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Abstract: Nowadays, the production mode of China Nautical Chart could afford kinds of chart productions such as digital chart and paper chart. However, the producing flows of the two kinds are different: the digital chart is produced on the platform of ARC/INFO, and the paper chart, whose data is gathered out from the database, is produced on the platform of MicroStation. The latter’s producing needs data conversion between different systems and manual disposal. For the sake of optimizing the flow, reducing the processes of chart producing and integrative producing the two kind of chart, we propose to integrative producing the two kind of chart on the platform of ARC/INFO (i.e. integrative producing the two kind of chart by the maintenance of just one type of chart data) based on analyzing the problems existing in chart producing flow nowadays.
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1 Introduction
Since the computer technique is applied to the paper chart production system in China, the producing mode of paper chart has already changed thoroughly, which makes the traditional chart producing process be replaced of the process of data transforming, data transferring and graphics redisplaying. Digital chart is produced on the plat of ARC/INFO now, while paper chart is produced on the plat of MicroStation Publishing System through contracting data from Database, data transforming and manual treatment behind. However, with the computer technique, graphics and image technique and digital cartography theory, we especially research on promoting the chart producing to the phase of entirely digital, intelligentized edit and draw, integrative process. Consequently, this paper advances the integrative producing mode of paper chart based on the plat of ARC/INFO, in order to decrease the steps of chart production and improve the efficiency and quality.

2 Producing System of Paper Chart in China

The production system of paper chart includes three steps: firstly, contract the chart data from database and treat it on the Chart Publishing System; secondly, put the Chart Publishing Data into the Film Making System and complete the work for chart publishing/printing; thirdly, print charts in the printery. For the confines of technique condition, it is required to transform the data format, match symbol code for all the elements, symbol the data and treat the graphic element manually, and separate the elements into the different print plates by their color attribute, Figure 1 shows the flow.














Figure 1 Actual Paper Chart Producing Flow in China
In this manufacturing system, producing a chart needs ARC/INFO, GeoScan, MicroStation, MapSett6000 and a lot of techno-people and apartments, so it’s difficult to control the quality of the chart. In a word we can say that the more the producing processes, the more it will infect the quality of the chart. So reduce the producing processes will be helpful to improve the quality of the chart.

So it is very necessary and exigent to arrange the chart producing flow, decrease the steps of chart producing, update and consummate the actual paper chart producing system, the solution of constructing the paper chart producing system based on ARC/INFO will settle the problems above effectually.
3 Some Key Problems about Constructing Paper Chart Producing System Based on Arc/Info

3.1 The Project Designing of Paper Chart Producing System
The idea and solution is to use digital chart data produced by ARC/INFO to directly print paper chart automatically. Namely, producing electronic chart data and paper chart only needs maintain and update a kind of chart data. This solution advances a system containing more subjects and high tech. The system is composed of some modules which link up each other and form an organic system. Consequently, the program designing must be instructed by the advanced engineer idea to satisfy the requirement. The rules below must be followed during the software design:

1. The software design must follow the rules of standardization, universal, series, modules

2. The system should be upper security and stability

3. The system should be extended and opened easily

4. The operation should be simple, and the interface should be friendly
The key of the system is the management of paper chart based on the digital chart. The contents are as follows: the video management of the chart elements based on the China Chart Criterion, different elements are placed on different printing plates according to the color and rule of printing, the files are constructed to satisfy the requirement of creating EPS files. Based on the above operation, the files are pasted with the nets and then used to produce EPS films and press chart, Figure 2 shows the flow.









Figure 2 Paper Chart Producing flow based on Arc/Info Plat                                                       
By the comparing of the flows of the systems, we find that, in the paper chart manufacturing system in existence, the film of the chart needs two times of edit, proofreading, checkout and the exchange of the data. Nowadays, these steps operated manually, which costs huge manpower and material resources. Constructing the paper chart manufacturing system based on the ARC/INFO will reduce the steps, improve the quality of the chart and shorten the cycle of chart production.

3.2 The Main Modules and Their Techno-indexes

The key of constructing the paper chart manufacturing system based on the ARC/INFO is to use the digital chart data in existence, develop a production system of chart paper based on ARC/INFO, which is composed by digital chart editing module, chart symbol base for printing module, paper chart producing module, full chart producing module and so on. The techno-indexes are as follows:

1. Digital chart editing module

a. Provides the editing tools and edits the elements based on the paper chart criterion (the position and marking method of labels)

b. Provides digital chart labels updating tools, classifies the labels on different layers, constructs the relationship between labels and elements

2. Chart symbol base for printing module
a. The chart symbols accord with the GB12317 China Chart Criterion
b. Placing chart symbols on different levels accord with the request of digital chart, and reflects the relationship between the elements correctly

c. Placing chart symbols on different levels and setting color need satisfy the requirement of chart printing, and reflects the relationship between the print plates correctly

3. Paper chart producing module
a. Define the display PRI of the elements

b. Define the drawing order of the elements

c. Separate the elements into the different printing plates and print charts

d. Print the chart accord with the publish request of paper chart

4. Full chart producing module 
a. Includes all of the elements on the paper chart

b. Includes the relationship between the main elements

c. The relationship between the main elements follows the criterion of the chart
d. The base chart is customized manually, and does not reflect any area

3.3 The techno-implement of paper chart manufacturing system

The chart symbol is the map language used to mark the oceanic geographical elements and the navigational sign. It is the base of the construction of the paper chart manufacturing system. We define the principles of constructing the symbol base as follows based on the experiences:

a. The symbol base should be accordance with the national standard and the chart criterion
b. The symbol base should be easily used
c. The symbol base should pay attention to the display of the image, the output of the film and so on
ARC/INFO provides the symbol editing tools such as MarkerEdit, LineEdit, ShadeEdit, TextEdit and so on. The symbol could be found and edited by the symbol editing tools. 
From enhancing the printing effect, the CMYK color model is adapted in the actual work. The CMYK color model is to add the black color to the yellow, purple and cyan. The saturated colors of yellow, purple and cyan are blended to the black color, while the unsaturated colors whose values equal approximately can be blended to the gray color. If some unsaturated colors are replaced by the black color and the tricolor is replaced by the gray color, then the dosage of printing ink will be decreased. In the default situation, the overlay can avoid lay over between the different colors, but because of the paper distortion and shift in the print, the entire overlay between the different plates is possible not to appear, the method to make the some special color not overlay in printing is to set its annotation’s color “-1”. For the black symbols and its annotation placed exactly, this can solve the problem effectively. So, in order to decrease the manual operation and satisfy the producing requirement of paper chart, the method used to design symbols will treat the relationship between elements automatically, for example, annotation overlay, roads overlay, the relationship between the seacoast line, beach line and fathom line.

4. Composition of Map File

ArcPlot provides a mutual Map Composition condition in image forms. The MAP document is composed by a lot of chart elements, they are the title, the legend, the compass, the scale, the geographical character, the describe information and so on. Every correct drawing order will produce a map element in the MAP document. The MAP document could include at most 999 elements. The MAP document could use almost all of the ArcPlot orders, and the most important part is the symbolic display of the geographical character.
The former charts could be reedited and reworked by the ArcPlot. The perfect MAP document could be kept as the chart template, which could be used in the construction of new chart.

The elements print PRI and the symbol print PRI should be defined before the execution of the MAP document. The elements print PRI is the key of the chart publish by ARC/INFO, it is restricted by the symbol color and the setting of the film. According to the print PRI, the elements adjoined and overlaid are treated by the method of cutting.

5 Conclusions 

With the development of computer science, image management technique, database technique and geographic spatial information science, the hardware, software and the cartography technique have developed a lot. The chart cartography developed from the manual to the computer-aided, which is automatic and effective. Following the developments of the technique at any moment, adjusting the techniques of chart manufacture can not only meet the needs of the development of chart cartography theory, but also the needs of the change in technique.

The construction of the paper chart manufacturing system based on the ARC/INFO is a momentous development to the chart manufacturing, and also changes people’s conception of the paper chart manufacturing. It does not only relate to the production technique, but also relate to the conception of the drawer and the organizing mode of the data. It’s important to develop the production, the technique standard and the manufacturing criterion, dispatch some experts to amend the chart criterion, which will make the content, format and the method of the paper chart manufacturing harmonious.
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