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Applications of information technologies have significantly improved efficiency of electronic document processing and management. The speed and amount of knowledge accumulation in the cyberspace have exceeded what common users can perceive. In order to enhance the efficiency and accuracy for knowledge receivers to acquire domain knowledge, an appropriate knowledge representation scheme is required. Most of the traditional schemes for explicit knowledge representation are text-oriented and much time is required for knowledge receivers to recognize the contents, especially for the spatial knowledge (e.g., the geographical or assembly information). This research develops a knowledge visualization methodology that computer systems can automatically convert the textual knowledge into visualized display. In addition to the proposed methodology, a Web-based prototype system is developed to support spatial knowledge sharing. In the prototype system, the free-form documents with spatial knowledge can be converted into formatted ones and the corresponding visualized display can be established based on the formatted contents.

Feasibility and effectiveness of the proposed model are evaluated via a demonstration case.

The goal of this research is to provide a knowledge visualization approach that can be widely applied in enterprise e-training to enhance the effectiveness of enterprise knowledge reuse.

This paper is organized as follows. In Section 2, the related studies about applications of the visualization technology and knowledge visualization are surveyed. The algorithms for identification and visualization of the spatial knowledge are represented in Section 3.

Section 4 introduces the web-based spatial knowledge service platform developed in this research. Feasibility and performance of the proposed models are evaluated in Section 5.

Conclusions are given in Section 6 to show some useful extensions of the proposed model.

Literature Review

This research emphasizes application of the visualization approach on spatial knowledge representation. Previous literature about applications of the visualization technology and knowledge visualization is reviewed in the following subsections.

Applications of the Visualization Technology

With the rapid development of information technologies, the 3D image processing technique has gradually taken the place of the traditional 2D plane technique. This trend enables the 3D technique to be extensively applied in different applications. Recently, with the development of multi-media technologies, virtual reality (VR) has emerged to be one of the popular technologies. Owing to the rapid calculation, drawing, animation processing of personal computers, the computer hardware and software can be used to simulate the real environment or real objects and thus users can acquire the learning and training materials in an instant and interactive environment. The characteristics (e.g., imagination, immersion and interaction) of the visualization technology can be utilized to provide users a more interactive channel for information sharing [START_REF] Li | Network-based virtual interior design system[END_REF].

Due to the great advancement of network communication bandwidth, instant and visualized interaction through network has become one of the major approaches for information transmission. The 3D visualization software is powerful in processing and representing different types of information. Currently, the 3D software that is widely applied in real cases is 3D Studio MAX, VRML and Java 3D: 3D Studio MAX: 3D Studio MAX is developed by Autodesk for 3D animation. Its sophisticated functions can be divided into four main modules including modeling, compiling, scene and animation. Among the traditional researches, 3D Studio MAX has been used as an animation platform for customized digital body [START_REF] Wu | Construction of 3D human phantoms with 2D images[END_REF] or used to set up VR scene to simulate driving behaviors.

VRML: VRML refers to Virtual Reality Modeling Language. Based on the hyper-text concept of HTML, VRML mainly defines a set of presentation standards of 3D graphs, by which Internet users are able to browse 3D illustrations.

VRML is an object-oriented modeling language deployed with illustrations to describe 3D scenes and to display the 3D objects. In addition, it enables instant and distant interactions among Internet users [START_REF] Wang | Study and production of XML-based virtual reality documents[END_REF][START_REF] Chiou | Distributed virtual reality system with multiple interactions[END_REF][START_REF] Cao | Web-based cooperative virtual reality design system[END_REF]. VRML can also be used to develop 3D homepage design systems and Web page designers can easily establish 3D homepages without the knowledge of 3D language [START_REF] Xue | A 3D visualization tool for landmark allocation[END_REF][START_REF] Wasfy | An interrogative visualization environment for large-scale engineering simulations[END_REF][START_REF] Zhang | TOFIR: A tool of facilitating information retrieval-introduce a visual retrieval model[END_REF].

Java 3D: Java 3D is a program library that can be applied in Java platform for creating 3D objects. The library was designed based on the object-oriented concept. Java 3D was utilized to assemble the 3D components in database and to simulate the operation of mechanisms. The engineering information presented in a 3D simulation environment can be served as the communication channel between enterprises and clients [START_REF] Chen | Remote rapid prototyping and knowledge engineering management in network design and manufacturing[END_REF]).

In addition, in the current 3D interactive environment, more and more applications call for visualized presentation of instant operations. converted into 3D animation and be converted to interactive e-learning materials. With 3D software, animation modeling could be accomplished so that users can initiatively observe objects in any direction of a 3D space [START_REF] Chu | Teaching materials for Web3D CAL of Martial Arts Zhongyi Boxing[END_REF].

In the fields related to medical treatment, the 3D VR technique with 3D medical video and medical raster display can be brought into telemedicine systems [START_REF] Chang | Study and application of 3D medical image model restructuring technology based on VRML components[END_REF]. In addition, the virtual reality technique can be used to develop a computer-aided simulation system for intravenous injection and the operators can efficiently learn and practice the related procedure for intravenous injection [START_REF] Hsiao | Virtual reality systems for intravenous injection[END_REF].

As to civil engineering, after selection and analysis of the project blueprints, a 3D VR structure model proportional to the real one can be produced and users can quickly acquire the related information of the construction projects through the visualized interface [START_REF] Hong | Application of VRML visual environment in reinforced concrete bar design[END_REF][START_REF] Yan | Preliminary study on integrating global infrastructure and visualized environment into building construction design platform[END_REF].

Knowledge Visualization

Previous studies about knowledge management focus mainly on knowledge discovery The display methodologies of knowledge maps can be divided into landscape map and visualization of space-time relevance. The landscape map shows the knowledge and concept structure in the form of map or graph [START_REF] Hadley | Finding part-machine families using graph partitioning techniques[END_REF]. Large amount of knowledge is marked according to its characteristics and information and knowledge with high correlation is clustered and linked. The marked and linked information will be presented visually on the map. The structural map expression makes it easier for users to be acquainted with the complicated relevance and meanings of knowledge (Chen and Based on the derived information matrix, an attribute comparison procedure for information visualization can be carried out and the visualized display of knowledge contents can be obtained. The procedure for knowledge visualization can be illustrated via Figure 2.

The free-form documents should first be converted into the formatted information matrix via knowledge structure analysis [START_REF] Pai | Architecture and concepts for knowledge visualization: Spatial knowledge analysis[END_REF]. First, a thesaurus containing three predefined tables (object, position and unit tables) and a rule database are established to denote the domain terms and semantic rules for expressing spatial knowledge. Then contents of a free-form document are fragmented into meaning units via a document fragmentation algorithm [START_REF] Hou | Knowledge component analysis for RDF-oriented knowledge representation[END_REF]. The fragmented meaning units of each sentence are compared with the predefined thesaurus and rule to identify roles of the meaning units in a sentence and thus a geographic information matrix can be established for each sentence containing spatial knowledge. For instance, "Proportion" in the geographic information matrix M denotes the unit (e.g., meter) used in the target sentence and can be automatically extracted by looking up a predefined unit table. Since the distance between the object and reference points is usually expressed via a numeric value followed by a unit, Distance in the geographic information matrix M can be automatically obtained by extracting the numeric value followed by a unit.

The formatted contents can be further converted into visualized display by looking up predefined tables, e.g., Object Relation NL Processing (as shown in Table 2). After looking up the table, the corresponding unit vector t v of direction P i can be applied to identify the relative position of objects in the information matrix for knowledge visualization.
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Object Definition Table can be used to map the object point O i or the reference point R i in the information matrix M i to the corresponding path and file name PN l of the visualized illustration C l (as shown in Table 3).

Unit Conversion Table can be used to convert the unit

h UC in the information matrix M i into standard unit (i.e., meter) (as shown in Table 4). That is, the table lists the conversion ratios between the commonly used units and the standard unit.

The knowledge visualization methodology proposed in this research focuses on mapping the attributes in the information matrix to the related visualization parameters, including the subordination relation of objects and geographic definition of positions and directions.

Details of the corresponding procedure are as follows.

Table 2. Direction Definition Table

Direction ID X Component Y Component 1 T 1 tx 1 ty 1 2 T 2 tx 2 ty 2 … … … … v T v tx v ty v … … … … Table 3. Object Definition Table

Object Illustration

Path and File Name . As a result, a unit vector ( v tx , v ty )

1 C 1 PN 1 2 C 2 PN 2 … … … l C l PN l … … … F o r P e e r
indicating the respective direction of the object point and reference point can be obtained (as shown in Figure 3).

Step (A3): Convert the unit

In this step, the unit attribute i U in the information matrix i M should be mapped to h UC defined in Unit Conversion Table which denotes the ratio between the target and default units. That is, according to the unit used in the target sentence and the default unit (i.e., meter), the ratio used to determine size of the visualized display can be determined by looking up the table. As a result, the unit conversion ratio h S can be obtained for determining the respective position of the object point i O and reference point i R (Figure 6). 
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). The visualization process for the two distinct subordination relations is illustrated in Figure 5.

The entire procedure for knowledge visualization is revealed in Figure 6. After the Owing to the user-friendliness and easiness of the visualized display, the knowledge contents can be efficiently captured by users. On the other hand, the traditional knowledge visualization mechanism that simply presents the information hierarchy is unable to accurately show the knowledge contents. Via the proposed approach in this research, the Cartesian coordinate as well as the predefined illustrations can be used to visualize the spatial knowledge expressed in text. Through knowledge visualization, users can efficiently and accurately acquire spatial knowledge. access mechanism are illustrated in Figure 7.
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Spatial Knowledge Service Platform

Geographic data Newcomers can acquire knowledge about PC component assembly by themselves and the cost of human resources and time devoted in repetitive training can be reduced. Furthermore, the system can facilitate staff's autonomous learning without limitations on time and space and risk of expertise loss can be reduced. Functions of the platform for two distinct roles, i.e., the knowledge provider (computer technicians) and the knowledge demander (new employees), will be introduced in the following.

(A) Knowledge providers (computer technicians)

For a PC retailer, the computer technicians are the providers of PC component assembly knowledge. The technicians are responsible for importing the manuals and illustrations of PC components onto the system so that the knowledge demanders can acquire related knowledge online. The technicians should maintain the following data: Thesaurus about PC component assembly: Computer technicians can input the domain vocabulary related to PC component assembly into the system via Domain Thesaurus Maintenance Module (Figure 8) including IDs of computer components (e.g., "RAM" and "CPU"), behaviors (e.g., "Install to", "Insert in" and "Link with") and location descriptions (e.g., "Below" and "Above").

Illustrations of PC components: Illustrations of PC components can be maintained in the system for visualized presentation of text-based descriptions. In addition, subordination relation between components should also be identified to ensure correct visualization (Figure 9). imported onto the system via Document Import Module, the system will automatically analyze the uploaded files to identify the target sentences about assembly knowledge that can be represented visually. The target sentences are segmented and tagged to generate geographic information matrices. After mapping the information matrices with the domain thesaurus and illustrations, the related visual representation of the extracted target sentences can be displayed on the user interface and stored in the system database for the other employees to access. In addition, other materials about software and driver installation can be available to the staff as well (Figures 10 and11). respectively. Based on the predefined thesaurus and illustrations, the target document uploaded onto the platform (via the interface of Figure 10) can be analyzed to extract and visualize the spatial knowledge (via the interface of Figure 11).

Performance Evaluation

In order to evaluate the effectiveness of knowledge content analysis and visualized presentation, visualization of the PC component assembly knowledge is selected for demonstration.

Evaluation Scenario

At first, 62 manuals about PC component assembly are selected. The target sentences describing the spatial knowledge are also identified from the manuals and 159 sentences are selected for visualized presentation. Furthermore, the target sentences are segmented into meaningful units and each segment is marked with appropriate tag to denote its role in the geographic information matrix (i.e., object point, reference point, position, proportion or distance). The analysis procedure is revealed in Figure 14. Among the 62 manuals, 10 manuals and 10 target sentences are randomly selected to test the reasoning accuracy of the proposed methodology. In order to explore the learning capability of the proposed methodology, eight test stages with different numbers of training sentences (i.e., 20, 40,60, 80, 100, 120, 140 and 159 sentences) are carried out.

Performance Indices

In this research, six quantitative indices for target sentence identification, sentence fragmentation and tagging, and information matrix generation are employed to evaluate the performance of the proposed methodology.

(A) Target sentence identification

In a free-from document, the target sentences that express spatial knowledge will be extracted and visualized. In the developed platform, a sentence with the attributes of "object The recall rate of information matrix generation (R E (SD)) refers to the system capability in parsing the target sentences into matrix elements. The accuracy of information matrix generation (A E (SD)) represents correctness of the system in parsing the target sentences into matrix elements. These indices can be calculated as follows:
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The above indices can be used in the eight test stages to evaluate performance of the developed system in spatial knowledge identification and visualization.

Result Analysis (A) Target sentences Identification

As shown in Table 5 and Figure 15, the recall rate of target sentence identification is at the lowest (44.76%) at the first stage (with 20 training sentences) and climbs up with increase of training sentences (amount to 159 sentences) to reach the peak (96.67%; the corresponding standard deviation is 0.105). Except that the recall rate at the fourth stage (with 80 training sentences) is equivalent to that at the fifth stage (with 100 training sentences), the recall rates at all stages feature an upward trend, which reveals the learning capacity of the target sentence identification. Therefore, as the recall rate and accuracy of sentence fragmentation and tagging reach the peak at the third stage, the performance of information matrix generation also strikes the highest. The summarized results and the tendency graphs above reveal the learning capability of the system. As more domain terms are maintained in the system, the recall rate and accuracy of each type of performance indices can be enhanced. For domain knowledge with limited domain terms, less training stages are required for high effectiveness. Thus the proposed methodology and system can be applied to application domains with spatial terms in order to visually present domain knowledge.
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On the other hand, comparing the engineer exploded map with the proposed methodology, the engineer exploded map accurately reveals the relationship of components of the target object. The exploded map is usually established by domain experts. This research develops an algorithm and a platform to automatically convert the text-based contents into visualized display (ideally the engineer exploded map). Based on the proposed methodology, rely on domain experts to establish the exploded map can be reduced.

However, the shortcoming of this methodology is that accuracy of the visualized display generated via the proposed methodology cannot totally be guaranteed.

Conclusions

This research is dedicated to visual representation of spatial knowledge. At first, this study explores the spatial knowledge acquisition and presentation models for automatic structure analysis of spatial knowledge. Based on spatial information glossary and rule base, accurate visual representation of spatial knowledge contents can be generated. A Web-based system is developed to facilitate knowledge receivers to study the visualized domain 

  knowledge and establishes the domain thesaurus, rule database and illustration bank to automatically analyze the semantic structure of spatial knowledge within domain documents and generate the visualized display of spatial knowledge. As a result, the knowledge contents can be concretely and efficiently represented for the knowledge receivers.
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 6 [START_REF] Neaga | An enterprise modeling and integration framework based on knowledge discovery and data mining[END_REF], knowledge extraction[START_REF] Hou | Heuristic and integrated approach for technical document authority and authentication sequence determination[END_REF] and knowledge reuse[START_REF] Shaw | Manufacturing knowledge management strategy[END_REF]. Concerning the knowledge sharing issues, the visualized display of information or knowledge can bring users into image and enhance their comprehension and cognition about the aim of learning. The traditional approach of representing the knowledge in text or in plane illustration has the defection of information insufficiency. With the 3D visualized simulation technique, knowledge can be represented via the visualization mechanism. Due to the similar experience in visualization of human beings, visualized knowledge representation is more direct and efficient for users to acquire knowledge. The visualized knowledge representation mechanisms can be divided into knowledge map representation and knowledge level representation. With The knowledge map representation mechanism, the knowledge contents and their corresponding relationship can be depicted via the landscape map. In the knowledge level representation mechanism, the relationship of knowledge contents can be represented via directories or a hierarchical tree. knowledge map displays the knowledge structure in the form of map to show the relevance of knowledge. Knowledge maps can be classified into three sub-categories (Tsai, 2002): Conception knowledge map: Characterizing of the themes and conceptions of knowledge Workflow knowledge map: Composed of a series of activities Ability knowledge map: Used to explore relation between knowledge and human beings
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  procedure, the corresponding visualized display of the information matrix i M can be generated. The proposed methodology provides a systematic procedure for spatial knowledge visualization via looking up the domain thesaurus.
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  "reference point" and "position" is regarded as a target sentence. That is, "proportion" and "distance" are considered as the required attributes for spatial knowledge representation and default values of "proportion" and "distance" are assigned to the target sentence without the two optional attributes. The parameters used to derived the recall rate and accuracy of target sentence identification are defined as follows: R S (Doc) Recall rate of target sentence identification A S (Doc) Accuracy of target sentence identification N RS (Doc) Number of nominal sentences for visual presentation N TS (Doc) Number of reasoned sentences for visual presentation N CS (Doc) Number of sentences in the intersection set of N RS (Doc) and N TS (Doc) M = [Obj, Ref, Dir, Ratio, Dist] ****** ………… ********* ………… ******
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 214 Figure 14. Target sentence identification and segmentation
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 17 Figure 17. Performance tendency of information matrix generation

  user-friendly interface. Based on a demonstration case of PC component assembly, the proposed system is verified to effectively identify spatial knowledge and visually display the knowledge contents as an appropriate number of terms are maintained in the system. By application of the system, organizations can more effectively manage and share domain knowledge and the staff can more efficiently capture domain expertise through the knowledge visualization mechanism. In the future, the text-to-speech (TTS) technology can be integrated into the system to enhance the comprehensive interpretation and representation of spatial and non-spatial knowledge.

  Table, Direction Definition Table, Object Definition Table and Unit Conversion Table (details about these tables are provided in the following).

Table B i

 B The distance attribute in the i'th information matrix

i M of the target document INC_R m The m'th relation rule in Object Relation

Table L m

 L The location attribute of the m'th relation rule INC_R m in Object Relation Table

	O i	The object point in the i'th information matrix	i M of the target document
	P i	The position attribute in the i'th information matrix	i M of the target document
	R i	The reference point in the i'th information matrix	i M of the target document
	S h	The conversion ratio of U h with respect to meter
	T v	The v'th direction described in Direction Definition Table
	tx v	The X component of T v	
	ty v	The Y component of T v	
	UC		

h The h'th unit defined in Unit Conversion Table

U i

The unit attribute in the i'th information matrix i M of the target document Since some critical information including distance, object illustration, unit conversion is required for spatial knowledge visualization, four fundamental tables namely Object Relation Table, Direction Definition Table, Object Definition Table and Unit Conversion Table are established for mapping visualization information: Object Relation Table defines the relation between regions and sub-regions. As shown in Table 1, the relation rule INC_R i defines that sub-region L i is included in region A i . That is, the object relation rules can be used to identify if two regions have subordination relation.

Table 1 .

 1 Object Relation Table

	Rule ID	Region	Sub-region

  Direction Definition Table can be used to define the direction P i in information matrix M i
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Table 4 .

 4 Unit Conversion TableIn the attribute mapping procedure, the attributes in the information matrix are converted into illustrations. First the subordination relation of the object point and reference point (i.e., ={FD i (O) ,FD i (R) , FD i (P) , ...}
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i O and i R ) should be determined via the rules in Object Relation Table (L m ). The concept can be expressed as follows: If there exits INC_R m that

Step (A4): Visualize knowledge contents
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Table 5 .

 5 The accuracy of target sentence identification with 20, 40 and 60 training sentences grows upward from 60.0%, 64.84% to 66.0%, while decreases by 11.33% to 54.67% with 80 training sentences.It indicates that the system performs poor in target sentence identification at the early stages (with fewer predefined domain terms). The accuracy grows slightly by 6.14% from the fourth stage to the eighth stage and it can be concluded that the accuracy of target sentence identification features the learning capacity. Higher accuracy can be achieved if the threshold value for target sentence identification can be adjusted with respect to the number of predefined domain terms. Performance of target sentences identification indices deviation of 0.471) at the first stage and rises rapidly to 100% at the third stage. Information matrix generation relies much on the accuracy of sentence fragmentation and tagging.
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(C) Information matrix generation

Based on Table

7

and Figure

17

, the recall rate of information matrix generation hits the lowest at 33.33% (with a standard deviation of 0.471) at the first stage and climbs up quickly to 100% at the third stage. The accuracy is at the lowest of 33.33% (with a standard

Table 6 .

 6 Performance of sentence fragmentation and tagging indices

	Sentence		Number of training sentences at each stage	
	fragmentation and							
	tagging	20	40	60	80	100	120	140	159
	Recall rate	Average 60.55% 75.90% 93.24% 93.24% 93.24% 93.24% 93.24% 93.24%
		Std. Dev. 0.255	0.215	0.118	0.118	0.118	0.118	0.118	0.118
	Accuracy	Average 53.57% 67.38% 87.38% 87.38% 87.38% 87.38% 87.38% 87.38%
		Std. Dev. 0.260	0.243	0.207	0.207	0.207	0.207	0.207	0.207
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				(					

Number of Sentences)

  

	Recall Rate
	Accuracy
	Figure 16. Performance tendency of sentence fragmentation and tagging

Table 7 .

 7 Performance of information matrix generation indices

	Information matrix			Number of training sentences at each stage	
	generation	20	40	60	80	100	120	140	159
	Recall rate	Average 33.33% 58.33% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
		Std. Dev.	0.471	0.467	0	0	0	0	0	0
	Accuracy	Average 33.33% 58.33% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
		Std. Dev.	0.471	0.467	0	0	0	0	0	0
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