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Abstract: With the development of geographic information technology, the way to get geographical information is
constantly, and the data of space-time is exploding, and more and more scholars have started to develop a field of data
processing and space and time analysis. In this, the traditional data visualization technology is high in popularity and
simple and easy to understand, through simple pie chart and histogram, which can reveal and analyze the characteristics
of the data itself, but still cannot combine with the map better to display the hidden time and space information to exert
its application value. How to fully explore the spatiotemporal information contained in massive data and accurately
explore the spatial distribution and variation rules of geographical things and phenomena is a key research problem at
present. Based on this, this paper designed and constructed a universal thematic data visual analysis system that
supports the full functions of data warehousing, data management, data analysis and data visualization. In this paper,
Weifang city is taken as the research area, starting from the aspects of rainfall interpolation analysis and population
comprehensive analysis of Weifang, etc., the author realizes the fast and efficient display under the big data set, and
fully displays the characteristics of spatial and temporal data through the visualization effect of thematic data. At the
same time, Cassandra distributed database is adopted in this research, which can also store, manage and analyze big
data. To a certain extent, it reduces the pressure of front-end map drawing, and has good query analysis efficiency and
fast processing ability.
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1. Introduction
With the rapid development of the science and
technology, the means of obtaining geographic
information is continuously enriched, and big data has
occupied various fields of continuous development with
its unique advantages, and the concept of "big data" has
gradually caused heated discussion in all walks of life.
People concluded that big data has 4V characteristics,
that is, huge volume, various types, high velocity and
value density (He,2017). Geographical information data
naturally has big data attributes, especially in the Internet
era, there are many data information related to
geographical location emerged. Traditional data analysis
and expression can no longer meet the needs of users.
How to quickly extract valuable information from
massive geographic data and present it in an intuitive way
is essential for effective decision making by users.
Geographic data visualization is one of the key
technologies to solve the above problem. At present,
scholars and experts at home and abroad have done a lot
of research work and achieved many results.Research on
visualization platforms and tools has gone through VC++,
MATLAB, Flash, SVG, Echarts and more. Based on
VC++, MATLAB and other visualization technology (Ma
et al., 2017; Zhao et al., 2017; Zhang et al., 2018), it can
display a small amount of data visually and cannot meet
the huge data requirements. Flash-based visualization
technology (Bian, et al., 2012; Zhang, et al., 2017; Xue,
et al., 2016) requires plug-in installation and external

execution.Therefore, if the browser disables some plug-
ins, it will cause the program to fail to execute and the
function will be invalid. The development efficiency of
SVG-based visualization technology is not very high
(Gong, et al., 2016; Cai, et al.,2017; Xiong, et al.,2017).
If the amount of data is large, the loading speed can be
very slow, and the dynamic effect is not very good.
Moreover, there are more or less defects in data
visualization research. Much emphasis is focused on the
expression of attribute information, such as the length or
height of the column chart to represent the data size, etc.,
and little attention is paid to the visualization of space
and time of the data. In geographical data, spatial location
and time are important features that need to be displayed
in the visualization process. Combining data with spatial
location and time for visual expression, it can not only
show the spatial location information of data on the map,
but also can understand the future development trend and
law of things through time dimension, which is
convenient for the user to make important decisions.
This article is based on Echarts class libraries, combined
with the China academy of surveying and mapping
science NewMap software of independent research and
development, through the analysis of the geographical
data encapsulation visualization interface, implement
spatial location of geographic data and change trend over
time in the display on the map, and solves the space in
big data with perfect posture. The problem of position
expression enables people to quickly identify the
relationship between things behind the data and its
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development trend with the help of this new and efficient
visual interface.

2. Web front-end visualization technology
2.1 Related technology introduction
2.1.1 Introduction to the Echarts Class Library
With the promotion of the new generation of Internet core
language HTML5 (Song et al., 2017), the front-end
graphics rendering through the Canvas API has become a
mainstream technology, so there are a variety of open
source projects, including well-known representative
works at home and abroad including D3, Highcharts
(Highsoft Company), Echarts (BaiDu Company) and so
on. ECharts is a very good visual chart control in China,
and it is an open source visualization library implemented
in JavaScript. It can run smoothly on PC and is
compatible with most current browsers (IE8/9/10/11,
Chrome, Firefox, Safari, and so on), the underlying
reliance on lightweight vector graphics library ZRender,
provides intuitive, interactive rich, highly customizable
data visualization charts. It has the following advantages:
rich visualization type; front-end display of millions of
data; multi-rendering scheme, cross-platform use; multi-
dimensional data support and rich visual coding means;
brilliant special effects. Considering Canvas and SVG
visualization technology, this paper uses the interface of
Echarts library to visualize the geographic data.
2.1.2 Introduction to the Cassandra database
Cassandra is a completely distributed and highly scalable
non-relational database based on P2P decentralization
architecture (Dias, et al., 2018; Wang, et al., 2016; Huang,
et al., 2018). Its main feature is that it is not a database,
but a distributed network service composed of a bunch of
database nodes. A write operation to Cassandra will be
copied to other nodes, and the read operation of
Cassandra will also be Route to a node to read. For a
Cassandra cluster, scaling performance is a relatively
simple matter, just add nodes to the cluster. Test 2.1
proves that the Cassandra distributed database query
efficiency is significantly improved compared with the
traditional RDBMS database.

2.2 Visual technology framework
Considering the usability of the system, the system
adopts the B/S architectural mode. and the user can
access the system through the browser, which greatly
simplifies the development, maintenance and use of the
system. The system architecture diagram is shown in
figure 1. The architecture consists of a data layer, a
service layer, and a presentation layer.

Figure 1. System technology architecture

The data layer is a data storage layer for geographic data
visualization, including structured data (vector data, grid
data), and unstructured data (streaming data). This paper
mainly uses Cassandra distributed database to store data.
It is a fully distributed, highly scalable non-relational
database based on P2P decentralized architecture. Users
can perform data-time operations, overlay analysis, etc.
through data operation interface. Operation, at the same
time through the provision of spatial data pre-processing
and quality inspection functions, the processing results
can be put into the data cache, improve the performance
of data scheduling through cache management, and then
enter the Cassandra database to complete the data access.
Subsequent only need to perform the same analysis and
processing on the data, and directly obtain the analyzed
result from the database, and do not need to perform
repeated operations, which greatly improves the
performance of data scheduling, and the user experience
is also enhanced.
The service layer is the core architecture layer that
provides data information for the presentation layer, and
is the main way for clients to access the database. After
the presentation layer sends the HTTP request, the service
layer receives the request and parses it, and then calls the
corresponding interface module for processing. The
interface module mainly includes heat map analysis,
shared bicycle analysis,statistical analysis(geoana-
statistics), and point aggregate analysis (geopoint-cluster)
and interpolation analysis (densitymap-analysis), etc.,
after the processing is finished, the result is returned to
the presentation layer in Geojson format.
The performance layer is mostly to finish the user's
interaction control and the output of the background
return results. The presentation layer communicates with
the service layer via HTTP requests. The client using the
AJAX building and sending HTTP requests to the server,
After receiving the request, the server processes the
request according to the request parameters. In order to
improve the response speed and enhance the user
experience, the presentation layer supports the cross-
platform interface display and provides a loosely coupled
data interaction with the service layer. This article uses
the JQuery interface framework for front-end
development. The data visualization display is mainly
realized by the visual class library Echarts and the
NewMap API independently developed by the China
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Academy of Surveying and Mapping.

2.3 The client visualizes the rendering technology
The NewMap Server software provides map services and
data analysis services, in which map services provide
service base maps, such as OGC WMTS, WMS services,
etc. Data analysis services include statistical analysis,
interpolation analysis, aggregation analysis and other
services. By sending Ajax request interface through
HTTP, users can obtain the analysis results directly from
the Cassandra database, and return the GeoJson data
format, and obtain the basic information of client
visualization through parsing.
This paper starts with the Echarts visual class library,
analyzes the implementation process of its internal
visualization, studies the data format required for its
visual expression, and combines it with the map using the
NewMap API. Finally, based on the two, it develops the
visual representation of the applicable front-end
geographic data. The thematic map interface, with its
technical advantages of portability, can be quickly
applied to other projects, as shown in figure 2.

Figure 2. Thematic visualization interface

Echarts provides a number of charts for performance
types such as pie charts and histograms, but only for
general data visualization applications, but for geographic
data with spatial positional relationships, maps are
combined with statistical charts. This kind of coordinate-
based chart can not only visually display the data
distribution through the color change performance value,
but also discover some hidden geographical laws
according to the time change, which plays a vital role in
the user's decision.Based on the NewMap API interface,
this article further encapsulates the interface suitable for
visual representation of thematic maps, such as
EchartsLayer. The specific EchartsLayer class is defined
as follows:

Figure 3. Definition of the EchartsLayer class

Add the EchartsLayer layer class to the map through the
Map class, EchartsLayer is used as the overlay layer,
and superimposed on the OGC WMTS/WMS basemap
released by NewMapServer to realize the combination
with the map. Then, the user sends a request to the server

in the form of a Web Service through the browser, and
transmits parameters such as the topic type to be acquired.
After receiving the request to parse the URL, the server
invokes the corresponding thematic service and transmits
it according to the data model prototyped by Geojson.
The model has a small amount of data, and can quickly
respond to the client with the data stream responded by
the server, facilitating user resolution. The following is a
description of the Geojson data model format obtained by
requesting statistical analysis:

Figure 4.Get the Geojson data model format
In the data model, the ‘type’ field is the thematic map
type; the result field contains the statistical/analysis
information of the thematic map and the spatial
information of the mapped position; each region is an
object, the name is the region name, and the value is the
individual statistics/ The value of the analysis field, the
geometry field indicates whether the client type is a point
or a face. In the example, type: Point indicates that the
client generates a point symbol, and coordinates is the
coordinate position information of the point. The Geojson
data model returns all the information of the visualization
to the client, and can request multiple responses at a time,
greatly improving the interactivity and system efficiency
of the client visualization. After the client parses the
Geojson data, it first determines the spatial position of the
geographic data by accurately matching the coordinate
coordinates with the map service, and then places the
Echarts graphic parameters to be created in the option
parameter of the EchartsLayer class to generate various
thematic symbols.

3. Visualization instance
3.1 Query efficiency comparison test
The experiment uses three servers, which are configured
under the same Gigabit switch. Each server uses Intel
quad-core 2.8GHz processor, 8GB RAM, 500GB free
hard disk space, and CentOS 7 operating system. The
comparison environment uses a same configured Server,
installs the Window Server system, and uses version 2.0
PostGIS as the spatial database. The experimental data
were queried using spatial factors within the same
geographic range of Weifang city (35ºN to 37ºN, 118ºE
to 120 º E), and all field values of the data set were
returned. PostGIS uses SQL statements for spatial range
queries, while Cassandra uses object access interfaces to
implement queries. The comparison between the two
results is shown in figure 5. It can be seen that the
distributed database based on Cassandra proposed in this
paper has a significant improvement in the query
efficiency of spatial data compared with the traditional
RDBMS, and the efficiency of the improvement is more
obvious as the amount of data increases.
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Figure 5. Efficiency comparison diagram

Experiment 2: performance testing and analysis under
high concurrency conditions
Experiment 2 mainly verifies the data processing
capability of the distributed spatial index strategy
proposed in this paper under high concurrency conditions.
First, 300 polygons with uniform distribution in the study
area were randomly generated as the query area. Then,
the spatial query operation described in experiment 1 was
conducted for each query area, and the number of
concurrent threads was gradually increased. Finally, the
total time consumed for all the queries was counted. The
experimental results are shown in figure 6.

Figure 6. Index performance test results under concurrent
conditions

Compared with figure 5 and figure 6, we can draw the
following conclusions. First, the query efficiency of
Cassandra under multi-threading conditions is
significantly improved compared with figure 5, mainly
because the distributed environment reduces the system
load. And with the increase in task concurrency, time
takes up and down, but the overall time is relatively
stable. This is because the time consuming is related to
the real-time load state of each node at runtime, tasks are
randomly assigned, some tasks have a large amount of
queries, and some tasks are queried. The amount is small.
When the load conditions of each node are similar, the
randomly selected nodes may have a large amount of
queries. Secondly, Cassandra itself adopts the
asynchronous query mechanism, that is, the received data

query operation is pre-stored in a query queue, and then
processed in turn. When the pending request in the queue
exceeds the processing power of the system itself, it will
reach Cassandra's performance bottleneck, so that the
query time is maintained in a relatively stable state, so in
practical applications need to determine the number of
concurrent threads according to hardware conditions.

3.2 Geographic data spatial location visualization
example
This paper takes Weifang City as a research area to show
a visual example of the spatial location of geographic
data in Weifang City's 2016-2017 rainfall distribution.
First, the rainfall information is captured in real time. Due
to the uneven distribution of the sample information
captured, the effect is not very satisfactory, and the
rainfall distribution in the area cannot be visually
reflected. Therefore, the inverse distance weight
interpolation analysis of the sample data is needed. The
inverse distance weighting algorithm was proposed by
Shepard in 1968, and Watson et al. applied it to contour
plotting of spatial interpolation in 1985 (SHEPARD,1968;
WATSON,1985). The principle is easy to understand, the
algorithm is simple and easy to implement, and is often
used as one of the traditional methods of spatial analysis
of discrete points. The algorithm is publicly represented
as:

(1)
Type: Z is the interpolation point estimates; Zi is the
observation of the i sample; di is the Euclidean distance
between the interpolation point and the i sample point; n
is the number of samples for estimating the interpolation
point value; p is the power exponent.
Then the user sends the service request through Ajax to
obtain the Geojson information value after the
interpolation analysis, and parses out a series of
parameters that the available information is organized
into Echarts to generate the heatmap interface, and
visually displays it.
Figure 7 shows the average rainfall of each city and
county in Weifang city in 2016. This model is the
knowledge result after real-time data interpolation
analysis of 265 rainfall monitoring points. Through the
analysis of the rainfall isosurface model, the
characteristics of annual and monthly rainfall distribution
in Weifang City can be analyzed. From the upper left
column, it can be seen that the rainfall in Weifang is
mainly concentrated in July and August. Compared with
the same period of history, the rainfall this year is much
larger than that of previous years, which can provide a
basis for the rainstorm prevention work in all districts and
counties next year.
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Figure 7. Special exhibition of spatial location in Weifang city

3.3 Visual examples of geographic data over time
Firstly, the population data of Weifang city is entered into
the Cassandra distributed database, and the corresponding
population data of year is quickly and efficiently queried
according to the data of different years. The Echarts class
library provides the time axis to control the change of
year. It needs to add the timeline parameter in the option
parameter. How to dynamically create the timeline
record number, you need to trigger the timelinechanged
function to display the number of the year and month
isometric tags according to the requirements. Different
time changes, the data of different years in the Cassandra
database is quickly queried through the interface, and the
Geojson format is returned.
Then the user extracts useful information, and combines
the results of the analysis with the map according to the
Echarts visual class library mentioned above, and
combines the results of the analysis with the map to
vividly display the changes in the population of Weifang
in recent years.
Figure 8 shows the result of mining and analyzing the
population data of more than 8 million people across 6
years in Weifang city. From the population pyramid on
the left, you can visually understand the age structure and
gender ratio of the population. It can be seen that the city
has a population of 46-50 years old, and the situation of
aging will gradually increase in the future; Timeline to
understand the dynamics of population in all ages.
Through the visual representation of the population data
in time, it can provide value information for the human
resources allocation and the deployment of the old-age
institutions in all districts and counties.

Figure 8. Time thematic display in Weifang city

4. Conclusion
According to the characteristics of geographic data, this
paper selects Echarts as the geographic data visualization
class library, analyzes the source code of the class library,
studies its internal implementation mechanism, and
designs the architecture based on B/S mode. It divides it
into presentation layer and control by MVC. Layer,
business logic layer, data access layer, data layer five
layers. Then combined with the newly developed
NewMap API interface, the interface for visualizing the
thematic map is designed, and the geographic data after
mining and analysis is expressed on the map. This kind of
dynamic presentation of large amounts of data on the map
not only helps users to grasp the development rules and
trends of data more accurately, but also has strong
commercial and scientific value, and also provides for
cloud computing and data mining that are prevailing
nowadays. Strong support.
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