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1. Introduction

In this paper, we introduce our newly developed “Sign Map” technology and its underlying basic concept. 

Demand for realistic and uniform representation of the real world using computer graphics (CG), such as in landscape review applications, is increasing in our society. However, landscape expression by CG requires buildings, trees, traffic signs, and billboards to be created as individual objects; their production which is not only time-consuming but also requires data transformation from an original to a proper format, causes difficulty in processing and reusing the data. Thus, it is common to create those objects independently in a CG environment corresponding to each project or purpose. Since objects created by CG are texture mapped to be mutually orthogonal with the object, there remains a risk of creating visibility defects in fly-through or walk-through views depending on the angle of each texture. Fig.2 and Fig.1 show the difference between the texture mapped onto a building object and the actual photography taken on site.

In navigation systems, the major purpose is to guide the user to their destination which they set-up in advance themselves. But in general, the representation strategy of maps displayed on a screen varies according to each different system.

Human beings perceive a scene of the real world through their eyes and convert it to a simple visual model in their brain to recognize it. It is believed that the human brain will process and understand what objects are necessary or unnecessary to recognize through exaggeration and simplification (generalization) of the visual model generated in their brain. (Morita, 2005) It is important to understand that the limited surface of a PDA or mobile phone display requires speed efficiency for humans to process in their mind a generalization of the scene in order to recognize the objects. Therefore, this paper deals with the general concept of the generalization of urban landscapes through signs and introduces a prototype of a 3D walk-through sign map emphasizing the context of the user.
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Fig.1 On site scene
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Fig.2 Photo realistic representation of the scene by CG
2. What is a “sign map”?

It is the technical method of mapping that uses building attribute information to call forth and display appropriate sign objects on the screen. It emphasizes helping the human brain to recognize the real world by displaying sign objects. This method also delivers a “personalized function”, which is the key concept in the scheme of ubiquitous computing. The concept of personalized function is that the system understands the user’s search history, personal tastes, or requests in order to alter the display signs to help the user to find a destination effectively.

3. Sign map creation process

There are two major processes in sign map production. The first is creating a solid 3D building model and making linkage information (attributes) to label sign object(s) at each building model. The second is the creation of a sign object archive. Appropriate sign objects are selected from an archive created ahead of time using an attribute query sequence that runs according to personal requirements. Thus, appropriate sign object(s) are labeled for display on mobile phone or PDA terminals adjusted to the context of the user (Fig.3). 
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Fig.3 Conceptual scheme of sign map
3.1 Creation of three-dimensional building models 

It is important to specify in the creation phase of a 3D building model how we assign building height (Z value) to a 2D building footprint. In this case, LIDAR elevation point data is applied as the building height source. The LIDAR data used retains a Z accuracy of ±15cm (RMSE) with about 2m point spacing.  We extract 1 (one) Z value from all points falling within the building footprint, and assign it as the building height. There are four alternatives for the Z value extraction method (Table 1). Although each method has its own characteristics and can be used for different specifications and purposes, we applied the mode method, which usually shows stabilized results (Table 1).
Table.1

	Method
	Characteristic

	Max
	Because it selects the highest Z value within the building footprint, it can retain enough range in the upper threshold.  However if there is a point from power lines, antennae, conductor rods or poles above the actual building top surface, the assigned building height may be higher than the actual value.

	Rate
	The height values within the footprint are sorted in descending order, and the user defines the rate (%) of height from the upper order to be assigned.  If there are antennae, conductor rods, or power lines above the actual building’s top surface, the result may be similar to the max method, depending on the % specified by user.   

	Mode
	It creates a histogram by height values within the footprint and selects the mode value to be assigned.  Rooftops that have inclined or gable end shapes may be lower than actual height.  Also, buildings that have multiple top floors with large flat lower levels may be lower than actual height. 

	Average
	It selects an average value out of all values within the footprint.  Since the method relies on all points falling within the footprint, having multiple top floors at different layers of height may produce results lower than the actual height.


3.2 Creation of a sign object 

The sign object is created in Wavefront OBJ (*.obj) format. OBJ format allows the use of group ID design, and it enables labeling of objects through its attribute database. Also, OBJ format is an ASCII file that describes coordinate information and their order of circulation to each object; this allows one to freely attach a sign object and change its size without manually changing the side surfaces of a building. This flexibility and adaptability are the reasons why OBJ format was selected for this project. The graphics applications 3d studio max or Maya from Autodesk were used to create the sign objects.

4. Characteristics of a sign map

The characteristics of a sign map are listed below: 
· Real space and map space are linked and referenced together through sign objects.

· Its main source is signs, and they are always displayed facing the user.

· Through the visual exaggeration and simplification of sign objects, building objects are mapped as well-readable and recognizable to the user.
· Signs are preliminarily created and registered as Sign objects. Effective signs could be banks, convenience stores, department stores, fast food stores, or restaurants.

· There is a function to avoid overriding of multiple signs in 3D representation on the display screen.

· Personalized function allows user to display different signs based on the user’s requests or generate signs according to search history.
· Automated display function of sign object uses building attributes to select appropriate sign objects.
· Exaggerated sign display, usually taking 50% to 70% of a building object size, makes the signs easy to recognize.
· It is easy to maintain the sign objects and reuse registered objects.
5. Investigation of the effectiveness of sign map

5.1 How do sign maps and CG differ?

Having mentioned previously the characteristics of the sign map, we can verify how the characteristics of a sign map and CG differ in comparison, in addition to that of field photography. The results are shown in Table.2.

Table 2
	　
	Characteristics of sign map (Advantages)
	Field Photography
	CG
	Sign Map

	1
	Data Reusability
Production time redundancy
Maintenance manageability
	Low
	Moderate
	High

	2
	Personalized display with conditional order
	Low
	Moderate
	High

	3
	Visual recognition in walk-through view
	Low
	High
	High


5.1.1 Data reusability, Production time redundancy, and Maintenance manageability
Field photography is difficult to process (clipping or trimming) to use directly as sign objects. Although CG can simply duplicate the object using a clone command, it usually requires manual-editing by hand in order to retain the quality of the object in keeping with the context; which tends to be a time-consuming procedure. On the other hand, the premise of the sign map is its use of the sign object as a simplified model (symbol) which are labeled for display through attribute information queries. The sign map method not only makes the production of sign objects fast and easy, but also allows objects to be reused through simple ID information updates for each object rather than physically copying the objects or making object models.

5.1.2 Personalized display with conditional command
With field photography, it is difficult to give conditional commands to manage a personalized display with ON or OFF assignment. CG can handle conditional commands for personalized display, but it should be set in advance so that objects are displayed in a virtual reality model where they are ON or OFF according to conditions preset at a certain time and location. Therefore, with CG it is difficult to deliver a real-time, personalized display according to the conditional commands of the user. In order to resolve these difficulties within a CG environment, the sign map method stores building models and sign objects separately in OBJ format with each attribute ID. The ID helps the search process in each database and retains the attribute database and archive based on the information of the search and record history. Therefore, the sign map is designed to possess sustainability for personalized real-time display.

5.1.3 Visual recognition in a walk-through view

Since field photography is taken from a given perspective angle, depicting “the whole truth”, it may block things that users want to see which lie behind objects (tree, wall, car, etc.) located closer to the user (camera). CG is able to purposely omit or delete unwanted objects from the data and can change the level of detail to be displayed according to the distance between user and objects to make a view more recognizable.  However, as CG can change the viewpoint freely and becomes more realistic and similar to the real world, it starts to resemble field photography or even to give the same quality level as the real world. Since what CG can show us today is becoming so realistic, it is possible that we unconsciously may try to interpret CG views in the same way as we recognize real world objects. It could be the same for mobile phones or PDA devices, which were created as interface tools providing reference information to the real world. In other words, we may be simply duplicating our interpretation and recognition of the real world through our own vision, but using CG viewing devices. Therefore, it is more efficient to use a visual device to provide us with reference information to help our natural perception and recognition of the real world. The sign map does not pursue realistic visualization, but it emphasizes conditional visualization for users to help define the location. The sign map shows selected or limited information specified by the user; for example, a variety of shops in a building can only be displayed as sign objects defined by personal request. If there are sign objects located further beyond, the system can omit those unnecessary signs and only put the requested sign objects to ensure easy recognition. The sign map also displays the sign object to face the user. Consequently, as the user passes in front of the building, a sign object rotates to face the user, making it easy to recognize. Although CG can set text strings to rotate to face the user, the sign map is more comprehensive and presents a new method of visualization for mobile display.

5.2 Visualization quality and capability among different models 

Although it could be subjective to grade the effectiveness of the sign map, we focus here on three different samples (Fig. 5, 6, 7) depicting different display types to compare the level of effectiveness of visual recognition. Figure 5 is a simple plain building model, Figure 6 is a plain building model with sign objects, and Figure 7 consists of a plain building model with sign objects and a façade view attached to the main buildings. Figure 6 shows more information to users for location and directional recognition than Figure 5 does. It is clear that Figure 6 shows the sign objects directly facing the user adding clear visible references. Figure 7 shows the same quality of information as Figure 6 does for sign objects, but adds extra texture mapping to the buildings nearest the user, which represents additional contextual information about the site.
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Fig. 5 3D model (Simple shading method)
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Fig. 6 Sign map (Non-textured)
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Fig. 7 Sign map with texture mapping (foreground only)
5.3 Generalization method in a Sign map

The generalization method of a sign map is not a simple zoom-in/zoom-out relationship, but each sign object can change its display size and appearance depending on the distance between ones view point and the sign object (Fig. 8). This method is effective in optimizing how sign objects are displayed for easier recognition of target locations.  Also, because this technique is controlled based on an attribute value, a sign map can represent the appropriate sign on the display.


[image: image7]
Fig. 8 An image changing Sign Object depending on the distance 

6. Conclusion

In this paper, we discussed the concept of the Sign map and the process to create it. Although the sign map method at this time still remains at the prototype model stage and requires work on its review and modification, we can present the display method and modeling schemes. We are continuing to look for sustainable development of this technology, and we believe the sign map will be the next breakthrough in the mobile mapping field.

Our vision and task is to develop a portal site for human navigation where users can upload sign imagery taken with a mobile digital camera and create his/her own sign objects, adding favorite places.  Also, the coverage sectors in the sign map will be expanded to include not only commercial signs and billboards, but also to cover public signs and tourist information as well. Therefore, we foresee a diverse field of study for sign map development as we enter the next phase.
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