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[bookmark: _Toc527645262]INTRODUCTION

The tide and current data are an essential to provide vital information for safe and efficient navigation of vessels, but these measurements also play an important role in keeping people and the environment safe.
The tidal current information for vessel navigational safety is one of the quite essential issues, especially narrow channels and complicated water ways around harbors. There are several ways to deliver tidal information, such as signal board, web page, AIS message, ARS/FAX, and so on. 
The large and electricity signal board as one of aids to navigation visual infrastructure is one of useful ways to provide real-time tidal current information to navigational vessels with intuitive and conventional method. The tidal current signal system is one of new and advanced visual information of AtoN systems for navigational safety.

[bookmark: _Toc527645263]SCOPE

This guideline has been developed to contribute to the efficient provision of tidal current information and to improve the function of the tidal current signal system by establishing the matters necessary for the management and operation of the tidal current signal system

[bookmark: _Toc527645264][bookmark: _Toc495066471]POINTS TO BE CONSIDERED 

[bookmark: _Toc527645265]INTRODUCTION OF TIDAL CURRENT ENVIRONMENT 
Coastal ocean tidal current normally span speeds to about 5 knots (2.5 m/s). However, nearshore current can achieve significantly higher speed in narrow inlet and along coastal areas. Especially, heavily laden commercial vessels navigate in narrow dredged channels and are seriously influenced by local currents. Real-time tidal current velocity and direction measurements around the shipping channel are imperative for safe navigation by pilots, harbour managers, and decision makers for containment and clean-up in the event of a hazardous materials spill.

[bookmark: _Toc527645266]THE CONCEPT OF TIDAL CURRENT MONITORING and INFORMATION SYSTEM

The real-time tidal current monitoring and informing system consists of tidal current acquisition sensor system including data-logger and communication module, data processing and DB system, and data information system such as WEB, ARS, FAX, AIS and signal board system with steel structure to provide intuitive information to ships passing by nearby waters (Figure 1).
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[bookmark: _Toc527645278]Configuration diagram of real-time tidal current monitoring system

Generally, there are three major factors for real-time monitoring system to provide accurate and reliable data to users; 
1) Data observation & acquisition system
The traditional bottom mounted observation is the best way for gathering accurate and reliable water current data. With an increasing emphasis on reliability and cost-effectiveness, an alternative method of measuring and reporting real-time current measurements are horizontal ADCP and buoy-mounted monitoring system (Figure 2). 
To obtain the best acquisition data, the optimum installation method should be considered the installation area and geographical characteristics, including proper preliminary site selection research.

[image: ]
[bookmark: _Toc527645279]An example of real-time tidal current acquisition system

2) Data processing system 
Processing and managing the collected data are just as important as correctly collecting the data. Observing systems store data at local servers and submit copies to central storage facilities adhering to strict formatting, query, and delivery protocols. Data validation and correlation process are crucial in ensuring the compilation of reliable public information service (Figure 3 & Figure 4).
To provide proper and responsible data to public as navigational safety information, it is the duty of governmental agencies or international organization to develop authoritative QA/QC guidelines for all core variables.
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Example 1 of tidal current monitoring and processing system

[image: ]
[bookmark: _Toc527645280]Example 2 of tidal current monitoring and processing system

3) Data information system
The challenge to the weather and ocean observing agency, once stakeholder data needs are determined, is to deliver data or graphics that effectively serve stakeholder needs.
The intuitively delivering real-time data directly to the surrounding vessels, for example, data signal board and AtoN AIS, is also a very efficient method for safe navigation in harsh oceanic environment condition (Figure 5).
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[bookmark: _Toc527645281]Examples of tidal current signal board system
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[bookmark: _Toc527645268][bookmark: _Toc495419765]GENERAL 

"Tidal Current Signal System" (hereinafter referred to as "TCSS") is a special signal Aids to Navigation System that provides tidal current information by measuring the change of the tidal current for the safe operation of the vessel in the area. It consists of Tidal Current Signal Operations Center, and Tidal Current Signal Station.
The "Tidal Current Signal Operation Center" (hereinafter referred to as "Operation Center") mean the management and operation of the tidal current signal station, the monitoring and control of the functional status, the comprehensive operation of providing the tidal current information facilities.
"Tidal Current Signal Station" is a facility that measures and analyses tidal currents in a coastal area to provides tidal current information to users such as traffic vessels through VHF communication, AIS messages, ARS/FAX/SMS, electric sign boards, and so on.

[bookmark: _Toc527645269]SITE SELECTION OF TIDAL CURRENT SIGNAL SYSTEM

Tidal current monitoring and informing system should be installed in the areas that is required for navigational safety and frequently accident by the strong and rapid changing of tidal current environment. Each navigation safety agencies should be responsible for the installation and operation of the system.
The details of the installation target area are as follows;
Heavy commercial and non-commercial vessel traffics coastal area with strong tidal current condition
Hazardous coastal areas including narrow channels, inlet, water ways with strong tidal currents
Lateral or intermittent tidal current coastal areas that interfere with port access 
As a result of the survey and stakeholders’ demand, high necessity coastal areas to establish the tidal current monitoring and information system

[bookmark: _Toc527645270]OPERATIONS OF TIDAL CURRENT SIGNAL SYSTEM

TCSS should be operated automatically to provide in-situ tidal current information such as tidal current direction, speed, and tendency of water level. If it is difficult to display the in-situ value due to failure of the measuring device, maintenance, etc., the operation should be minimized by displaying the predicted tidal current information.
The operator should monitor and control the operation status of the tidal current signal station and remotely operate it in case of an abnormal situation.
The Operation Center should establish multiple networks to prepare for communication failures and system errors.

[bookmark: _Toc527645271]FUNCTIONAL PERFORMANCE OF TIDAL CURRENT SIGNAL SYSTEM

Tidal current signal board system should provide the real-time tidal current information such as tidal current directions, speed, and(or) tendency of water levels. Data transmission intervals should be updated at least every 10 minutes, and it can be modified by the Operation Center with the site characteristics and vessel traffic environment.
The tidal current signal board should be visible at a minimum distance of 2 nautical mile under normal visibility condition. The 2 nautical mile is a general minimum distance for typical visual AtoN equipment.
The luminous intensity of the electric signboard can be operated by changing the high light intensity, the middle light intensity, and the low light intensity according to the state of daytime, night, weather, and visibility.
The operation center should decide the tidal current signal board and structure size, minimum visible distance, and light source (such as LED and shield beam lamp and so on) taking into consideration the information service purpose and site and coastal areas characteristics.

[bookmark: _Toc502668263][bookmark: _Toc502727950][bookmark: _Toc502731229][bookmark: _Toc527645272]TIDAL CURRENT SIGNAL PROCESS

The method of displaying the tidal current information on the electric signal board is as follows (Figure 6).
   1. Tidal current directions: It should be indicated in four directions (N, S, W, E) or eight directions (N, S, W, E, NW, NE, SW, SE)
   2. Tidal current speed: expressed in knots unit, integer or decimal point to the first digit.
   3. Tendency of tidal current: The increase / decrease of the water level should be indicated by the symbols ↑ (increase) and ↓ (decrease).
The Operation Center can provide only a part of the tidal current information in consideration of the characteristics of the coastal areas or the site conditions.
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[bookmark: _Toc527645282]An example of tidal current information display on signal board

[bookmark: _Toc527645273]MAINTENANCE OF TIDAL CURRENT SIGNAL SYSTEM 

TCSS should be maintained regularly to provide qualified and verified tidal current information.
Maintenance of tidal current observation system including measuring devices and attached equipment.
Maintenance of tidal current data acquisition and processing unit including system network and software.
Maintenance of tidal current data information system and structures.

The Operation Center should secure spare parts in order to prevent the equipment failures of TCSS.

[bookmark: _Toc527645274]ACRONYMS & Definitions


[bookmark: _Toc527645275]ACRONYMS 


AIS 		Automatic Identification System
ADCP		Acoustic Doppler Current Profiler
ARS 		Automatic Response System
AtoN		Aids to Navigation
DB		Database
LED		Light Emitting Diode
QA		Quality Assurance
QC		Quality Control
SMS		Short Message Service

[bookmark: _Toc527645276]DEFINITIONS


Tidal Current Signal System  (TCSS) - Tidal Current Signal System is a special signal Aids to Navigation System that provides tidal current information by measuring the change of the tidal current for the safe operation of the vessel in the area. It consists of Tidal Current Information Operations Center, and Tidal Current Signal Station.
Tidal Current Signal Operation Center  - Tidal Current Signal Operation Center mean the management and operation of the tidal current signal station, the monitoring and control of the functional status, the comprehensive operation of providing the tidal current information facilities.
Tidal Current Signal Station  - Tidal Current Signal Station is a facility that measures and analyses tidal currents in a coastal area to provides tidal current information to users such as traffic vessels through VHF communication, AIS messages, ARS/FAX/SMA, electric sign boards, and so on.

[bookmark: _Toc527645277]REFERENCES 
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