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Abstract

:

We have built a worker-safety monitoring system (WSMS) for use in the shipbuilding and offshore industry (S&OI). The WSMS combines metal-conductor communication wireless networks with location-estimation technology that uses ultrasound signals in the frequency band 18 to 22 kHz, which is above the normal range of hearing (<15 kHz) in human adults. This system can be used in environments that include many metal barriers. The developmental process included deriving stakeholder requirements, transforming system requirements, designing system architecture, and developing a prototype. The prototype WSMS was tested by applying it to H Company, a Korean S&OI. Use of the WSMS increased the productivity of workers and managers by reducing the cost of on-site patrols and handwritten input. As a result, the number of worker location information updates increased from 2/day to 20/min, and productivity increased by 30 min/day compared to the previous method. Therefore, shipyards that introduce worker-safety management systems may consider applying this method.
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1. Introduction


The shipbuilding-and-offshore industry (S&OI) builds large ships and offshore plants; it involves a large number of personnel in yards and docks. Shipyards are high-risk work environments that include large steel structures, narrow or enclosed working spaces, cranes, and forklifts [1], so they are sites of frequent accidents, including collisions, falls, fires, and explosions; the accident rate is the highest among all industries [2]. In Korea, this industry was the site of 1911 accidents, including 520 falls, 181 people caught between objects, and 332 collisions in 2016 [3]. Since safety accidents accompany a decrease in productivity due to a loss of work and a loss of life, major shipyards are increasing their measures to ensure worker safety [4].



Safety at industrial sites is managed by the health, safety, and environment (HSE) field. It provides prevention and follow-up management for accidents by using relevant laws and regulations and documents in international standards (ISO14001, OHSAS18001, ISM Code). Shipyards, in which many accidents occur due to a poor working environment and lack of safety management, can lose competitiveness and business owners and corporations can face punishment. However, in a very large yard, checking and supervising a worksite for safety management is an enormous task. The use of information and communications technology (ICT) in the management of shipyards enables input and analysis of data, monitoring without time or space constraints, and reduced costs to increase profit [5].



The most important information in shipyard safety management is worker location, because it can be used to prevent accidents that are caused by the shipyard’s environment and components, and enables prompt notification of workers and supervisors of necessary actions depending on the situation on the site [6]. A global positioning system (GPS) can be used to obtain the locations of outdoor workers, but not of indoor workers [7]. In addition, a ship’s worksite includes numerous metal bulkheads, which severely impede wireless communication that uses electromagnetic waves [8]. The International Maritime Organization (IMO) is commercializing key communication networks such as the ship area network (SAN) and ubiquitous sensor network (USN) according to the e-navigation standard and the industrial radio regulations ISA100, but they are less reliable in confined areas than in the open. In addition, these networks cannot be easily modified in response to changes in the work environment in a ship, in which equipment is frequently added or moved [9].



The application of HSE in the S&OI requires monitoring of the status of work and the positions of workers to improve productivity. The purpose is to inform workers about the current state of movement of nearby heavy objects, such as bulkheads and cables, or the progress of welding and painting, which are dangerous operations in an enclosed space. This notification requires a communication network within the ship’s worksite [10]. However, in shipbuilding sites the communication network is constructed only temporarily in the necessary work area, so in many areas, wired communication is impossible. Therefore, a worker-safety monitoring system (WSMS) at the worksite in the ship requires an appropriate wireless network to enable sharing of work status and worker position without spatial restrictions.



In this work, we designed a WSMS that uses ultrasound (18–20 kHz) signaling technology, which is a flexible technique that uses a wireless network to estimate the locations of bulkheads. Then we constructed prototypes for use in evaluating the designed system and sub-system architecture. A prototype of the proposed system was developed and applied to a shipyard work site. The field trial verified the effectiveness of the proposed system and its feasibility of use at the worksite, but we identified some opportunities for improvement.



The rest of this paper is organized as follows. Section 2 reviews safety-related challenges in the shipyard’s work environment and identifies considerations for implementing a WSMS. Section 3 describes the process of developing and designing a WSMS. Section 4 describes the process and results of the development of a metallic communication network-based worker-location monitoring system. Section 5 discusses the prototype implementation results, and Section 6 summarizes the conclusions.




2. Related Work


2.1. HSE Management of Ship Building and Ocean Engineering


The working environment of the S&OI includes the process of mounting machines and equipment, with steel as a main material. This construction is work conducted on a large scale, including assembling and maintaining ships. The process includes design, cutting, assembly, painting, mounting, launching, construction of interiors, commissioning, and delivery. Usually, this set of tasks takes a year or more to complete [11]. The ship construction work has the characteristic that the amount of work changes severely according to the numbers and types of ships ordered. It is a complex process that involves many difficult and dangerous tasks. In Korea, shipbuilding has about 1.7 times the average rate of accidents across all industries [12].



Various types of accidents occur in the S&OI because it includes multiple processes, such as cutting, assembly, mounting, painting, and construction of interiors [13]. Causes of accidents include crushing, falling objects, dust, noise, fire, shock, collisions, tripping, electric shocks, explosions, falling, gas poisoning, scattering, and musculoskeletal disorders. An accident can harm or kill workers, and cause workplace interruptions that reduce productivity. Insufficient safety management can lead to a weakening of competitiveness or punishment of business owners and corporations. Three factors can cause accidents: (1) collisions and falls due to frequent human and equipment movements; (2) fires, explosions, and gas poisoning due to narrow spaces; and (3) follow-up accidents, evacuation accidents, and health damage due to neglect of safety management by business partners.



Frequent movements in the workplace include both equipment and human movements. These movements entail risks of collision, falling, and being struck by falling objects during the movement of bulkheads and massive blocks. In addition, the workers move while they work, so they risk falling from high places or getting caught between objects [14]. Second, the work is performed in enclosed and narrow spaces. Fire, explosion, and gas poisoning accidents can occur in such spaces, and workers risk being exposed to harmful gases, fumes, noise, and dust [15]. Third, a trend toward the use of in-house partners for high-risk work raises the problem of managing the safety of subcontractors; this problem occurs because suppliers that have invested insufficiently in safety management can neglect pre- or post-management of accidents due to pressure to shorten the construction period. Workers with little experience are exposed to high risks of accidents when performing intensive work in an environment that lacks safety management. In particular, frequent worker turnover causes the lack of human management, and this weakness complicates the tasks of evacuating and rescuing workers [16]. In addition, workers who perform repetitive tasks can develop musculoskeletal disorders due to overuse [16].



Due to the characteristics of the S&OI, the industrial accident rate at the worksites is high. To reduce the rate, work procedures and methods should be systematized, and safety and health management should be strengthened. The three risk factors presented above must be managed efficiently, and the solution starts by monitoring the position of workers. A system that monitors a worker’s position can prevent or respond quickly to worker collisions or falls, exposure to hazardous substances, and situations in which evacuation or rescue are difficult. S&OI companies have become interested in safety management and monitoring by using ICT technology because its benefits can exceed the investment cost [17].




2.2. A Wireless Communication and Real-Time Locating System in Shipbuilding Environments


Metal structures, such as bulkheads, reduce the data-transmission efficiency of wireless communication [7]. This phenomenon impedes the use of the development of a WSMS that uses ICT. An alternative is to install cables for wired communication to areas where networks are required, but this approach entails additional costs of cables and their installation, maintenance, and removal [18]. Therefore, the WSMS must use a wireless network that covers the entire volume (i.e., no non-covered “shaded area”) to ensure safety and accuracy in communication.



Commercial wireless network equipment is available. “Net” is a ship-network-system company that provides wireless communication systems, wireless repeater positioning technology to overcome metal barriers, and hybrid communication services [19]. “Seanet” has provides internal and external communication systems that are UHF/VHF and supplies communication equipment such as CCTV, monitoring equipment, and telephone [20]. “EMERSON” builds a monitoring system by using a sensor network and a WirelessHART network [21]. However, due to the structure in the ship, the reliability of the wireless communication system cannot be guaranteed, and shaded areas can occur.



Various communication method studies have tried to solve these problems. Wireless network channels that have been tested in ships and offshore plants include radio frequency (RF) electromagnetic waves, metal-conductors, and visible light.



The RF method uses existing wireless equipment, with wireless repeaters installed in shaded areas, which must be identified by mapping the signal distortion caused by metal at the worksite. However, the method requires many repeaters and may fail to eliminate shaded areas [22]. The metal-conductor method implements communication by using a metal partition wall or a cable as a conductor; this is a wireless communication system that exploits existing bulkheads or power lines installed in ships; the structure is simple and flexible to environmental changes. However, the existing metal-conductor communication system has an insufficient data-transmission speed (25.8 Mbps at a distance of 200 m) [23]. Visible-light communication avoids the radio wave interference and diffraction that occur in a ship. Visible-light communication that uses LEDs has been studied as an indoor location recognition technology that utilizes broadband characteristics from 385 to 789 THz. However, communication uses the lights installed in the ship, so the process is not flexible to changes of bulkheads, is difficult to use before the light source is installed, and can be degraded by interference with other light sources [24].



None of these communication methods achieves the necessary high speed that is sought at the shipbuilding worksite. Nor can they quickly assemble a wide range of wireless networks in the field. Therefore, a system to monitor worker locations (WSMS) requires a high-speed customized wireless communication technology that overcomes the effects of the metal environment, and that can be easily installed and redeployed according to the field situation. The ultrasound-based positioning method has no attenuation or distortion problems due to the diffraction of sound waves. Since the inaudible band of 18–22 kHz is used, the number of transmitters can be reduced compared to the RF method. However, to correct the accumulated error due to the deviation of the sound wave speed in the air, additional communication for time synchronization is required [25]. The solution to this problem can be approached by combining metal conductor communication and an ultrasonic positioning system.




2.3. Consideration of WSMS Implementation


The worker-safety monitoring system that was designed to meet the S&OI’s safety management procedures and location-based service has the following functions [26,27]. (1) To implement a map that corresponds to a worksite, and then display workers’ locations on the map. (2) To modify the map in response to alterations in a worksite. (3) To log each worker’s location and anticipate his movement path, and warn a worker who is approaching a dangerous place. (4) To allow workers from different departments to perform different tasks in the same place and to contact the control center when an accident occurs.



This system must be scalable to enable expansion to safety-management of large and changeable worksites [28]. Therefore, the system must be able to interface with a ship area network (SAN) or a wired relay network. The system must store acquired sensor data securely and be able to process data from various types of sensors. It should be able to use the sensor data and network to implement various actions, such as environmental measurement of enclosed areas, management of worker health, detection of evacuation routes, and providing education about occupational safety and health.



The S&OI has various international standards and regulations to reduce accidents. International standards such as OHSAS18001 [29], ISO14001 [30], and ISO50001 [31] suggest a sustainable management system, including human-resource protection, workplace-risk reduction, and accident-rate reduction. The International Maritime Organization (IMO), an UN-affiliated organization that considers problems in shipping and shipbuilding, is promoting international conventions on ship design and construction safety management beyond maritime safety and environmental concerns [32]. ISO/TC8, the international standards organization for shipbuilding and marine technology, is solidifying the movement of IMO. In South Korea, where the shipbuilding industry has been rapidly developed, the Industrial Safety and Health Act and the shipbuilding industry safety inspection technology guidelines have been enacted. A violating employer who causes a worker to die can be punished by imprisonment for up to 7 years or a fine of up to 100 million Korean won (USD 80,000). The Ministry of Employment and Labor is considering amendments to strengthen the actual enforcement of current laws and regulations and to strengthen the responsibility for supervision of contract management. International standards, organizations, and rules are changing in a way that emphasizes worker safety management and accountability [33].



The design of a WSMS for use in the S&OI workplace should meet the requirements of various stakeholders, perform complex functions, and have accessible user interfaces. The components of the system must be systematically combined to ensure that the processing is performed correctly, so coordination of functions among the sub-systems is a complicated task. To achieve maximum system value and efficiency, the implementation must use systems engineering (SE) approach that can effectively organize and design various resources and elements of the system, that is, hardware, software, equipment, data, technology, and services.





3. Research Framework


SE is a method to design a WSMS that uses ultrasound in a shipyard’s working environment. SE reduces the amount of trial-and-error involved in developing new systems and managing the shape of developed systems [34]. The development framework of a typical procedure of SE entails six phases: (1) requirement analysis, (2) extraction of design considerations, (3) system architecture design, (4) prototyping, (5) integration, and (6) validation (Figure 1).



3.1. Specification of Problem, and Development of an Operational Scenario


This phase begins with the identification of problems in the systems and networks that are used in the existing S&OIs [34]. This phase includes three steps. The first is to define the target system of interest (SoI) and to identify stakeholders who directly or indirectly affect development. The second step derives stakeholder requirements by interviewing experts in the field for which the system is to be developed. The requirements define what the SoI should do. The third step describes the operational scenario of the SoI to be developed. Identification of the operating scenario is necessary because it is used to define the environment and situation in which the system operates, and to design it considering the interface with the external system [35]. In this paper, we identify the problem and develop an operating scenario with a focus on the status of data acquisition and flow, and utilization of the process of identifying problems occurring during S&OI construction.




3.2. Design Consideration


This phase creates SoI design considerations for the problems that stakeholders encounter in an S&OI. Design considerations are included in the system requirements, starting with the problem definition. In designing the SoI, design considerations are included in system and sub-system requirements. This phase also manages the configuration of the system by tracking relationships between problems and design considerations [36]. The design considerations in this paper are primarily intended to derive system function requirements during this conversion process. The results can be used to build and verify a function-based system.




3.3. System Architecture


The process of system architecture design defines the properties of the sub-systems and unit components that make up the system, and then standardizes the interface between the components [37]. The system architecture can be divided into system logical architecture, system physical architecture, and internal interfaces. Each architecture is written at the system level, the sub-system level, and the component level to verify that all design considerations are addressed at each of those levels. This process is called system-traceability verification between requirements and architecture.




3.4. Prototyping and Validation


Before full-scale development, the system that was designed up to component-level architecture was tested to verify functionality and accuracy by developing it into a basic model that includes core functions [38]. While we describe that process, we discuss operating scenarios with stakeholders to obtain feedback that can guide the improvement of core functions. The improvements and the feedback from stakeholders should be tracked and managed so that none are missed. The core function of the prototype was then evaluated by an independent test-evaluation agency.





4. Case Study Indoor Location Monitoring Service (ILMS) System for S&OI


The work site of shipbuilder company H involves numerous internal and external systems (Figure 2). Accordingly, a WSMS that uses ultrasound waves considers various interactions and describes system definitions and system missions that meet the requirements of the site. The ILMS system can be linked with external systems, for environment monitoring, for instance. At this time, it interacts with various sensors, wearables, and devices that are used in external systems. This process consists of interfacing with various existing networks.



4.1. Problem and Operational Scenario


We developed an operational scenario (Figure 3) in which the metal-conductor communication wireless network and WSMS operate in the shipyard of company H. To construct the metal-conductor communication network in the workplace, devices that incorporate sound transmitters are fixed to partition walls and then generate ultrasound signals. Workers have smartphones or smart devices that bear applications that receive the ultrasound waves. The information is then relayed to the operation server through the metal communication wireless network. The operation server checks the ultrasound signal, estimates the work situation and the movement state of each worker, and provides them to the manager.



The operational scenario was used to guide the extraction of stakeholder requirements of the WSMS. Requirements for ship and offshore plant construction work environments were collected using worker interviews and literature surveys. The main problems that stakeholders want to remedy were identified (Table 1).




4.2. Design Consideration


Analysis of the stakeholder requirements in the field should yield functional and non-functional design considerations (Table 2) that the WSMS fulfills. The next step is to develop the logical and physical architecture of the system. System requirements manage traceability with stakeholder requirements.




4.3. ILMS System Architecture


The logical architecture of the system was developed using system requirements and operating scenarios. The eFFBD diagram (Figure 4) was used to model this process of checking abnormalities by sequentially arranging the functions to be performed by the system and distributing each function to physical components.



The physical architecture (Figure 5) of a WSMS that uses ultrasound waves was derived by considering the system requirements and logical architecture. The physical architecture consists of a localization layer and a communication layer. The localization layer consists of a transmitter, a receiver device, and a management server. The communication layer consists of a transceiver module, a gateway, a router, and network middleware. The two layers are interfaced using Wi-Fi network protocol.




4.4. Prototyping and Validation


To build this system at H’s shipbuilding site, a prototype (Figure 6) of a worker safety monitoring service based on a metal-conductor communication network was developed. The prototype includes the information communication part of the system’s logical architecture and sound wave transmission, sound wave analysis, operator location estimation, and monitoring parts. It includes location estimation and communication in the physical architecture, and its function has been validated and certified by KOIST, a public certification authority.



Metal-conductor communication equipment is a wireless communication device between the bulkheads to solve the communication shadow area in the ship. The device communicates using electromagnetic waves generated by magnetic fields flowing across a metal surface. This device is equipped with a surface-wave wireless antenna, which enables wireless communication with a small amount of RF radiation in an enclosed environment. This device includes components such as a MCU, a baseband, a transceiver, a matching unit, and an antenna, and has data throughput of >4000 bps.



The sound wave has a frequency of 18 to 22 kHz; it is inaudible to a human adult, but can be recognized by a microphone of a receiving device. The frequency of sound waves is modulated to encode information, which the transmitter can decode. The transmitter is used Android and transmits the sound waves through a 4  Ω  speaker. The transmitter has a Li-Po battery and can be operated independently by using a magnet to attach it to a metal partition wall. This device achieves sound-wave reception >95% within a range of 3.5 m. The monitoring service (Figure 7) provides this result.



The network and monitoring system were tested in an environment similar to the S&OI’s worksite. The test bench (Figure 8) was composed of two metal containers, one with dimensions of   12 × 3.5 × 4   m and one with dimensions   6 × 3.5 × 4   m. Assuming that a metal wall blocked by two containers is a partition wall, a metal-conductor communication transceiver was installed on the outer wall to form a network. Four ultrasound transmitters were installed at the height of 1.5 m with separations of 3.5 m on the inner wall of the 12 m container to conduct a location-estimation test.



The test of transmission and reception of ultrasound waves (Figure 9) was performed in an indoor test environment. The result (Figure 10) achieved a quantitative goal of position estimation accuracy of 3.5 m and a reception rate of 95%. The same result was obtained by the test bench as the ship environment test (Figure 11) conducted later. The system tracks each worker’s location using six ultrasound wave transmitters installed at 3.5 m intervals. The test at the ship site gave the same results as the indoor test level. Currently, information on welding machines, cranes, and painters working nearby is notified to workers through the work management system.





5. Discussion


We developed an ILMS system that uses ultrasound waves to help monitor worker safety at a shipyard worksite. The prototype of this system was evaluated for function and performance after the installation of transmitters at 3.5 m intervals in a shipbuilding work site. Compared to the legacy worker management system, the number of worker location information updates was increased from 2/day to 20/min. Compared to the handwriting, Internet, SMS, and on-site patrol work registrations of the legacy system, productivity improved by about 30 min/day. Therefore, the ILMS system monitors the locations and work status of the field workers more effectively than the legacy access-control method, and can quickly communicate accident situations.



The results of on-site verification of the prototype of this system were fed back to each stakeholder (work manager, field worker, business owner). From the manager’s point of view, this application of intelligent ICT to the shipbuilding work management enabled monitoring of the number of subcontractors, work status, and material site arrival time, which were previously difficult to check in real time. In addition, real-time job logs were automatically registered in the system to reduce non-productive repetitive tasks and eliminate errors caused by handwriting. Field workers judged that the location monitoring method using a smartphone was convenient without needing additional equipment for tracking. It could also check the alarms in hazardous work areas, such as constriction sites, and detect falling objects by receiving information on painting and hazardous gas work in progress at nearby work sites. However, users raised concerns about the inconvenience of installation and operation of the graphic interface and the delay in response due to the limited data-transmission speed.



The business owner can prevent problems due to accidents by using the safety management function. They can manage business risk efficiently by reducing losses due to business interruptions or fines. It can prevent damage to business sustainability that may occur due to legal sanctions against business owners or corporations. It can prevent damage to assets and facilities caused by collisions or explosions. In particular, it can prevent the damage of human resources, such as skilled craftsmen in the shipbuilding and offshore industry. Additionally, if the client recognizes the safety of the workplace due to the monitoring system, the workplace’s competitiveness can be improved compared to other shipyards. These are a huge economic benefit compared to the system’s construction cost of about $93,000.



This technology was tested by Korean shipbuilder H. Company H built a system on one dock to conduct an empirical test and showed interest in the development of an ICT safety management platform in the future. This test required an increase in the response speed of the data acquisition device in a metal-enclosed environment. The size of the metal partition wall caused variations in the transmission rate of sensor data collected by the MQTT (Message Queueing Telemetry Transport) server, but it succeeded in transmitting 0.7 data per second to achieve the target value. In the empirical test, we tested the connection with the wired network built with existing technology. It was successful at linking the location monitoring information between the communication shaded area and the open deck area. However, three transmitter failures occurred in the open deck area, so the level of seawater infringement should be reduced, and corrosion protection should be increased.



This technology uses an ultrasound wave to estimate worker location. This can avoid the distortion caused by the metal partition wall, which is a problem of the technology that uses RF signals (Wi-Fi, LoRa, Zigbee). The existing RF-based location estimation technology encountered distortion and therefore required the additional installation of terminals and creation of a new location fingerprint map. In contrast, the ILMS uses the diffraction of sound waves, so it is resilient to spatial changes, and therefore reduced the effort involved in generating a new map. The technology proposed in this study can provide technical effectiveness and reduce the cost of site construction, so it increases the effectiveness with which worker locations can be monitored to prevent accidents in marine and shipbuilding-related industries.



Two problems were encountered during the development of the technology for test bench and field application evaluations. The first was that sound shaded areas occurred; the second was that in some areas, signals were received from two transmitters. In the sound shaded area, we added a function to predict the movement path of the worker by extrapolating the movements of the first and second sound wave transmitters, and to adjust the sound output of the next sound wave transmitter. In the region of signal overlap, we added an algorithm that calculates the output reduction values of the two transmitters by considering the distances of receivers where two sound wave patterns are received. This procedure has been filed as a Korean patent (10-2019-0005720).



The system was constructed by installing an ultrasonic transmitter in the ship space where a metal-conductor communication network was installed. The test section with six transmitters is 21 m in total, and the metal communicator and ultrasonic transmitter can be moved freely by attaching a magnet, so the test was conducted while moving the section. It will be tested by increasing the number of ultrasonic transmitters installed. Currently, the location of work equipment is not tracked, so there is a limitation in notifying the operator through the work status. In the future, the collision notification function can be tested at the job site where real-time location tracking of the crane is possible.




6. Conclusions


We developed a wireless network that uses metal-conductor communication technology and proposed a location-based worker-monitoring system that uses ultrasound waves. This ILMS system overcomes the problems of the existing network system that uses wired and wireless communication and improves the effectiveness of the S&OI’s safety management. About 50 items of stakeholder requirements for system definition were derived. Stakeholder requirements that were tracked and managed had significant changes in 20 items, negotiating adjustments twice a year. When requirements changed, the system components involved were quickly identified. The proposed system derives system requirements for about 60 items and component requirements for about 300 items. System requirements were divided into functional and non-functional and represented in logical and physical components. This traceability facilitated responses to the complicated external regulations and environment of the S&OI. This practical SE process applied in this paper can be used as a reference to reduce the system implementation cost in the S&OI area.



The system developed in this paper was tested empirically on company H’s dock to obtain the result of tracking workers within 3.5 m at 20 samples per minute. Therefore, it confirmed the advantages of the system for workers, managers, and business owners. They were able to quickly communicate and respond to industrial accidents, and improved productivity by 30 min/day compared to legacy systems. However, the test identified a need to improve the design to resist water and dust before it can be applied to all areas of the ship. The results of this study can be applied to places where general RF-based wireless networks and communication devices cannot be used efficiently. Additionally, underground construction sites and tunnel workshops can use this system as a solution to monitor work situations and propagate emergency notifications.



In the future, we intend to create various services that link with the ILMS and other content external systems. Examples of such services include: (1) Hazardous gas and explosion warnings to nearby workers by using environmental monitoring contents. (2) Emergency evacuation of workers who have abnormal heart rates or breathing by using health monitoring contents. (3) Security region management using worksite access to system contents. (4) Real-time worksite progress monitoring in connection with the work management system. (5) Logistics optimization to deliver materials to the necessary workers. The location information of the ILMS system developed in this paper can be linked to various information and communication networks to increase added value and contribute to the increase of shipyard productivity.
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The following abbreviations are used in this manuscript:



	S&OI
	Shipbuilding and Offshore Industry



	WSMS
	Worker-Safety Management System



	ILMS
	Indoor Location Monitoring Service



	HSE
	Health, Safety, and Environment



	ICT
	Information and Communications Technology



	GPS
	Global Positioning System



	IMO
	International Maritime Organization



	SAN
	Ship Area Network



	USN
	Ubiquitous Sensor Network



	UHF/VHF
	Ultra High Frequency/Very High Frequency



	HART
	Highway Addressable Remote Transducer



	RF
	Radio Frequency



	SE
	Systems Engineering



	SoI
	System of Interest



	eFFBD
	enhanced Function Flow Block Diagram



	KOIST
	Korea Information Security Technology



	MQTT
	Message Queueing Telemetry Transprot



	IDEF1
	Icom Definition for Function Modeling
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Figure 1. Schematic diagram of the system development process. 
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Figure 2. System context and components of the ILMS. 
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Figure 3. Operational scenario. 
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Figure 4. The logical architecture of the ILMS system. 
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Figure 5. The physical architecture of the ILMS system. 
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Figure 6. Prototype devices. 
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Figure 7. Worker location monitoring service screen of the ILMS system. 
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Figure 8. Test bench for the ILMS system. 
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Figure 9. Ultrasound wave transmitter test. 
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Figure 10. The ILMS system’s indoor test. 
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Figure 11. The ILMS system’s ship test. 
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Table 1. Problems of the ILMS system.
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	No.
	Description





	PR01
	A situation cannot be shared easily because the workers and managers on the ship cannot be called individually or simultaneously.



	PR02
	A manager can check whether the worker has entered or not, but cannot easily monitor in real-time whether he is a particular position or state.



	PR03
	If equipment on the ship malfunctions, watch and patrol workers can encounter areas onboard where they cannot report the abnormality easily.



	PR04
	If a worker is injured or killed, the location cannot be identified quickly to enable immediate rescue.



	PR05
	The current location of the operator when working on shipbuilding does not allow the diagnosis of working status or extraction of the necessary information.



	PR06
	The manager has difficulty monitoring or recording the status information periodically to check the worker’s process or problems.
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Table 2. Design considerations of the ILMS system.
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	No.
	Description
	Related PRs





	DC01
	The system must be able to acquire location information that corresponds to a specified time range.
	PR02, PR03, PR04



	DC02
	The system should be able to acquire real-time location information.
	PR02, PR03, PR04



	DC03
	The system should be able to transmit a worker’s location information periodically.
	PR02, PR03, PR04



	DC04
	The system must be able to register users to provide services.
	PR01, PR03, PR04, PR05



	DC05
	The system should be able to specify the range of people to be covered.
	PR01, PR02, PR06



	DC06
	The system should be able to transfer information to the database.
	PR02, PR06



	DC07
	The system should record the request for information.
	PR05, PR06



	DC08
	The system should be able to query information request/transmission history.
	PR05, PR06



	DC09
	The system must be able to recognize service requesters.
	PR01, PR02, PR04, PR05



	DC10
	The system must be able to check the service requester’s authority to use the service.
	PR01, PR02, PR03, PR06



	DC11
	The system must be able to verify the transmitted data.
	PR02, PR06



	DC12
	The system must be able to confirm that data has been transmitted without loss.
	PR02, PR06



	DC13
	The system must be able to deliver information using JMS, TCP / IP, HTTP, FTP, and SOAP methods.
	PR06



	DC14
	The system must be able to compress and transmit data.
	PR06



	DC15
	The system must be able to decompress the compressed data.
	PR06



	DC16
	The system should provide an interface through which users can change data and service transmission/reception attributes.
	PR02, PR05, PR06



	DC17
	The system must be able to encrypt data when interworking with external systems.
	PR06



	DC18
	The system must be able to decrypt data.
	PR06



	DC19
	The system must be able to support standards-based secure transport methods, including FTPs and SSL.
	PR06



	DC20
	The hardware components of the system should be buildable within three months.
	Non-functional
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