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 ABSTRACT  

Navigation safety is a critical aspect of maritime operations, and the effective 

use of ship radar plays an important role in preventing navigational hazards. 

This study aims to analyze the use of radar in supporting navigation safety, 

particularly in detecting surrounding objects, monitoring weather 

conditions, and determining a vessel’s position when visibility is limited. 

The study employed a qualitative research method, with data collected 

through interviews with ship crew members, direct observation of radar 

operations, and an analysis of onboard standard operating procedures. The 

data were analyzed descriptively to evaluate radar operation and identify 

factors affecting its effectiveness. The findings indicate that radar is an 

essential navigational instrument for enhancing situational awareness and 

supporting safe ship operations. However, the case study of MV Sinar 

Kintamani revealed that, although radar operation generally followed 

applicable procedures, its effectiveness was compromised by a magnetron 

scanner that had exceeded its recommended service life, resulting in false 

echoes. This condition highlights the importance of maintaining radar 

equipment in proper working order to ensure reliable target detection and 

minimize navigational risks. The novelty of this study lies in identifying the 

relationship between procedural compliance and equipment condition in 

radar-assisted navigation safety. It concludes that effective radar use requires 

both adherence to operational procedures and regular technical inspection 

and maintenance. 
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1. INTRODUCTION 

Maritime transportation plays a fundamental role in national and international trade by facilitating 

the movement of goods through global supply chains. However, safe and efficient maritime operations 

depend not only on vessel seaworthiness and crew competence but also on the reliability of navigational 

equipment. Marine radar is one of the essential instruments used to detect surrounding targets, estimate 

their range and bearing, and support collision avoidance. Its importance increases during nighttime 

navigation, restricted visibility, and operations in congested waters, where visual observation alone may 

not provide sufficient information for safe navigation. Therefore, optimizing radar utilization is an 

important aspect of improving navigational safety and operational efficiency. 

In maritime navigation, optimization involves the effective use of available equipment, 

information, and human resources to achieve safe and efficient operational outcomes. Radar supports 

this objective by providing information about surrounding targets and helping navigating officers assess 
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potential collision risks. When integrated with the Automatic Radar Plotting Aid (ARPA), radar can 

assist in tracking selected targets and estimating collision-related parameters. Nevertheless, radar 

information must be interpreted in conjunction with visual observations, the Automatic Identification 

System (AIS), Global Navigation Satellite System (GNSS) information, and other available navigational 

instruments. The International Maritime Organization (IMO, 2023) establishes performance standards 

for shipborne navigation equipment, while the International Convention for the Safety of Life at Sea 

(SOLAS), Chapter V, provides requirements concerning the carriage and use of navigational equipment. 

These provisions emphasize the importance of reliable equipment and competent operation in 

maintaining navigational safety. 

Marine radar operates by transmitting electromagnetic energy and receiving echoes reflected from 

surrounding objects. The time taken for the reflected signal to return provides information about target 

range, while the antenna's orientation helps determine target bearing. Two commonly used marine radar 

frequency bands are X-band, operating at approximately 8–12 GHz, and S-band, operating at 

approximately 2–4 GHz. X-band radar generally provides relatively fine target resolution and is useful 

for detecting smaller targets under suitable conditions. S-band radar generally offers advantages in 

certain rain and sea-clutter conditions because of its longer wavelength. However, actual performance 

depends on equipment design, antenna characteristics, radar settings, target properties, and 

environmental conditions. Consequently, effective radar selection and operation require an 

understanding of the equipment's technical capabilities and limitations. 

A conventional magnetron-based radar consists of several interconnected components, including 

a transmitter, modulator, antenna, receiver, signal-processing system, and display unit. The magnetron 

generates the microwave energy required for radar transmission, making it a critical component in the 

radar's transmission system. The antenna transmits radar energy and receives reflected signals, while 

the receiver and signal processor convert and process those signals into information that can be displayed 

to the navigating officer. Because these components function as an integrated system, a fault in one 

component may affect overall radar performance. In particular, magnetron deterioration or failure may 

reduce transmitted power and compromise target detection. However, the nature and severity of the 

malfunction must be established through technical inspection and diagnostic evidence rather than 

inferred solely from the radar display. 

The importance of radar reliability is illustrated by an incident involving MV. Sinar Kintamani 

on November 15, 2023, while the vessel was sailing through the Selayar Strait, Indonesia. According to 

the preliminary account provided for this study, the vessel experienced radar problems associated with 

magnetron damage, resulting in inaccurate information on the radar display. Such a malfunction may 

affect the officer's ability to detect and monitor surrounding targets and may increase uncertainty in 

navigational decision-making. Nevertheless, the actual effect of the reported damage on radar 

performance, the extent of the inaccurate information, and the operational responses taken by the crew 

require examination through relevant technical records, interviews, and other available evidence. 
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Recent research has examined the reliability and maintenance of shipboard radar from several 

perspectives. Ding et al. (2021) investigated a multi-agent-based approach to reliability, maintainability, 

and supportability assessment for shipboard radar. Their research provides a framework for considering 

the relationship between equipment condition, maintenance support, and operational reliability. Basuki 

et al. (2021) examined preventive maintenance for Kelvin Hughes MKVII X-band navigation radar and 

applied techniques including Failure Mode, Effects, and Criticality Analysis (FMECA) to identify 

components requiring maintenance attention. These studies indicate that maintaining radar reliability 

requires more than responding to failures after they occur; it also requires systematic inspection, 

identification of potential failure modes, and appropriate maintenance planning. 

Maintenance management is another important consideration in ensuring the availability of 

navigational equipment. Bayer et al. (2021) examined ship maintenance processes using an Input-

Control-Output-Resources approach, emphasizing the importance of structured maintenance processes 

and resource management. In radar systems, maintenance activities may include routine operational 

checks, inspection of equipment condition, monitoring of operating hours, performance testing, and 

replacement of components in accordance with manufacturer recommendations. The magnetron has a 

finite service life, but its expected operating hours and replacement interval vary according to the radar 

model, operating conditions, and manufacturer specifications. Consequently, magnetron replacement 

should be based on the applicable equipment manual, operating-hour records, performance indicators, 

and technical inspection rather than a universal service-life assumption. 

In Indonesia, research has also addressed the use and maintenance of marine radar. Malatunduh 

et al. (2024) examined radar optimization for safe navigation in a narrow shipping channel aboard KMP 

Virgo 18, highlighting the operational importance of effective radar use. Sofyan et al. (2025) 

investigated radar utilization to support navigation safety aboard PSV S. Panglima. These studies 

provide relevant national context for examining radar use in Indonesian waters. However, radar 

effectiveness cannot be assessed solely through operational procedures because equipment condition, 

maintenance history, environmental conditions, and operator competence may also affect the quality of 

navigational information. 

Human factors constitute another important dimension of radar-related safety. Uflaz et al. (2023) 

analyzed the contribution of human error to ship collision risk in congested waters using an extended 

fault-tree analysis incorporating the SPAR-H method and evidential reasoning. Their study identified 

improper radar monitoring and inadequate lookout practices as relevant contributors to collision risk. 

This finding demonstrates that the effectiveness of radar depends not only on the technical condition of 

the equipment but also on the operator's ability to recognize targets, interpret displayed information, 

identify abnormal performance, and take appropriate action. Therefore, when radar information 

becomes unreliable, navigating officers must recognize the limitations of the equipment, report the 

malfunction, verify available information through other appropriate means, and follow established 

onboard safety procedures. 
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Standard operating procedures and crew competence are particularly important during radar 

operation. Operators must verify equipment readiness, select an appropriate range scale, adjust gain and 

tuning, and apply sea-clutter and rain-clutter controls according to the manufacturer's instructions and 

prevailing conditions. They must also assess target range and bearing and use plotting or tracking 

functions when appropriate. These adjustments must be performed carefully because inappropriate 

settings may suppress relevant echoes or create misleading displays. The IMO's model course on radar 

navigation, radar plotting, and ARPA provides a framework for operational-level training and 

competence (IMO, 2017). Therefore, evaluating radar malfunction should include consideration of both 

technical failure and the procedures followed by the navigating officers. 

Radar maintenance and operational procedures should also be examined as complementary 

elements of a broader reliability-management approach. Preventive maintenance aims to identify 

deterioration before it develops into a significant equipment failure, whereas operational checks help 

officers recognize abnormal indications during use. Maintenance records, operating-hour data, fault 

reports, diagnostic results, and component replacement histories can help establish whether a reported 

magnetron failure was associated with inadequate maintenance, normal component deterioration, or 

other technical conditions. These factors should be investigated systematically rather than assuming that 

a single maintenance deficiency or operator error necessarily caused the incident. 

Despite the existing literature on radar reliability, preventive maintenance, and human factors, 

important questions remain regarding the relationship between component failure and navigational 

decision-making in specific shipboard circumstances. Previous studies have addressed radar reliability 

and maintenance assessment (Ding et al., 2021; Basuki et al., 2021), maintenance-process management 

(Bayer et al., 2021), radar utilization in Indonesian maritime operations (Malatunduh et al., 2024; Sofyan 

et al., 2025), and human error associated with collision risk (Uflaz et al., 2023). However, these studies 

do not, by themselves, establish how the reported magnetron damage affected radar information and 

navigational decision-making aboard MV. Sinar Kintamani during its passage through the Selayar Strait 

on November 15, 2023. The relationship between the technical condition of the magnetron, the 

symptoms observed on the radar display, the maintenance history, and the actions taken by the 

navigating officers therefore requires case-specific investigation. 

The research gap addressed by this study is the need to examine magnetron-related radar 

malfunction and its implications for navigational safety within the specific operational context of MV. 

Sinar Kintamani. Unlike studies that focus primarily on radar reliability assessment, preventive 

maintenance, or general human factors in maritime accidents, this study seeks to connect technical 

evidence of radar malfunction with the operational procedures and navigational responses documented 

in the incident. Its novelty lies in this context-specific integration of component reliability, maintenance 

practices, radar information interpretation, and safety-related decision-making. The study is expected to 

provide practical insights for improving radar condition monitoring, preventive maintenance, 
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component inspection and replacement, crew competence, and the management of navigational 

operations when radar performance is compromised. 

This study aims to analyze the magnetron-related radar malfunction aboard MV. Sinar Kintamani 

on November 15, 2023, examine its implications for radar performance and navigational decision-

making, identify contributing technical and operational factors based on available evidence, and 

formulate recommendations for improving radar reliability and navigational safety. 

2. METHODS 

This study employed a field research design using a qualitative descriptive approach supported 

by quantitative data. The study aimed to examine the implementation and operational performance of 

ship radar and identify factors contributing to its suboptimal operation. The qualitative approach was 

used to describe actual operational practices, officers' experiences, and challenges encountered during 

radar use, while quantitative data from technical records and relevant documentation were used to 

support the interpretation of the findings. The analysis focused on radar operation, the factors affecting 

its performance, and the extent to which its use supported safe navigation. 

The vessel was selected as the research setting because it provided an operational environment in 

which radar use could be observed under actual navigational conditions. Data collection focused on 

radar operation, the practices adopted by officers, and technical or operational factors potentially 

associated with suboptimal radar performance. 

The research participants consisted of ship officers who were directly involved in radar operation 

and navigational decision-making aboard MV Sinar Kintamani. Informants were selected using 

purposive sampling based on their responsibilities, experience, and familiarity with radar operation. This 

technique was appropriate because the study required information from personnel with direct knowledge 

of the equipment and its use during navigation. The number of participants was determined according 

to their relevance to the research objectives and the adequacy of the information obtained. The final 

manuscript should report the actual number of informants and their relevant positions. 

The research instruments consisted of an observation guide, an interview guide, and a 

documentation checklist. The observation guide was used to record radar operating practices, the 

officers' use of radar displays and controls, and operational conditions that could affect radar 

performance. The interview guide was used to obtain information from ship officers regarding radar 

operation, encountered problems, possible causes of suboptimal performance, and measures taken to 

address those problems. The documentation checklist was used to examine relevant technical records, 

equipment documentation, maintenance records, and the radar manufacturer's operating manual, where 

available. 

The primary analytical focus was radar operation and the factors associated with its suboptimal 

performance. Qualitative data consisted of observation notes and interview responses, while quantitative 

data consisted of relevant numerical information available in technical records and operational 
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documentation. The quantitative indicators examined depended on the available records and could 

include equipment fault records, maintenance frequency, or other documented technical parameters 

relevant to the research objectives. No specific performance measurements were assumed where 

supporting records were unavailable. 

The interview and observation instruments were aligned with the research objectives and relevant 

technical guidance. Any formal instrument validity or reliability tests should be reported if they were 

actually performed. For the qualitative component, the credibility of the findings was strengthened by 

comparing information from observations, interviews, and technical documentation. 

Data were collected through direct observation, interviews, and literature and document reviews. 

First, the researcher conducted direct observations of radar use aboard MV Sinar Kintamani during the 

Marine Practice period. The observations focused on how officers operated the equipment and on 

operational conditions or difficulties associated with its use. Second, interviews were conducted with 

selected ship officers to explore their experiences, understanding, and responses to radar-related 

operational problems. Third, relevant technical documents, equipment manuals, reference books, and 

other literature were reviewed to establish the theoretical and technical basis for interpreting the 

findings. 

Primary data were obtained from direct observations and interviews with ship officers. Secondary 

data were obtained from available technical records, equipment documentation, operating manuals, and 

relevant literature. The information collected from these sources was organized to facilitate comparison 

between actual operational practices and the applicable technical guidance. Observations and interviews 

were conducted with the necessary authorization and without interfering with the vessel's navigational 

safety. 

Data were analyzed using qualitative descriptive analysis supported by descriptive quantitative 

analysis. The qualitative analysis involved organizing the observation notes and interview responses, 

identifying relevant information, grouping the data into themes, and interpreting recurring patterns 

related to radar operation and its suboptimal performance. The process of data condensation, data 

display, and conclusion drawing and verification followed the qualitative data analysis framework 

proposed by Miles, Huberman, and Saldaña (2014). 

Quantitative data obtained from technical records and documentation were organized and 

summarized descriptively, where numerical information was available and relevant. The findings from 

both data types were then compared with the equipment manufacturer's operating manual, relevant 

technical references, and applicable navigational safety requirements. This comparison was intended to 

identify discrepancies between recommended operating practices and the conditions documented during 

the research. The analysis was conducted manually if no specialized software was used. Conclusions 

were drawn by integrating the qualitative findings with the available quantitative evidence and relevant 

technical guidance. 
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The research was conducted with due consideration for participant confidentiality and vessel 

operational safety. Permission to conduct observations and access relevant technical records was 

obtained from the authorized vessel or company representative, as required. Ship officers were informed 

about the purpose of the research, and their informed consent was obtained before interviews. 

Participants' identities and any confidential operational information were protected in the research 

report. Photographs, internal technical records, and vessel documents were included only when the 

necessary authorization had been obtained. Approval from an institutional ethics committee was 

obtained where required by the applicable institutional policy. If such approval was required, the 

committee's name and approval number should be stated in the final manuscript. 

3. RESULTS AND DISCUSSION 

3.1. Research Results 

The results of the study showed that the cause of the non-optimal function of the radar in MV. 

Kintamani rays was caused by several factors, including: 

1) Non-Standard Radar Operating Process 

a) Display and Distance Settings: Improper radar display settings, such as not being set to zero or 

inappropriate distances (e.g., not at 6 NM), may result in inaccurate information being displayed 

and difficult for the guard officer to interpret. This may hinder the proper identification of the target 

and increase the risk of navigation errors. 

b) False Echo: False echo interference caused by repeated signal reflections or the influence of side 

lobes can create shadows of objects that do not correspond to reality. This can confuse the guard 

officer and make it difficult for them to make the right decisions regarding the navigation of the 

ship. 

c) Radar Performance Test: Failure to perform and record radar performance tests periodically 

indicates a lack of attention to radar maintenance and condition evaluation. In fact, these 

performance tests are essential to ensure the radar is functioning properly and providing accurate 

information. 

2) Ineffective Radar Maintenance Process 

a) Unperformed Maintenance Lists: Maintenance lists that are only recorded without actually being 

carried out indicate a lack of commitment to radar maintenance. As a result, the radar does not 

function optimally and can even fail to detect important targets, such as wooden ships or fishing 

boats, potentially jeopardizing shipping safety. 

b) Interference with Radar and Scanner Components: Interference with radar and scanner components 

due to electrical instability of a ship may cause damage to the radar and interfere with its function. 

This can occur due to an unexpected voltage surge or blackout. 
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c) Problems with Video Cable Connections and BP Boards: Problems with video cable connections 

and BP boards can cause inadequate radar signals and slow target identification. This can hinder 

guard officers from making quick and informed decisions, especially in emergency situations. 

Radar data obtained during the study is as follows [4] : 

Table 1 Data Radar MV. Sinar Kintamani  

Maker : JRC 

Type Radar S-Band : JMA-9933-SA 

Serial No : LW 55345 

Type Radar X-Band : JMA-9923-9XA 

Serial No : LW 55346 

Scanner Unit  

Radiator : 12ft 

Rotational speed : 26rpm (60Hz) and 21rpm (50Hz) 

Transmitter Receiver Unit  

Transmitting Frequency : 3050 ± 10Mhz 

Receiver : MIC + LOG amplifier 

Intermediate frequency : 60MHz 

Band width : 20/6/3 Mhz 

Display Unit 

LCD : 23.1 inches LCD (Effective diameter more than 340mm) 

Range scales : 0.125/0.025, 0.25/0.05, 0.5/0.1, 0.75/0.25, 1.5/0.25, 3/0.5, 6/1, 

12/2, 24/4, 48/8, 96/16 or 120/20nm 

VRM : 0-96nm (or 120nm) 

Azimuth mode : Head Up/North Up/Course Up 

Pre-heating Time : Within 30 s 

 

3.2. Discussion 

Radar is an electronic system used to detect and determine the position of a ship by emitting 

electromagnetic waves and analyzing its reflections. Radar is essential in navigation, especially in 

congested waters or when entering a port. 

There are several radar display modes, including: 

a. Head-Up: The direction of the ship's bow always points to the top of the screen. 

b. Course-Up: The direction of the initial ship's bow remains above the sail, even if the ship is turning. 

c. The "Head Up" mode is very beneficial for the captain to identify potential hazards. 

The minimum range is the smallest distance at which a radar can accurately detect a target. Proper 

settings (pulse length, distance scale, gain control, and sea clutter control) are important for close-range 

target detection. Radar can also be used to monitor weather, such as potential rain. 

The case in MV. Kintamani rays demonstrate the importance of radar in navigation. As of 

November 15, 2023, objects were not detected on the radar screen because the radar scanner magnetron 

was already over the limit. A magnetron is a device that converts electrical energy into microwaves. A 

false echo is a condition in which one physical target is detected as multiple targets. This can be caused 

by multiple echo or side lobe echo. Data from the JRC Radar Instruction Manual shows that the warranty 

period is one year, but the optimal time of the magnetron is about 4,000 hours of use. 
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                Figure 1 False Echo on MV Radar. Sinar Kintamani 

 

 Radar logs are used to record and monitor the position of ships. The information recorded 

includes dates and times, ship positions, weather and sea conditions, radar observations, and actions 

taken. Radar manuals are essential for ship officers to carry out maintenance and repair of radar systems. 

The research was conducted by observation and interview methods. Interviews were conducted 

with Masters, Chief Officers, and Second Officers at MV. Sinar Kintamani. The results of the interviews 

showed that the use of radar was important for shipping safety. Officers must understand and master the 

use of radar. Regular maintenance is important to maintain radar performance. Radar features, such as 

Fast Time Constant (FTC), can be helpful in bad weather conditions so they must be used optimally The 

frequency of radar operation affects image quality and detection ability. 

The suboptimal use of X-band and S-band radars is due to several factors that affect radar 

performance, such as human error, ship and environmental conditions, and problems with radar engines. 

The importance of radar navigation equipment maintenance, including routine checks, performance 

tests, magnetron replacement, and repair of damaged components. 

 Effective radar maintenance is important to keep the radar functioning properly. Given the 

condition of an old ship, if maintenance is carried out infrequently, the radar will quickly be damaged. 

For radar checks, we can refer to the Radar Manual Book, which helps in identifying problems with the 

radar. If there is an electrical problem, we can contact an electrician, and if we are unable to solve it, 

then we can report the damage to the company. This also happens when the writer carries out practical 

activities, the radar at MV.Sinar Kintamani has been replaced by the magnetron by PT. Inter Buana 

Tehnik (Marine Navigation & Communications). 
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Figure 2 Radar Service Report on MV Radar. Sinar Kintamani 

Other forms of maintenance include replacing damaged cables, which if left unattended can cause 

a short circuit. Be sure to reseal the radar scanner box tightly after maintenance. If the box is not properly 

sealed, there is a chance that water could enter the scanner, which can cause a short circuit and interfere 

with the radar display. Once everything is installed, the radar is turned on again to test its ability to 

capture signals that appear on the radar screen. 

4. CONCLUSION AND RECOMMENDATIONS 

This study concludes that the radar system on board MV. Sinar Kintamani did not function 

optimally due to the magnetron scanner exceeding its recommended service life, which contributed to 

false echoes and potentially increased navigational risks. These findings highlight the importance of 

maintaining radar reliability and ensuring that the crew understands both the capabilities and limitations 

of radar equipment. Effective radar operation is essential for supporting situational awareness and 

making appropriate navigational decisions, particularly when navigating narrow channels where 

accurate target detection is critical. 

To improve navigational safety, regular radar maintenance and periodic inspections should be 

conducted in accordance with the manufacturer's recommendations, and the magnetron scanner should 

be replaced when necessary. The crew should also receive appropriate training, study the Radar Manual 

Book, and become familiar with the functions and controls of both X-band and S-band radar systems. 

Radar observations should be cross-checked with other available navigational aids and visual lookout 

rather than relied upon as the sole basis for decision-making. This study is limited to observations and 

findings from a single vessel, MV. Sinar Kintamani, during the sea training period; therefore, the results 
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may not be generalizable to other vessels or radar systems. Future research should examine radar 

performance across different vessels and operating conditions, including the relationship between 

equipment maintenance, false echoes, crew competence, and navigational safety outcomes. 
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