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ABSTRACT: 

Landmark plays an important role in spatial cognition and spatial knowledge organization. Significance measuring model is the main 

method of landmark extraction. It is difficult to take account of the spatial distribution pattern of landmarks because that the significance 

of landmark is built in one-dimensional space. In this paper, we start with the geometric features of the ground object, an extraction 

method based on the target height, target gap and field of view is proposed. According to the influence region of Voronoi Diagram, the 

description of target gap is established to the geometric representation of the distribution of adjacent targets. Then, segmentation process 

of the visual domain of Voronoi K order adjacent is given to set up target view under the multi view; finally, through three kinds of 

weighted geometric features, the landmarks are identified. Comparative experiments show that this method has a certain coincidence 

degree with the results of traditional significance measuring model, which verifies the effectiveness and reliability of the method and 

reduces the complexity of landmark extraction process without losing the reference value of landmark. 

1. INTRODUCTION

Landmark is a spatial form that can be recognized by the 

cognitive population in a certain space and can be a symbol in 

both psychological and geographical significance. The landmark 

is easily identified and remembered from many directions in the 

geographical space. It is a prominent element in the space. In 

spatial cognition, organization and expression in the process of 

landmarks as a reference to organize and express the spatial 

knowledge (Gong et al., 2016a). In the process of spatial location 

description, it can be used to help describe the spatial location of 

the target and express spatial information. Based on path 

selection and navigation, landmarks can effectively help us to 

understand the structured environment, and gradually establish 

the path and structure knowledge of the environment (Zhang et 

al., 2012b; Li et al., 2014a; Zhang et al., 2013a). Therefore, the 

method of landmark extraction has always been a hot issue in the 

field of geographic information science. 

At present, the main way of landmark extraction is to build 

significance model based on related factors, and achieve the 

purpose of extracting landmarks by calculating the significance 

of land objects. Sorrows (1997a) defines the landmark as a 

distinct discernible element independent of any observer, he 

thinks that the landmark has 3 aspects of significance, visual, 

structural and semantic. The ground object with strong visual 

features, unique semantics and important space position can 

become a landmark. For this reason, some scholars have 

proposed and developed a significance measuring model 

consisting of these three indicators. Raubal and Winter (2002a) 

construct significant measuring models from three aspects: visual 

attractiveness, semantic attractiveness and structural 

attractiveness. Due to the different environment and user needs, 

more factors are needed to consider the significance of objects. 

Caduff (2009a) and Timpf put forward a more complex saliency 

measuring model, which includes three significant vectors and a 

series of member variables, including perception, cognition and 
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scene. And Bayesian network is used to characterize the causality 

between spatial objects, observers and the environment. In order 

to acquire hierarchical spatial knowledge that can be used for 

intelligent path guidance, (Zhao et al., 2011a) analyze the factors 

that affect the significance of POI from three aspects, public 

cognition, spatial distribution and individual characteristics, and 

construct the POI significance measuring model using three 

indicators, including public awareness, city centrality and 

characteristic attribute value. In addition, to obtain urban spatial 

knowledge for intelligent location service in time and accurately, 

(Wang et al., 2016a), have discussed the factors that influence the 

POI significance from the number of check-in data, the number 

of check-in users and user influence factors, and then propose a 

POI significance measuring model based on the position check-

in data. The core of the significance measuring is to choose 

important factors, put in the linear space, and then the factors are 

classified and weighted to be used for the final evaluation. The 

whole process ignores the spatial distribution of objects, making 

the sensitivity of the extracted landmark to the spatial distribution 

is low and the correlation is not strong. 

The target individual of the ground object and its adjacent target 

influence each other, and the geometric shape of the ground 

object and the distribution of the adjacent target are the main 

factors that form the landmark (Li et al., 2003a; Zheng et al., 

2008a; Tao et al., 2010a). In this paper, we use the target height 

as the basis of geometric form, and construct the goal gap in the 

scope of the plane Voronoi Diagram, which is used to describe 

the interaction between targets. In order to reflect the spatial 

distribution of ground objects more accurately, we take Voronoi 

K neighborhood as the sphere of action, and divide it into 

multiple neighborhoods to simulate the visibility of objects in 

multiple directions. In order to achieve the purpose of rapid 

extraction of landmarks, the target height, target gap and 

significant influence factors are weighted to construct 

significance model, and the significance are measured from the 
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visibility of multiple directions to realize the target extraction, 

which reduces the complexity and the extraction results under 

spatial cognition. 

2. GEOMETRIC FEATURES AND POSITION

DISTRIBUTION FACTORS 

2.1 Geometric feature selection 

Voronoi Diagram is a basic geometric structure of space 

subdivision, it is shown as a group of growing sources expanding 

to the surrounding area, until the meet, to form the collection of 

the sphere of influence of the growing source (Gold, 1997a; Chen 

et al., 2003a). Voronoi Diagram contains many excellent spatial 

general nature, such as proximity and sphere of influence (Chen 

et al., 2001a; Chen et al., 2004a). It is considered as a powerful 

tool to study and solve the spatial relationship and spatial analysis 

of the visual field of Geographic Information Science, and to 

optimize the space configuration and other related problems (Liu 

et al., 2004a; Li et al., 2016a). 

Definition 1 General Voronoi Diagram: Suppose that point set 

P={p1(x1，y1)，…，pn(xn，yn)}R2，1n，p is an arbitrary 

point, p(x，y)R2,point pi(xi，yi) and pj(xj，yj) are existed, the 

region expressed in (1) is the Voronoi region of pi: 

𝑣𝑜𝑟(𝑝𝑖) = {‖𝑝𝑖 − 𝑝‖ ≤ ‖𝑝𝑗 − 𝑝‖，𝑖 ≠ 𝑗，𝑖，𝑗 ∈ 𝑁} (1)

where ‖𝑝𝑖 − 𝑝‖ = √(𝑥𝑖 − 𝑥)2 + (𝑦𝑖 − 𝑦)2 . General Voronoi

Diagram is expressed as follow: 

𝑉 = {𝑣𝑜𝑟(𝑝1),···, 𝑣𝑜𝑟(𝑝𝑛)} (2) 

There are two kinds of proximity between the space targets, 

Euclidean distance proximity and Voronoi proximity. Compared 

with Euclidean distance proximity, Voronoi proximity has more 

advantages in measuring and neighboring target distribution. 

Definition 2 Voronoi proximity: If the space target set O={o1, o2, 

o3, … ,on}∈R2 is existed, 1n, for any given oi, oj, (i≠j), vor(oi) 

and vor(oj) represent the Voronoi regions of the target oi and oj, 

respectively. If formula (3) is established: 

𝑣𝑜𝑟(𝑜𝑖) ∩ 𝑣𝑜𝑟(𝑜𝑗) ≠ ∅ (3) 

then the target oi and oj are adjacent to Voronoi. 

Definition 3 Voronoi k order adjacency: If the space target set 

O={o1, o2, o3, … , on}∈R2 is exsited,1n,for any given oi, oj, 

(i ≠ j), if the target oi reaches the target oj through the minimum 

Voronoi neighbor step number k, oi is adjacent to oj of the Voronoi 

k order. 

The significance of landmarks is mainly reflected in their 

appearance, structure or semantics differences, compared with 

other spatial objects in the surrounding environment, including 

the shape, size, location, roles and cultural connotations, etc. In a 

strange environment, without considering the semantics of 

special features and the structure factors, the large and high 

ground objects are often leave the first impression on the 

observers in the visible range because of their visual 

attractiveness and strong reference. In Voronoi diagram, the size 

of the space occupied by the ground can be quantitatively 

described by its sphere of influence, so the area and height of the 

surface area are taken as the geometric characteristics of the 

quantitative description of landmarks. 

2.2 Gap describe 

Although, to a certain extent, sphere of influence of Voronoi 

Diagram is determined by the area of the source of growth, it is 

also influenced by the intensity of the ground objects. It is not 

suitable to select the surface area directly as the geometric feature 

of the quantitative description of the landmark. In the actual 

situation, for some land surface objects which are not prominent 

in the area and height, the central buildings of some squares can 

still be selected as landmarks. Therefore, the density of ground 

objects in the space range is considered, according to the 

proximity relation of Voronoi, the area distribution of the Voronoi 

area and the spatial correlation (Kang et al., 2017a; Zhang et al., 

2014a; Li et al., 2014a; Li et al., 2016a). The larger the ratio of 

the area of the ground to the area of the Voronoi, the more 

aggregated the spatial distribution of the ground objects is. It is 

assumed that the total area of ground objects in the space range 

is S, and the total area of the ground object Voronoi is Svor, then 

the degree of ground density is expressed as: 

𝜌 =
𝑆

𝑆𝑣𝑜𝑟
(4) 

For a single object in the space range, its area is expressed as s', 

the corresponding area of Voronoi region is s'vor, then the target 

gap can be described as: 

𝑞 =
𝑠′−𝑠𝑣𝑜𝑟

′

𝑠𝑣𝑜𝑟
′ (5) 

In order to describe the gap between a single object target and its 

adjacent target set, all the adjacent objects of the k order of the 

ground object are selected as the adjacent target set. 

𝑄 = 𝑞 + ∑ ∑ 𝑞𝑖
𝑛
𝑗=1

𝑘
𝑖=1 (6) 

where qi represents a k order adjacent to the ground object, and 

the number of adjacent objects adjacent to the k order of the 

ground object is n. Q is used to measure the size of the gap 

between the object and the adjacent target set. Many buildings 

have some dependency relationship with others in the space 

range, in order to make the description of the gap more conform 

to the actual situation, the computation of gap can be extended to 

k (k>1) order adjacency of the ground object. 

2.3 Segmentation of the Horizon 

When the spatial cognition is carried out from different 

perspectives, there will be some targets that are too large or too 

high in a certain direction, and many objects are shielded from 

each other within the visual angle of the human eye. The 

difference in the visibility of the objects in different directions 

makes the spatial cognition incomplete. For this reason, 

considering the strong correlation between the objects in the view 

area, we divide the spatial scope into multiple viewable areas, 

and simulate the visibility of objects under multiple views in a 

two-dimensional plane with multiple viewports. 

Because the Voronoi regions in the plane space do not overlap 

each other, and cover the whole two-dimensional space 

continuously, the continuous coverage links the spatial objects, 

implicitly expressing the neighborhood information between the 

spatial growth targets. Therefore, the segmentation of visual 

domain segmentation is carried out according to the proximity 

relation of the Voronoi k order. Assuming that the number of 

Voronoi 1 order adjacent objects is m, based on the m one order 

adjacent objects, the local spatial scope centered on the target 

surface is divided into m visual fields. As shown in Figure 1, the 
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yellow part is the target of the ground, and the number of the 

adjacent objects in the 1 order of Voronoi is 7. Taking the object 

as the center, 7 viewable areas are divided, where the direction of 

the arrow is the growth direction of the visible domain. The m 

visual domains of the target object can be expressed as: 

𝑅𝑒𝑔 = {𝑆𝑒𝑔1，𝑆𝑒𝑔2，⋯，𝑆𝑒𝑔𝑚} (7) 

in which Segi represents a field of view centered on the ground 

object. 

According to Voronoi k order adjacency relation, the Voronoi 1 

order adjacent objects of target objects can be regarded as the first 

layer of visible objects. After k segmentations, the visible domain 

can be expressed as: 

𝑆𝑒𝑔 = {𝑂𝑖，𝑖 = 0，1，⋯，𝑘} (8) 

where Oi (1≤i≤k) represents the collection of objects in the 

field of view of layer i. 

The adjacent objects of the Voronoi 1 order of the i (i≥1) layer 

of the visual domain are expressed as: 

𝐺 = {𝑔𝑖，𝑖 = 0，1，⋯，𝑛} (9) 

The adjacent objects of the ground object of Voronoi k(k≥2) 

order are described as: 

𝐺𝑘 = {𝐺𝑖
𝑘，𝑖 = 0 ，1，⋯，𝑙} (10) 

The overlapped part of the adjacent object of the Voronoi 1 order 

and the Voronoi k order of the object of the i layer of the visual 

domain is regarded as the i+1 layer of the visual domain here, 

which can be expressed as: 

𝑂𝑖 = {𝐺 ∩ 𝐺𝑘} = {{𝑔𝑖，𝑖 = 0，1，⋯，𝑛} ∩ {𝐺𝑖
𝑘，𝑖 =

0，1，⋯，𝑚}} (11) 

As shown in Figure 2, the red part is the first floor of the visual 

field after two divisions, and the blue part is the second layer. 

The visual domain segmentation process is described as follows: 

1. Find the number of adjacent objects of Voronoi 1 order is m,

then the number of the field of view of the ground object is

m, and the adjacent objects of Voronoi 1 order are regarded

as the objects of the first visible objects.

2. Find the adjacent ground object set G of Voronoi 1 order of

the i (i≥1) layer and the adjacent ground object set Gk of

Voronoi k (k≥2) order, then the grounds of layer i+1 is

looked up according to (5).

3. i++, k++, repeat step 2.

4. The next segmentation of the visual domain is carried out,

and repeat step 2 and 3.

5. Repeat step 4, until all the visual domains of ground objects

are segmented. The result of the visible domain

segmentation of a ground object is shown in Figure 3.

2.4 Extracting process 

In this paper, a significant model is constructed to calculate the 

saliency of the objects in the visual domain. To unify the gaps in 

all the objects in the visual field to a single scale,  is taken as the 

scale factor, it is also necessary to standardize the significant 

influence factors, and the original data are transformed into 

interval [0, 1], using the method of extreme standardization, the 

unified gap is expressed as: 

𝑄′ = 𝜌 ∙ 𝑄 (12) 

The significance model can be expressed as: 

𝑓(𝑋) = 𝑤1 ∙ ℎ + 𝑤2 ∙ 𝑄′ + 𝑤3 ∙ 𝑚 (13) 

where w1, w2 and w3 respectively represent are the weights of the 

height and gap of the ground and the number of visual fields. 

When using the significance model to extract the landmark, it is 

extracted from the single visual domain of the object separately. 

After all the visual fields of the objects are traversed, all the 

objects in the area are traversed. In order to make the selected 

landmark more valuable, the spatial correlation of the extracted 

landmark objects is enhanced. After traversing all the visible 

domains of objects, we merge the adjacent visual domains on 

both sides of a visual field as a whole to evaluate the saliency of 

objects. As shown in Figure 4, the blue region represents the 

result of the combination of the two visual domains adjacent. 

After merging, the scope of the visual field is expanded, which is 

equal to the expansion of the visual angle. And the merged visual 

domain can be expressed as: 

𝑂𝑐 = 𝑂𝑖−1 ∪ 𝑂𝑖 ∪ 𝑂𝑖+1 (14) 

The target gap in the visual domain Oc is recalculated, and (8) is

Figure .1 The first order adjacent ground objects     

of the ground object 

Figure .2 Two segmentation schematic of a single visual field 

1 2 

3 

4 

5 6 

7 

The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-3, 2018 
ISPRS TC III Mid-term Symposium “Developments, Technologies and Applications in Remote Sensing”, 7–10 May, Beijing, China

This contribution has been peer-reviewed. 
https://doi.org/10.5194/isprs-archives-XLII-3-2307-2018 | © Authors 2018. CC BY 4.0 License.

 
2309

http://dict.cnki.net/dict_result.aspx?searchword=%e6%98%be%e8%91%97%e5%ba%a6&tjType=sentence&style=&t=saliency


used to measure all the objects in the visual field, and the 

threshold value of the landmark selection is constant before and 

after the merger. The set of ground objects that can be used as  

landmark in the three visual fields before merging is L{g1, 

g2,... ,gn}, and after the merging, the set is L'{g'1, g'2, ... , g'm}, then 

the ground objects that are landmarks are intersection of the two 

sets, which can be expressed as: 

𝐿𝑀 = 𝐿 ∩ 𝐿 (15) 

LM is the final result. 

Figure 3. The result of visual domain segmentation 

Figure 4. Contiguous visual domain merging result schematic 

3. EXPERIMENTS AND ANALYSES

In order to verify the feasibility and effectiveness of this method, 

all the objects in the experimental area are segmented by the 

visual domain. Then the landmark is extracted from the visual 

domain of the single ground object and the result is compared 

with the proposed method in previous work (Kim, 2017a). The 

validity of this method is verified by the coincidence degree of 

the two methods. 

The experiment selected part of the vector data in the No.2 Ring 

of Kunming city of Yunnan province, the main source of the 

extraction of this landmark is a plane-like object, a small number 

of spot objects are not considered, the experimental data include 

1918 surface objects. The two-dimensional space position 

coordinate and the attribute information of the plane-like objects 

are obtained as the input mode, the map database includes plane-

like objects and the notes of them. The construction of Voronoi  

Diagram in the experimental area mainly decomposes the 

growing sources, and the plane-like object is decomposed into a 

point element according to the length of a certain interval. Then 

the boundary point is encrypted, Voronoi Diagram that is used to 

build polygon is converted to Voronoi Diagram that is used to 

build point (Li et al., 2015a). 

In previous work (Kim, 2017a), objects are classified through a 

large number of description corpus, a description from web page 

extraction landmark model is presented, a model for extracting 

roadmap from web site description is proposed, reference 

significance, familiarity significance and intermediary 

significance are considered as impact factors to build a measuring 

model. The weight allocation is shown in Table 1. The results of 

this experiment are shown in Figure 5(a), and the results 

extracted by the contrast method are shown in Figure 5(b). 

Extraction method The impact factors Weight allocation 

This method 

Target height 0.4 

Target gap 0.3 

The number of visual ranges 0.3 

Contrast method 

Reference significance 0.4 

Familiarity significance 0.3 

Intermediary significance 0.3 

Table 1. Two methods of impact factor and weight allocation 

Extraction 

method 

Number of 

experimental 

objects 

Number of 

extracted 

landmarks 

Percentage of 

landmarks 

Number of 

coincident 

landmarks 

The coincidence 

rate of the 

experimental 

results of the two 

methods 

This 

method 
1918 35 1.82% 

23 65.71% 
Contrast 

method 
1918 42 2.18% 

Table 2. Comparison of the experimental results of two methods 

1

2
3

4

5 6

7
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Figure(a) Result of this method Figure(b) Result of this method 

Figure 5.Extracting results of the two methods 

In the experiment, the coincidence rate of the two methods varies 

with the range of the visual ranges. In Figure 6, the scope of the 

target horizons changes from 100 meters to 2000 meters, with the 

scope becomes larger, the coincidence rate of the results is 

gradually increased, and eventually reaches a stable level of 65%. 

So, we choose the best visual range of 2000 meters. 

If a ground object is extracted as a landmark in different horizons, 

it shows that the object is visible in many directions. Taking the 

extracted landmark elements as the center, the number of times 

that the landmark appears in different visual fields is calculated. 

As shown in Figure 7, the more times it appears, the more visible 

it is considered to be. Figure 8 shows the effect of the target gap 

of between the landmark and its adjacent ground objects on the 

visibility of the landmark. It can be seen that, for landmark with 

larger target gap, the distribution of its adjacent objects is 

relatively scattered, the correlation between the landmark and its 

adjacent ground objects is not strong, and its visibility is not 

strong. On the contrary, the landmark with smaller target gap is 

more concentrated in the location of its adjacent ground objects, 

and the landmark element has a strong correlation with its 

adjacent ground objects. 

Although the coincidence rate is only 65.71 percent, it at least 

shows that this method of extracting landmark in this paper is 

feasible. By searching the map database, the overlapped part of 

the ground objects are main libraries, hospitals, commercial 

buildings and banks. As for the no-overlapped part, the main 

reasons are as follow: 

(1)This paper starts with the plane Voronoi Diagram, only the

height and gap of the target surface are considered as the impact

factors, other feature attributes, such as color, texture, etc., are

ignored. Compared with the contrast method, the method does

not classify the objects in the experimental area. At the same time,

the functional factors and cultural semantic factors are easily

ignored, which are the main factors that cause the difference of

the results;

(2)There are certain subjectivity in setting the weight of reference,

familiarity, and intermediary meaning in previous work (Kim,

2017a), and the difference of the collection and the selection of

network data also has an impact on the experimental results.

Compared with the existed method of building a significance 

measurement model, Voronoi Diagram is used to quickly select 

geometric features as significant influence factors, and the 

segmentation of visual domain is combined to realize the 

extraction of landmarks in this paper, which makes the method 

have strong timeliness, relevance and representativeness. The 

advantages are as follow: 

Figure6. The coincidence rate increases with the range of visibility 
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Figure 7.The visibility of the landmark in this paper 

Figure 8.Gap changes of landmarks and its adjacent targets 

(1)The significant influence factors are considered from the plane

Voronoi Diagram, which greatly reduces the complexity of the

whole process;

(2)Combined with the visibility analysis of multiple

neighborhood domains, it is more consistent with the spatial

cognition of multiple perspectives in the actual situation;

(3)The rapid multi-domain segmentation method makes the

result more sensitive to environmental changes.

4. CONCLUSION

The core of this paper is to divide the spatial scope into multiple 

horizons based on the proximity characteristics of Voronoi 

Diagram, which can well meet the need that we want to cognize 

the space from different perspectives in real life and can adapt to 

environmental changes quickly. At the same time, with the help 

of the idea of establishing a significance measurement model by 

predecessors, a significance measuring model is established by 

selecting geometric features quickly as impact factors from 

Voronoi. Compared with existed methods, the complexity of the 

whole process can be reduced, and the results are with timeliness. 
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