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Abstract: 
The concept of a real-scale map for guided travel is presented as an implementation of ubiquitous mapping, where maps can be utilized in any place, at any time, and for any purpose. Ubiquitous mapping relies on the infrastructure realized through ubiquitous computing, by which computers are available in all real spaces through information and communications systems. The real-scale map combines the spatial model of an area (a map) with common reference points in real space to facilitate verification between the model and the current location of a user. The deployment of reference points, in real space with a direct representation in the spatial model, allows the model to more accurately and intuitively display the structure of the space. The framework of this concept is described, and the basic requirements for the allocation of reference points are discussed.
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1. Introduction

  Ubiquitous mapping refers to the use of maps in any place, at any time, and for any purpose, and derives from the concept of ubiquitous computing, where computers are available in all places based on a pervasive infrastructure of information and communication systems. The notion of ubiquitous mapping is thus not a single solution to a technical mapping problem, but the realization of an environment in which comprehensive mapping plays a key role in the information society. The four basic components of ubiquitous mapping are the real space, the map, the user, and the information technology infrastructure (Morita, 2005a), and facile coordination between these components is required in order function as a total system. A fundamental prerequisite for such coordination is the establishment of a common conceptualization of the total system and common system elements, such as reference points in real space and an annotated map that can be verified by users in both real space and the map. Connection of the various parts by ubiquitous computing facilities will strengthen the situation.
  The role of each of the components of a ubiquitous mapping system can be understood from the example of a landing strip at an airport. The aircraft is under the control of a pilot, who is guided by a navigation system functioning in virtual space (i.e., a map and coordinate system). The navigation system functions automatically, but the pilot controls the aircraft manually for landing, taking off, and taxiing to and from the landing strip, guided by approach signals that facilitate aligning the plane with the center of the strip. In such as case, real space is bordered and defined by signs, and the pilot recognizes the structure of the space through the signs. Landing, moving from the air to the land surface, is representative of a transition from a map to real space, and such a transition may be performed either by referring to shapes in the map and the shape of the object in real space, or signs in the map (map symbols) and reference points in real space (signs). In the latter approach, signs in the real space can be regarded as constituting a real-scale map. In this paper, the characteristics of such a real-scale map are explored, and the adaptability of this concept is discussed in relation to a real space through correlation of the allocation spaces of reference points.

2. Concept of real-scale map

  The notion of a real-scale map is derived from experiences in Tokyo through everyday use of in-car and pedestrian navigation systems, which have become very popular. The navigation system provides many functions, including the ability to search for a point of interest or a destination, to locate a real position or destination, to be guided by the optimal route to a destination in a step-by-step manner, and to show traffic congestion and landmarks as reference points. These functions are performed using the map interface and the information and communications infrastructure. The systems are not perfect, and new versions are proposed and deployed on an annual basis. In the use of these systems, the greatest difficulty continues to be in the matching between the map elements and the corresponding real space. 

Issues derived from specific experiences

  In Japan, third-generation cellular phones are already very popular, and “all-in-one” high-functionality cellular phones have become more popular than personal data assistants (PDAs). More than 100 million units have been sold. Current cellular phones typically provide full-color, high-resolution displays (240×320 pixels), three-dimensional graphics engines, Java/flash/SVG compatibility, a camera (5 mega pixels), removable memory, email, world-wide web and internet, a voice recorder, a diary, two-dimensional bar code reader (QRCode), global positioning system (GPS), a compass, and a radio-frequency identification (RFID) tag reader. All of these functions are therefore available for use in a pedestrian navigation and guidance system.

  NAVITIME (Onishi, 2004) proposes alternative routes after considering the various possible modes of transport (walking, taxi, bus, train, etc.), and provides timetable and tariff information. Once the route has been selected, the user is provided with step-by-step directions, with voice guidance and a map that maintains a real-heading orientation through the use of GPS and a digital compass. The destination may be designated directly using an address or a point on a map, or by querying the system using several destination categories. This commercial system has proven to be very successful, with more than 2 million subscribers in 2006.

  The Free Mobility Experiment Project (http://www.tokyo-ubinavi.jp/) undertaken by the Tokyo Metropolitan Government, the Ministry of Land, Infrastructure and Transport, the Japan Institute of Construction Engineering, and the YRP Ubiquitous Networking Laboratory is a public experiment to verify the functionality of equipment designed for ubiquitous computing in application to navigation in a real city space.

  The system consists of an integrated circuit (IC) tag, a wireless marker, an infrared marker, and a ubiquitous communicator, providing route guidance and sightseeing information. The ubiquitous communicator is a modified PDA with a GPS receiver and wireless antenna, and is preloaded with information detailing the information relevant to the site of interest. This information is displayed when the PDA communicates with the IC tag (non-contact and passive) and a wireless marker (10 m active zone) at the site. 

  Experiences with these commercial and experimental systems provide valuable understanding of pedestrian navigation systems and have revealed certain issues with current approaches:

-
A small screen is not necessarily a disadvantage for cartographic representation because the notion of scale can be readily understood. If the system can change the scale of representation immediately corresponding to the user’s requirement, the current environment can be easily recognized. The problem is determining the optimal scale for a given situation, which requires a better understanding of the mental process of zooming in and out.

-
True real-time guidance is needed for pedestrian navigation. As in car navigation systems, the user moves in the real space and information must be updated immediately in order to ensure that the user does not miss the object reference required for decision making and orientation. This issue is also related to the legibility of the map, which is largely influenced by the map scale and the map orientation.

-
The optimal cartographic presentation for a site depends heavily on the orientation of the map, and pertains to the choice of heading-up or north-up orientation. As the map scale is normally very large in pedestrian navigation, and the object referencing between landmarks in real space and symbols in the map is performed frequently, a heading-up system is an advantage. Increasing the accuracy of the digital compass and/or the map matching system is needed to resolve this issue. 

-
Verifications are always necessary in pedestrian navigation. Pedestrians continuously check objects in the real space and symbols in the map to determine the correct direction. On the first visit to an area, travelers tend to use signs (e.g., street signs, house numbers, name plates) for guidance rather than landmark features. On subsequent visits, however, landmarks tend to be reference. Commuters taking a routine route do not pay careful attention to their position, and selection and verification of the route are semi-automatic. 
-
The concepts of augmented reality and mixed reality are already present in navigation systems to a certain extent. In augmented reality, virtual information is superimposed on real space using some form of visualization system in order to aid recognition of the space. For example, a virtual arrow may be displayed to a pedestrian via glasses to indicate the direction of travel. Similarly, when the map displayed on a mobile screen is synchronized to the orientation in real space, the user can watch real space through the screen view. In mixed reality, real space and virtual space are connected by the actions of the user, where decision making is performed in parallel in both spaces. Step-by-step pedestrian guidance by mobile device, in which the actual position and direction are indicated by an arrow in real time and in real space is a more conventional example. As can be seen from these cases, the matching between real space and spatial information obtained through a device may not always be easy. The deployment of RFID tags is one solution, but it remains necessary to find the tags in real space, which has proven difficult in many situations in the author’s experience. 
Real-Scale Map

  The relationship between the mobile device for navigation, an IC tag, and a wireless marker constitute a location-based context where real space meets mapping space. If the IC tags and wireless markers constitute a map in real space, then this relationship using a range of location information becomes a real-scale map. A reduced representation of this map with the same reference points is thus generated on the device, and a user can refer easily and correctly to two points on both the real-scale map and the reduced map (Morita, 2005b).

  In the ubiquitous mapping environment, three types of maps will be available at any time; a regular “reduced” map, the map in the mind of the user, and the real-scale map. If a map can be regarded as a model, these three maps exist as models with common characteristics. The pedestrian navigation system can therefore be recognized as a dynamic process of mapping composed of these three elements. The first and second of these maps have been discussed in many ways in cartography. The third map exists in the domain of surveying as a network of reference points to correlate between the coordinate system and the real surface of the earth, and is employed at the same time as reference points in the base map. However, the reference points are not place at a sufficiently high density to be used for navigation.
  The abstraction of spatial objects and reduction of the size of spatial phenomena are some of the basic functions of a map. However, abstraction really only begins at scales of spatial cognition, when an object scene can be observed and the spatial characteristics of the structure can be recognized. This is known as spatial articulation, and is performed intuitively by humans at the level at which spatial elements can be distinguished and classified. This process is very similar to cartographic abstraction, but it is performed using real-scale objects and images retained in memory. When a map is used, the on-site object depicted by a map must be referenced to the real object in order to verify a position. However, it is not always easy to reference abstractions to the real world using only the characteristics of the feature being represented. Consequently, signs located on-site are used to aid recognition in conjunction with signs in the real world. An example of such referencing is street names, which can be readily presented on a map. However, because this approach is not always successful, it is necessary to develop a more efficient system.

  The real-scale map proposed in the present study is a map drawn on the real world using well-defined reference points that are visible on-site, and is used simultaneously with points on a reduced map. Once this has been achieved, all cartographic elements could be defined relative to these reference points. The difference between this system and the coordinate system is that the reference points on-site are either materialized and visible, or invisible. Consequently, reference points should be clearly visible and easy to locate. If RFID tags are used as elements of the real-scale map, the deployment of tags will have to fulfill this condition. Synchronization of the orientation of the map to the north facilitates on-site projection of the reduced map through the real-scale map onto the real space. The introduction of the real-scale map may clarify the relationships between these two types of maps. This approach is expected to be supported by an IT infrastructure supporting augmented reality, mixed reality, and ubiquitous mapping.

3. Connecting points, lines, and zones between real space and a spatial model

Abstraction of real space as a spatial model
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  A map is composed of and represented by map symbols, consisting of points, lines, and zones. This is the most simplified abstraction of real space. In Euclid geometry, a line is composed of points, and a zone is composed of lines. Thus, a reference point may be a component of an upper structure, and a point is recognized as an element of a given structure, which represents a spatial order (Fig. 1). 

  Point elements can be located in a dispersed, linear or zonal structure, as can lines and zones. Thus, a reference point does not exist alone but is located in a spatial context, which constitutes additional information, particularly with respect to directions. In real space, directions are fundamental in determining the network of a route, typically within a street or public space environment. Thus, these spatial orders should be observable on the street and imaginable as spatial model on a map.

Spatial order of the built environment
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  In urban space, as pedestrians move along a street they look at the surface of the street as well as the side view of adjacent buildings. At this scale, buildings are the point elements and streets are line elements, while blocks delimited by the streets are zone elements. The latter may represent a district or quarter when the zone includes many blocks (Fig. 2). 
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  It is common that these elements co-exist in urban space. A block is composed of streets, and a street is composed of buildings. This structure represents an ordered case, and chaotic structures need not be considered.  

Composition of urban space by points, lines, and zones
  In an urban area, the basic spatial structure is composed of these three elements simultaneously (Fig. 3). A zone (block) has a surface delimited by lines (streets), and lines include points. Lines as streets also have a surface. Points represent not only building objects but also certain road assets, which may be used as reference points, such as street lamps and traffic signals. 

Use of spatial model and reference points for direction

Verification of location and lead of relative direction
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  For navigation, reference points are to be used for verification of location, but it is also immediately necessary in next step to decide the direction of the target from the new point. These actions can be distinguished by the spatial context of the subject (Fig. 4). In the figure, lines represent target objects to be distinguished by the subject, and columns show the type of estimation required to lead the next step. Thus, each cell represents the combination of target and estimation required to lead to the next step. If the target is a point, the subject verifies whether the current location corresponds to that point, then in the next step moves ahead or back, left or right, or up or down. In the same way, if the target is a line, the subject verifies that the current location is on the line, and can decide to move on left- or right-hand side if line is wide enough, and can move ahead or back, left or right, or up or down. If the target is a zone, the subject verifies whether the current location is within the zone or on the border, and then moves to the front or back, then the left or right side (or any side when the zone is polygonal), and up or down. 

Difference of possible choice of direction by point, line, and zone

  When the target is a point, the choice of next direction is completely free, that is, any direction could be taken. However, in reality the choice is not free, and it is necessary to obtain additional information in order to make a decision on the next direction to take. For line object, the choice of next direction is simpler, that is, the choice of direction is only ahead or back. When the line intersects another line, the choice to turn left or right is also available. When the line has width, a side of the line can be chosen. For a zone object, the direction of the target may be indicated by its center of gravity, but such a definition is ambiguous, particularly when the zone is not a material or well delineated area. Thus, a zone could be represented by its morphological components, allowing the subject to elect a part or side of the zone as a target. If the zone is rectangular, it has a front, back, left, and right side. If the zone is polygonal, the direction is more complicated.

  For choice of direction, it is therefore necessary to have a combination of a simple spatial model indicating the target, and a corresponding real object in real space. The latter may also be provided as a sign in the sign system, as discussed below. 
Official sign system

  Every city has an address system to identify urban spatial elements. The system allows either areas or built objects to be identified, or both depending on the objective. Each system has a logic to maintain a unique identification of an object and to avoid redundancy for annotation. The classification of different address systems represents an efficiency in the notion of points, lines, and zones, and is combined with numbering to identify urban elements (Morita, 1980). 

  If the sign system employs numbering, the number can express certain information, as shown in Fig. 4. For example, the given number and target number may be the same or not (within or without), the next number is ascending or descending (to or from), the target number is located in the ascending direction or descending direction from the current location (ahead or back, left or right), a side may be even-numbered and the other odd-numbered (left- or right-hand side), and the number may have a signification of quantity, representing a sense of ratio (beginning, half-way, end).
  Street maps typically annotate the information of addresses, and thus represent a spatial map consisting of points, lines, and zones as urban spatial elements, in conjunction with unique identifiers. However, the problem of matching between the map and real space remains. In the following chapter, the possibility of introducing the concept of a real-scale map into real space using advanced system of direction is discusses. 

4. A framework for advanced system of direction

Consider the case of a subject leaving a subway station and walking to a building to make a visit to a company. The subject has a mobile phone and the address of the destination. At the exit of the station, the first decision to make is the next direction to take. The subject switches on the mobile phone and makes a connection with a Bluetooth navigation system if the transmitter is in the expected place. The subject then uses the pedestrian navigation system by inputting the address of the destination. As the orientation of the map is synchronized to the north by an electronic compass, the direction of the arrow can be followed. Before coming to an intersection, the guide on the phone informs the subject by voice to “turn right at the next corner”, and when at the intersection the active RFID tag indicates the name of the intersection, which can be verifies by a sign under the traffic signal. Once the subject turns right, if there is a passive RFID tag, the subject can use it to verify the reference number, which is indicated on the map screen. Following the direction of the arrow, the same process is repeated until the mobile phone states, “You have arrived at the destination, guidance is finished.” The subject verifies the signs indicating the house number, the name of the building, and the company name. If a passive RFID tag is located nearby, verification can also be performed via the mobile phone.

  In this case, there are many verification actions. If the actual position is not clear, it is difficult to decide what action to take in the next step. The order of numbering is helpful for making the decision of direction, but if the scale of blocks and buildings is large, it is difficult to identify the next number. The density of numbering is also important in order to obtain appropriate lead information.

Thus, it is necessary in this scenario to have densely deployed reference points. Looking at the distribution of road assets (street lamps, traffic signals, trees, guard pipes, and bollards, etc.), objects are located densely and lineally. As in the “real-scale map”, reference points are materialized in real space and annotated on the map. The combination of the official signage system and other reference points using some kind of road assets may constitute a provisional image. In address systems, it is necessary to consider the space required for sign allocation, including sign posts. Road assets already take up some space of the road, and equipping such assets with reference points may be a good solution (Fig.5).
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Conclusion 

  A map can be regarded as a spatial model representing the structure of real space, consisting of reference points located in both real space and the annotated in map. Using the ubiquitous computing infrastructure, it could be possible for the user to verify the reference points in both real space and the map. In such a scenario, real space and the spatial model (map) meet through reference points on a real scale, representing a “real-scale map”. The framework of this concept was described, and the basic requirements for the allocation of reference points were discussed.
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Fig.4  Verification and relative directions
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Fig.2  Spatial arrangement











Fig.5 On site signage system








