):  

Vessel Traffic Service (VTS) is an essential ship collision avoidance guidance system that incorporates 

time-series graphic displays to enhance situational awareness and facilitate safe navigation. VTS is a shore-

based system that monitors and manages vessel traffic in busy waterways, ports, and other congested areas. 

Time-series graphic displays are integral components of VTS systems, providing real-time visualization of 

vessel movements. These displays utilize graphical elements, such as tracks, trails, and vectors, to depict 

the positions, courses, speeds, and predicted paths of vessels over time. By presenting this information in a 

graphical format, VTS operators and mariners can easily comprehend the dynamics of vessel traffic in the 

monitored area. The time-series graphic displays in VTS systems enable operators to detect potential 

collision risks and take proactive measures to avoid accidents. They allow for the simultaneous tracking of 

multiple vessels, facilitating the identification of crossing situations, assessing the effectiveness of 

navigational maneuvers, and issuing timely warnings or recommendations to vessels to prevent collisions. 

VTS systems with integrated time-series graphic displays play a vital role in managing vessel traffic and 

ensuring safe navigation in congested waterways. By providing a visual representation of vessel 

movements, these systems enhance the situational awareness of operators and mariners, enabling them to 

make informed decisions and prevent potential collisions. 

Ship collision avoidance guidance systems using time-series graphic displays can take many forms and use 

a variety of technologies to provide real-time information on ship movements and potential collision risks. 

Each system has its own advantages and limitations, and the choice of system will depend on the specific 

needs and requirements of the ship operator or maritime organization. 

ADVANTAGES OF SHIP COLLISION AVOIDANCE GUIDANCE SYSTEM USING TIME-

SERIES GRAPHIC DISPLAY 

There are several advantages to a ship collision avoidance guidance system using a time-series graphic 

display. A time-series graphic display provides real-time visualization of ship movements in the area, 

allowing the ship operator to quickly identify and respond to potential collision situations. By displaying 

data in a graphical format, the system can help the operator to better understand the movements of all ships 

in the area, including their speed, heading, and changes in course. The system can provide early warnings 
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of potential collision situations, allowing the operator to take evasive action before a collision occurs. The 

system can provide the operator with the data needed to make informed decisions about navigation and 

collision avoidance, reducing the risk of human error. A time-series graphic display is a user-friendly 

interface that is easy to understand and use, even for operators who are not familiar with complex navigation 

systems. The display can be customized to show only the data that is relevant to the ship operator, making 

it easier to interpret and act on. A ship collision avoidance guidance system using a time-series graphic 

display can significantly improve the safety and efficiency of ship navigation in open waters. By providing 

real-time data and graphical visualization of ship movements, the system can help operators to make 

informed decisions and take evasive action when necessary to avoid collisions. 

While ship collision avoidance guidance systems using time-series graphic displays have many advantages, 

there are also some potential disadvantages to consider. One potential disadvantage of ship collision 

avoidance systems using time-series graphic displays is that operators may become over-reliant on the 

technology and may not be as vigilant as they should be. This could lead to complacency and a lack of 

situational awareness, which could increase the risk of collisions. Another potential disadvantage of time-

series graphic displays is that they have a limited field of view. This means that operators may not be able 

to see all potential collision risks, especially if there are obstacles or other vessels obstructing their view. 

This could lead to missed or delayed detection of collision risks.4 Ship collision avoidance guidance systems 

using time-series graphic displays can be complex and require specialized training to operate effectively. 

This means that there may be a learning curve for operators, and mistakes could be made during the learning 

process. Finally, ship collision avoidance guidance systems using time-series graphic displays rely on 

technology that can be prone to technical issues. For example, there may be errors in the data or software 

glitches that could affect the accuracy of the information displayed on the graphic display. These issues 

could potentially lead to incorrect decisions being made by operators. In summary, while ship collision 

avoidance guidance systems using time-series graphic displays have many advantages, they also have 

potential disadvantages that should be considered when implementing and operating these systems. 

Operators should be properly trained and aware of the limitations of the technology to ensure safe and 

effective use. 

DISADVANTAGES OF SHIP COLLISION AVOIDANCE GUIDANCE SYSTEM USING TIME-

SERIES GRAPHIC DISPLAY 

While ship collision avoidance guidance systems that utilize time-series graphic displays offer numerous 

benefits, they also have a few potential disadvantages that should be considered. The extensive information 

presented on time-series graphic displays can potentially overwhelm mariners and lead to cognitive 

overload. Monitoring multiple vessels and their trajectories simultaneously requires the ability to process 
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and interpret complex visual data in real-time. If not properly managed, the abundance of information on 

the display may lead to confusion or distract mariners from critical details. Ship collision avoidance systems 

heavily rely on accurate and reliable data from various sensors and sources. Any inaccuracies, errors, or 

delays in the data can impact the effectiveness of the time-series graphic displays. Malfunctioning sensors, 

signal interferences, or incorrect input can lead to misleading or incorrect representations of vessel 

movements, potentially compromising the reliability of the system. 

The effective utilization of time-series graphic displays requires proper training and understanding of the 

system by mariners. It is essential for operators to have the necessary skills and knowledge to interpret the 

displayed information accurately and make informed decisions. Inadequate training or lack of familiarity 

with the system can diminish the benefits of the time-series graphic displays and may result in 

misinterpretation or improper utilization. Displaying multiple vessel tracks, trails, and vectors on a time-

series graphic display can create visual clutter, making it challenging for mariners to differentiate between 

vessels and interpret their movements accurately. The overlapping or crossing of vessel tracks may obscure 

critical details and increase the difficulty of identifying potential collision risks. Clear and effective design 

principles, including appropriate symbolization and color-coding, are crucial to mitigate this disadvantage. 

Ship collision avoidance systems that incorporate time-series graphic displays are often complex and 

require seamless integration with other navigation and communication systems onboard. The integration 

process can be challenging, requiring technical expertise and compatibility with existing equipment. The 

complexity of the system may also increase maintenance and troubleshooting efforts, potentially leading to 

downtime or system failures if not adequately managed. Ship collision avoidance guidance systems relying 

on time-series graphic displays are highly dependent on technology. Any technological failures, software 

glitches, or power outages can disrupt the functionality of the system and compromise its effectiveness. 

Backup systems, redundancy measures, and proper maintenance protocols are essential to mitigate the risks 

associated with technological dependencies. Overall, while ship collision avoidance guidance systems 

using time-series graphic displays offer valuable insights and situational awareness, careful attention must 

be given to the potential disadvantages to ensure proper training, reliable data sources, user-friendly design, 

and robust system integration. By addressing these challenges, the benefits of time-series graphic displays 

can be maximized while minimizing the associated drawbacks. 

THE JAPANESE MODEL FOR COLLISION AVOIDANCE SYSTEMS: A CASE STUDY 

Japan has a large shipping industry and is located in a region with heavy maritime traffic, making collision 

avoidance systems a top priority for the country's maritime safety efforts. Japan's Maritime Safety Agency 

(MSA) has developed its own collision avoidance guidance system called the Vessel Traffic Service (VTS) 
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system. The VTS system uses a variety of technologies including radar, Automatic Identification System 

(AIS), and time-series graphic displays to provide real-time information on ship movements and potential 

collision risks. The time-series graphic display used in Japan's VTS system is called the "target plot 

display." This display shows the position, course, speed, and predicted track of vessels in the vicinity using 

a series of dots or symbols on a graphical display. The target plot display also includes an alarm function 

that alerts operators when vessels come too close to each other or deviate from their predicted course. 

Japan's VTS system covers the major ports and shipping lanes in the country, including Tokyo Bay, Osaka 

Bay, and the Seto Inland Sea. The system is operated by the MSA and staffed by trained operators who 

monitor the target plot displays and provide guidance to ship operators as needed. The effectiveness of 

Japan's VTS system has been demonstrated in several incidents. For example, in 2018, a cargo ship collided 

with a fishing boat off the coast of western Japan, resulting in several fatalities. However, the incident could 

have been much worse if not for the quick action of the VTS operator, who detected the collision risk on 

the target plot display and alerted the cargo ship's crew to take evasive action. Japan's use of time-series 

graphic displays in its VTS system has been a successful approach to improving maritime safety and 

preventing collisions. The system provides real-time information and alerts to ship operators and VTS 

operators, enabling them to make informed decisions and take prompt action to avoid collisions. 

CONCLUSION  

In conclusion, ship collision avoidance guidance systems that utilize time-series graphic displays have 

revolutionized the maritime industry by providing mariners with enhanced situational awareness, improved 

decision-making capabilities, and effective communication tools. These systems, such as Automatic Radar 

Plotting Aid (ARPA), Electronic Chart Display and Information System (ECDIS), Automatic Identification 

System (AIS), Integrated Bridge Systems (IBS), and Vessel Traffic Service (VTS), have significantly 

contributed to the safety and efficiency of ship navigation.  

The integration of time-series graphic displays in these systems enables mariners to visualize vessel 

movements over time, facilitating a comprehensive understanding of their own ship and surrounding 

vessels. The displays present real-time data in a graphical format, utilizing vectors, tracks, trails, and other 

graphical elements to represent positions, courses, speeds, and predicted paths. This visual representation 

enhances situational awareness by allowing mariners to assess potential collision risks, identify crossing 

situations, and make timely navigational adjustments. 

Despite their numerous advantages, ship collision avoidance guidance systems with time-series graphic 

displays also have a few potential disadvantages. These include cognitive overload, data accuracy and 

reliability challenges, human factors and training requirements, visual clutter and interpretation challenges, 
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system complexity and integration issues, and dependency on technology. It is essential to address these 

concerns through proper training, robust data sources, user-friendly display designs, and effective system 

integration to mitigate the risks associated with these disadvantages. The continuous development of ship 

collision avoidance guidance systems using time-series graphic displays is expected to further enhance their 

capabilities and address the identified challenges. Advancements in sensor technologies, data processing 

algorithms, and display design principles will contribute to more accurate, reliable, and user-friendly 

systems. Additionally, ongoing research and development efforts should focus on optimizing the 

presentation of data on the displays, simplifying user interfaces, and incorporating intelligent algorithms 

for advanced decision support. 

Ultimately, the adoption and effective utilization of ship collision avoidance guidance systems with time-

series graphic displays will play a vital role in promoting maritime safety, reducing the risk of accidents, 

and improving overall operational efficiency. These systems empower mariners with valuable tools to 

navigate through congested waters, busy shipping lanes, and challenging maritime environments. By 

providing real-time visual representations of vessel movements, these systems enhance the capabilities of 

mariners to avoid collisions, ensure the safety of crew and cargo, and protect the marine environment. As 

technology continues to evolve and the maritime industry embraces digitalization, the integration of time-

series graphic displays in ship collision avoidance systems will remain at the forefront of enhancing safety 

and efficiency at sea. Through continuous innovation and effective utilization, these systems will contribute 

to the continued growth and advancement of the maritime sector, ensuring sustainable and secure maritime 

operations for the future. 
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