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Abstract: Since the late 90s of last century, GIS has being applied to more and more fields. With the development of the technique, more and more people pay attention to the factor of time, i.e. the new temporal-GIS system should be able to analyze spatio-temporal factors in the real world. This paper presents a research project suggesting the use of spatio-temporal techniques as navigation aid onboard ships. Firstly, constructing the model of real-time soundings, dynamic depth contours drawing and area constructing and so on. Secondly, analyze the parameter of the ship. At last, present the navigable area based on a digital nautical chart with regards to navigational information (such as the tide, the real-time soundings, the ocean current and so on) and the parameter of the ship. The main objective is to meet the special needs of navy, such as emergency operation and salvage and to lessen the cognitive load of the bridge personal.
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1. Introduction 
In recent years, more and more people pay attention to oceanic problems and a lot of new conception systems and research techniques are constructed and developed, i.e. 3D digital chart, marine optical technique and so on. Some experts propose to build ocean TGIS for the construction of the digital earth. However, the current research and the development condition show that, the related conception system, the model calculating way and application path etc. are still on theories research stage. Under this background, the paper talks about building a navigation supporting system based on real-time visualization of navigable area with regard to tide, which carries out the ocean TGIS in the concrete application in navigation.
2. Related Work

In recent years, many papers have discussed the problems of using a land-based GIS for marine applications. Probably one of the first articles about Marine GIS is the one by Davis (1988), in which they state that variables in three dimensions, plus time and attributes are needed to correctly represent the marine phenomena. Li and Saxena (1993), Lockwood and Li (1995) and Wright and Goodchild (1997) give a complete review of what sets apart a Marine GIS from a land-based GIS; they state that objects at sea are different from objects on the ground because they are likely to change position over time, they have three-dimensional coordinates, they are mostly represented by points (lines and polygons are scarce at sea) and the distribution of samples is usually ‘abnormal’ (data are sparse in one or two dimensions but abundant in the others). If the nature of the data is completely different, why should a land-based GIS be used for marine applications? The major problems of traditional GIS are that their spatial model is built for static two-dimensional land applications and their data structure is based on the ‘overlays’ as a definition of adjacencies between objects. The only thing that has been done, by commercial companies, to solve these problems is trying to extend – by adding new kinds of analysis and by modifying the database model – the spatial data model of current GIS; but the real problems are the spatial model used and the building of the topology process, not the database aspect (Gold, 1991). A Marine GIS needs a dynamic data structure to handle time and objects moving over time.
3. General of the Problem

The sea surface moves all the time, which courses the depth changing. While the land usually stays still, so it’s obvious that, the data structures, visualization model and algorithms of the land-based GIS are not appropriate for marine applications.
One of the most obvious problems for the voyager at sea is the danger of underwater shoals. The remedy for this problem has been to make soundings of the water and present depth as figures in the nautical chart. However, even in modern day charts the sheer amount of soundings can cause cognitive strain. The problem with the presentation of depth data is that every number has to be read before one can make a decision whether a ship will have enough water under the keel or not. An improvement to this problem is called chart generalization. Soundings are classified into depth intervals connected with isobars called depth curves. Standard curves are, for example, 3, 6 and 10 meters. A generalized chart is much easier to read. Although the generalized chart is a lot easier to read, there will still be some mental calculations to be done if a sudden evasive maneuver is forcing a ship off its planned route. Draft, tidal level and wave amplitude has to be compared to the sounding figures. A dynamic display is instead suggested, taking the above parameters into account and presenting the navigator with a chart showing the most important area: the navigable area.
Here comes the conception of navigable area. The problem about the navigable area is always the most important one concerned by the voyager. However, in the voyage activity of the earlier period, people did not know what exactly the navigable area is, their understanding about it was misty and rough, and they did not treat it as a science concept, make accurate calculation and showing of the navigable area, they just mark off the navigable area by their experiences roughly, and this situation even lasts till now.

Science the 80's of last century, the electronic navigational chart (ENC for short) has being used in navigation, which brings a huge progress for the voyage technique. However, the ENC could not analyze and show the navigable area accurately and dynamically. It follows the traditional way used on the paper chart, i.e. selects a deeper isobaths based on the sea gauge of the ship as the safe ones, and then makes the navigable area roughly. It’s obviously that, without the consideration of the tide and rigor compute of the safe isobaths based on the sea gauge of the ship, the navigable area is only a static one for the ship, and it is reduced for the sake of safe.
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Fig. 1. The main steps of navigable area generation.
4. Theoretical Background
4.1  Conceptions

· Navigable Area
As to the aspect of application, the navigable area should be a dynamical conception, which may change along with the time. So, we set a new conception for the navigable area, that is in a period of time, the conditions related to navigation such as the depth, the width, the ocean current, the weather and so on are all fit for navigating of a special kind of ship, however, the area may change along with the time.

· Basic Soundings 
Because the research is based on the electronic nautical chart, we call the soundings marked on the chart the basic soundings.

· Instantaneous Water Lever

During the course of sounding, the influence of tide has to be eliminated for the sake of steady submarine topography. So the instantaneous depth will be corrected to steady depth datum, and this correct is called the correct of water lever. The soundings been corrected would be marked on the nautical chart (basic soundings). And the instantaneous water lever means correct the basic soundings with regard to tide, get back to the instantaneous sea lever. It’s the contrary course of the correct of water lever.

· Dynamic Triangulation Network 

The triangulation network of the instantaneous soundings is called the dynamic triangulation network.

· Tide-coordinated Safe Line
The instantaneous water lever moves along with the tide, while the sea gauge of the ship is immovable. The depth contours constructed by the instantaneous soundings with regard to the sea gauge of the ship is called the tide-coordinated safe line.
4.2  Mathematical Models of Spatial Data

4.2.1 Instantaneous Water Lever Model
For the sake of expressing the sea lever’s dynamical change, the instantaneous soundings have to be ascertained. The model 
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 (IWL means the instantaneous water lever) is used to show the instantaneous sea lever. Theoretically, the exact calculation of 
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 has to take the hydrodynamic simulation and the change of the sea lever shape into account. In this paper, we use a method called the horizontal method to express the instantaneous sea lever, because this method is practicable, convenient and accord with the fact. In this model, the model 
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, i.e. the water lever changes along with the time and is independent of the position. The equation is as follows:
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In this equation, 
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[image: image14.wmf](

)

t

r

 is the surplus water lever, all of these parameters could be gained by the tidal observation.
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Fig. 2. The spatial field structure of sea sounding

4.2.2 Soundings Triangulation Generation Model

Geography is global. There is no physical barrier between the land and sea. The marine topography is the same as the land topography, they are all spatial continuous. However, we could not use the contact measurement to get the marine topography, so the soundings are used to depict the marine topography. During the course of sounding, the marine topography is treated as a discrete element, by choosing the discrete soundings disciplinarily, the depth of the water is used to depict the form of the marine topography. In navigation, the voyagers always pay attention to the depth, actually, what they concern about is the thickness of the seawater. Because of the infection of tide, the thickness of the seawater changes along with the time. For the sake of depicting the thickness of the seawater more accurately, reflecting its character of spatial continuity, and digging the connotative information, the soundings should be analyzed with regard to tide.

Nowadays, there are tow kind of data models to depict the spatial elements and their relationship, they are the target-based data model and the field-based data model. The former one pays attention to the integrated character of the element, the depict unit of the model is parallel to the target unit in the space; the object depicted by the latter one is spread all over the whole space, and this model pays attention to the character of correlation and continuity, the depict unit of the model is plotted into infinitesimal surface primitive, the relationship of the elements is got by the correlation-operation. TIN belongs to the category of the field-based data model. The triangles spreads all over the area without any superposition and gap, the relationship between the elements is depicted by the triangles. Meanwhile, the Delaunay triangulation is used as a powerful tool in contiguity analysis because it has the character of “the circumcircle rule” and “the maximal minimal angle rule”. So we apply the Delaunay triangulation to generating the soundings triangulation. 

There are three algorithms to generating the Delaunay triangulation, they are the divide-conquer algorithm, the incremental insertion algorithm and the triangulation growth algorithm. Nowadays the divide-conquer algorithm and the incremental insertion algorithm are used widely. The divide-conquer algorithm has a perfect time-complexity, but the recursion needs a mass of memory space; the incremental insertion algorithm is easy to actualize, and does not need much memory space, however, its time-complexity is so poor, the running velocity is also very slow. In this paper, we use the algorithm X. B. Wu developed in 1999 called the compound algorithm. And with regards to the characters of the soundings and the request of navigation, we adjusted the algorithm.

The base triangulation is generated by the incremental insertion algorithm: firstly find the convex hull of the point set and generate the initial triangulation, then insert the other points one by one into the initial triangulation. During the point-inserting of the initial triangulation, use the LOP-course to optimize, which could insure to generating the Delaunay triangulation. After the judgment and the deleting of the false-soundings, the generation of the inner-border, the final triangulation will not traversing the island and the bare rock, it’s what we need. Fig .3 shows the flow chart of soundings triangulation generation.
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Fig. 3.  Flow chart of soundings triangulation generation. 
The dynamic maintenance of the sounding triangulation is different from the others. The positions of nodes of most triangles are changeless, while the depths they represent change. When the water lever changes, the coastline points will change, so what we need to do is to find the new coastline points, in this paper, we use an algorithm to integrate the elevation data and the soundings data. As we all know that, the elevation data is based on the altitude datum while the soundings data is based on the depth datum, for the sake of integrating, we should firstly ascertain a common datum. We transform the vertical datum of the ground data to the lowest normal low water, i.e. the depth datum, and then the elevation data has the same datum with the soundings. We treat the problem in this way because what we concern about is the navigation safety, the coastline points with 0m depth will not affect the safety of navigation. Then, we set the elevation of the points as the false-soundings, and no matter how the sea lever moves, the points with the 0m depth are the coastline points. Fig.4 shows the transformation between the altitude datum and the depth datum (EA means the altitude of the bare rock based on the altitude, ED means the altitude based on the depth datum, DAD means the distance between the altitude datum and the depth datum).
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Fig. 4. Transformation between the altitude datum and the depth datum.
4.2.3 Navigable Area Generation Model
The navigable here is based on the soundings triangulation generated above, so when the triangulation changes, the navigable area will change. It means that, the navigable area generated here is just for a special period of time, it will change along with the time. So if the time is different, the navigable area will be different even for the same ship.

The generating of the navigable area needs four steps: firstly, get the safe depth based on the sea gauge of the ship, and generate the safe contour based on the safe depth; secondly, generate the initial navigable area within the confines of the safe contour; thirdly, make an area-intersect judge between the initial navigable area and the prohibited area and so on, then delete the intersected part from the initial navigable area; lastly, make an order of the areas’ navigability. [image: image18.png]



One of the most important techniques of this model is the generating of the safe contour. Generally, the isoline-tracing algorithm is used to generate the isoline in the triangulation, however, in the sounding triangulation, the generating of the safe contour is very important to the navigation safety of the ship, i.e. the contour must not extend towards the shallower side, which would be dangerous for ship navigation. In this paper, we apply the algorithm called the following node should thread the side having a shallower depth, which is developed by L. H. Zhang. This algorithm not only keeps the exclusive character of the contour, but also follows the request of the navigation safety. 

After the safe contour has been generated, we find that, there are tow kind of contours: the first kind is closed, as to this kind of contour, what we need to do is to generate the area with the contour as the border; the other kind is not so lucky, normally, it will extend to the border of the chart. So as to this kind of contour, we treat it just as the line element, i.e. the border of the shallow, and it will not be used to generate the navigable area.

 In the last step, we have to make an order of the area’s navigability, for this sake, we set an equation as follows:
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In this equation, S means the navigability of the area; 
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means the factor which will affect the navigability of the area, such as the connectivity of the area, the sea gauge of the ship, the ship width, the area overlay and so on; 
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means the significance of the related parameter.  This step helps us to get the navigability of the navigable areas, also helps the voyager to design the route. Fig. 5 shows the flow of navigable area generation.
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Fig. 5. Flow chart of navigable area generation.
5. Conclusions 

The result of this paper shows that, the spatial data includes a lot of information, some of them are well-marked and the others are connotative. By digging the connotative information, some new functions could be developed. Meanwhile, with the development of navigation technique, we need more and more connotative information of ocean spatial data. This paper is a good example of it. Furthermore, the result of this paper can be used in ECDIS as an intelligent function for navigation, especially analyzing and showing the dynamic navigable area to ensure safe for both war ships and civilian ships in emergency.
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