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Abstract: User interface plays an important role in the process of information interaction between user and the system. In cartographic information system, user interface is the way by which users get spatial information from digital map. User adaptation and display effect of electronic maps are main problems existed in current user interface of CIS, which became obstacles of their applications. In order to explore methods of resolving user adaptation, the authors present the design idea of multi-style GUI for cartographic information systems and discusse the way of developing multi-style GUI model. 
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1 Introduction 

The rapid developments in digital mapping, GIS, Internet, computer graphics and Virtual Reality technology bring cartography an entirely new change. Nowadays, the representation of spatial information has been developed from paper map to digital map. There have been many kinds of Cartographic Information Systems (CIS) that based on digital maps, such as multimedia electronic atlas, desktop GIS, web map, virtual map and mobile map. The representation of spatial information and the exterior character of map have been changed, at the same time, the interactive way of information between user and map was changed also. 

Due to digital map can’t be visual and exists in computer, users are incapable of explaining data in digital map directly and have to contact with data through user interface in the system. If user interface is ineffective, advanced cartographic information system even can’t reach the use effect of ordinary paper map. In the environment of digital map, the user interface is the way by which users get spatial information from digital map. In order to take advantage of CIS as human spatial cognition tool, it is necessary and urgent to study the design of GUI in CIS.

This paper introduces the importance of GUI in cartographic information system to spatial cognition from the relationship of human and maps, analyses the problems existed in current GUI design, presents the concept of user interface in broad sense and the design idea of multi-style GUI, and discusses the the way of designing and realizing the multi-style GUI in CIS.

2 Problems Existed in CIS 

Spatial information is playing a great role in our daily life, and as the presentation of spatial information, CIS have been applied to the fields of tourism, traffic, environment monitoring, resource management, city planning, etc. The user group of CIS is enlarging gradually from geographic or cartographic specialists to the public. Especially the popularization of web map and multimedia electronic atlas brings more and more user groups. Hence, CIS has been a kind of geographic information service system with vast numbers of users now.

With users’ increasing, there is a great different demand for GUI in CIS from expert users to public users. But almost all user interfaces in existing CIS are designed for specialist-oriented, and treat all users as the same, thus ignore individual features of users. Most user interfaces in CIS are rich in interactive functions but poor in performance. Often it is difficult for a user to find the few necessary tools for his personal needs without being bothered by other irrelevant functions. Also, GUI in these systems is equipped with poorly structured and unnecessarily intricate operations that can only be mastered by expert users. But for public users, they need well-designed GUI to accomplish their tasks easily[1]. Based on the above, the public users feel CIS difficult to use and need special training. The problem in user adaptability of system has limited the popularization and usage of cartographic information systems.

CIS is a kind of spatial information system, and electronic map is an important part of user interface in CIS. Therefore, the GUI of CIS is map-based user interface, and the key of interaction between user and system is the relationship of human and maps. Due to the lack of the research on the visual effects of electronic maps in CIS, imperfect holistic display effect of electronic maps influences on the effective transmission of spatial information between users and system. Most of current CIS only have single style GUI that maybe fits some users but not fits all users. Often many short-lived CIS have never reached their intended users because of the troublesome interface and/ or the visual overload[1]. 

User adaptation and display effect of electronic maps are main problems existed in current user interface of CIS, which became obstacles of their applications. Adaptive user interface can resolve user adaptation, one of the two existing problems, but great difference among user demands and usage situation in various CIS, and GUIs designed for these CIS differ in thousands ways. Different application has a great different GUI even if in the same kind of CIS, it is difficult to build user model and to realize adaptive GUI of CIS in practice. Multi-style GUI is the simple way to solute the contradiction that the expert users need the powerful functions but the public users need simple operation.

3 The Concept of Multi-style GUI in CIS

3.1 GUI in broad sense

The research on the design of user interface has been the hotspot in the filed of computer, and has achieved much products. But GUI in CIS has own characters which different from those in other general computer information systems. As a visual carrier of system’s supplying spatial information to user, electronic map itself is an important component of GUI in CIS. Therefore, designing GUI for CIS can’t simply follow the design principles of general computer information systems, but should consider its map character. 

The map character refers to the user interface of CIS including electronic maps besides windows, menu, toolbox, icons and buttons. According to map character of CIS, the user interface concept in broad sense is presented in this paper, the interface elements in traditional meaning such as windows, menu, icons, buttons and toolbars, etc. are called as “screen interface elements”, and call electronic maps as “map interface elements”. The user interface concept in broad sense is composed of screen interface elements and map interface elements[2].

3.2 Multi-style GUI in CIS

It is impossible to design a kind of user interface in CIS that can satisfy all users’ demands, thereby, the authors present the design idea of multi-style GUI for CIS. The multi-style GUI means there are more user interfaces with different style in one system. For example, there are many kinds of GUIs in a multimedia electronic atlas or an electronic map making software, and users can choose the user interface according to their favors.

Multi-style GUI adds the user adaptability of system. The multi-style GUI makes one CIS software has ability of providing different style GUIs for different users depending on users’ basic characteristics and demands. In this way, most users can use CIS software more easily and efficiently. 

4 Design Study of Multi-style GUI for CIS

4.1 Survey and classification of current user interfaces 

Existing user interfaces embedded in GIS, multimedia atlas, web-map and other commercial software packages will be investigated, with the results being stored in a database of user interfaces. According to the concept of user interface in broad sense, there are four typical GUI models that are concision style, website style, software style and multimedia style GUI, which could represent different type of cartographic information systems[2].Then some kind of typical user interface model will be concluded through investigation, and their peculiarities, composing elements and applicable situation will be studied. And typical user interface model library was built as the elementary user interface the system supplied for different users.
4.2 User study

User study is vital for any human-computer interactive systems. In order to make CIS have much user adaptability, the design of GUI should consider the operation level and use habit of user fully, which not only satisfy user’s requirement for the function, but also can be used easily and pleasingly by users.

It is incapable to foresee how many the individual user will be, but we can classify the users, who are likely to use cartographic information systems according to some conditions, and get some user types, and then build user model and incarnate the cognitive characteristics and requirements for the GUI of the same user type. Thus, the main aim of user study of CIS is defining the potential user group, and make practice demands of users become the guide of designing GUI by studying task operation, perception and cognitive characteristics, all will result in the design of GUI in CIS accord with the habit, experience and expect.

User study in CIS includes (1)user group characters analysis: establishing user information liberary through studying the potential user group and classifying and describing them; (2)user task model and mental model study: studying the workplace of user, habit of using system and tasks to be accomplished in order to know the expectation of user for system function and requirements for use interface design and appearance; (3)user model establishment: based on the modeling and representation of cognitive reactions of a map designer/end user, stereotypes could be established that reflect the characteristics in gender, age, knowledge background, professional, spatial ability, computer operation level, etc. and each user stereotype will be then matched with a certain type or type combination in the database of user interfaces by means of experiment described in the subsequent section. 

4.3 Design study of interface elements

Aiming at typical user interface model, the overall arrangement of menu, icons, toolbar and buttons in user interface will be studied, and then screen interface element library will be built.

Design study of map interface element includes applying cartographic visual perception theory and map semiotics to study the construction rule of electronic map symbol, content display of map and scale control rule according to different scale through cartographic visual perception experiments. 

The overall display effect of user interface with map interface element and screen interface element will be studied. And the design principles of GUI for CIS will be presented based on users’ visual perception experiment. 

4.4 Cognitive experiment of GUI 

In order to answer the question which type of user interface or GUI is preferred by a particular user stereotype, an cognitive experimental system will be developed in VC++ programming language. The experimental system consists of various interface functions collected from commercialized GIS, e-mapping systems and elaborately designed GUI models based on the design principles of GUI for CIS above. During the interaction, each user may tend to select and structure the interface functions that are most convenient to him or her. The test process works in an iterative manner, which means the result of each interaction step or session will be fed to the experimental system, thus trigger a new round of iteration. The iteration stops when further user behaviors do not bring any changes to the preferred interface pattern. The cognitive matching between a user stereotype and a preferred interface pattern can be regarded as stabilized at this stage. In case that a consistent interface type can be revealed for each user stereotype, a matching database can be constructed[1]. 

5 Implemantation of Multi-style GUI
5.1 GUI database

Based on design study of multi-style GUI, with the user model, an initial GUI database can be established. The key of dynamic multi-style GUI mechanism is find relationship between GUI elements and GUI database, so the GUI elements library is foundation of multi-style GUI. By using programming tools such as Visual Basic or Visual C++, a CIS with multi-style GUI can be made. 
5.2 Multi-style software cover

Animations were used to made software covers, in this way, we can illustrate the main functions of the system and enhance it’s visual effect. Link the animative main cover to system’s main functions, this method can made system be operated by novice users more easily. Meanwhile, animation covers of CIS also can enhance the system’s visual effect, this character may avoid boring users by only one single static software cover. In the development of this kind of animation cover, VC++ and Macomidea Flash are considered as good tools. C++ Class named as “CAniCover” derives from “CDialog”. When system is running, an object of the “CAniCover” is created and inserted into program’s main thread. In the “CAniCover” class, some Animation Controls can be deployed. “CShockWaveFlash.ocx” was used in our prototype system, by this control it can load different style covers that were stored in GUI database when the system is started. 

5.3 Common used tools

Common used tools is a very important part of GUI in CIS. When users operate the system, they usually use these common used tools to achieve their goals. However, common used tools mean different to different kind of users. For example, a novice users maybe loss in complex experts’ common used tools, on the other hand, experts maybe can’t achieve what they want by common used tools for novice users. So in CIS with multi-style user interface we need to implement this GUI function that provide different kinds of users with different common used tools. In the prototype system, more GUI elements were implemented. These GUI elements have the attribute to record what kind of users fit, and how to show themselves to system users. In program, VC++ resource management tools are used to different kinds of GUI elements, such as different size of toolbars, different complexity of menus, and different structures of treeview. Then they were organized in a database management system to build the GUI elements library. With this library, when a user operates the system, he will be asked to provide his basic information. Then the system will match the user’s basic information and elements library’s records, and load the corresponding GUI elements for users. 
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Fig. 1 GUI for experts                      Fig. 2 GUI for experts
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Fig. 3 GUI for novices                      Fig. 4 GUI for novices

5.4 Technical flow of implementing multi-style GUI

The things mentioned above are some main prerequisites of multi-style GUI, and the technical flow of implementing multi-style GUI are as follows. 

(1) Collecting multi-style GUI resources. The implementation of multi-style GUI is based on several sets of GUI resources, so the collecting of some current GUIs of CIS should be accomplished in the first phase, and these GUI resources can be divided into different styles according to the kinds of CIS. 

(2) Editing different styles of GUI elements. Because of GUI elements collected from different resources, their forms are quite different. In order to fuse these GUI elements into an entire system, it is necessary to edit them in an uniform software development environment. In the system developed by the authors, visual studio.net 2003 was used to edit GUI elements. After edited, the collected and designed different styles GUI can be used in development of multi-style GUI for CIS.

(3) Establishing the relationship between identify code of GUI style and GUI resource. An effective method should be built up to relate different styles and GUI resources, so that the corresponding GUI elements can be loaded immediately and form different GUI style when users need. There are two kinds of solutions. One is using relational database to restore different GUI style identify number of every GUI elements resources, and the system can load different GUI elements by the database’s index. The other is making configure files, and different GUI elements’ identify numbers were recorded in these configure files. When users need different styles of GUI, the different configure files will be loaded to define which set of GUI elements should be loaded. These two methods both can provide different style of GUI to users. Using database can restore more GUI elements and more complex relations between styles and GUI elements, and using configure file can make system have faster speed when loading different style GUI styles and more simple in programming. 

(4) Linking GUI elements to CIS’ functions. As part of CIS, multi-style GUI should be linked to the functions of CIS. So, after different styles of GUI were built, it is necessary to link every GUI elements to system’s functional code so that every style of GUI can help users accomplish their works. In the complete phases developer should write code for every functional GUI elements, or there will be some no reaction GUI elements.

(5) Getting users’ basic characteristic information. Before loading a GUI style, the system will create a dialog box and require users input they basic information including use propose, users’ age, gender, education lever etc. The system will match users’ basic information to one GUI style, and load the relevant GUI for current users. 

Fig. 5 shows the design process and the using process of multi-style GUI for CIS.


Fig. 5 The design process and the using process of multi-style GUI for CIS
6 Conclusions

Users need different GUI to help them grapple the using methods when they use CIS. In order to make one CIS software provide different GUI for different users, the authors present the design idea of multi-style GUI for CIS. By analyzing current CIS, some design problems in GUI were found, and a mechanism of multi-style GUI model was established, which includes researching on users model, map symbol system and GUI elements library. At last, the prototype system with multi-style GUI proved that multi-style GUI design is feasible. By using these methodologies the authors built an electronic atlas with multi-style GUI that can provide different styles of GUI for different users according to their different demands. The prototype has the functions of selection, adjustment and modification in GUI style, and achieves the goal of multi-style GUI in one system. This multi-style GUI design method in some sense solutes the problem of single GUI that usually existed in similar software that development with Visual C++ programming environment.
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