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Extracting hierarchical landmarks from urban POI data
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Abstract: For acquiring the hierarchical spatial knowledge to be applied in cognitive route directions, a method of extracting
hierarchical landmarks from urban POI data according to their significances is proposed. After analyzing the factors influencing
the significances of POI objects from public cognition, spatial distribution and individual characteristics, a significance measure
model composed of three vectors which are public cognition degree, urban centrality degree and characteristic attribute value is
constructed. Then, the processes of computing the vector values of POI objects are discussed by the methods of questionnaire
survey, multi-density spatial clustering and data normalization respectively. An experiment is carried out to compute the signifi-
cances of the POIs selected from the area of Wuchang region of Wuhan city, and the POIs with different significances are treated
as landmarks in different levels at last. In this experiment, several levels of landmarks are extracted, and being used as seeds to
compute weighted Voronoi diagrams in every level, to reflect the influence area of every landmark and associate the landmarks in

the same level and between the sequential levels.
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1 INTRODUCTION

Route directions of navigation system consist of two basic proc-
esses, describing the location of a decision point on the route, and
then instructing the action should be carried out at the decision
point (Daniel & Denis, 1998). When the user is completely strange
to the environment, all the decision point / action pairs should be
declared in sequence with or without spatial chunking (Klippel,
et al., 2009). However, for people with a priori knowledge of the
environment, only some salient places being known on the route
need to be described to approach the destination (Tomko & Winter,
2009). Combing these two modes to make route directions more
intelligent and cognitive is the development orientation of next-
generation navigation system.

A shared hierarchical structure of spatial knowledge should be
constructed and reasoned to realize that navigation mechanism.
Lynch (1960) categorizes physical features of the urban environ-
ments into five types of elements, which are nodes, paths, edges,
districts and landmarks, to reflect the bodily experience acquired
during exploration and traveling through the environment. Today it
is a common view that everything that stands out of the background
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may serve as a landmark (Raubal & Winter, 2002). However, in this
paper we limit ourselves to Lynch’s view, and consider landmarks
as point-like elements in the city. According to Siegel and White’s
research on spatial cognition, landmark knowledge characterizes
the discrete knowledge of salient spatial features, and it is inte-
grated into more complex structures to form the spatial knowledge
of environmental conformation and distribution (Siegel & White,
1975). A landmark forms an anchor of its reference region (Kettani
& Moulin, 1999), in which the landmark is unique and dominant,
and the prominence of a landmark determines the size of its refer-
ence region. Winter, et al. (2008) hierarchizes landmarks based
on their individual salience and use Voronoi polygons to represent
their reference regions, with the purpose of applying them in the
granular description of places and routes.

Extracting landmarks from the environment is a grand issue of
spatial cognition. Based on Sorrows and Hirtle’s (1999) identifica-
tion of aspects that constitute a landmark, which are visual aspect,
structural aspect and cognitive aspect, some scholars developed
some measure models defined on those three indicators for deter-
mining a landmark’s saliency (Raubal & Winter, 2002; Nothegger,
et al., 2004; Klippel & Winter, 2005). Compared to those models,
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Caduff and Timpf (2008) introduces a more complicated salience-
assessing framework, containing three types of salience, which are
perceptual salience, cognitive salience, and contextual salience, to
reflect the relations among spatial features, surrounding environ-
ments and the observer’s point of view with Bayesian networks.
In a different approach, methods from data mining are employed
to identify those objects in a surrounding that are salient by Elias
(2003). In this approach, saliency is defined as either objects with a
short description tree (ID3), or objects that are singled out early on
in clustering (Cobweb). However, as all the above approaches try-
ing to automatically identify suitable landmarks from a set of can-
didates require a rich and reliable data set offering information in
different dimensions, they are hard to be implemented and widely
used since such data is hard to get and maintain. Furthermore, the
identification process may involve complex, lengthy calculations,
and correctly setting the parameters requires much and difficult em-
pirical testing. Some other scholars explored augmenting automatic
route directions with landmark information extracted from the dig-
ital documents collected from the World Wide Web (Tomko, 2004;
Tezuka & Tanaka, 2005). However, it is impossible to process all
searched data, and the search queries’ identification of the correct
location can be problematic.

For making the extraction of landmarks easier to achieve, this
paper proposes a method of extracting landmarks from points of
interest (POIs) of the urban environments. All the physical features
abstracted as points, especially the facilities closely related to peo-
ple’s lives, such as shopping malls, railway stations and schools,
could be called POIs, which constitute important contents of navi-
gation electronic maps (ISO, 2004). Every POI object with specific
influence area can be treated as a landmark, and the significances
of POIs is the basis of landmark hierarchization. The remainder of
this paper is organized as follows. Section 2 analyses the factors
influencing the significances of POI objects and constructs a meas-
ure model to compute them. Section 3 discusses the methods for
computing all the significance vectors in the model. In section 4 an
experiment of significance computation and landmark hierarchiza-
tion is carried out. Finally, section 5 concludes our proposition and
outlines future works.

2 FACTORS INFLUENCING THE SIGNIFICANCE
OF A POI

This section discusses the factors influencing the significances
of POI objects from public cognition, spatial distribution and indi-
vidual characteristic, and proposes a significance measure model
based on three corresponding vectors, called public cognition
degree, urban centrality degree and characteristic attribute value.

2.1 Public cognition

When interacting with the environments, we usually cognitively
group spatial knowledge into some categories, to represent our be-
liefs about the world (Mennis, et al., 2000). Although the cognitive
abilities and cognitive outcomes vary, some shared knowledge can
be found through plenty of surveys, to facilitate our comprehension
and communication of the environment (Lynch, 1960). Therefore,
the pubic cognition degree of every POI category which reflects
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the public awareness of its significance can be discovered through
extensive surveys.

Although every POI object has specific influence area and
concerned groups, there are some categories of POIs intensively
distributed and rarely cognized, such as convenience stores and
small restaurants, which are inappropriately regarded as significant
landmarks in the city. Hence, only such categories of POIs as rail-
way stations and shopping malls, being well known, functionally
important and huge in size, are discussed and cognitively surveyed
in this paper. We divide these POIs into 11 categories whose de-
nominations and domains are defined in Table 1.

Table 1 POI Categories discussed in this paper

Denominations Domains

department stores, theme emporiums, super

hoppi It
Shopping centers markets

Luxury hotels three star hotels and above, large restaurants

Transportation hubs railroad or bus stations, airports, ports

Urban parks comprehensive parks, theme parks, squares

Places of interest famous landscape, monuments, memorials

Leisure venues stadiums, theaters, cinemas

party and government organizations of districts

I
mportant organs and higher levels

colleges, universities, cultural centers, muse-

Educational institutions .
ums, galleries

general and specialized hospitals in first or sec-

Major hospitals ond class

Tall buildings

large office building and commercial buildings

Residence communities all kinds of residential areas

2.2 Spatial distribution

As the centralized areas of commerce, services, community fa-
cilities and so forth, urban centers have high accessibility, and are
attractive to various activities of people (Lynch, 1984). Therefore,
the POIs in urban centers are more easily cognized by the public
and are more significant than the others. There are multiple levels
of centers in a city, where the dominant center includes all the
“highest”, or most intense, or most specialized activities, while the
sub-centers which serve only portions of the community contain
less important, less intense, or less specialized activities (Lynch,
1984). Hence, the urban centrality degree of every POI object
which reflects the level of urban center it locates can be discovered
through multi-density spatial clustering.

The variation of spatial distribution densities of POI data re-
flects different levels of urban centers: the highest density clustered
area usually represents the dominant center, and the lower density
clustered areas represent the sub-centers. The clustered areas of
POlIs discovered through multi-density spatial clustering are usu-
ally nested with each other, as shown in Fig.1. In this example,
according to the difference of density, the urban centrality de-
grees of POIs in circular area A are higher than the POIs in an-
nular area B.

http://www.cnki.net
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Fig. 1 Hierarchical POI clustered areas

2.3 Individual characteristic

The significances of landmarks are mainly measured by observ-
ing their visual, structural and semantic qualities which make them
prominent from the surroundings, due to differences in size, shape,
position, role or cultural importance (Sorrows & Hirtle, 1999;
Nothegger, et al., 2004; Klippel & Winter, 2005). Judging to the
POls, their semantic and structural significances are respectively
determined by their categories and spatial distribution, and can be
respectively reflected from their public cognition degrees and urban
centrality degrees. While the significances in the visual aspect of
POIs can be determined by their characteristic attributes such as
sizes and grades. Therefore, the significant distinctions of POIs in
individual characteristic can be reflected through collecting and
comparing their characteristic attribute values.

The variations representing the characteristic attributes of POIs
may resort to interval scale, such as the business areas of shopping
centers, or ordinal scale, such as the star rating of hotels. For the
purpose of eliminating the dimensional difference of the attribute
data and achieving the hybrid application of quantitative and quali-
tative numeric values, the characteristic attribute values of all the
POIs should be normalized, which means all the original attribute
values with various measurement methods are transformed into the
same interval. As a result, the significant distinctions of POIs of
different categories can be represented in a uniform and reasonable

manner.

2.4 The significance measure model of POI

From the above, the public cognition degree (Cog. in abbrevia-
tion), urban centrality degree (Cen. in abbreviation) and charac-
teristic attribute value (Char. in abbreviation) of a POI object can
comprehensively reflect its significance (Sig. in abbreviation). For
that reason, a significance measure model of POIs composed of
these indicators is proposed in this paper as follows.

Sig. = ¢, x Cog. + ¢, x Cen. + ¢; x Char.
In this model, the weight coefficients of the three vectors, ¢, ¢,
and ¢,, must sum to 1, and the values of the three vectors should be
normalized into the interval of [0, 1] to eliminate the difference of
dimensions. The values of these weight coefficients are usually set
according to specific cognitive experiments to make the order of
the si%niﬁcances of all the POIs basically conforms to the spatial

021 China Academic Journal Electronic Publishing House. All rights reserved.

cognition results of most people. Furthermore, the determined coef-
ficient values may be appropriately modified to meet the diversity
of different user groups in preferences, cognitive habits and living

environments, efc.

3  COMPUTATION OF THE SIGNIFICANCES OF
POI

On the basis of the significance measure model of POIs
proposed in last section, three methods, public cognition survey,
multi-density spatial clustering and characteristic attribute normali-
zation, are introduced to respectively calculate those three signifi-
cance indicators of POIs defined in the model.

3.1 Public cognition survey

Sampling survey is an important method to discover shared
knowledge (Lynch, 1960). Based upon the 11 POI categories
defined in section 2.1, questionnaire survey is applied to ask
the respondents, which are mostly young and middle-aged people
living in urban environments, to make a judgment of whether the

LIS

POIs of every category are “not significant”, “not very significant”,
“generally significant”, “rather significant” or “quite significant”
as landmarks of the surroundings. According to the 5-point Likert
scale, these five judgments are respectively assigned to values
between 1 and 5.

This survey totally received 233 questionnaires, and the re-
spondents are balanced in gender, widespread in occupation and
mostly live in cities for more than 5 years. After calculating the
means and standard deviations of the statistical data with the SPSS
software, the public cognition degrees of all the POI categories can
be acquired through normalizing their means, as shown in Table 2,

with the descending order of the means.

Table 2 Public cognition degrees of POIs of every categories

POI Categories Means Stagdfxrd Public cognition

deviations degrees
Transportation hubs 4.4449 0.69148 1.0000
Places of interest 4.0529 0.87078 0.8245
Shopping centers 4.0308 0.84870 0.8146
Educational institutions 3.7093 0.97038 0.6706
Urban parks 3.6740 0.88217 0.6548
Luxury hotels 3.4537 0.93189 0.5562
Major hospitals 3.3436 0.88046 0.5069
Leisure venues 3.3304 0.89299 0.5010
Important organs 3.0044 1.04964 0.3550
Tall buildings 2.8943 0.96730 0.3057
Residence communities 22115 0.87707 0.0000

According to the statistical results shown in above table, resi-
dence communities are unsuitable for significant landmarks as their
public cognition degrees are quite low. Hence, only the left 10 POI
categories are necessary to the POI database for extracting land-
marks. Besides, there may be some redundant data in POI database;
for instance, both the shopping centers and their located tall build-
ings may be included, and some organs may be located in the same
place. Therefore, before carrying out the next operation, the POI
database should be preprocessed to get rid of the redundant data,
and only the POIs with higher public cognition degrees or charac-

teristic attribute values need to be preserved. .
http://www.cnki.net
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3.2 Multi-density spatial clustering

In this paper, the density-based OPTICS algorithm, which
can create an augmented ordering of the database representing
its density-based hierarchical clustering structure (Ankerst, ef al.,
1999), is employed to cluster the POI data into several areas with
different densities for estimating their urban centrality degrees. In
order to conveniently observe the clustering results for choosing
the appropriate parameters of the maximum clustering radius ¢ and
the minimum number of clustered objects (MinPts), we improve
the traditional OPTICS algorithm on its data process manner, by
directly recording core-distances, reachability-distances and other
information of the POIs in the database, and explicitly designating
the subordinate relations between the core objects and the non-core
objects. This algorithm can be implemented through five steps as
follows.

Step 1 Initializing the database

Add some fields in the POI table of the database to record the
flags of whether been processed, the flags of whether being core ob-
jects, core distances, reachability distances, belonged core objects
and so on. Then, mark every POI object unprocessed and assign the
other fields default values.

Step 2 Constructing clustering sets

Beginning with every POI object which is unprocessed and
conforms to the core object condition that the e-neighborhood of
the object has to contain at least MinPts objects, combine all the
unprocessed objects which are density-reachable from the begin-
ning objects into some clustering sets. Then, mark all the objects in
the sets processed, and mark all the objects conforming to the core
object condition in the sets core objects. Meanwhile, the core dis-
tances of the core objects are calculated and recorded.

Step 3 Filtering core objects

Compare the actual distance of any two core objects in every
clustering set and the sum of their core distances. If the former is
equal or less than the latter, re-mark the object with larger core
distance non-core object and modify its core distance into default
value. Otherwise, preserve their original attributes.

Step 4 Determining high-density clusters

The objects in the neighborhood of a core object with the radius
of'its core distance are defined as a high-density cluster. The reach-
ability distances of the objects in every high-density cluster are all
recorded as the core distance of the core object in the cluster, and
the belonged core objects of the non-core objects in every high-
density cluster are all recorded as the core object in the cluster.

Step 5 Classifying the left objects

For every non-core object in every clustering set whose be-
longed core objects is undetermined, find the closest core object to
it and calculate their actual distance. If the distance is less than ¢, its
belonged core object is recorded as the closest core object, and its
reachability distance is recorded as the actual distance. Otherwise,
the object is treated as clustering noise.

After being processed in accordance with above five steps, the
POI data can be clustered with multiple density grades. And then,
all the POI objects except for the noises can be classified into N
levels of clustered areas, through setting N clustering distances &',
in ascending order where ¢’ < ¢ and n < N, and searching for the
P(O(I‘ ;)lb{'ects whose reachability distances are equal or less than ¢,

994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

and greater than &', , when n > 1.

Besides the noise objects whose urban centrality degrees
are assumed to be 0, all the other POI objects are assigned values
from N to 1 according to the density grades of the clustered areas at
which they locate. Afterwards, the urban centrality degree of every
POI object can be obtained through linearly transforming the
density grade values into the interval of [0, 1].

3.3 Characteristic attribute normalization

The characteristic attributes of different categories of POI ob-
jects are usually measured with different indicators, such as busi-
ness areas, occupancy areas, construction areas and floor numbers
are respectively used to measure the characteristic attributes of
shopping centers, urban parks, leisure venues and tall buildings.
Although min-max normalization can be used to process these indi-
cators, as this method is susceptible to the extreme values, the more
reasonable way is firstly dividing the POI objects of every category
into several grades with appropriate standards and then normal-
izing the grade values into the same interval. Furthermore, the POI
objects of the same main category but different sub-categories may
also be incomparable, such that the significances of comprehensive
parks and squares don’t simply depend on their occupancy areas.
Therefore, the POI objects of different sub-categories need also be
classified in different ways sometimes.

The POI objects of the other categories defined in this paper
can be classified with qualitative indicators. The hotels, hospitals
and places of interest can be clearly classified with uniform na-
tional or industry standards, such as five-star hotels and upper first-
class hospitals. Nevertheless, the size of educational institutions
and important organs can be classified with some common-sense
knowledge. For example, the universities may be classified into
universities directly under MOE, provincial universities, municipal
universities and private universities; the organs may be classified
into state-level organs, province-level organs, bureau-level organs
and county-level organs.

After classifying the POI objects of different categories into
several grades with appropriate standards, and linearly transform-
ing the grade values into the interval of [0, 1], the characteristic at-
tribute value of every POI object can be uniformly measured in the

same criterion.

4 EXPERIMENT

According to the POI selection domains defined in section 2.1,
556 POI objects were selected from the Wuchang region of Wuhan
city in Hubei province to make the experiment of hierarchical land-
mark extraction, including 119 luxury hotels, 115 shopping centers,
113 educational institutions, 74 important organs, 39 tall buildings,
33 major hospitals, 21 places of interest, 21 leisure venues, 14
urban parks and 7 transportation hubs.

Firstly, these POI objects were clustered using the multi-density
spatial clustering algorithm proposed in section 3.2, while & and
MinPts were respectively set as 4 km and 25. The clustering result
was visualized by virtue of the ArcScene software, shown as Fig.
2, where the reachability distances of the POI objects represented
with columns are in inverse proportion to the heights of the col-

umns, and the POI objects represented with dots are noises. All of
http://www.cnki.net
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the POIs in Fig. 2 were naturally broken into 5 groups, respectively
corresponding to the urban centers in 5 grades. As the urban cent-
ers with the highest grades are Zhongnan area, Jiedaokou area,
Simenkou area, Optics Valley area and Xudong area, the grading
is basically in accordance with the public cognitive results of the
urban center distribution in Wuchang. As a result, the urban central-
ity degree of every POI object was obtained after being assigned a
grade value between 5 and 1 and then being linearly transformed
into the interval of [0, 1].

Next, the characteristic attribute of every POI object was nor-
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malized, and the public cognition degree of every POI category
determined in section 3.1 was assigned to every POI object. As the
POI data provided by the navigation data producers are commonly
short of characteristic attributes, thus, internet search and field
investigation were applied to gather the characteristic attributes of
POI objects. Meanwhile, the POI objects of every category were
divided into several grades according to existing standards or com-
mon-sense knowledge. After assigning the POI objects with higher
grades larger grade values and then normalizing them, the charac-
teristic attribute value of every POI objects was at last obtained.

2 o= O

Fig.2 Multi-density spatial clustering result of the POI data

After the public cognition degree, urban centrality degree and
characteristic attribute value of every POI object being determined,
its overall significance can be calculated by means of the signifi-
cance measure model proposed in section 2.4, with appropriate
weight coefficients assigned to the vectors of the model. If the
weight coefficients are appropriately set, the calculation results of
the significances of the POI objects can be widely accepted by the
public, and can reflect the individual differences of the users in
preferences, cognitive habits, living environments and so on as oc-
casion requires. In this experiment, expert evaluation method was
adopted to analyze and compare the rationality of the calculation
results acquired through utilizing several groups of representative
weight coefficients in the model. In the end, the weight coefficients
of the vectors standing for the public cognition degree, urban cen-
trality degree and characteristic attribute value were respectively
set as 0.4, 0.2 and 0.4. The intermediate and ultimate significance
calculation results of several very significant POI objects are listed
in Table 3, which is not completely consistent with the recording
mode of the POI database for the purpose of improving the intelli-
gibility. As shown in Table 3, the characteristic attributes of various
categories of POI objects were all divided into 5 grades, where the
hotels and places of interest were graded in accordance with estab-
lished industry standards, the shopping centers and squares were re-
spectively graded according to their business areas and occupancy
areas, and the transportation hubs and educational institutions were

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

graded in accordance with common-sense knowledge.

The POI objects with different significances can be regarded as
landmarks to reflect spatial knowledge with different granularities.
The most significant landmarks are usually very influential in the
whole city, while the lower significant landmarks are usually only
influential in some local areas. For example, in route directions,
some most significant landmarks are firstly selected to decrease
the cognitive efforts of the requesters, and then some lower sig-
nificant landmarks are selected to gain greater cognitive effects on
the requesters when necessary. Therefore, all the landmarks can be
organized into hierarchical structures according to their significant
differences, for the responders to select appropriate landmarks
according to specific requirements. It is worth noting that the hier-
archical structures of landmarks are different from the hierarchical
structures of districts. Every district on a higher level is partitioned
into several non-overlapping smaller districts on the lower level,
whereas every landmark on a higher level is still present on the
lower level and the roles of landmarks on different levels are usu-
ally different. For instance, Yellow Crane Tower can be used as
a global landmark in Wuhan, and also be a local landmark of its
neighborhood.

According to the calculation results of POI significances, 5 lev-
els of landmarks, whose significances are respectively larger than
0.85, 0.82, 0.76, 0.65 and 0, were extracted from the POI data in

this experiment. The numbers of landmarks of the 5 levels were
http://www.cnki.net
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Table 3 The significance calculation results of several POI objects
4 )
Characteristic ~ Characteristic ~ Reachabilit Clustering  Public cognition Urban centrality Characteristic -
y g g y
No. Name . R . Significance
atribute grade distance/m grade degree degree attribute value
5A
1 Yellow Crane Tower ssenidgpol 5 634.9 5 0.8245 1.0 1.0 0.9298
2 Wuhan Chicony Plaza 90, 000 m’ 5 586.9 5 0.8146 1.0 1.0 0.92584
3 l?l‘;‘z‘:s Valley International ¢, 55 2 5 705.1 5 0.8146 1.0 1.0 0.92584
4 Wuchang Railway Station — 5 1281.5 3 1.0000 0.6 1.0 0.9200
5 Wuhan Shopping Mall 173, 000 m* 5 838.8 4 0.8146 0.8 1.0 0.88584
6 Hongshan Square 108, 000 m’ 5 436.2 5 0.6548 1.0 1.0 0.86192
7 gl‘;z“;pmw“ Information 3, 0 2 4 5869 5 0.8146 1.0 0.8 0.84584
8 Intime Department Store 30, 000 m’ 4 488.0 5 0.8146 1.0 0.8 0.84584
9  Zhongnan Shopping Center 30, 000 m’ 4 488.0 5 0.8146 1.0 0.8 0.84584
10 Luxiang Shopping Center 50, 000 m* 4 705.1 5 0.8146 1.0 0.8 0.84584
11 Wuhan Computer Plaza 32,000 m’ 4 586.9 5 0.8146 1.0 0.8 0.84584
12 gzg::m\::iegtg?“d Ocean 33 000 m? 4 705.1 5 0.8146 1.0 0.8 0.84584
13 Fujiapo Bus Station — 3 488.0 5 1.0000 1.0 0.6 0.8400
14 Hubei Provincial Museum — 5 1074.1 4 0.6706 0.8 1.0 0.82824
15 Wuhan Mayflower Hotel 5 star hotel 5 488.0 5 0.5562 1.0 1.0 0.82248

respectively 6, 19, 69, 223 and 556, and the landmarks of higher
levels were always the subsets of the landmarks of lower levels.
In the hierarchization result, the first-level landmarks included
Yellow Crane Tower, Wuhan Chicony Plaza, Optics Valley Inter-
national Plaza, Wuchang Railway Station, Wuhan Shopping Mall
and Hongshan Square, the second-level landmark included Luxiang
Shopping Center, Ramada Plaza Optics Valley Hotel, Optics Valley
Grand Ocean Department Store, Guangbutun Information Plaza,
Wuhan Computer Plaza, Hubei Provincial Museum, Zhongnan
Shopping Center, Intime Department Store, Hongguang Hotel, East
Lake Hotel, New Beacon International Hotel, Mayflower Hotel and
Fujiapo Bus Station, besides all of the first-level landmarks. Due to
the limitation of paper length, the landmarks of the other levels are
not enumerated here.

The more significant a landmark is, the larger its spatial influ-
ence area becomes. Therefore, the reference region of every land-
mark can be reflected by its Voronoi polygon after a weighted Vo-
ronoi partition is created, where the landmarks in a level are used
as the seeds and their significance values are used as the weights.
Besides, the landmarks used as seeds are the most significant land-
marks in their reference regions. The Voronoi partition results of
partitioning the space with the highest four levels of landmarks
utilizing the algorithm of weighted Voronoi diagram generation
proposed by Dong (2008) are shown in Fig. 3. Since the major
processing steps are raster-based, it is possible that several land-
marks share the same Voronoi polygon if those landmarks are very
close to each other and raster cell size is not small enough, such
as Optics Valley International Plaza, Luxiang Shopping Center,
Ramada Plaza Optics Valley Hotel, and Optics Valley Grand Ocean
Department Store in this experiment. As those landmarks are ag-
gregated in very small spatial range, the rationality of the spatial
partition is not affected. The cell size is the shortest of the width
or height of the extent of input feature layer, in the output spatial
reference, divided by the cell size factor (default to 250). Hence, if

the coverage areas of all the levels of landmarks are different, the

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

raster divide results of these levels are also different when generat-
ing Voronoi diagrams. When several landmarks are located in the
same raster cell, the most significant landmark, or one of the most
significant landmarks, should be selected as the representative land-
mark of the raster cell.

The hierarchical Voronoi diagrams built upon the hierarchical
landmarks can be used to infer the cognitive effort and cognitive
effect of retrieving the spatial knowledge of every landmark during
route communication. Every landmark can be characterized by the
current level / at which it is used in discourse, and by the maximal
level M at which it appears in the leveled hierarchy, with / < M.
The smaller M value is, the larger the spatial influence area of the
landmark becomes and then the lower the cognitive effort becomes.
The larger / value is, the clearer the spatial context of the landmark
becomes and then the greater the cognitive effect becomes. In route
directions, the dominant landmark of the Voronoi polygon in the
lowest level, at which the destination locates, provides the greatest
cognitive effect. If the M value of the landmark equals 1, it also
provides the lowest cognitive effort, and the hearer may be aware
of the approximate location of the destination after the landmark is
described. Otherwise, other landmarks with lower M value should
be found out and introduced, by virtue of the contextual inclusion
relations between landmarks in different levels, to decrease the
cognitive effort of the hearer. As the size of the Voronoi polygon
size of every landmark determines the contextual certainty of
the landmark in current level, the contextual inclusion relations
between the hierarchical landmarks can be constructed from the
covering relations between the Voronoi polygons in the hierarchical
Voronoi diagrams. The hierarchical landmarks can be represented
as tree-like structures, where some landmark may belong to several
superordinate elements; meanwhile, some landmarks are their own
superordinate elements.

Besides, the Delaunay triangulation which is the dual structure
of the Voronoi diagram in R’ can be used to construct the adjacency

relations between landmarks in the same level. Representation and
http://www.cnki.net
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Fig. 3 Hierarchical landmarks extracted from POI data
(a) Firest-level landmarks (Sig. > 0.85); (b) Second-level landmarks (Sig. > 0.82);
(c) Third-level landmarks (Sig. > 0.76); (d) Fourth-level landmarks (Sig. > 0.65)

reasoning of regional spatial knowledge conforming to the law of ronments and cognitive abilities of the users, those factors were not
spatial cognition of people can be realized if an appropriate data considered in this paper because they are too variable or subjective
structure is constructed to describe the inclusion relations of land- to construct public spatial knowledge structure. With regard to the
marks between the sequential levels and the adjacency relations POI significance measure model, the calculation results based on it
of landmarks in the same level. For example, in the application could basically conform to the public cognition of POI significan-
of navigation, simple, flexible and efficient route directions could ces if the vectors constituting the model are assigned appropriate
come true after a sequence of landmarks, which are known to the weight coefficients. Expert evaluation method was effective to de-
users, close to the destination, and most relevant to the real-time termine these coefficients. This method is composed of three steps:
locations, are interactively found out from the data structure, appro- firstly, several groups of representative coefficients are selected to
priately reasoned out with inference rules, and accurately described respectively compute the significance of every POI object; then,
to the users. some experts are invited to give marks to those calculation results;

at last, the group of coefficients with the highest scores is chosen as
5 CONCLUSION the default coefficients of the model. Furthermore, considering the
individual differences of the users in preferences, cognitive habits

The POI significance influencing factors presented in this paper, and living environments, the default coefficients could also be
which are the public cognition, spatial distribution and individual modified to adapt to different applications. For instance, the coeffi-
characteristic, can comprehensively measure the significance of cient of public cognition degree of a category of POI objects can be
every POI object in semantic, structural and visual aspects. Al- magnified, to promote the significances of the POI objects of that

though the significances of POI objects may also be influenced by category.

other factors to some extent, such as specific contexts of the envi- Compared to traditional landmark significance measure methods
(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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which need collect plenitudinous property data of individual spatial
features, such as their geometrical and semantic information, the
method proposed in this paper researches on the categories, spatial
distribution and characteristic attributes of POI data. As the data
are easy to acquire, process and update, this method is efficient,
pragmatic and easy to implement. In order to generally survey the
public cognition degrees of POI categories, the respondents were
evenly sampled in genders, ages, occupations and years of living in
the cities. However, in practice, the cognitive differences between
different target groups, such as women, the elderly and teachers,
could be distinguished to gain customized cognitive results, and
the POI categories could be further refined, such as distinguishing
department stores and various theme emporiums, to carry out the
public cognition survey in more detail. In addition, when executing
the spatial clustering and attribute normalizing, as the selection of x
and Minpts and the classification of the clustering results and char-
acteristic attribute are influential to the final calculation results, the
most suitable clustering parameters and grading criteria should be
determined after several experiments.

The hierarchical landmarks extracted from POIs with different
significances can reflect hierarchical regional spatial knowledge,
and further be used in intelligent navigation systems. In route di-
rections, a sequence of landmarks which are most relevant to the
real-time locations of the user can be selected from the landmarks
which are found known to her by means of human-computer in-
teraction or machine learning, through measuring their cognitive
efforts and cognitive effects. If the neighborhood of the destination
is gradually concretized by those sequential landmarks, the naviga-
tion system can flexibly and efficiently instruct the user to approach
the destination through describing or depicting the landmarks with
natural language or schematic map. When the influence area of
the landmark with the greatest cognitive effect is arrived, if the ac-
curate location of the destination is still undetermined to the user,
the left route should be described turn by turn to guide the user to
reach the destination. In specific applications, the destination and
the landmarks may be distributed in more complicated manner on
a route. Whatever, the navigation process will always conform to
human cognition and behavior rules, through combining the desti-
nation-based route directions and turn-by-turn route directions, to
make the navigation system more humanized and intelligent, such
as the route instructions of passengers to taxi drivers.
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kindly offered by China NavInfo Co., Ltd.
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