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Abstract. In recent years, most of mobile phones have a function of pedestrian 
navigation guidance. It was reported that users sometimes feel anxiety because 
of low accuracy of the position estimation especially in urban area and delay of 
information updating. In order to reduce the anxiety, a route planning algorithm 
is proposed in this study, which weighs user’s difficulty (or easiness) of locat-
ing own current position as well as total physical distance of courses. The diffi-
culty is estimated by valuation functions based on the “recognizability” and  
“visibility” of landmarks. An experimental study conducted in real situation us-
ing a prototype system to examine and refine the model for the optimal route 
planning. As the result, a modified model is proposed as a promising method of 
route planning for user’s easy wayfinding.  

Keywords: navigation system, landmark, salience, cognitive model, anxiety, 
recognizability, visibility. 

1 Introduction 

However pedestrian navigation guidance is one of the widespread services provided 
by mobile devices [1-2], it was reported that users sometimes feel anxiety because of 
low accuracy of the position estimation and delay of updating of the navigation dis-
play [3]. In areas with many high buildings, the accuracy of position estimation by 
GPS can be low when a communication state with a satellite is harmed by the ob-
stacles. When the precise location is not given on a navigation display, geographical 
information about the area is the key for users to locate their position.  

The purpose of our work is to develop a pedestrian navigation aid to reduce the an-
xiety of users [4-5]. A route planning algorithm is proposed, which weighs user’s 
difficulty (or easiness) of locating own current position as well as total physical dis-
tance of courses. Fig.1 depicted the basic idea of the method. We focused on the roles 
of useful landmarks at the locating task. Two types of valuation functions are pro-
posed to estimate effectiveness of various landmarks. The one is a valuation function 
for their “recognizability” and the other “visibility.”  

The aim of this study is to examine and improve the models for the optimal route 
planning. The validity of the model was confirmed by comparing the elapsed time of 
user’s locating task and the subjective evaluation of the anxiety by participants with 
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achieve user’s navigation tasks because of the low salience or low uniqueness. We are 
trying to develop a rational and feasible method for quantitative evaluation of the 
landmark effectiveness.  

3 A Route Planning Method Considering Landmark’s 
Effectiveness 

Authors proposed a route planning algorithm which weighs user’s easiness of locating 
own current position [4-5]. The easiness is quantitatively estimated using two types of 
valuation functions: valuation functions for the recognizability and visibility.  

3.1 Recognizability of Landmarks 

The recognizability is an index that shows how easy for users to find out a landmark 
which depicted on navigation maps. For example, it must be high when a store has a 
shining signboard, or when the appearance of a store is well known for users. Also, 
the index must be negatively correlated with distance between a landmark and user’s 
position. The degree of influence on change of the distance must be different with 
different kinds of landmarks. It becomes difficult to recognize a small store like a 
convenience store being located in the position away from user’s current location.  

The valuation model for recognizability was constructed through several cognitive 
experiments [4]. For each type of landmarks, a regression line was determined as a 
valuation function for the recognizability, which shows relationships between recog-
nizability and the distance. 

3.2 Visibility of Landmarks 

The recognizability index is argued about the easiness of finding a landmark assum-
ing that it is within user’s view. The visibility is defined as possibility that a landmark 
is in sight of users. It must be low when there are many high buildings between the 
landmark and the users. To consider a situation that a landmark is concealed by other 
buildings from user’s view, two physical features are defined as factors in the visibili-
ty of landmarks: denseness of buildings around user’s current position and depth of a 
landmark from its nearest road.  

The first factor denseness is defined as a function of each base area of buildings 
around user’s position and distance to the buildings from user’s position, as described 
in Eq. (1).  

 denseness = ∑  (1) 

where n: a building n which is within fixed distance from user’s  current place,  
An: the base area of a building n [m2], dn: the distance from user’s current place to a 
building n [m]. 
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The second factor depth is defined to consider a situation that a user can see a 
landmark on the road which extends from his/her current location.  

The valuation function for visibility is modeled using a logistic function (Eq. (2)).  

 visibility = 1 1⁄  (2) 

where x: the depth of a landmark from its nearest street [m], y: denseness of buildings 
around user’s current position, A: a coefficient for the depth, B: a coefficient for the 
denseness, C: a bias, which represents the rapidly changing point of the function ac-
cording to the depth. 

To acquire data for construction of the valuation function for visibility of each type 
of landmarks, visual confirmation investigations of landmarks were conducted using 
the Street View function of Google map [4]. 

3.3 Valuation Function of Landmark’s Effectiveness 

It is thought that the easiness of locating current position at a place is equivalent to the 
total effectiveness of landmarks at a place in this study [4-5]. The valuation model of 
the total effectiveness is defined as Eq. (3), based on the valuation functions of recog-
nizability and visibility [5].  

 CV(n) = ∑   (3) 

 C’(l) = 1.514 C(l) - 0.028 dl – 2.174 

where CV(n): the total effectiveness of landmarks at a place n, l: the lth nearest land-
mark which is within fixed distance from a place n, C(l): the recognizability of land-
mark l where C(x) is the valuation functions of recognizability for a landmark x, V(l): 
the visibility of landmark l where V(x) is the valuation functions of visibility for a 
landmark x, dl: the distance from user’s current place to a building l [m], wl: coeffi-
cients for the effectiveness of landmark l, δ: a bias. The product of the recognizability 
and visibility functions, C(l) x V(l), synthetically evaluates the easiness of finding out 
a landmark when it is actually within user’s view. The values of the coefficients wl 
are 0.958, 0.004, -0.007, and the bias δ is 0.194.  

3.4 Route Planning Algorithm for User’s Easy Wayfinding 

In the general navigation systems, path planning is performed using the shortest path 
planning algorithm by Dijkstra [9]. In this study, the cost function for evaluating 
routes is expanded by adding elapsed time of user’s locating task at each crossing to 
the original cost [4-5]. The elapsed time at each crossing is estimated based on the 
valuation function of landmark’s effectiveness Eq. (3). When the cost between nodes 
m and n is defined as d(m,n) in the Dijkstra method, the proposed cost, dn(m,n), can be 
described as Eq. (4).  

 dn(m,n) = d(m,n) + dcv(n) (4) 
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where dn(m,n): a cost function defined in this study, d(m,n): the original cost function 
based on route distance, dcv(n): the additional cost proposed in this study. 

The dcv(n) is the additional cost which considers elapsed time of user’s locating 
task at a place n. Eq. (5) shows the relationships between the elapsed time and the 
total effectiveness of landmarks at a place n.  

 dcv(n) = 5.0 / {1 + CV(n)}, (5) 

where CV(n): the total effectiveness of landmarks at a place n. 

4 Cognitive Experiment 

This section shows an experimental study conducted in real situation to acquire actual 
data for the evaluation and refinement of the proposed method described in Section 3.  

4.1 Method 

The main tasks of participants were achievement of navigation tasks, i.e., following 
an instructed route from a starting point to a destination by oneself, using a prototype 
pedestrian navigation system via a smartphone, and evaluation of their own anxiety 
during the navigation task. When they recognize that they made mistakes, they were 
asked to go back to the point made mistakes and restart the task.  

Routes. The experiment was conducted at three different areas in Tokyo, i.e., Taitou, 
Setagaya, and Ikebukuro. These areas were chosen to satisfy a condition that the ex-
perimental routes include different types of circumstances. The sizes and shapes of 
buildings and the number of available landmarks are different from each other.  

The elapsed times of navigation tasks were estimated with routes by the conven-
tional method, considering only physical distance, and the proposed method for all 
possible sets of starting point and destination among each area. The five sets were 
selected among the three areas, where the difference in the estimated time between 
the conventional and proposed method conditions is large.  

Prototype system. Participants were asked to walk through the assigned route with a 
digital map displayed on a smartphone (Sharp SO-04D). An example of the display is 
shown in Fig. 2. The functions implemented to the system are listed below, which are 
designed to simulate conditions of real navigational services (such as [1]).  

• Indication of current position using information from the GPS 
• Indication of a route from a starting point to destination 
• Automatic periodic updating of the display 
• Manual selection of the map scale 
• Indication of the remaining distance 
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Table 1. Correlation coefficients between the elapsed time of user's locating task estimated by 
the proposed models and the subjective data about the anxiety at the same intersection 

Group Participants 
Correlation coefficients 

The original 
model in Section 3 

The model with 
Eqs. (5) & (6) 

The model with 
Eqs. (6) & (7) 

A 

a1 0.28 0.50 0.46 
a2 0.44 0.59 0.61 
a3 0.30 0.37 0.33 
a4 0.12 0.18 0.07 
a5 0.36 0.41 0.40 

B 

b1 0.45 0.55 0.53 
b2 0.53 0.56 0.59 
b3 0.24 0.57 0.58 
b4 0.08 0.45 0.44 

The bold number indicates that the correlation is medium (>0.3) or strong (>0.5). 

Modification Considering Timing of User’s Tasks. In the interview of the partici-
pants, some reported that they did not feel any anxiety when they were walking 
through intersections guided to go straight. The reason is that locating tasks were not 
necessary at those intersections. On the other hand, the proposed route planning algo-
rithm was developed on an assumption that users try to locate their current positions 
at every intersection, as described in Section 3.4.  

Based on the results of the interview, a modified model described as Eq. (6) is pro-
posed which consider the user’s rule of executing a locating task at each intersection.  

 , , ,  Intersection n is guided to turn, ,  Intersection n is guied to go straight  (6) 

Correlation coefficients were calculated between the elapsed time of user’s locating 
task and the subjective data about the user’s anxiety at the same intersection acquired 
in the experiment. The second row (“The model with Eqs. (5)&(6)”) of Table 1 shows 
the results for every participants. The values of seven participants are higher than 0.4, 
which suggests that the correlation between the two variables is medium or strong.  

An independent two-sample t-test was conducted to compare correlation coeffi-
cients in conditions with the original model and the modified model with Eq. (6). 
There was a significant difference in the correlation coefficients in the previous model 
(M = 0.31, SD = 0.15) and the modified model (M = 0.46, SD = 0.13) conditions; 
t(16) = 2.12, p = 0.035 (<0.05).  

These results suggest that the modified model with Eq. (6) is more proper than the 
previous model to estimate the elapsed time of user’s locating task and the anxiety.  

Modification on the Model for Elapsed Time of User’s Task. The aim of study in 
this section is to modify Eq. (5). The basic assumption of Eq. (5) is that the relation-
ships between the elapsed time and the effectiveness is monotone decreasing, i.e., as 
the effectiveness is getting higher, the time getting shorter.  
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Several monotone decreasing functions were evaluated as the alternatives using 
correlation coefficients with the measured data. The results of evaluation suggest that 
Eq. (7) is a proper model for the estimation.  

 
23.0, 1.023.0⁄ ,  (7) 

Fig. 4 shows the relationships between the total times for user’s locating task in a 
route estimated by the model (Eqs. (6) and (7)), and the actual total time measured in 
the experiments. The correlation coefficient between the two variables is 0.83, where 
the value indicated the correlation is very strong. On the other hand, the correlation 
coefficient with the Eqs. (5) and (6) is 0.68, which is also strong but less. These re-
sults suggest that the modified model using Eqs. (6) and (7) is proper to estimate the 
elapsed time of user’s locating task. 

Correlation coefficients were calculated between the elapsed time of user’s locat-
ing task and the subjective data about the user’s anxiety at the same intersection  
acquired in the experiment. The third row (“The model with Eqs. (6)&(7)”) of Table 1 
shows the results for every participant. An independent two-sample t-test was con-
ducted to compare correlation coefficients in conditions with the modified model with 
Eqs. (5) & (6) and Eqs. (6) & (7). There was no significant difference in the correla-
tion coefficients in the Eqs. (5) & (6) model (M = 0.46, SD = 0.13) and the Eqs. (6) & 
(7) model (M = 0.45, SD = 0.17) conditions; t(15) = 2.13, p = 0.80.  

Summary. Even though the superiority in estimating user’s anxiety is not confirmed, 
these results suggest that the modified model with Eqs. (6) & (7) is a promising me-
thod of route planning in this study.  

An issue should be concerned is that an individual difference in the estimation. The 
low correlation coefficients of a participant (a4 in Table 1) indicate that there are 
some other meaningful factors not concerned in the proposed model. Nevertheless, it 
is expected that the proposed method is proper for supporting navigational tasks of 
most of users.  

6 Conclusions 

In order to reduce anxiety of a pedestrian navigation user, a route planning algorithm 
is proposed in this study, which weighs user’s difficulty (or easiness) of locating own 
current position as well as total physical distance of courses.  

Recognizability and visibility of landmarks are defined as basic factors which spe-
cify the effectiveness of landmarks in user’s position estimation. The cost function for 
evaluating routes is expanded by adding elapsed time of locating intersections to the 
original cost of route distance. The elapsed time at an intersection is estimated based 
on the valuation functions of effectiveness of landmarks. When a user inputs his/her 
destination to navigation system, a route with the lowest cost is selected to support 
user to reach the goal without anxiety.  
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The aim of this study is to examine and refine the models for the optimal route 
planning. The validity of the valuation functions was confirmed by comparing the 
elapsed time of user’s locating task and the subjective evaluation of the anxiety with 
the estimated results by the proposed model. As the result, this study proposes the 
modified model as a promising method of route planning for user’s easy wayfinding. 
It is expected that the proposed method is proper for supporting navigational tasks of 
most of users.  

Future tasks of this study are following: 

1. The first task is a study on the individual difference in the relationships between 
the elapsed time and use’s anxiety of locating tasks must be our next theme to im-
prove the usefulness of the route navigation method.  

2. The second task is the validation test of the pedestrian navigation guidance with 
participants of different conditions. The aim of the test is to confirm that the guid-
ance can reduce anxiety of users actually in real situations.  
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