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Abstract 

Recently pedestrian navigation has been studied by 
many researchers, which provides pedestrians with a simi- 
lar function of car navigation. On the other hand, a 3- 
dimensional (3D) map, which is one of major themes in 
machine vision research, has been utilized as a simulation 
tool in city and landscape planning, and other engineering 
fields. The 3D maps will give more intuitive information 
compared to conventional 2-dimensional (2D) ones. In 
this paper we first propose pedestrian navigation based on 
3D maps, and describe technologies required and its use 
situations. Secondly we compare effectiveness of 2D and 
3D maps for navigation by object search experiments un- 
der conditions: 3D maps with and without texture; display 
sizes corresponding to a mobile phone and PDA (Personal 
Digital Assistant). The experimental results show that 3D 
maps with texture on mobile phone display size, and 3D 
maps without texture on PDA display size are superior to 
2D maps in search time and error rate. From these results, 
we can say the effectiveness of 3D maps in pedestrian 
navigation. 

1 Introduction 

Recently pedestrian navigation, which provides pedes- 
trians with a similar function of car navigation, has been 
studied actively [4, 6, 161. Moreover, a market research 
shows the strong need for geographic information service 
with a mobile phone [14]. Considering the present mar- 
ket situation, pedestrian navigation using mobile phones is 
more desirable than PDAs. However, mobile phones can 
not use a large display because of a physical limitation. 
In development of pedestrian navigation system, it will be 
one of important issues how a device shows geographic 
information effectively. Several studies related to the 
issue are reported, such as utilization of digital magnetic 
compass, voice and text description [2, 131. On the other 
hand, a 3-dimensional (3D) map, which is one of major 
themes in machine vision research [7, 8, 15, 171, has been 
utilized as car navigation and city information service [9]. 
The 3D maps use modeling of the 3D form such as build- 
ings and roads in a real world and are generated by 

computer graphic technology. Therefore it is a particular 
feature for the 3D maps that a viewpoint for display can be 
set arbitrarily, while the viewpoint in conventional 2- 
dimensional (2D) maps is fixed in overlooking position. 
In 3D map representation, a scene of whole city from sky 
(bird view) or a similar scene as people look directly on 
ground can be generated. About 3D maps, the data relat- 
ed to the model of buildings and roads including usual 3D 
map information is called "geometry", and the picture data, 
which indicates side view of buildings, is called "texture". 
There are two types in 3D maps; 3D maps without texture 
and with texture. The former consists of geometry only. 
The latter includes both geometry and texture. The 
former is used for check of view from specified positions 
or propagation simulation of electric waves, and the latter 
is used for scene simulation of city and so on. 

In this paper, we first propose pedestrian navigation 
based on 3D map [12]. We suppose 3D maps will provide 
more efficient representation of geometry information than 
conventional 2D maps, because 3D maps can generate a 
similar scene which users can see in front of them. From 
this point, we describe a concept and components of pe- 
destrian navigation system based on 3D map. We also 
draw a picture of use interaction in information representa- 
tion and operations. 

Secondly we compare representation effectiveness of 2D 
and 3D maps for geometry information. We make an 
experiment that measures search time for objects prede- 
fined in a real scene with use of 2D and 3D maps. In 
order to make clear the effect of both texture in 3D maps 
and display size for representation, we make experiments 
on condition of 3D maps withlwithout texture and two 
display sizes corresponding to PDAs (Personal Digital 
Assistants) and mobile phones. The experimental result 
shows that 3D maps with texture and with a display of 
mobile phones and 3D maps without texture and with a 
display of PDAs can represent geometry information more 
effectively than 2D maps. We furthermore consider the 
effectiveness of pedestrian navigation based on 3D map 
with the use of experimental results. Our conclusion, 
however, is not the same as the car navigation system 
studied in [I 01, due to the difference of user situations. 
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Fig. 1. Components of pedestrian navigation 
based on 3-dimensional map 

2 Proposal of pedestrian navigation based 
on 3D map 

2.1 Concept 
In order to understand information shown in a map, us- 

ers must find the correspondence between objects in a map 
and one in a real world. Since 2D maps represent a figure 
of a real world from upper viewpoint, there is obvious 
difference between the figure and the real world scene 
viewed from horizontal viewpoint. This is one of reasons 
why conventional 2D maps are not easy to understand. 
On the other hand, in 3D maps generated by computer 
graphics, it is a feature that a viewpoint can be set arbitrar- 
ily. Additionally, if the viewpoint is set to a user's present 
position, a generated image is similar to a scene that the 
user sees in front of himlher. Thus, since object matching 
in a 3D map and a real world is intuitive, we suppose it is 
easy to understand geometry information shown in 3D 
maps. 

Furthermore, when city information is represented 
overlaying on 3D maps, users can understand it intuitively 
too. For example, if city information, such as shops and 
official services, is linked to a 3D map in advance, and is 
shown over the buildings in the 3D map, users can easily 
know where and what they can be served in their sur- 
rounding. In this point, we suppose that pedestrian 
navigation based on 3D map provides similar effect in 
information representation as AR (Augmented Reality) that 
electronically emphasizes and expands a real world [5]. 

We summarize the concept of the pedestrian navigation 
based on 3D map as following. 

A similar image as a scene that a user see in front 
of himher can be presented by making a good cor- 
respondence between the position of the user and 
the viewpoint of the 3D map. 
Overlaying city information on a 3D map repre- 
sentation will have an effect of AR on a user. 

2.2 Components 
In this section, we describe components that are neces- 

sary to implement the pedestrian navigation proposed in 
the previous section (Figure 1). 

(1) Mobile information apparatus 
Users need to carry and operate a mobile information 

apparatus such as a PDA or a mobile phone. As we de- 
scribe in the following sections, it is necessary to provide: 
(i) receiving function of 3D maps and city information; (ii) 
3D computer graphic function; (iii) communication hnc-  
tion with a positioning system. 

(2) 3D map server 
3D map data consists of two main components. One is 

"geometry" that has numerical data including 3D models 
of buildings and so on, and the other is "texture" that is 
picture data for mapping on surface of the geometry. The 
former is usually generated by 3D modeling software tools. 
There are some widely used data formats such as DXF, 
VRML and so on. The later plays a role of representing 
color and details of buildings. Typical formats used are 
GIF, JPEG and PNG. Mobile information apparatuses 
usually can not have secondary memory. The apparatuses, 
then, need get certain parts of a 3D map through communi- 
cation network whenever they need them. 

(3) City information server 
In order to retrieve appropriate city information around a 

user two data for 3D map and city information should be 
linked well. Navigation for sightseeing around Kamakura 
city, for example, needs certain data: historical sites, places 
for shopping, public services, transportation, events and so 
on. City information, as well as 3D map, should be stored 
at a server, and must be sent to the apparatus through 
communication network. 

(4) 3D computer graphic function 
This function generates perspective projection at a mo- 

bile information apparatus using 3D map data and city 
information linked. For getting good image quality and 
usability, 3D computer graphic accelerator (hardware) 
should be equipped with the mobile information apparatus. 

(5) Positioning system 
In order to generate similar image that a user sees in 

front of himher directly, present position of the user must 
be measured in around one meter accuracy. Recently 
GPS (Global Positioning System) is easily available, but 
there exists some restrictions such as difficulty in receiving 
GPS signal in high-density building areas. On the other 
hand, cell based positioning, that measures position by 
using information signals from plural cellular bases, is 
available indoors. This, however, dose not provide 
enough accuracy. With this background, other approaches 
have been studied, that use infrared beacons and a com- 
puter vision [ I ,  111. For the proposed navigation, one of 
these robust and high accurate positioning system is neces- 
sary. 

2.3 Examples of information representation and use sce- 
narios 

We show some examples of information representation 
and use scenarios for the proposed pedestrian navigation. 

(1) Examples of information representation 
1) 3D map representation (Figure 2) 

A similar image that a user sees in front of himher di- 
rectly is shown at the first phase of the use. The user can 
adjust view range of the image by the operation of some 
buttons on an information apparatus. 

2) Function selection (Figure 3) 
The user can select functions by using hierarchical GUI 

(graphical user interface). Figure 3 shows an example of 
retrieving information about restaurants. 

3) City information representation (Figure 4) 



City information overlaid on a 3D map is represented: 
Location and menu for the restaurants retrieved are shown 
in Figure 4. 

4) Route representation (Figure 5) 
Overlaid figures on a 3D map show a route to the desti- 

nation. 
(2) Use scenarios 

I)  Information search 
At lunchtime, a user turns on the navigation and exe- 

cutes "Restaurant Retrieval Function". ~t first an image 
similar to a scene that the user sees in front of h i d h e r  
appears. Kinds of restaurants and their menus around the 
user are shown overlaying on the image. 

2) Route representation 
In a train, a user inputs an address of hisfher destination. 

When the user gets out the train, a route from present loca- 
tion to the destination is shown automatically on a 3D map. 

3) Walking simulation 
One day before a business trip, a user inputs a destina- 

tion and executes information retrieval function. Then an 

of real scenes for the object search, that is a software tool 
using a 360-degree panorama photograph taken in a real 
world [3]. It generates scenes of arbitrary range at a 
position where the panorama photograph was taken. 
Subjects search the predetermined objects in a panorama 
photograph by operating the panorama viewer and point 
out it, with the use of the map that the object is marked. 
The relation between a real world search and the panorama 
viewer search is shown in the Appendix. 

3.2 Data and conditions of experiment 
Maps that are shown to subjects are conventional 2D 

maps and 3D maps. 3D maps are generated by perspec- 
tive projection of 3D building models with view height 
corresponding to 1.6m in a real world. We used two 
kinds of 3D maps. One is a 3D map with texture that is 
generated with the use of color photographs of buildings. 
The other is a 3D map without texture. Accordingly there 
are totally three kinds of maps. Figure 6 shows the same 
object in different maps, where the object is hatched in 
each mao. A 2D map covers lOOm sauares around the 

image of the nearest station from the destination is generat- 
ed and overlays a route to the destination on a 3D map. 
By moving a viewpoint along the route, the user can ex- 
ecute walking simulation from the nearest station to the 
destination. 

Fig. 3 Operation of hierarchical interface 

1 View range adjustment by operation I 
- 

Fig. 2 Examples of 3-dimensional map display 

3 Experiment 

For the purpose that clarifies the effectiveness of pro- 
posed pedestrian navigation, we make a comparative 
experiment about representation efficiency of geographical 
information on 2D and 3D maps. In this experiment, we 
focus upon geographical information only, excluding city 
information, because city information provides another 
information to the user. 

3.1 Specification of experiment 
The "se situation of pedestrian navigation is quite differ- 

ent from that of car navigation. One primary difference is 
that a user is able to use as much time as the user wants to 
recognize landmarks on the way to the destination. This 
is not the case of car navigation when a user drives. We 
set a task to search objects shown in a map from sur- 
rounding scene, that is different from the study of 
Karashima and Saitoh [lo]. We measure time used to 
find out objects shown in maps from scenes, and compare 
search time in different conditions. From the results 
measured, we evaluate that a map which subjects take 
shorter time is more efficient to represent geographic in- 
formation than another one which subjects take longer 
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Fig. 4 Example of city information display 

time. Fig. 5 Example of routes display for destination 
In our experiment, we utilize a panorama viewer instead 
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six map representation patterns. 
As ;the; condttions; panorama photographs were given 

together with marks that indicate orientat~on in each 10 
degree as shown in Figure 8. North is indicated by "0". 

Subjects search objects and select one of the marks. 
Panorama photographs are 24-bit color images where the 
original photographs were taken at the height of 1.6m from - .  

2-dimensional map 3-dimensional map 3-dimensional map ground. lnit&l "iew of the panorama Giewer does not 
with texture without texture include a object. Subjects initially do not know which 

orientation they turn to on a map. The Panorama viewer 
Fig. 6 Example of 2- and 3-dimensional maps represents panorama images on a 21 inch CRT display 

different from the display that shows maps. 
24 Subjects (males 17, females 7; university students 18, 

workers 6; normal vision) have joined the object search 
experiment. They all know nothing about the areas of 
maps. Their ages are between 20 and 40. Each subject 
is measured about 6 maps by 6 patterns (total measure 
times is 24 x 6 = 144). In the experiments we showed 
equal number of patterns to every subject. This means 

Corresponding to PDA Corresponding to Mobile times of measuring about one map by same pattern is 4 (6 
phone x 6 x 4 =  144). 

3.3 Results 
Fig. 7 Display image of maps Figure 9 shows averages and standard errors of search 

time about 2D mavs and 3D maps withlwithout texture. 

Fig. 8 Display example of panorama photograph 

position where a panorama photograph is taken, and the 
object is always located upper half part of the map. The 
viewpoint for 3D maps corresponds to positions where a 
panorama photograph was taken, and the object is shown 
in horizontal center in the map. Moreover the height of 
the viewpoint is 1.6m from ground in a real world and 
view angle is 60 degrees, which are default values for 
VRML (Virtual Reality Modeling Language). We con- 
sidered the effect of object and scene in map displayed. 
We selected three kinds of areas from central part of a city, 
residential area, shopping area and business area. Totally 
we prepared 6 maps, which consist of 2 maps from each 
area. Furthermore we determined one object (search 
target) in one map by the following conditions. 

Ground area of a building is more than 160m 
square. 
Distance from a position where a panorama photo- 
graph was taken is between 15m and 35m. 
In a 3D map, pixel number used by an object is 
more than 10% of total pixels. 

Figure of each map is a square in shape on a computer 
screen. On the other hand, since we think representation 
size has effect on the target search eficiency. We pre- 
pared two representation sizes, as shown in Figure 7. One 
corresponds to a PDA display and the another one a mobile 
phone display. The former display size is 500 x 500 pix- 
els and the latter 150 x 150 pixels. Accordingly there are 

3D maps with texture performed the shortest average 
search time, and 3D maps without texture performed the 
longest average search time as shown in Figure 9(a). Fig- 
ure 9(b) shows average search time for different display 
sizes and maps. From these results, we can say PDA 
display size gave shorter search time compared to mobile 
display size significantly (p<0.05). Figure 10 shows rates 
of cases where subjects pointed out an incorrect object 
("errors") and when subjects could not point out any object 
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(b) Combination of map kinds and display sizes 

Fig. 9 Comparison of search times 
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represented geographic information to pedestrians, with the 
use of 3D maps instead of conventional 2D maps. We 
first described the concept and necessary components of 
the system and we also showed use scenarios including 
information representation. Moreover we have done an 
experiment in which subjects searched objects shown in 
maps from panorama photographs. As a result, we 
showed that 3D maps with texture on a display corre- 
sponding to mobile phones and 3D maps without texture 
on a display corresponding to PDAs were more efficient in 
representing geographic information than 2D maps. We 
furthermore concluded the effectiveness of pedestrian 
navigation based on 3D map. Selection of witwwithout- 
texture and display size is an important specification that 
will be decided in a practical system design. The result, 
that shows even 3D maps without texture is more efficient 
than 2D maps in case of display size corresponding to 
PDAs, is one of important findings in system design con- 
sidering system response time and communication cost. 
Prototyping of a mobile system is one of our future issues 
to develop real service. 
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("failures"). Least errors and failures occurred in the case 
where 3D maps with texture were used and most ones oc- 
curred for 3D maps without texture (Figure 10(a)). 
Display size does not affect much on failures. The most 
failures occurred in the case of 3D maps without texture 
and with display size corresponding to mobile phones. 
There is no failure in the case of 2D maps with display size 
corresponding to mobile phones and 3D maps with texture 
and with display size corresponding to mobile phones. 
3D maps without texture and with display size corre- 
sponding to PDAs give fewer errors than each of 2D maps 
with two display sizes (Figure 10(b)). 

3.4 Discussion 
Considering search time measured and number of errors 

and failures, we can say that 3D maps with texture are the 
most efficient one to represent geographic information. 
In addition to this, we can say that small display size af- 
fects much the efficiency. But 3D maps with texture on 
even display corresponding to mobile phones keep better 
than 2D maps. Although 3D maps without texture is 
inferior to 2D maps as shown in Figure 10(a), 3D maps 
without texture and with display size corresponding to 
PDAs give fewer errors and failures less than 2D maps. 
This means that 3D maps is superior to 2D maps in two 
cases; (i) with texture, (ii) without texture and with display 
size corresponding to PDAs. Because fundamental func- 
tion of pedestrian navigation, as stated previously, is 
guidance of pedestrians, we can conclude that we can re- 
alize more effective pedestrian navigation by using 3D 
maps, which can represent geographic information to users 
in shorter time and correctly than using 2D maps. 

4 Conclusions 

In this paper, we proposed pedestrian navigation, which 
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Corporation for cooperation of experiments. 

Appendix 

Comparison between object search using a panorama 
viewer and one in a real world 

We also have done an comparative experiment of meas- 
uring time in case of search using a panorama viewer and 
that of search in a real world standing at a position where 
the panorama photograph was taken. As shown on Table 
1, setting representation of 6 maps with 6 different patterns 
(3 kinds of maps and 2 display sizes), and every 5 of 10 
subjects (males 8, females 2; students 2, workers 8; normal 
vision) did the object search in each case of using a pano- 
rama viewer and a real world. From the results, it is 
shown that there is from 3 up to 6 times difference between 
their averages. We suppose it is because the view angle in 
the panorama viewer is smaller and operation load for pan 
is larger than human vision. However, as shown in Figure 
11, correlation coefficient between two averages showed 
over 0.95. Therefore, even if we do the experiment using 
the panorama viewer, it is possible to evaluate their effec- 
tiveness quantitatively. 

Table 1 Display patterns of maps at the experiment 

Map No. 
1 
2 
3 
4 
5 
6 

Kind of Map 
2D Map 
3D Map with Texture 
3D Map without Texture 
3D Map without Texture 
3D Map with Texture 
2D Map 

Size 

PDA 
Mobile Phone 
Mobile Phone 
PDA 
PDA 
Mobile Phone 



Search Time in a real World (Sec) 

Fig. 1 I Correlation between values using panorama 
viewer and values measured in real world 
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