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earthquakes made great loss to human beings. Earthquakes
cannot be eliminated, so how to reduce the injury, loss of life,
and property damage associated with them is very important.
And the key point of earthquake emergency rescue system is
effective and exact information. The Internet of Things
provides an effective way for information collection and thus
can be applied to emergency management system.
There are mainly three measures to reduce earthquake
disasters. One is earthquake early-warning system, and the
second is to enhance the quality of the building, the third is
earthquake rescue system. While precise prediction of
earthquake is still an unresolved problem in the world, and
seismic design for all the existence buildings seems also
impossible, so perfect earthquake rescue system seems very
important.
In this research, context-aware technology, data fusion
technology, GIS and disaster loss estimation theory were
applied, and combined with sensor network, mobile network
to realize real time earthquake data monitoring and
acquisition. And thus the disaster loss was estimated. The
research could be a tool for the government to execute the
disaster analysis and emergency respond.

Abstract—In recent years, disastrous earthquake assault the
human frequently. The evaluation and estimate of the loss and
damage in seismic disaster is an important factor for
earthquake emergence and post-earthquake reconstruction
decision-making. This paper synthetically designs a set of
disaster real-time evaluation system based on the seismic
networking of things. This paper firstly collects real-time data
through the internet of things; then accesses forecasts the
economic loss in earthquake by the technology of the
geographic information system (GIS), earthquake loss
estimation theory and the powerful computing functions of
high-performance computer group. This paper also completes
the deployment of IOT and the client software. The system can
improve our ability to respond after the earthquake disaster
and provide information for the emergency rescue command.
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I.

INTRODUCTION

Recently, the Internet of Things has been widely used in
many fields both in China and other countries. It has been the
focus of public attention
The concept of the Internet of Things has first been
proposed by the staff of the MIT Auto-Id center in 1999.
And now, different definitions for the Internet of Things
have appeared. Casagras definite it as a global network
infrastructure, linking physical and virtual objects through
the exploitation of data capture and communication
capabilities.
In 2005, the International Telecommunication Union
(ITU) published “ITU Internet Reports 2005: The Internet of
Things” for the World Summit on the Information Society
(WSIS) which was held in Tunis, Tunisia on 2005. In this
report, The Internet of Things was regarded as a
technological revolution that represents the future of
computing and communication. Everything in the world
could change information by the internet, and radio
frequency identification technology, wireless sensor
technology, nanotechnology and intelligent code injection
technology will be widely used in the near future.
Earthquake is one the most serious disasters in the world.
It occurs suddenly and unpredictably, so always leads to
financial, environmental or human losses. In the past few
years, there were several powerful earthquakes around world,
such as Wenchuan earthquake in 2008, Qinghai earthquake
in 2010 and Japan earthquake in 2011. All these destroyable
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II.
A.

SYSTEM DESIGN AND DATA PROCESSING

Introduction
There are 3 properties for the Internet of things: fully
sensory, reliable transmission and intelligent, and system
controllable is mainly emphasized.
In this research, the Things mean: the surface of the
ground, sensor, data management server and terminal
equipment. There are three layers in the Internet of Things
system: sensor network for recognition. The second layer is
transmission network which realize the data transmission and
computation from existing internet, broadcast & television
network and communication network. The last layer is
application network, that is input and output control terminal,
which is based on PC terminal.
The Internet of Things constructed in this paper is
connection of the above four Things by the above three
layers, the functions of each layers are as followings:
(1) Data measurement: the surface vibration data were
monitored by the sensor network and then transmitted; the
collected data were recorded and processed by data
management server; the terminate unit provide viewing,
analyzing and managing of the data.
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(2) Data integration: based on historical earthquake data
and collected data from wireless sensor network, seismic loss
database was established to make the seismic response data
in the system more accurate.
(3) Data sharing and opening: the data were shared by
internet, so that can provide data support for variety of
applications.

Gateway power is supplied by solar energy, and the
operating voltage is 12.0V, the storage battery capacity is
12Ah.
E5

E4

R2

E1

R3

B. The structure and layout of the network
The structure of the system is shown as fig1.
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Figure 2. The tree network topology
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DESIGN AND REALIZATION OF THE SYSTEM

A. System framework design
The system framework is shown in fig.3

Figure 1. The structure of the Internet of Things

The network is composed of 5 parts: sensor, mainly
acceleration sensor, which is for the collection of the ground
surface acceleration, and gathered to the gateway by the
sensor network; gateway, which is connected with 3G/4G
mobile network, and submit data through mobile network to
remote monitor center for data forward and management;
monitor center which is mainly for the process, compute and
analyze the data, and save the results to the database;
database server, which is for data saving; client side, which
is mainly for display of the data process result.
The sensors are intended to be placed around Dalian, and
mainly used to monitor the ground motion acceleration. The
longitude and latitude of the placed point are obtained by
GPS. The monitored information are viewed and analyzed by
the software installed on client side.
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C. Design of the network topology structure
In this research, tree network is applied for the data
acquisition. As shown in fig.2, the network is composed of
data collection node E, routing node R and gateway G. Such
kind of static network has the advantages of wide range of
application, simple in routing algorithms and fast
transmission rate.

Figure 3.

The system framework design

The collected data will be saved in the database by
monitor network, and the software platform could analyze
the extracted data through seismic hazard estimation model,
the output results include: earthquake focus location; spatial
distribution of seismic hazard; seismic damage statistics;
seismic loss evaluation.

D. Hardware and software setting
In the sensor network, the monitor node is composed of
acceleration sensors. Three sensors were placed in each
monitored point, and they will collect ground acceleration at
x, y and z direction respectively. 4 1.5VAA batteries will
supply power for each sensor node, and the operating voltage
is 3.0V, the frequency range from 0.25 to 100Hz,
acceleration range from 0.1 to 1g, the data collection period
is 5 to 10ms; CSMA/CA was adopt in MAC layer and
flooding agreement is applied in network layer.

B. Flowchart of the system
When earthquake occurs, the system will firstly calculate
the earthquake magnitude by interpolation, and then obtain
the earthquake focus, the earthquake focus will be shown on
the map; then obtain seismic intensity distribution from
theoretical formula and monitoring network data, then plot
seismic contour on the map; and finally estimate the seismic
loss by evaluation model, and display the loss by describing
graphs. The process is shown in fig.4.
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D. Functional design
The software is based on .NET platform, and there are
three layers: data operation layer, business layer and
application layer. The software could achieve the following
functions: evaluation and display of seismic hazards, image
edit and user control. Microsoft SQL Server 2005 database
has the advantages of high availability for applications,
security enhancement, etc. So it could meet the command of
data storage and systemic function.
(1) File processing module
This is the most basic modular, process data related to
GIS, include layer processing, import and export of the
vector graphics, that’s to say the vector graphics be
converted to electronic maps and the electronic maps be
converted to photos and saved to files.
GIS object management is to make sure the above
process going on well. The objects relevant to the system are
shown in tab.1.
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TAB. 1 GIS BASIC OBJECTS RELEVANT TO THE SYSTEM
Figure 4. The system process design

Object type
buildings

Working group for earthquake intensity zoning map in
China obtained the attenuation of intensity in 1990. In this
research, the relation is adopting.
The east of China:

lifelines
rivers
topography
population

contents
Residential buildings, commercial buildings,
industrial buildings, etc
Streets, bridges, underground pipelines
Waterways and canals, natural rivers
Slope, aspect, plain or hill, etc
Population distribution

(2) Photo edits module
This part mainly processes the map, include: graphic
presentation and map editing. The information about roads,
buildings, topography and borders could be displayed, and
users could use arrows or hands to select geospatial objects.
For the convenience of users, the system realized some
basic function of the map such as zoom in, zoom out, pan tec.
In the map, different objects were displayed by different
layers, and users could select single layer or multilayer.
(3) Rapid estimation of disaster loss module
This part includes data reading and fast estimation of
seismic hazard loss; present earthquake distribution map,
seismic economic loss, seismic casualties, roads distribution
map, and brief reports about the seismic disaster, etc.
(4) Query part module
This part can be used for life loss, economic condition,
residential areas, factories, roads, pipelines and other
information unilateral or compound query under the way of
customized query, integrated query, SQL query or buttons
supporting query and so on.
However, these query functions will not be realized in
the first phase of the program. This phase of the program
needs the query of history record and some places’ historical
record about earthquake.
(5) User management module
This system is mainly designed for the earthquake
emergency rescue command center’s staff. Considering the
problem of data security, user level security is established in
this system. It classifies the user’s authority into administer,
advanced users and common users. Common users can only
view part of the published content. For some specific

The west of China

Where, IA means the intensity on the major axis direction
of the oval; IB means the intensity on the minor axis direction
of the oval; M is the surface wave magnitude; R is the
epicentral distance (km); S is the standard errors of the
statistical data.
C.

Data classification
The system data is mainly divided into four parts:
(1) Regional geographic information:
This part mainly include basic geographic map (1:50000,
1:10000), administrative map, county (city) map, urban
topographic map, regional map, etc.
(2) Seismic disaster estimation information
This part mainly includes socioeconomic data
(population, buildings, economic etc), earthquake basic data
(earthquake background, active tectonic, earthquake
distribution, seismicity, etc), and earthquake information
(seismic safety evaluation).
(3) Assistant decision making information
This part mainly includes lifeline system, secondary
disaster, hazard source, danger area of geological hazard,
relevant factor of hazard (weather, hydrologic, ect).
(4) Emergency response information
This part mainly includes earthquake emergency plan,
emergency interconnection, material reserve for emergency
and case study of disaster relief.
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data(distribution map of the earthquake disaster through
remote sensing, important objects’ image of the earthquake
disaster, the residents’ image of the earthquake disaster, the
classified image of the earthquake disaster, distribution map
of the earthquake disaster, distribution of the damage index
of earthquake, appraisal report of the earthquake disaster),
they do not have the access right. Advanced users can view
all the published content. While administer can modify, add
or delete users and modify the users’ authority.

technology system construction, practical operation system
and other aspects.

E. System operation model design
System operating model is divided into daily operation
model and earthquake emergency model:
(1) Daily operation model
The system is in daily operation model when there is no
earthquake. In this model, the system is under the mode of
automatic operation. It shows daily information, and the
users can use it for historical query, statistics, comparative
analysis and other operations. At the same time, the system
can implement timing detection whether there is parameters’
transmission. Once the seismic parameters are detected, the
system enters into the earthquake emergency model.
(2) Earthquake emergency model
When an earthquake occurs, the system is in
earthquake emergency model. It receives the seismic
parameters from the gateway and evaluates them
automatically. After that the system saves the results of the
assessment to the database. At the same time, the client’s
GIS map locates the affecting region under earthquake and
generates the earthquake damage statistics reports, brief
damage report and so on.
The system is under the mode of automatic operation
when there is a slight earthquake and light causalities. If
there is a disastrous earthquake, heavy casualties and severe
economic loss, a more accurate assessment is needed. More
accurate seismic parameters may be returned from the
earthquake site and right the moment the earthquake damage
needs to be assessed. At this point, users can change the way
of assessment to manually. They can input the seismic
parameters themselves, and then evaluate the parameters. At
last, users can select the range of statistics and the type of
statistics charts manually to generate the statistics charts of
the damage of the earthquake.

Figure 5. The evaluation of intensity and suffers distribution

The system’s features and innovation of this research are:
This system not only combines the earthquake hazard
assessment with modern information technology and the
network technology, but also realizes the visual simulation of
the earthquake disaster. This study aims to improve the
credibility and precision of the earthquake rapid assessment
and realizes the real time transformation, dynamic
development and visual simulation. At present earthquake in
China occurs frequently and the rescue is difficult, this study
is also helpful to improve the post-earthquake emergency
command skills.
Through deploys the seismic networking of things,
enhances the ability of real-time dynamic acquisition and
monitoring upon earthquake information, making the seismic
disaster’s analysis and assessment rate faster. The data is
collected to establish the earthquake information database. It
plays a promoting role in studying the earthquake in our
country and enhances prediction ability of seismic disaster,
providing important data for the disaster rescue after the
earthquake.

F. Experimental results
The system experiment simulates the epicenter, the
magnitude and other data of the earthquake happened in
Yushu in Qinghai Province. It uses theoretical formula and
evaluation model setting in advance through software to
calculate seismic intensity attenuation and assess earthquake
damage. The maps in system use common planar graph, the
intensity and suffers distribution are shown in figure 5:
IV.

V.

CONCLUSION

This paper put forward the analytical prediction methods
of economic losses after the earthquake based on
comprehensive consideration of earthquake, field, structure
and social economic development level factors. It combines
geographic information system technology (GIS) and
earthquake loss estimation theory. It also uses the Internet of
things for earthquake to collect and monitor the real-time
data. The system is developed upon numerical simulation
technology to give fast response. This will improve the

COMPARISON AND ANALYSIS

In the three earthquake preparedness and disaster
reduction systems, the emergency rescue starts relatively late.
So there is a large gap compared to the monitoring and
prediction and the earthquake disaster prevention system in
terms of business scale, the accumulation of talents,
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ability to respond after the earthquake in our country. The
main significance can be summarized as follows:
Firstly, it serves for the real-time emergency response
and loss estimation. It can provide the emergency department
more than information about the earthquake magnitude and
the epicenter and also make the management department
getting the earthquake information more efficient and timely.
The damage information can give a reference for the rescue.
Secondly, it serves for the research of earthquake science.
The seismic fast evaluation system based on numerical
simulation can summary the results of the numerical
simulation of earthquake. It is helpful to study the method of
earthquake loss quickly, especially how to provide the rescue
department with reasonable information in a short time after
the earthquake. It can broaden the application of the present
research results.
Thirdly, establish the seismic networking of things and
the earthquake information database. Through deploys the
internet of things for earthquake in the monitor areas,
collects the real-time data. It can get the first hand real-time
dynamic earthquake information when earthquake happens.
Thus, valuable earthquake information is gained and the
earthquake information database is established. It can
provide important data for the scientific research, modeling
and disaster assessment.
Finally, serve for the release of the public information. It
can release a series of earthquake data via internet. This not
only plays significant role in rapid emergency earthquake
response, but also important for the government and the
public knowing about the earthquake, social stability and the
mitigation decisions.
This study has completed the implementation of the
system. Now it is in the tested experimental platform stage.
Nest step, the system needs to be tested and applied in the
actual environment.
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