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Abstract — To develop low-carbon economy it is vital to introduce technology and technical innovation in effective ways to deal 
with climate change and control greenhouse gases emission. This would benefit greatly the participation in international 
cooperation and achieve socio-economic development goals in China. In the present work, the author performed a study on 
visualization and GIS-based spatial analysis, model management, data interface and model interface of a low-carbon economic 
model. A low-carbon economic basic database was analyzed, designed and built. Data sources and data quality control were 
studied in detail. The database is mainly comprised of four components: greenhouse gas emission database, socio-economic 
population database, basic geo-spatial database, and Meta database. The system consists of three modules: database interface 
module, visualization and spatial analysis module and model management module. 
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I. INTRODUCTION 

With the development of urban underground space 
engineering, a large amount of spatial and non-spatial data is 
acquired and stored. How to make more effective use of 
these data, and to find the useful information which is hidden 
and complied with certain rules, so as to service geological 
prediction in advance and analysis of urban underground 
space engineering, is an important research area for data 
analysis and comprehensive utilization of urban underground 
space. For this reason, this paper combines data mining and 
visualization technology to increase the flexibility, efficiency 
and interactivity in entire data mining process [1-3]. 

There are partial researche on GIS visualization and 
evaluation methods of spatial data mining technology, but 
the visualization technology used in data mining is only as an 
expression tool for data objects and is no effective 
visualization in analytic methods and process itself. The 
relationship between visualization and data mining 
technology in current visualization data mining system is 
loose. In addition, in the prediction of urban geology in 
advance, there are partial researches and some software 
systems to apply GIS technology in the field of geological 
engineering [4], geotechnical engineering, but some of these 
systems are only used in 3D simulation of surface 
topography, and not very well meet the requirements of users 
in geometric modeling, analysis function and interactive 
function [5]. 

This paper systematically discusses the key technologies 
for GIS system of urban underground space and construction 
methods based on visualization data mining technologies [6], 
improves machine learning algorithms, clustering algorithm 
of space and non-space, studies the relative visualization 
technologies combined with data mining algorithms, and 
develops a set of GIS prototype system of urban 

underground space to support visualization data mining. The 
main works are summarized as follows: 

The system was realized through C/S structure. ESRI 
ArcGIS 9.2 and ArcEngine were also used as the GIS 
platform, SQL Server 2005 as database and Visual C#.net 
2005 as development toolkit [7]. Through a couple of tests, it 
has been proved that the newly proposed system can visually 
reflect dynamic evolution of processes and future scenarios 
of development of low-carbon economy in different regions 
and on different scales. The proposed system can provide 
quantitative analysis tools for China’s participation in 
international climate negotiations, benefiting reductions in 
greenhouse gas emissions and climate change policy making 
[8]. 

Study on the technology of visualization spatial data 
mining. Through comprehensive analysis from the angle of 
the technical characteristics of data mining, mass data 
characteristics and data integration with multi-dimension and 
multi-source [9], the integration application between 
visualization data mining and GIS technology is adopted in 
geological prediction in advance of urban underground 
space. In the spatial data mining technology, the spatial data 
mining methods based on association rules, support vector 
machine (SVM) and clustering analysis are mainly used. 
Study on support vector machine algorithm. To combine 
spatial association rule and case-based reasoning (CBR), the 
spatial data mining method based on support vector machine 
is analyzed in-depth, as a starting point by use of GIS 
technology and spatial data models, two improved 
algorithms are presented to further improve classification 
accuracy and reduce training time, such as the SVM with 
CBR to initial select training subset and the SVM with 
spatial region partition [10].  

Analysis on classification technology of urban 
underground space GIS and data quality control. For the data 
of point, line and surface from urban underground space, the 



LEI MING: DESIGN AND IMPLEMENTATION OF LOW-CARBON ECONOMIC MODEL-ORIENTED GIS . . . 

DOI 10.5013/IJSSST.a.17.19.11 11.2 ISSN: 1473-804x online, 1473-8031 print 

spatial clustering analysis method based on distance, or 
mathematical morphology, or topology and spatial 
association rule is used to classification; and the text 
classification is realized by the process of text pre-
processing, feature selection, determining feature-weight and 
specific classification. In addition, for the problem of 
sampling distribution in spatial analysis process, the spatial 
sampling method based on Sandwich space sampling model 
is used to simulate and improve that of urban underground 
space in the data acquisition process, and the purpose of 
reducing the cost of geological data acquisition is achieved 
under the premise of no loss in reliability and accuracy. On 
the basis of design of database, integration method and data 
process, the detailed function design on urban underground 
space GIS is completed, and a GIS spatial data mining 
prototype system based on plug-in form is developed to 
apply in geological prediction of urban underground space in 
Tianjin. 

II. LOW-CARBON ECONOMIC  MODEL-ORIENTED GIS 

VISUALIZATION 

Low carbon economic model is visualized based on GIS, 
among which all kinds of conditions, index combine with 
spatial elements so as to analyze time and spatial pattern of 
the low carbon economy development process of our 
country, directly reflect dynamic evolution process of low 
carbon economy development and future scenarios type in 
different regional scale, reveal its important guiding role in 
mitigating climate change, thus to provide quantitative 
analysis tools in slowing greenhouse gas emissions and 
influencing factors of climate change. 

The system was realized through C/S structure. ESRI 
ArcGIS 9.2 and ArcEngine were also used as the GIS 
platform, SQL Server 2005 as database and Visual C#.net 
2005 as development toolkit. Through a couple of tests, it 
has been proved that the newly proposed system can visually 
reflect dynamic evolution of processes and future scenarios 
of development of low-carbon economy in different regions 
and on different scales. The system would provide 
meaningful reference for research on temporal-spatial 
patterns and evolution mechanism of China’s low-carbon 
economy development, and offer an effective reference for 
decision-making on conserving energy and reducing 
greenhouse gas emissions. It was also suggested that low-
carbon economy plays a fundamental role in alleviating 
negative effects resulting from climate change. The proposed 
system can provide quantitative analysis tools for China’s 
participation in international climate negotiations, benefiting 
reductions in greenhouse gas emissions and climate change 
policy making.  

Support Vector Machine (SVM) an algorithmic model 
based on the statistical learning theory. It is a new type of 
learning machine which is proposed on the basis of Vapnik-
Chervonenkis Dimension and structural risk minimization 
principle. At present, Support Vector Machine (SVM) is 
mainly used in pattern recognition, regression analysis and 
other fields. The pattern recognition mainly focuses on how 
to correctly, reasonable and efficient distinguish the different 
modes whose main technical method is to find the 

characteristics of different patterns. Assume that the input of 
question is a pattern set { } ⊂  composed of second-type 
object. If any object  belongs to the first type, mark it as 1, 
if it belongs to the second type, mark it as -1. Take n samples 
from collection as training set, as is shown in (1) 

                            ( , ) 1,2,3,...,ni ix y i                      (1) 

1

1iy


    
The final purpose of Support Vector Machine is: based 

on selected training set, a discriminant function is formed to 
distinguish the second type model correctly.  

In mathematics, hyperplane is linear subspace whose co-
dimension equals 1 in Eulidean n-spaces. This is the 
extension of straight line in plane and plane in space. 
Assume that F is domain, hyperplane in Fn of Eulidean n-
spaces is shown in (2) 

1 1 2 2 ... 0n na x a x a x b                  
 (2) 

The defined subset, among which  is the constant all of 
which are not zero, as is shown in (3) 

                            , 0iw x b                                      (3) 

So, if hyperplane  exist to make  
                           , 1iw x b   1iy                             (4) 

                         , 1iw x b   1iy                      (5) 

Therefore, domain F is linearly separable. Generally, F is 
called training set, and there exists such hyperplane of the 
training set which is also linearly separable. 

III. DATABASE DESIGN 

Data sources include the accepted research report, guide, 
databases, documents, etc. This research mainly determine 
the following form as sources of data collection, as shown in 
Table 1, among which the social economic and population 
data come from geographic space information including 
topography and geomorphology, administrative boundary 
figure, existing spatial database. 

TABLE 1.  DATA SOURCES 

Category Sources Content 
Greenhouse gas IPCC 

Emission factor 
and other data 

Emission Data 
National list of greenhouse gas 

emissions database 

 
Experts research results and 
academic research literature 

Social 
economic 

China Statistical Yearbook Economic data 

Population data Government report Population data 
 Existed database  

 
Experts research results and 
academic research literature 

 

Basic 
geography 

Topographic map electronic map 

Space 
information 

Geomorphologic map  

 Administrative boundary figure  
 Existed database  

 
Spatial analysis is a process of knowledge discovery, 

reflecting people’s ability of understanding and interpretation 
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of spatial data, also determining the depth and breadth of 
people’s understanding of spatial data. (Kaufmann O. et al, 
2010)To combine the various conditions, index with spatial 
elements in the low carbon economy model can help to find 
information and rules hidden in the low carbon economy 
model on the basis of the spatial analysis. 
Database system mainly realizes data storage and access, and 
is divided into spatial database and database. Considering the 
data storage and application of these system requirements, 
system design adopts the hybrid data management. Graphic 
data adopt file system to store spatial data, and attribute data 
adopt relational database storage. (Figure.1) 
 

 

Figure 1. Basic structure of system. 

City three-dimensional geographic information system is 
the urban area for real 3D spatial object description it should 
not only provide high 3D visualization effect, such as the 
application in urban planning, and to satisfy the geographic 
information system of a wide range of city construction, but 
also provide comprehensive similar in the 2D GIS spatial 
geographic information query and analysis function. The 
traditional two-dimensional GIS involved in solving some 
three-dimensional information of city planning, municipal 
administration. Open Scene Graph (OSG) is an efficient and 
real-time 3D visualization graphics development platform, 
and is mainly used in visual simulation, virtual reality and 
scientific computing visualization and simulation in the field 
of the development of high-performance graphics program, 
containing a large number of functions and operation 
performance is superior to many existing business virtual 
engines. 

According to the world authoritative survey statistics of 
modern simulation website, OSG simulation software in the 
world market share has exceeded 51%, as is shown in Figure 
2: 

 

Figure 2. Market share. 
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