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ABSTRACT 

Hydrographic Institute of the Republic of Croatia (HHI) has been producing Electronic Navigational Charts (ENC) since 2001. The process of ENC production proposed by the Italian company C-Map did not prove to conform to specific qualities of the Croatian part of the Adriatic and HHI's long tradition of chart production. It is the reason why there occurred the need for a redesign of the process of ENC production. This paper proposes new usage bands and compilation scales for each ENC usage band for the Croatian part of the Adriatic Sea. New classification of ENC cells is also proposed in the form of regular rectangular network, offering multiple advantages over the classification based on the HHI paper charts.

1.
INTRODUCTION

S-57 standard defines the transfer of digital hydrographic data between hydrographic offices as well as their distribution to producers, mariners and other users (IHO, 2000). Electronic Navigational Chart (ENC) is a chart derived from the main database whose content, structure and format are standardized according to S-57 standard (IHO, 1994) following the recommendations of the International Hydrographic Organization (IHO). ENCs are issued by official and authorized hydrographic offices, which are obliged to keep them up to date in the same manner as paper navigational charts (Hecht et al., 2002). ENC contains all the chart information necessary for safe navigation, but it may also include additional information (e.g. information contained in Pilot, List of Lights and Fog Signals) (IHO, 1997; IMO, 1995). 

Together with the positioning system and the information on positions obtained from navigational sensors (e.g. radar, echosounder, ship's speed meter), ENCs make up an Electronic Chart Display and Information System - ECDIS (IMO, 1995; IHO, 1997; Hecht et al., 2002). With appropriate back-up arrangements ECDIS can be adopted as a replacement for an updated chart according to Regulation V/20 of the 1974 SOLAS1 Convention for the Safety of Life at Sea 1 (IMO, 1986).

Hydrographic Institute of the Republic of Croatia (HHI) started the ENC production in 2001 within the North Adriatic VRENC international pilot project, together with the Italian company C-Map (Altamura, 2003). They adopted the compilation scale used for the paper chart, which proved to be inadequate for an archipelagic sea such as Eastern Adriatic (Duplančić Leder and Lapaine, 2005a). Besides, the proposal of chart classification according to navigational purposes does not meet specific qualities of the Croatian part of Eastern Adriatic coast, and it is not consistent with the HHI tradition of paper chart production.

This paper describes the process of production of ENC cells for archipelagic area of the Croatian part of the Adriatic Sea, defining ENC usage bands for the Croatian part of the Adriatic Sea, proposing ENC compilation scale for each usage band, and selecting the classification of ENC cells.

2.
ENC USAGE BANDS AND NAVIGATIONAL PURPOSE OF ENCs
Traditional paper charts have been replaced by intelligent vector data made to S-57 data model (ENC). Such model imposes that the data be passed to users on board grouped into usage bands according to navigational purposes, which mariners use depending on the situation. For example, when a ship approaches harbour from the open sea, navigational purposes change from an overview one (minimum details), through general, coastal, approach, and harbour navigational purposes to anchorage navigational purpose (most details).

S-57 standard (IHO, 2000) requires that each ENC cell be marked into 6 categories or usage bands (Table 1) according to navigational purpose, depending on the scale of the source material. Each ENC producer shall be responsible for assigning a navigational purpose to a particular cell. By assigning usage bands to ENC cells, their users will get information for which navigational purpose the ENC was produced (IHO, 2002 and 2003).

S-57 standard does not prescribe the scale ranges assigned to particular usage bands or the minimum or maximum scale for each usage band. The standard allows chart compilers to adapt the scale range within a navigational purpose to their needs. It is recommended that the selection of ENC compilation scale be based on the standard radar sequence (Urlich et al., 1997; Table 1). 

Table 1. – Interdependence of usage band, navigational purpose, scale range, compilation scale and radar range (according to IHO, 2004a and b; Urlich et al., 1997)

	Navigational purposes
	Usage band
	Scale Range
1:
	Available compilation scales 1:
	Selectable radar ranges (NM)

	Overview
	1
	<1 499 999
	1 500 000 - 3 000 000 and smaller
	96 - 200

	General
	2
	350 000 - 1 499 999
	350 000 - 700 000
	24 - 48

	Coastal
	3
	90 000 – 349 000
	90 000 - 180 000
	6 - 12

	Approach
	4
	22 000 – 89 999
	22 000 – 45 000
	1,5 - 3

	Harbour
	5
	4 000 – 21 999
	4 000 – 8 000 – 12 000
	0,25 - 0,5 – 0,75

	Berthing
	6
	>4 000
	3 999 and larger
	<0,25


Most of ECDIS systems allow their users to select the display of ENCs according to usage bands, but not according to navigational purposes, which requires that the relation between the scale group and navigational purpose of the chart be defined (Table 1.). By designing the process of ENC production, to each usage band a particular scale range is assigned. For example, an approach ENC of usage band 4 will appear on the ECDIS screen at 1:22 000 to 1:45 000 scale, which corresponds to a radar range of 1.5 to 3 NM. Position co-ordinates in a cell are calculated from the centre (according to established standard the ship position is plotted in the centre of the screen display) (Greenslade, 2003). 

Fig. 1 shows the concept of ENC reading into memory by selecting ENC from the chart list. When a ship approaches harbour from the open sea, ENCs of different usage bands and navigational scales from A through B, C, D and F to G change on ECDIS (Hecht and all., 2002).
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Figure 1. – Selection of chart from the preliminary chart list (according to Hecht et al., 2002)

3.
DESIGNING OF ENC CELL PRODUCTION PROCESS 
Before starting the design of ENC cell production process, some preliminary conditions should be met (IHO, 2004c), as follows:

· Defining of navigable waterways and ports in a region, and planning of future ENC cell coverage;

· Selecting the classification method or coverage areas of each ENC cell (rectangular cells or cells according to paper chart classification);

· Wherever necessary, neighbouring countries shall agree about contiguous areas (SCAMIN factors, depth contour intervals, etc., to ensure appropriate similarity of display);

· Selecting the source material for ENC production (cells can be produced either from fair charts or from the information contained in databases or from existing paper charts). The decision on which source material will be used for ENC production depends on its quality, format, availability and accuracy.

The design of the production process starts with planning of the national ENC cell production, selecting and defining the following:

1. Geographic areas and usage bands for each area (scale range to be used for particular navigational purposes);

2. Usage scale or optimal compilation scale for particular navigational purpose. It should be emphasized that the largest scale cells are compiled first;

3. Dimensions of particular ENC cells for each of the six main navigational purposes

The production plan depends on the cell purpose (e.g. military ENC or SOLAS), production priorities (large ports, heavily used waterways and demanding areas), agreements with neighbouring countries (enhancement of production and coverage), and on ensuring the consistency of display at boundaries.

3.1.
Proposal of usage band range for the Croatian part of the Adriatic

According to „Recommendation for Consistent ENC Data Encoding“ (Annex A Ref G) (IHO, 2002, 2004a and b) adopted at the meeting of CHRIS Working Group (Committee on Hydrographic Requirements for Information Systems; URL 1), it has been proposed that the compilation scale should be assigned to each navigational purpose (Table 1). It is a modified proposal based upon two IC-ENC documents („Improving ENC Consistency“; IHO, 2004) (Table 1), adopted at the meeting of TSMAD Working Group (Transfer Standard Maintenance and Application Development; URL 5). These documents are intended to give recommendation and guidance to hydrographic offices in the production of ENCs. However, it should be pointed out that they leave them a possibility of assigning their own scale ranges to particular areas by means of specified navigational purposes. In Table 2 it is proposed to assign navigational purposes to a number of scales, with respect to archipelagic characteristics of the Croatian part of the Adriatic Sea and cartographic tradition of the HHI.

Studying of different proposals and recommendations for the classification of scale ranges for each of the six navigational purposes proposed by CHRIS and TSMAD Working Groups (Table 1; IHO, 2004) has led to a conclusion that none of the proposed classifications is adequate for the Croatian part of the Adriatic. Taking into consideration the proposed recommendations, a new classification of scale ranges for navigational purposes is proposed to be adopted at the HHI (Table 2). Such classification would be in accordance with the classification of paper charts issued by the HHI, as well as with the tradition of chart production on Eastern Adriatic coast, being adapted to an archipelagic sea such as the Adriatic.  

Table 2. – Assigning of navigational purposes to a number of scales (according to Duplančić Leder and Lapaine, 2005a, b))

	Navigational purposes
	Usage band
	Scale Range

1:
	Available compilation scales 1:
	Selectable radar ranges (NM)

	Overview
	1
	400 000 and smaller
	400 000 and smaller
	48 - 96 - 200

	General
	2
	90 000 - 399 999
	180 000 - 350 000
	12 - 24

	Coastal
	3
	45 000 - 89 999
	45 000 - 90 000
	3 - 6

	Approach
	4
	22 000 - 44 999
	22 000 
	1,5 

	Harbour
	5
	4 000 - 21 999
	4 000 - 8 000 - 12 000
	0,25 - 0,5 - 0,75 

	Berthing
	6
	 4 000 and larger
	3 999 and larger
	< 0,25 


3.2.
Proposal of the compilation scale for the Croatian part of the Adriatic

Compilation scale is the scale at which the data was originally compiled, for example, it may define the scale of the paper chart from which the data was digitized (IHO, 2000). It turned out that using the paper chart scale as compilation scale often resulted in a cluttered screen display (Duplančić Leder and Lapaine, 2005a and b), especially in archipelagic areas with numerous islands and islets (Fig. 2.). Being difficult for navigation, such areas are heavily marked with navigation signals (lights, beacons and buoys). On the basis of the scientific research carried out by the HHI it was proposed that the ENC compilation scale for the Croatian part of the Adriatic should be twice as large as the paper chart scale.
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Figure 2. Example of ENC of  Šibenski Kanal with a compilation scale equal to that of  the paper chart (left) and a compilation scale twice as large as the scale of  paper chart (right)

3.3.
Classification of ENC cells for the Croatian part of the Adriatic

IHO (2000) proposes that the ENC cell be rectangular in shape, with no overlap between adjacent cells. The classification of ENC cells can therefore follow the paper chart classification or constitute a patterned network of rectangular cells.

At present, ENC cells used at the HHI match the coverage area of paper charts, which is a simpler solution. Overlapping areas on ENCs are cut out, so that they remain on one cell only. After that, the data at cell boundaries are aligned so as to fit in, and a continued ENC cell database is obtained.

It is proposed for the HHI to basically adopt a patterned network of rectangular cells which use one or more paper chart as the basis for ENC production. Advantage of such classification is easier handling of ENC cells and better matching of the content at boundaries (which might cause difficulties in the production of a continued ENC cell database). It is also easier to keep ENC cells up to date if a new survey is carried out in a particular area. Such classification is recommended by the IHO (IHO, 1997).

CONCLUSION

Croatian part of the Adriatic Sea has characteristics of an archipelagic sea with numerous islands, islands, rocks and rocks awash, channels, bays and coves. To ensure safe navigation in such a demanding navigational area, it is necessary to set up a large number of navigational marks: lighthouses, coastal and harbour lights, marking buoys, etc. All these facts make the production of electronic navigational charts more complicate. This was the reason why the proposal for the production of ENCs of the Croatian part of the Adriatic by the Italian company C-Map did not yield good results.

In order to avoid a cluttered screen display of ENCs of the Croatian part of the Adriatic, new ranges of usage bands have been proposed for six navigational purposes of ENCs. The proposal, shown in Table 2, is based on the tradition of paper chart production at the HHI, in standard radar ranges and characteristics of an archipelagic sea. 

In the next stage of ENC production, it turned out that applying the paper chart compilation scale for ENC production often resulted in a cluttered screen display. Using the experimenting method, the most suitable scale for ENC proved to be double the paper chart scale.

Furthermore, the classification of ENC coverage areas based upon the paper chart classification proved to be inadequate for an archipelagic area, especially because of inconsistent overlapping of data at boundaries. A basically new classification of ENC cells is therefore recommended, in the form of a regular rectangular network.
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