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    Abstract: The IHO members are over seventy. The continuity and extensity of sea area bring along and accelerate the cooperation of coastal states. It is necessary to train the international nautical cartographers. This paper describes developing process of training of nautical cartographers, and then states the form and syllabus of training of international nautical cartographers, after that points out main questions existing in the training syllabus for international nautical cartographers, at last gives suggestions to develop chart cartographic education for IHO members, such as adjusting the curriculum system, publishing and using international textbooks and references, teaching in English as possible, etc.
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1 Process of International Nautical Cartographers Training

    The continuity and extensity of sea area bring along and accelerate the cooperation of coastal states. The number of IHO members has risen from 19 at the beginning to more than 70 today. Under the unified coordination of IHO, member countries are cooperating more and more extensively and deeply in nautical charts.

With the continual development of nautical chart technique and extensive corporation in these costal states, education of talented persons is challenged by new claims, which also enhanced the international education of nautical charts. In the first 50 years of 20th century, most countries had not set up independent subject of nautical charts; nautical charts always depended on or complied with the subject of hydrograph survey. From 1950 on, few countries (such as China) have set up independent subject of nautical charts to specialize in educating talented persons who engage in producing and publishing nautical charts. In March 2000, the second Extraordinary Conference of IHO had approved the development of education for international nautical cartographers, and set about to establish a recognition organization.  

In the 20th ICC which was held in Beijing august 2001, the IHO invited the ICA to join the consult board. From then on, the united consult board, which was formed by the three international organizations: IHO, FIG and ICA, would be in charge of ratifying the education subjects of training nautical cartographers. The Standards of Competence for Nautical Cartographers was drafted by Captain Hugo GORZIGLIA (Chile), which also received valuable supports from the International Maritime Academy.

From 12th to 16th June 2002, the 15th conference in New Habersham state US was held by the united consult board which was formed by IHO, FIG and ICA. The First Edition draft of Standards of Competence for Nautical Cartographers was discussed and studied in the conference. A year later, in the 16th conference held in London, the draft was passed and formally distributed and carried out.

It indicated that cartographic education had wholly broken away from hydrograph survey no matter in the form or contents, and gone into the independent orbit of normal and international. The event also has epoch-making significance in the development history of education in nautical charts and surveying.  

In the 17th and the 18th annual consult board conferences which were separately held in Malaysia and Greece, several countries’ cartographic educational units and department successively joint in the work of training and recognition.

Up till now, undergraduate course of Cartography and Geographic Information System in DaLian Naval Academy of China and cartographic course of International Ocean Academy of Italy have got the grade A recognition, the Hydrograph Survey Data Process and Ocean Charting subject in hydrograph survey department of England has got the grade B recognition. [1][2]
2 Major training forms and subject system of International Nautical Cartographers

2.1 Major training forms of International Nautical Cartographers

Later in the 20th century, International Hydrography Organizations had organized some short time training class which always last several months, the goal of which was to train cartographers for underdevelopment areas, to popularize advanced cartographic technique, to improve balanced development in cartographic area and to enhance whole level of cartographic technique worldwide.

Go with the process of standardization and internationalization in cartography and hydrography survey education, the main form of cartography education has changed from short time training to international training of nautical cartographers. At the very beginning, only grade A and grade B recognitions were set up for the training of international cartographers. To meet some countries and areas’ demands, the Consult Board decided to add grade C recognition in the 18th annual conference.
The Consult Board merely does international recognition for grade A and grade B, while grade C is ratified by each country. That is the same as the international hydrographic surveyor’s classification training.
2.2 Subject system of nautical cartographer training

To improve teaching quality, the Consult Board formed by the IHO, FIG and ICA specially prepared training syllabus for international nautical cartographers. The Consult Board are also in charge of evaluation and recognition for relative subjects in each countries and regional cartographic teaching department.

The main form of international nautical cartographer education include working out training syllabus, giving the minimum standard of training syllabus, setting the minimum level of theory and practice experience that a nautical cartographer must possess.

The training syllabus for international nautical cartographers was established according to the grade A and grade B classification. The grade A training subjects are specially set up for grade A nautical cartographers. The training subjects provide extensive basic knowledge for relative theories and practices of nautical cartography and contiguous subjects, which is convenient for the students to do actual analysis and deduction, to determinate and solve some complex problem in nautical cartography. Therefore requirement for both theories and practices is very high.

The grade B training subjects are specially set up for grade B nautical cartographers provide cartographers various practical knowledge. These subjects are convenient for the students to get kinds of technique in nautical cartography. Requirement for theories is not very high, while very high in practical skill. 

The grade C subjects are specially set for cartographers, which are mostly in the form of short time training. These subjects are always set according to regional demands, while grade C is not ratified internationally.

Training syllabus designed for the international nautical cartographer always include three kinds of subjects which are standing for basic subjects, essential subjects and specialism subjects. Subjects listed below are the first edition of training syllabus for international nautical cartographers.

 (1) Basic Subjects

·Mathematics and Statistics: Functions, Differential calculus, Series, Matrix algebra, Complex functions, analysis trigonometry, Plane trigonometry, Spherical trigonometry, Probability and Statistics, Units of measure.

·Information and communication technology: Computer fundamentals, Operating Systems and internet application, Programming concepts, Communication tools and Internet, Database Management Systems. 

·Marine Geography: General Geography of the Earth, Marine Geomorphology and Marine Geographic Features, Marine Geophysics, Ocean elements Processes.

·Hydrography: Hydrography and Navigation, Hydrographic surveys, Positioning, Depth determination, Hydrographic data management.

(2)  Essential Subjects
·General Cartography: Introduction to Cartography, Shapes of the Earth, Planimetric concepts, Spherical concepts, earth concept, Cartographic Principles, Cartographic Projections, Photogrammetry and Remote Sensing Basics. 

·Nautical Cartography: Evolution and Characteristics of Nautical Chart, Nautical Chart Objectives and Classification, International and National Related Organizations, International Nautical Chart Specifications, Nautical Chart Symbols and Abbreviations, Cartographic Generalization, Cartographic design, international chart, General Nautical Chart Production Flow, Related Nautical Publications.

·Nautical Cartographic Data: Metadata, Coastline and Topographic Data, Bathymetric Data, Horizontal and Vertical Datum, Digital Elevation Models, Navigation Hazards and Aids to Navigation, Oceanographic Data, Marine Geology and Magnetic Data, Sailing Directions and other Nautical Publications.

·Nautical Chart Compilation: Nautical Chart Design, Information Sources, Data Evaluation and Selection, Layers Integration.

·Nautical Chart Production: Introduction to Nautical Chart Production, Paper Nautical Chart Production, digital nautical chart production, raster nautical chart production, vector nautical chart production.

·Legal Aspects: Marine Law and Product Liability, Contracts, Law of the Sea, Delimitation zones.

·Spatial Information: Geographic Information System (GIS) basics, GIS, Computer aided Drafting (CAD), Spatial Databases, GIS System Management.

(3) Specialism Subjucts
·Electronic Navigational Chart，ENC: ENC Concepts, International Standards, ENC Data Creation, ENC Editing, ENC Validation, ENC Distribution and Maintenance, ECDIS Concept.

·Industrial and Engineering Survey Chart Production: Introduction to Industrial Surveys, Data and Chart Production, Route Surveys, Dredging Surveys, Shallow Geophysical Site Surveys, Video Surveys, civil engineering Surveys, Chart and Product Design, Chart and Product Quality Control.

·Photogrammetry and Remote Sensing: Sensor Data Formats, Geometric Modeling, Data Management, Processing and Analysis, Applications.

As long as to make sure all subjects cover the content of international syllabus, it is not necessary to completely fulfill the international training syllabus when carrying out nautical chart education.

(4) Content of practical teaching

  Theoretic knowledge of international nautical cartographers is mainly acquired from subjects listed above, while practical technique is always got from practice. The training syllabus states that nautical cartographers must have at least one year work experience in cartography and should join edit design, chart design, data collect, quality control, quality guarantee, chart production and some other cartography activities. The main content related to international syllabus includes:

·Information & communication technology

·Hydrography 
    ·General Cartography

·Nautical Cartography
·Computer assisted cartography-- ENC Production
·Geographic Information Systems

3 Main problems in nautical cartography training

3.1 Subject system is not perfect 

    For it is the first time to design training syllabus for international nautical cartographers, it is hard to be perfect. First, some subjects are not very comprehensive. For instance, Navigation is a very important subject. Learning some related content will do great help for cartographers to compile and publish navigation chart, navigation manual, navigation table etc.
While navigation subjects are not specially listed in international syllabus of training, only in Hydrography are some claims made as following: cartographers should know the relationship between Hydrography and Navigation, distinguish navigation types, tell Navigation Hazards from Aids to Navigation. If cartographers do not know how to use chart in the sea, it is difficult for them to do series compiling and generalization work from user view.
Second, connections between some subjects are not enough strict. For example, both Hydrography and Nautical Cartography Data state some content about Aids to Navigation. Similarly, General Cartography and Aerial Photogrammetry and Remote Sensing have repeatedly introduced knowledge of Photogrammetry and Remote Sensing. It is worthy considering that how to connect the same content neither repeatedly nor omitted between different subjects. 

Third, the jumping off point of training syllabus is much high, which has not considered cartography level of some developing countries. The subjects which are prescribed in training syllabus always base on computer technique, while computers are still not very popular in some underdevelopment countries and areas; therefore it is difficult for these countries to start relative training of nautical cartographers.

3.2 Lack of teaching material and reference books related to nautical cartographer training

    These years, to cooperate with international hydrographic surveyor training, the Consult Board specially recommend and train some relative teaching material and reference books, which included in  IHO M-6 publications “Reference Texts for Training in Hydrography”. 

The number of teaching material and reference books which M-6 lists amounts to thousand kinds, referring to basic, essential and elective subjects. Not only new books recently published but also old and classical books are included. The languages which these books use are multiple, mainly in English, Germany, French, Russia and Portugal.

But the number of reference books in M-6 is not plentiful enough, especially much less in these books that are about modern chart cartography and production. Therefore, the Consult Board should select some good teaching materials and reference books world widely, so as to do a good job in coordinating international nautical cartographer training with relative teaching material.

4 Several suggestions for international nautical cartographer training

4.1 Erect the concept of balanced development 

   The International Hydrography Organization are making efforts to solve the problem of internationalization of ocean cartography and hydrography education all the time in these years, while, for various objective restricts, it is still very imbalanced in the education of cartography and hydrograph. According to statistics, only 30 countries or areas could start cartography and hydrography education in more than 70 member countries of IHO.
The condition is far to fulfill the requirement of modernization education. Up to now, only China and Italy have got grade A in training international nautical cartographers, and England got grade B in this area. Thereof, cartography education lags rather behind; especially in some countries and areas, the technique still remain in the epoch of imitating cartography, thus it is impossible for these countries and areas to carry out international nautical cartographer education independently.   

Under the condition, IHO should support these countries which have relatively lagged behind. Firstly, IHO should make some policies to encourage technical developed countries to make over nautical chart technique economically or even free of charge. Secondly, encourage these countries that are qualified in training international nautical cartographers to train advanced talents free of charge for countries whose education of nautical cartography lagged behind, and send experts and scholars periodically to help these countries erect schools. Only in this way, could nautical chart education be balanced developed, and to realize the goal of multinational nautical cartography technique allied and nautical cartography achievement shared.

4.2 Write and apply international teaching material

    Training should not break away from teaching material, international level of teaching material system is essential while carrying out international cartography education. In the training of international cartography and hydrography talent persons, thousands of teaching material and reference books are specially recommended in the form of M-6 for training units to choose[3].  

While the teaching materials recommended are written very early, and the content is also out of date. Especially in nautical cartography, teaching materials are still insufficient. From now on, IHO should organize experts to select teaching materials which have been published by each country and update content of teaching material as for teaching materials and reference books of international nautical cartographer training. Or, IHO could organize some experts to write a set of teaching materials, therefore, take the strategy of writing step by step: first of all, write some basic teaching materials for Specialism Subjects, such as Chart Projection, Ocean Geography, Marine Geography and so on, these subjects are popularly used, varies in applicability and easily generalizing. Then, write some professional and complex in technique teaching materials, such as Chart Design, Electronic Chart, Database of Chart and so on. For technique and software vary from country to country, thus it is wise to choose widely used software while writing these teaching materials.

4.3 Teach in bilingual language and improve the ability of language communication

    The internationalization of nautical cartography will foster more and more international nautical cartographers. To cooperate internationally better in future work and considering English a universal language, nautical cartographers should be familiar with English, it is no better than taking English as the second work language of nautical cartographers.

Therefore, it is essential for these countries that develop nautical cartographer training to carry out bilingual teaching, which consider English the same as mother language. Especially emphasis listening, spoken English, writing practices so as to comprehensively improve listening, saying, reading and writing application abilities. Lay a good language and communication foundation for students’ engaging in cartography career, also it is great advantage to exploit and regulate the training market of international nautical cartographer education in future. [4]
5  Conclusion 

    Under the guide of the three international organizations: IHO, FIG and ICA, through corporate efforts of all IHO member countries, the scale of international nautical cartographer training will be larger and larger, and better and better in training quality.
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