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Abstract: Capsizing and sinking of small fishing vessels often result in severe casualties owing to limited rescue time. Anti-sinking 

devices that maintain vessel buoyancy and delay sinking have been proposed to address this issue. However, current regulations lack 

the provisions to accommodate such emerging technologies. This paper presents an analysis of the legal and institutional challenges in 

the application of anti-sinking devices in Korea. Key issues include the lack of equipment classification, approval procedures, and 

safety standards. On this basis, regulatory improvements, including legal definitions, type approval systems, and the use of regulatory 

sandboxes, are proposed. These findings support the safe deployment of innovative safety devices and enhance maritime accident 

response. 
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1. Introduction 

In recent years, coastal fishing vessels operating in nearshore 

environments have been increasingly exposed to the risks of cap-

sizing and sinking owing to sudden weather changes, loss of sta-

bility, and structural vulnerabilities. These accidents often result 

in rapid submersion of the vessel, severely limiting the survival 

chances of crew members unless rescue is achieved within the 

so‑called “golden time” of 1–2 hone to two hours after the inci-

dent. However, the reality of marine rescue operations face sub-

stantial delays caused by adverse sea conditions, poor visibility, 

and limited communication, particularly during nighttime fishing 

activities [1]-[3]. Empirical performance data, such as field test out-

comes or deployment records that verify reliability under real mari-

time conditions, must be provided to obtain regulatory and opera-

tional approval for anti-sinking devices. 

Efforts to address these constraints have been increasingly fo-

cusing on automated inflatable buoyancy systems that actively 

delay capsizing and sinking to extend the survival window until 

external rescue is feasible. A previous study proposed a design in 

which multiple airbags are installed around the hull’s outer wall. 

These airbags can be manually or automatically inflated upon 

damage to provide uniform buoyancy and delay sinking, thereby 

extending the rescue time [4]. Another study on buoyancy 

support systems, compliant with ISO 23121 series standards, 

demonstrated that subdividing watertight areas and integrating 

inflatable chambers effectively maintains the flotation of small 

vessels following critical flooding [5]. 

Development of modular-type inflatable buoyancy systems, 

which can be standardized across various hull types and tonnage 

classes, has been considered a promising solution. Such systems 

offer the advantage of retrofitting without significant structural 

modifications and the potential for widespread deployment in 

small vessels. However, despite its technological feasibility, the 

current Korean legal and regulatory frameworks do not support 

the integration or certification of such active safety equipment in 

coastal fishing vessels. Existing laws such as the Ship Safety Act, 

Fishing Vessel Act, and related ministerial notices primarily fo-

cus on conventional life-saving appliances such as lifejackets and 

life rafts; no provisions for automated, AI-driven safety modules 

or criteria for their performance verification have been stipulated 

[6]-[9]. 

Therefore, practical implementation of these technologies re-

quires a comprehensive regulatory framework that accommo-

dates new classes of intelligent safety devices. This includes de-

fining the equipment within legal categories, establishing tech-

nical certification protocols, and developing installation and 
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inspection standards. The lack of such regulatory support se-

verely constrains the commercialization and deployment of ad-

vanced buoyancy modules [10][11]. 

The objective of this study was to comprehensively evaluate 

the underlying causes and patterns of capsizing and sinking inci-

dents of coastal fishing vessels, while identifying the limitations 

of the current legal and institutional frameworks that hinder the 

adoption of advanced safety equipment. This study sought to 

identify technical blind spots and regulatory deficiencies through 

a detailed review of Korean maritime safety laws and related en-

forcement regulations. Legal and policy recommendations were 

then proposed based on this analysis to facilitate the practical de-

ployment of intelligent safety devices, including the formal legal 

recognition of such equipment, establishment of performance 

certification standards, and revision of installation and opera-

tional guidelines. 

2. Overview of Anti-Sinking Device Technology
and Operational Scenarios 

2.1 Structure and Operating Principles 

A typical anti-sinking device for small vessels comprises an auto-

matic inflatable buoyancy system or a sensor-based automatic acti-

vation mechanism. This system is triggered upon the detection of ab-

normal conditions, such as capsizing or flooding, including those 

caused indirectly by fire. Once activated, the airbag modules imme-

diately inflate to delay the sinking of the vessel or to maintain its 

buoyancy for a certain period [12]. Figure 1 shows the operating 

mechanism. Key components include gas cartridges that store high-

pressure carbon dioxide (CO2) or nitrogen (N2), trigger mechanisms 

that automatically activate upon detecting abnormal conditions, air-

bag modules that provide buoyancy, and electronic control units for 

monitoring and regulating the operating conditions. The trigger 

mechanism employ various sensing techniques, including moisture 

sensors, microelectromechanical systems-based tilt sensors, and hy-

drostatic pressure sensors. If the vessel experiences conditions such 

as excessive heeling or significant water ingress, the gas valve auto-

matically opens, causing the airbags to inflate. The entire system is 

generally installed at fixed locations on the outer hull or within the 

internal bilge compartments of the vessel. It is designed for inde-

pendent operation using a battery-powered system and requires no 

external power supply. As the device automatically activates without 

manual intervention, it significantly enhances the likelihood of res-

cue, even in situations wherein occupants are unable to respond after 

an accident. 

Figure 1: Operating mechanism of typical anti-sinking device 

2.2 Practical Application Scenario 

The anti-sinking device is suitable for use in various small vessels 

including coastal fishing boats, recreational fishing vessels, and 

small passenger ships. When applied to actual vessels, the specifics 

of installation, activation conditions, and emergency operation flow 

must be tailored to the design and operating environment of the ves-

sel. Generally, the device is securely installed on the lower sides of 

the hull, under the aft deck, or within the upper structural compart-

ments. Priority is typically given to areas close to the center of the 

vessel or those considered vulnerable to flooding [13][14]. The sys-

tem is designed to automatically activate when predefined conditions 

are met [15]. These conditions include excessive roll angles and ab-

normal water ingress levels. Once triggered, high-pressure gas  

is released from the cartridge into the airbag module, causing it to 

rapidly inflate. The inflated airbag aids in delaying the sinking of the 

vessel by maintaining buoyancy for a limited duration. During this 

period, the occupants can remain in contact with the hull or move to 

the upper part of the vessel while awaiting rescue. In a typical emer-

gency sequence, the built-in sensors can detect dangerous conditions 

when a vessel capsizes or floods. The inflation system is then 
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automatically activated, releasing compressed gas to inflate the air-

bag. This response slows the descent of the vessel or helps maintain 

buoyancy, thereby extending the available rescue time and providing 

a visible marker that aids rescuers in locating the vessel. 

2.3 Regulatory Implications of Key Technological Com-

ponents 

The anti-sinking device incorporates various advanced technolo-

gies, including high-pressure gas systems, electronic control units, 

sensors, and inflatable structures [16]. Because of this complex con-

figuration, the application of the device to actual vessels is likely to 

involve multiple overlapping legal and regulatory frameworks. 

However, current maritime regulations in Korea are primarily de-

signed for conventional life-saving appliances and structural safety 

equipment. Consequently, they often lack clear criteria for multifunc-

tional safety devices such as anti-sinking systems. The regulatory 

standards for the device vary according to its classification, necessi-

tating clear categorization to avoid legal ambiguity and conflicts. Ta-

ble 1 presents the major technological components of the anti-sink-

ing device and the relevant laws that may apply, along with the an-

ticipated regulatory constraints. This mapping enables a preliminary 

review of the legal applicability of each component and helps iden-

tify areas wherein institutional or regulatory improvements may be 

necessary. 

Inflatable devices that utilize high-pressure gases may be classi-

fied as pressure vessels under the High-Pressure Gas Safety Control 

Act, thereby requiring compliance with specific storage and usage 

standards [17]. The automatic activation triggers and control mod-

ules may fall within the inspection scope defined by the Ship Safety 

Act [18]. However, because these components are not explicitly in-

cluded in the existing categories of structural or life-saving equip-

ment, the regulatory interpretation remains ambiguous. In addition, 

electronic components can be subject to the Electrical Appliances 

and Consumer Products Safety Control Act, which may require com-

pliance with technical standards, such as Korea Certification (KC)  

and electromagnetic compatibility (EMC) testing [29][20]. Commer-

cialization of the anti-sinking device necessitates the clarification of 

the legal applicability of each technological component and revision 

of relevant inspection, certification, and administrative procedures. 

In particular, for components not currently defined within the exist-

ing life-saving or structural equipment categories, new regulatory 

provisions or improvements to the type of approval system must be 

established. 

3. Analysis of Relevant Korean Laws and Reg-

ulations 

The anti-sinking device is a multifunctional safety system com-

prising fixed structural components, automatic inflatable buoyancy 

modules, high-pressure gas containers, and electronic control units. 

Therefore, it is subject to multiple overlapping legal and regulatory 

frameworks. However, the current legal system in Korea is largely 

based on standards designed for conventional life-saving equipment 

or structural installations. Consequently, the application of existing 

laws to these new types of devices remains unclear, and institutional 

gaps or ambiguities may arise in regulatory interpretations.  

3.1 Vessels Structure and Equipment-Related Legislation 

Because the anti-sinking device is fixed to either the interior or 

exterior of the hull, it can be structurally considered as a part of the 

vessel. Therefore, it falls under the provisions of the Ship Safety Act 

[18]. The Ship Safety Act outlines safety standards related to the de-

sign, construction, equipment, and operation of ships; any structural 

equipment installed in a vessel must comply with the technical stand-

ards and seaworthiness requirements specified in this law. Addition-

ally, ships are subjected to periodic inspections (regular, intermedi-

ate, and temporary) to verify their legal compliance and safety. The 

installation of new equipment generally requires revised design 

drawings and approval from ship inspectors. However, the anti-sink-

ing device differs from conventional equipment in terms of both 

structure and operational principles. Therefore, it is not clearly 

Table 1: Legal implications based on the technical components of the anti-sinking device 

Technical component Relevant laws and regulations Application and regulatory constraints 

High-Pressure Gas Cartridge 
High-Pressure Gas Safety Con-

trol Act 
Subject to storage/use standards for pressure vessels and compressed

gases. Possible requirement for type approval or self-certification 

Automatic Trigger Mechanism Ship Safety Act 
Considered fixed mechanical/electrical equipment. Lack of stand-

ards for operational reliability and environmental durability 

Airbag Buoyancy Unit 
Ship Safety Act, Maritime 

Safety Act 
Possible classification as structural equipment requiring type ap-
proval. Lack of standards for buoyancy, pressure, repeatability 

Electronic Control Module 
Electrical Appliances and Con-
sumer Products Safety Control 

Act, Ship Safety Act 

Requirement for KC certification, EMC compliance, waterproof rat-
ing. Possible review of seaworthiness impact when installed 
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categorized under the legally defined terms such as “structural equip-

ment” or “emergency equipment.” In particular, the Fishing Vessel 

Act, which governs the registration, does not currently recognize 

such devices as approved equipment [21]. This regulatory ambiguity 

may lead to confusion during field applications and hinder practical 

deployment of the device. 

3.2 Legislation related to Emergency and Rescue Equip-

ment 

As the anti-sinking device is designed to activate in emergency 

situations and performs functions similar to life-saving or rescue 

equipment, it can be interpreted in relation to the Marine Rescue and 

Salvage Act and relevant notifications issued by the Ministry of 

Oceans and Fisheries [22]. The Marine Rescue and Salvage Act de-

fines the responsibilities of government in maritime search and res-

cue, as well as the operational systems for the equipment and person-

nel involved in such missions. It also includes performance standards 

and requirements for onboard life-saving appliances. However, this 

legislation primarily focuses on conventional rescue equipment such 

as life rafts, life jackets, and search-and-rescue tools. It does not ex-

plicitly define or provide technical requirements for new types of 

systems, such as automated anti-sinking devices. Consequently, alt-

hough the anti-sinking device serves a life-saving function during 

emergencies, it may not receive formal legal recognition or protec-

tion as emergency equipment. Furthermore, there is currently no es-

tablished protocol on how such devices should be integrated into ac-

tual maritime rescue operations or coordinated with the response pro-

cedures of the Coast Guard and other rescue agencies. 

3.3 Regulations on high-pressure gas and electronic de-

vices 

The anti-sinking device includes high-pressure gas cartridges and 

electronic control modules, each of which may be subject to different 

regulatory frameworks. Inflatable components that use compressed 

gas may fall under the provisions of the High-Pressure Gas Safety 

Control Act, which governs devices and containers that store or uti-

lize gases at pressures above 1 MPa or in specified quantities [17]. In 

such cases, users may be required to undergo type approval, safety 

confirmation procedures, or manufacturing notifications. If the gas 

cartridge used in the device qualifies under these conditions, it must 

comply with the relevant certification and safety inspection require-

ments. In addition, components such as electronic control units, sen-

sors, and battery modules may be subject to the Electrical Appliances 

and Consumer Products Safety Control Act and the Framework Act 

on National Standards [19][23]. These laws require compliance with 

technical standards including KC certification, electromagnetic com-

patibility testing, and waterproofing levels [20]. As these devices are 

installed directly on vessels, their impact on the vessel’s seaworthi-

ness must be evaluated through additional inspection or verification 

procedures. 

3.4 Issues related to type Approval and Certification 

Currently, anti-sinking devices are not explicitly designated as 

subject to type approval under existing maritime regulations. Article 

18 of the Ship Safety Act stipulates a type approval system for spe-

cific equipment and devices installed on vessels. Based on this sys-

tem, inspection agencies such as the Korea Maritime Transportation 

Safety Authority (KOMSA) and the Korean Register (KR) assess 

whether a device may be legally installed on a ship [24]. However, 

because anti-sinking devices do not fall within the scope of conven-

tional life-saving or emergency equipment as defined in the current 

legislation, they are not recognized as subject to type approval, and 

no established inspection criteria exist for these devices. Conse-

quently, vessels equipped with such devices may fail official inspec-

tions. Although the safety and effectiveness of the equipment have 

been demonstrated, there remains a structural limitation within the 

legal framework that prevents it from being accepted as a standard 

component of vessel design. 

4. Regulatory Evaluation and Comparative

Analysis Overview of Anti-Sinking Device 

Technology and Operational Scenarios 

4.1 Limitations of the Current Regulatory Framework 

Emerging structural safety devices, such as anti-sinking systems 

that incorporate automated functions and a combination of advanced 

technologies, are not fully accommodated within the existing mari-

time safety regulatory framework. Current laws and regulations have 

primarily been designed around conventional life-saving and struc-

tural equipment, and revisions reflecting recent technological ad-

vancements have been slow to materialize. Ship inspection standards 

mainly focus on ensuring the seaworthiness and fundamental struc-

tural stability of fixed installations. Consequently, devices that do not 

fall under the conventional classification of fixed equipment or those 

that employ novel activation mechanisms are often not clearly ad-

dressed in the inspection criteria. Even when a device's technical ef-

fectiveness has been demonstrated, its legal admissibility may re-

main uncertain, potentially leading to inspection failures. This gap 

between existing standards and new equipment highlights a struc-

tural mismatch within the inspection regime, raising concerns 



Legal and institutional frameworks for the deployment of automated anti-sinking devices on small fishing vessels 

Journal of Advanced Marine Engineering and Technology, Vol. 49, No. 5, 2025. 10        412 

regarding the balance between regulatory reliability and the ac-

ceptance of innovative technologies. 

4.2 Institutional Cases of Similar Equipment 

Among the structural devices installed on ships, various systems 

are in operation to ensure survivability in capsizing or sinking sce-

narios, such as liferafts, life jackets, and automatically inflatable res-

cue pods. Most of these devices are type-approved under the Inter-

national Maritime Organization (IMO)’s SOLAS Convention, as 

well as Koreanregulations such as the Ship Safety Act and relevant 

notices issued by the Ministry of Oceans and Fisheries [25][26]. The 

installation standards and performance inspection criteria are clearly 

defined. Automatically inflatable life jackets exhibit technical simi-

larities to anti-sinking devices in that they activate automatically in 

response to water ingress or hydrostatic pressure. However, life jack-

ets are classified as portable equipment intended for individual use 

by passengers or crew, whereas anti-sinking devices are fixed buoy-

ancy aids installed on vessels. This distinction results in different le-

gal classifications and approval procedures. In contrast, countries 

such as the United States and Japan have adopted more flexible reg-

ulatory approaches to emerging technologies with similar functions. 

The United States Coast Guard (USCG) operates an "Innovation Ap-

proval" system that allows for conditionally approved deployment of 

equipment not yet covered by existing standards, based on empirical 

testing and verification [27][28]. Similarly, Japan permits the instal-

lation and approval of experimental or purpose-specific devices 

through agencies under the Ministry of Land, Infrastructure, 

Transport and Tourism (MLIT), provided that design objectives and 

safety criteria are satisfied [29]-[31]. These equipment systems 

demonstrate regulatory flexibility, facilitating the integration of new 

technologies once a certain level of technical verification is achieved, 

even outside the framework of existing standards. These aspects are 

organized and presented in Table 2. 

4.3 Impact of Regulatory Gaps on Commercialization 

The anti-sinking device is designed to maintain vessel buoyancy 

for a certain period following an accident, thereby extending the 

available rescue window and reducing the risk of fatalities. However, 

despite its clear safety benefits, the current regulatory framework im-

poses several constraints that hinder its commercial application in 

actual vessels. The device does not fall within the clearly defined cat-

egories of structural or life-saving equipment under existing legal in-

struments such as the Ship Safety Act. As a result, regulatory ap-

proval for onboard installation remains uncertain. If the device is not 

formally recognized as part of a vessel’s structural system or desig-

nated as subject to inspection, it may be excluded from seaworthiness 

assessments, thereby effectively preventing its deployment. Moreo-

ver, the components of the device are governed by separate legisla-

tive instruments; however, no integrated approval mechanism exists 

to address their combined use. For example, the high-pressure gas 

cartridge may fall under the High-Pressure Gas Safety Control Act, 

whereas electronic sensors and control modules may be subject to 

KC certification under the Electrical Appliances and Consumer 

Products Safety Control Act or the Industrial Standardization Act. 

When these components are integrated into a single on-board system, 

the absence of a unified review procedure increases the likelihood of 

Table 2: Comparison of international systems for anti-sinking devices 

Category South Korea USA (USCG) Japan (MLIT) 

Basic Regulations 
Ship Safety Act, High-Pressure Gas 
Safety Control Act, Disaster Relief 

Act 

Title 46 CFR (USCG), SOLAS appli-
cable 

Ship Safety Act (船舶安全法), 

Equipment Standards for Rescue Fa-
cilities 

Comparable 
Equipment 

Automatic inflatable life jackets, life 
rafts 

Inflatable life-saving appliances, sur-
vival support devices 

Automatic inflatable rescue pods, 
built-in 

Type Approval 
System 

Individual approval required for each 
item by KOMSA, KR (no regulation 

for new tech) 

Unified approval possible under Inno-
vation Approval system 

Approval after testing by MLIT-au-
thorized agencies (e.g., JMST); condi-

tional exception if performance 
proven 

Acceptance of 
New Technolo-

gies 

None or very limited (many cases re-
jected due to lack of standards) 

Introduction of new tech possible 
(based on conditional demonstration)

Conditional acceptance possible (ex-
perimental equipment, design 

changes, etc.) 
Regulatory Flexi-

bility 
Fixed technical standards, ambiguous 

legal interpretations 
Performance-based approach (ap-

proval if performance standard is met)
Design-purpose-based standard + dis-

cretionary judgment by approver 

Issues and Impli-
cations 

Institutional gap; need separate certi-
fication for multi-component systems; 

lack of integrated approval system 

Reduced approval time for new tech; 
fast commercialization via demonstra-

tion 

Some cases approved after testing; 
safety validation is key criterion 
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overlapping regulatory requirements and administrative inconsisten-

cies during certification. In addition, equipment not explicitly listed 

in type approval categories may be classified as unapproved during 

vessel inspections, resulting in failure to meet regulatory compliance. 

This reflects a fundamental limitation of the current item-specific ap-

proval system in which the adoption of functionally validated tech-

nologies is obstructed owing to institutional rigidity. 

Consequently, complex structural equipment incorporating new 

technologies, such as the anti-sinking device, is not adequately ac-

commodated within the existing regulatory framework. This gap rep-

resents a significant obstacle to the commercialization and advance-

ment of maritime safety. Future regulatory measures should include 

the introduction of conditional approval systems based on verified 

performance trials, development of integrated certification schemes 

for multifunctional equipment, and establishment of interpretive 

guidelines to address conflicts between overlapping legal domains. 

5. Institutional Reform Proposals

The practical application of safety equipment based on emerging 

technologies, such as anti-sinking devices, in small vessels, necessi-

tates a multifaceted improvement in the regulatory framework is es-

sential. Existing structural limitations within the current legal and in-

stitutional systems must be addressed to enhance regulatory accept-

ability. This section proposes directions for institutional reform in 

four key areas, namely revision of maritime safety legislation, re-

structuring of the type approval system, utilization of regulatory ex-

emption mechanisms, and establishment of a phased institutional 

roadmap.  

The current Ship Safety Act and its enforcement regulations 

primarily define safety standards based on conventional life-sav-

ing and structural equipment. Consequently, multifunctional 

safety devices such as anti-sinking systems are not currently cap-

tured within the existing legal framework. Defining these devices 

under a new category, for example, Emergency Buoyancy De-

vices, and establishing specific standards for their installation 

and operation are necessary to support their application. Further-

more, ship inspection criteria, including those specified by 

KOMSA, should explicitly recognize these devices as eligible for 

installation on small vessels or test ships. This will help prevent 

instances wherein the presence of such equipment leads to in-

spection failure. 

Anti-sinking devices consist of multiple components, includ-

ing high-pressure gas expansion systems, automatic sensors, and 

electronic control modules. These components fall under 

separate regulatory frameworks, such as the High-Pressure Gas 

Safety Control Act, the Electrical Appliances and Consumer 

Products Safety Control Act, and the Framework Act on National 

Standards, each requiring individual certifications. However, 

given the integrated nature of the device and its function as emer-

gency equipment for vessels, a consolidated type-approval sys-

tem tailored to maritime safety is needed. In particular, compo-

nents that involve high-pressure gases should be evaluated under 

conditions that reflect marine environments and impact loads. 

Rather than calling for a fundamental overhaul of the regulatory re-

gime, the proposed institutional reform focuses on improving the ef-

ficiency and relevance of the certification process by enhancing the 

operational testing and approval protocols for anti-sinking systems 

conducted by designated inspection bodies such as KOMSA and KR. 

In cases wherein existing regulations hinder field deployment 

or early adoption, regulatory sandbox mechanisms should be ac-

tively utilized. These include the Regulatory Sandbox for Indus-

trial Convergence under the Act on the Promotion of Industrial 

Convergence, the Special Act on Regulation-Free Zones and Lo-

cal Specialized Development, and demonstration support pro-

grams provided by KOMSA under the Ministry of Oceans and 

Fisheries. These systems offer a flexible institutional pathway by 

allowing new technologies to be tested in real-world environ-

ments over a limited period, with formal institutionalization fol-

lowing performance verification. The successful implementation 

of such demonstration projects requires coordinated support from 

local governments, the Coast Guard, and KOMSA. Integrating 

equipment testing with emergency response drills and scenario-

based evaluations is recommended to ensure operational readi-

ness. A summary of the proposed institutional improvements is il-

lustrated in Figure 2. 

Figure 2: Institutional improvement framework focusing on in-

spection standards, certification procedures, and sandbox appli-

cation for anti-sinking devices 
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6. Conclusion

This study entailed an analysis of the legal and institutional 

frameworks necessary for applying a novel technology-based de-

vice designed to delay or prevent the sinking of capsized small 

vessels to actual maritime operations and to propose institutional 

improvement measures. In recent years, capsizing and sinking 

incidents in coastal and nearshore waters have frequently resulted 

in limited rescue time and high casualties, underscoring the need 

for a device that can maintain vessel buoyancy for a certain pe-

riod immediately after an accident. 

This study first examined the technical structure and opera-

tional scenarios of the anti-sinking device and analyzed how its 

core components intersect with or conflict with existing legal 

provisions. A comprehensive review of key laws, including the 

Ship Safety Act, Fishing Vessel Act, Marine Rescue and Relief 

Act, and High-Pressure Gas Safety Control Act, revealed that the 

current legal framework is largely based on conventional life-

saving and rescue equipment, which poses limitations in terms of 

accommodating emerging technologies. In particular, the ab-

sence of formal approval procedures, lack of safety inspection 

standards, and interpretive inconsistencies across statutes were 

identified as major institutional barriers to commercialization 

and regulatory integration. 

To address these challenges, this study proposed institutional 

improvement measures across four key areas, namely legislative 

amendments, establishment of integrated approval systems, ap-

plication of regulatory sandbox mechanisms, and development of 

a phased institutional roadmap. Specifically, it is necessary to for-

mally categorize anti-sinking devices as emergency buoyancy 

devices, incorporate them into safety inspection standards, and 

improve their field applicability. In the short-term, temporary 

certification and demonstration-based regulatory exceptions 

should be actively utilized to support early-stage deployment. In 

the long-term, alignment with international standards must be 

pursued to establish a foundation for global diffusion. 

This study contributes to the development of a proactive re-

sponse system for coastal maritime accidents by exploring path-

ways for the stable institutional adoption of novel safety devices 

such as anti-sinking systems. Future research should focus on 

field-based demonstrations and performance validation along 

with the development of technical safety criteria for formal ap-

proval. Such efforts will facilitate the establishment of a sustain-

able maritime safety system wherein innovative technologies and 

institutional frameworks are effectively integrated. 
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