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Abstract. Vector data integration is an important function in Urban Public
Participation GIS Platform (UPPGP). Most current researches drill down the
issue without considering two points: (1) the inner connections among different
urban elements. (2) The temporal meaning of each object. The neglect of these
points causes redundant storage and inefficient retrieval problems in smart city
applications. In view of that, a spatio-temporal geocoding model for vector data
integration is proposed in this paper. The model regards the urban entity element
as the bridge between economic element and event element, so the task turns to
find a way to uniquely identify the urban entities to avoid ambiguity and
redundancy when entity objects connect with other type of objects during
integration. Based on the object-oriented spatio-temporal data model, the entity
object is constructed by type, space and time codes using concept lattice and
regional GeoHash technologies. The method computes code similarity for each
entity object to decide whether to put the object into storage. Experiments on the
real UPPGP of Sino-Singapore Tianjin Eco-city show that it can avoid data
redundancy and ambiguity effectively.
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1 Introduction

Big data issue is leading a new intelligent revolution in recent years. Geographic
information systems (GIS) have sprout up continually with applications that include
infrastructure maintenance, resource management, planning et al. But a lack of stan-
dards leads to a general inability for one GIS to interoperate with another [1]. It
accelerates the production of Urban Public Participation GIS Platform (UPPGP). Since
2008, enterprise forerunners leading by IBM have formed a series of UPPGPs based on
data integration and sharing [2]. The platform has many functions containing data
extraction, cleaning and integration. Among these operations, integration for the vector
data is one of the most important steps. It is a process of arranging the multi-source
vector data in the geographical frame actually.

Multi-source vector data are different in terms of semantic meaning, spatio-temporal
status, gathering approach, attribute structure et al. There are 3 integration levels of vector
data currently: (1) Level 1 is a loose way of unifying the vector data in the same
coordinate framework. This level refers to some basic pre-processes before deeper
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integration, such as coordinate transformation and overlaying approaches [3, 4].
(2) Level 2 is to build relationships between individual objects in different data sets
explicitly [5]. Compared with level 1, level 2 is a more compressed approach for inte-
gration. It is related with some data interoperation and information fusion technology,
such as data warehouse and spatial “Extract-Transform-Load (ETL)” [1, 6, 7]. (3) The top
level is the true integration level including two aspects: semantic integration and geo-
metric integration. The former integration is related to the common attributes of the data
objects. Based on the attributes belonged to different data, researchers proposed a valid
method called “Geographic ontology” to identify the similarities and heterogeneities
between geographic categories. Geographic ontology is a theory of abstracting entities
from geographic knowledge, information and data. It makes up a system mixed with
certain relationships by defining entities conceptually and formally [8]. Numerous
attempts have been carried out to deal with geographic ontology integration. Among
them, Kokla et al. (2001) and Kang et al. (2012) use ontology and concept lattice for
geographical classification [9, 10], which provides gist for our researches. The latter
integration refers to the geographic matching technology of vector data sharing the same
name. Some studies have been proposed based on the type of the vector data [11] or the
topology of objects [12].

The top level integration can compress several vector datasets into one really.
However, most current studies concentrate on the semantic and geographic integration
separately, and barely consider two points: (1) the connections among different urban
elements. Urban data contain entity and event elements. Generally, there are always M:
N relationships between entities and events. Taking building data for example, the
management departments and the planning departments have distinct descriptions
about the same building. Even more, different buildings may have the same event data
also. The classical integration methods cannot describe the relationships of single
building, building area, and different events happened on these individuals, because
these data items have different spatial and time granularities. (2) The temporal meaning
of each object. Most integration processes emphasize more on the spatial and sematic
meaning than the temporality of single object. Actually, vector data from different
departments always show the changes of objects along time axis. Without the time
constraint, the data would lose their meanings. To sum up, the two points cause
redundant storage and inefficiency retrieval in practical applications really.

Owing to that, by using geographic ontology classification and geocoding tech-
nologies, this paper proposes a spatio- temporal geocoding model for vector data,
which is composed of type, space and time codes. It’s a transition level between the
existing level-2 and the level-3 integration, as well as a compensating model based on
the content and logical connections of urban elements, and lets the disordered urban
data expand infinitely and orderly in the geographical framework. A series of appli-
cations and experiments on the real UPPGP of Sino-Singapore Tianjin Eco-city show
that the model can avoid data redundancy and ambiguity effectively.

The advantages of our model are summarized into threefold: first, it is excellent
robustness. The granularity of property and spatial attributes of object will not break the
coding framework. We can expand the code length to express more detailed infor-
mation about the object. Second, it can avoid the redundant storage remarkably,
because a geocoding method is proposed to compute the coding similarity for each
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vector object to decide its entering. Third, the code isn’t an identity authentication only,
since the code itself contains information about type, space and time of an entity. By
this code, irrelevant instances can be filtered out firstly, which can improve the whole
efficiency of data analysis.

The paper is organized as follows. We present the constitution and logic connection
of urban elements firstly in Sect. 2. Section 3 presents the integrated coding framework
of urban entity elements. Then we give the implement of the urban entity coding
algorithm in Sect. 4. Section 5 presents applications and experiments to demonstrate
the improvements brought by the coding method for the real UPPGP. Finally, the study
is summarized in Sect. 6.

2 The Construction and Logic Connection of Urban Elements

Urban is an integrated and self-operating system by combining different social and
nature spaces together. To describe the variety of urban data, urban planners divide the
urban data into entity elements, economic elements and event elements. Entity ele-
ments are the general terms of artificial elements and the nature elements involved by
human, such as urban zone, building, traffic, water conservancy, urban pipeline.
Economic elements are financial organisms that have free behavior and independent
responsibility, such as government, company and human. Event elements are the sum
of the activities that entity and economic elements involved in, such as urban security,
urban management, and urban operation [13]. The instance belonging to these elements
are called “object” in the following.

There are two types of spatial-related events in urban: one represents the status of
entity objects along the time axis, such as the natural damages of streetlights. The other
represents the status of economic objects depending on entity objects along the time
axis, such as workers report the broken streetlights. The main difference of the two is:
the former is a description of entity objects without the participation of economic
objects; the latter is a description of economic objects with the participation of entity
objects. That is to say, the entity elements give space supplies for the event elements.
From the previous analysis, entity element is the link between economic element and
event element. They have complex dependencies in time and space scales. Figure 1 is
an illustration about it.

(1) Spatial dependencies. Entity elements are the spatial carriers of event and eco-
nomic elements. In other words, event elements and economic elements depend
on entity elements in spatial terms. As shown in Fig. 1, event elements, such as
macro economy, region planning and street management, spatially depend on
entity elements such as administration region, community and street separately.
Specially, these entity elements are hierarchical in spatial aspect. Similarly, eco-
nomic elements, such as government, company and human, spatially depend on
entity elements like building.

(2) Time dependencies. Entity element and economic element are not static but have
time effect. The appearance of the time effect is expressed by event elements. For
example, as shown in Fig. 1, the construction information, real-estate information
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and energy information are events happened on the entity element of building
along the time axis. The business information, fiscal information and statistical
information are events happened on the economic element of company along the
time axis.

(3) Dependencies among objects of these elements along sptio-temporal scales. An
entity object consists of three basic characteristics at least: location, property and
time status [14]. In another word, different temporal and spatial statuses map to
different triples containing entity object, economic object and event object. The
dependency can be expressed as follows.

Oevent ¼ ðOtime;Olocation;\Oeconomy [ ;OentityÞ ð1Þ

where Ox denotes the corresponding object of type x. Oeconomy is an optional item. For
example, “planning results = (planning stage, level-2 area location, planning bureau,
the north zone)” is a complete description of an event. In fact, all artificial entity objects
in urban have similar experience timeline as “planning stage - design stage - imple-
mentation stage – completed stage - destruction stage”. Each stage is an event node
with spatial and temporal limitations. The target entity described by event nodes
change from rough to fine in spatial scale with time flowing. In the planning stage, we
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Fig. 1. The dependencies of urban elements
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only require position accuracy to level-2 zone. But in the completed stage, we require
position accuracy to level-6 with smaller size as a single building. Thus, the same
location might refer to different entity objects due to different sptio-temporal scales.

3 The Integrated Code Construction of Urban Entity
Elements

From Sect. 2, it could be inferred that event elements related to space are the interaction
results between economic elements and entity elements, so each entity or economic
object should own a unique identification to prevent redundancy and ambiguity when
participating in city events. In smart city applications, an economic object has had an
ID card or a corporate code as identity authentication. However, an entity object has
multiple IDs in distinct systems, which brings various problems in data exchange and
sharing process. Therefore, each entity object requires an ID like economic object to
identify its uniqueness in different application scenarios.

An entity object can be treated as a geographic individual. In object-oriented the-
ory, an object is a conceptual body with a unique identification. Each geographical
sptio-temporal object compresses time, spatial, type properties and related behavior
operation into a single individual. From that perspective, the urban entity code can be
seen as a simple geographic object model composed of type, spatial and time codes as
shown in Fig. 2.

From Fig. 2, it can be seen that type code, spatial code and time code correspond to
property, space and time factors of an entity object respectively. Among them, type
code and time code have consistent length once the initial works are executed before
geocoding integration. But it’s not the same as the spatial code. Spatial code consists of
2 parts: region level code and spatial grid code. The latter are a series of codes form
level 1 to level 8 with the finest one 8 bytes. Its length varies with the spatial range of
the object. To avoid different objects appearing in the same grid, the order code is
necessary. More information will be presented in the next state.

The construction of urban entity code
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Fig. 2. The integrated coding framework of an urban entity object
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4 Urban Entity Coding Algorithm

4.1 The Framework of Coding Integration

The UPPGP is a host platform for spatial data. When new vector data are entering, they
are merged into the code database of the platform quickly. The vector data waiting for
integrating should meet two conditions at least: (1) the data must have type attributes;
(2) the geometric type (point, line or polygon) of the input data should map to the code
dataset sharing the same type with the input data. The whole process contains three
steps, followed by an illustration in Fig. 3(a). Any vector data can be merged into the
data center by this method without changing the construct of the original data, so it can
be easily used.

Fig. 3. The framework of coding integration

Fig. 4. Data storage improvement
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First, pre-process the vector data. It is the level-1 integration proposed in Sect. 1.
Rather than regurgitating, pre-process such as coordinate matching and data com-
pleteness checking before deeper coding process are discussed a lot in previous
researches, so we don’t present too much detail about that. Second, decompose the
data. The process decomposes the data artificially into double parts: spatial based table
and attribute attached table. The former only contains attributes that relate to the type
and spatial issues of the data. The latter contains other attributes referring to the event
and thematic issues of the data. The two parts are connected by the natural serial
numbers or the numbers from their previous systems. Third, calculate the integrated
code and put the data into storage. The vector data center of the UPPGP contains two
parts: entity code dataset and thematic dataset. The former contains non-redundant
vector data of point, line and polygon with unique codes. The latter contains
2-dimensional tables that related with different thematic domains such as planning and
management. The two dataset are separated logically in data center. We calculate the
code number according to the spatial based table and put the non-redundant data items
into the entity code dataset. Besides, we put the attribute attached table into the the-
matic dataset as well. Then the two parts are connected by urban entity integrated codes
presented in our paper. The details are shown in Fig. 3(b).

Step 1: decompose the type attributes into several properties to generate type code
of the entity. In addition, find its semantic location in the concept lattice of urban entity
elements. The flow is mentioned in Sect. 4.2.

Step 2: generate the spatial code by the spatial attribute according to the method
mentioned in Sect. 4.3.

Step 3: do a similarity judgment by comparing the type code and spatial code of the
current object with codes in the UPPGP database to determine whether it is a new
object or a suspected existing one. The details are carried out in Sect. 4.4.

Step 4: to the new entity, generate time code by using the 8-byte storage time stamp,
which is accurate to date. Then connect it with spatial code and type code by “-” and insert
it into database. To the suspected existing object, move it to “the candidate region of
duplicated objects (means the current object might be redundant)” to do finer processing.

The previous steps implement a rough filtering on the data content. To objects in the
candidate region, level-3 integration can be implemented according to the detailed outline
and other related attributes of the objects. From that point, the spatio-temporal geocoding
method proposed in this paper is a transition level from level-2 to level-3 integration to
make the computing complexity of the top integration much lower than before.

Fig. 5. Regional search improvement (street level)
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4.2 Type Coding Algorithm Based on Concept Lattice

Type code expresses the essential attribute of the entity elements. In this section, we
design a method to calculate the type code of urban entity element by building a
property tree based on concept lattice and geographic ontology. This coding method
can quantize the difference of massive entity elements. The processes are as follows.

First, collect the nature descriptions of urban geographical entity elements from the
current standards to build the basic geographic concept dataset. The dataset will be
enriched when new vector data are put into storage, since the type descriptions of the
new data waiting for warehousing are also the source of the concept dataset.

Second, change the nature descriptions of each concept term into formal expres-
sions. Each entity element has attributes that relate to materiality, reason, form, posi-
tion, timeliness, and function [15]. Based on the attribute hierarchy tree, we denote
each type as a list of formal words.

Third, Change each formal expression into binary code. If the current entity has the
same attribute, the corresponding position is marked with “1”; otherwise it is marked
with “0”. It can be inferred that the granularity of the attributes effect the length of the
type code. The longer the code is, the more certain the entity is. To avoid excess
manual work, the numeric attributes like “>60 g” are ignored. But it is better to refine
the attributes to improve the precision of similarity judgment. In addition, the granu-
larity of type code is limited at the beginning usually.

Fourth, convert the binary code to 8-byte 64 hexadecimal code, with a cover of
zeros in front if the code size is less than 8. The step can enlarge the capacity of the
type code dataset in a limited storage circumstance.

At last, built the concept lattice for all entity type code and get the type code
comparison table. The classification based on concept lattice [9] is used to the construct
the code comparison table.

4.3 Spatial Coding Algorithm Based on Geocoding

Spatial code expresses the spatial characteristic of an entity object. It’s an important
part of the complete coding system. Current spatial coding methods include two types:
regular grid geocoding and irregular grid geocoding. The former is based on the theory
that the position of the point of interests (POIs) can be replaced by tiny areas. The
method cuts the earth surface into regular and adjacent grids according to certain
mathematical rules, and then gives each grid a unique code to represent the position of
POIs in the grid. The “National Area Code (NAC)” developed by Canadian NAC
company and GeoHash code proposed by Gustava Niemeyer both belong to this cat-
egory [16]. The latter is represented by address geocoding method. It implements a
conversion from descriptive geographic language (such as street or postal number) to
spatial coordinates by building the coordinate correspondences between city admin-
istration units (like administrative area, street and house number) and their geometric
center. The “Topologically Integrated Geographic Encoding and Referencing” [17] and
“Postal Code Address Data” [18] both belong to that. The paper absorbs advantages of
the two approaches. The processes are as follows.
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First, calculate the Minimal Body Rectangular (MBR) for each entity object based
on the spatial attribute. Second, to the scope larger than the street level (such as
province or county level), use 6-byte postal code. To the scope smaller than the street
level(such as residential area), consider not only postal codes but also regional Geo-
Hash code [19] to cover tiny entities that are important but cannot be expressed by
irregular grids, such as dustbins. Third, get the whole GeoHash codes arranged from
level 1 to 8 combined with “-”.

4.4 Coding Similarity Judgment

The coding similarity judgment is to distinguish the suspected redundant data items
form the non-redundant ones. It contains two aspects:

(1) Spatial coding similarity judgment

From Sect. 4.3, we know that spatial code contains different size of indexed grids. It’s a
good idea to fully use the organized grid codes to get the similarity between two entity
objects by calculating grid overlapping area in the same postal unit. The formula is:

Sim SðOi;OjÞ ¼
Xlevel

m¼1

1
2m

ðGridSumðOim\OjmÞ
GridSumðOimÞ þ GridSumðOim\OjmÞ

GridSumðOjmÞ Þ ð2Þ

where Sim SðOi;OjÞ is the overlapping degree between the current object Oi waiting
for warehousing and the target object Oj in the code dataset. level is the grid level.
GridSumðOimÞ is the grid sum of Oi in the current level m, GridSumðOim\OjmÞ is the
cardinal number of the intersection of Oi and Oj in the current level m. If
Sim SðOi;OjÞ[ c (c is the threshold), then the process goes to the next “type coding
similarity judgment” step. Otherwise, the method combines the spatial code of the
current entity with its type code and time code, and inserts the coded entity into
database.

(2) Type coding similarity judgment

To entities passing the spatial coding similarity judgment, the coding method uses
Eq. (3) [9] to calculate the type code similarity between the current object Oi and the
target object Oj in the code dataset.

Sim TðOi;OjÞ ¼ x1
O.

i \O.
j

O.
i [O.

j

�����

�����þ
x2

DisMinðOi;OjÞ ð3Þ

where Sim TðOi;OjÞ is the type similarity between the current object Oi and the target
object Oj. O.

i is the attribute set of Oi. O.
i [O.

j is the intersection of Oi and Oj attribute
set. O.

i [O.
j is the union of Oi and Oj attribute set. DisMinðOi;OjÞ is the minimum sum

of edges from Oi to Oj in the attribute concept lattice. x1 and x2 are two adjustable
parameters to meet the constraint of x1 þx2 ¼ 1. If Sim TðOi;OjÞ[ g (g is the
threshold), the current entity pass the judgment.
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5 Applications and Experiments

The coding method has been successfully used in the UPPGP of Sino-Singapore
Tianjin Eco-city already. It brings remarkable improvements to the data storage and
searching efficiency for the UPPGP. The data storage improvement is shown in Fig. 4.
In our platform, the volume of the data center is 23.21 G. After using our coding
method, the data volume changes to 20.11 G. The Algorithm brings a 3.1 G storage
decline for the vector data center. The searching improvement is shown in Fig. 5.
Taking the block scale for example, we selected 4 cases of data volume with 103

intervals to test the efficiency of our method. The result shows that our method can save
a lot of time compared with spatial searching engine of ArcGIS 10.0. We get similar
results in other spatial scales as well. Furthermore, Multi-level searching based on this
code is shown in Fig. 6.

Firstly, each spatial entity object is implemented the two-step judgment before
storage. If it does not pass the test, the object will be given a unique code and inserted
into the database. Otherwise, the duplicates will be put into the candidate region for

Fig. 6. Multi-level searching based on our code. (a) shows the function window on the global
scale. It can be seen that 4 types of indicators related on the whole regional scale: urban
comprehensive indicators, urban entity statistic indicators, urban construction indicators and
macro-economic indicators. Similarly, (b) shows the function window referred to indicators on
the district scale; (c) shows indicators on the block scale, and (d) shows indicators on the plot
scale. Each spatial scale corresponds to different function windows.
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finer process. By that way, the vector data are cleaned. Even though the method is
taken as a rough filtration, it is really an effective way to avoid redundancy.

Secondly, we get the information about type, location and generated time of the
target object from the code easily, and then do a rapid query based on the same part of
the current entity code to find related ones. The matching and query tasks are similar to
the coding process. However, the application case is only the tip of an iceberg.

6 Conclusion

From Sect. 5, it can be seen that the spatio-temporal geocodingmethod is an effective way
to solve data redundancy and inefficient retrieval problems during the data integration.
This method is based on the content and inner connections among urban elements. We
ensure the key role of urban entity elements in connecting event elements and economic
elements, and abstract out a geographic entity model composed of type code, spatial code
and time code. In our Algorithm, type code is calculated by decomposing entities’
attributes formally and using concept lattice to generalize the semantic position of the
entity, space code is calculated by regional GeoHash code to generalize the space range
of the object, and time code is calculated by recording the storage time stamp of the
object. Meanwhile, we also consider the order code to avoid different entities appearing
in the same grid. When doing geocoding integration, the method decides whether the
outer data items exist in the original code dataset or not. To non-existing records, our
method inserts them into database according to the coding rules.

The method doesn’t change the physical structure of the original data, but imple-
ments loose integration by the unique identification designed in the paper. To
emphasize, the method cannot replace the top level integration completely, but can be
regarded as a transition from the original level-2 to level-3 integration methods. Due to
this geocoding process, the UPPGP can execute the semantic and geographic inte-
gration more easily. That is also our next topic, which will be discussed more in future
studies.
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