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Abstract— The main aim of this paper is to present a first 

high level design of a local real-time Hazard Reporting System 

(HaReS). The system assists in accelerating the processes of 

human relief in case of natural or man-made disasters. In 

addition, the system assists the National Disaster Management 

Centers (NDMC) to estimate economic loss caused by natural or 

man-made hazards, and to manage the consequences of disasters 

within the shortest possible period; thus the system intends 

maximum recovery in minimum time. The system is divided into 

two main subsystems. The first subsystem – Real-Rime 

Monitoring Environment (RTME) - gathers data about disaster 

by monitoring the environment, such as buildings’ health and 

possible numbers of buried under debris, using several sensors. 

The second subsystem, Loss Estimation (LE), provides, classifies 

and analyzes crucial data which can be used to estimate disaster 

losses and their potential direct and indirect consequences. 

Keywords— Monitoring environment; Building health; Disaster 

management; Real-time systems 

I.  INTRODUCTION (Heading 1) 

The processes of civil structural health monitoring, 
information collection and economic loss estimations in case of 
small scale or large-scale natural disasters (e.g., earthquakes) 
are highly complex and time-consuming tasks. Although 
traditional monitoring systems are being transformed into less 
complex and costly wireless embedded systems, a self- 
consistent and real-time system is still not currently available. 
Decision-making on rapid response to casualties and loss 
estimation procedures in case of a disaster is enormously 
affected by the time lag needed for information collection, and 
the uncertainties in the collected data. Moreover, several other 
factors, such as limited information and the unreliable nature of 
the manually collected data, may result higher error bounds in 
estimating losses.  

Software tools based on deterministic and probabilistic 
models (e.g. HAZUS, MAEviz and QUAKELOSS2) are 
merely predictions based on the currently available scientific 
and engineering knowledge, rather than precise forecasts [1-4]. 
For example, these tools can predict the impact of the 
hypothetical earthquake, and estimate the level of physical 
damage, direct and indirect socio-economic losses, which can 
be useful for predicting potential losses, future mitigation and 
recovery planning. However, these methods do not reflect an 

accurate overview of the disaster, and are not suitable for 
immediate human relief plans. In addition, currently there 
exists no standardized estimation technique or framework for 
compiling loss estimates from individual disasters. Most 
estimates are ad-hoc, consisting of only those losses that were 
significant in a particular event. These differences provide an 
excellent opportunity for assessing the value, needs for real-
time systems. Real-time monitoring systems avoid the 
uncertainties in model parameters (e.g., determining the actual 
disaster magnitude and ranges, source location, occurrence rate 
and different soil reactions), thus, the proposed system results 
in greater accuracy in loss estimation and a better informed 
decision making process. 

The urgent need for a real-time data collection which 
allows the prompt reporting to the NDMC of the time stamp, 
geographical location, number of occupants inside buildings, 
and accurate description of the partial or total structural 
damages. Interfaces to this system can then be developed to 
support reporting the number of missing people inside 
buildings at the time of disasters for rapid relief (not only for 
earthquakes, but also in case of fires and floods), so that 
decision makers can more easily determine whether buildings 
are safe for re-occupancy, and estimates can be computed for 
direct and indirect economic losses. 

Six steps are required for consistent process in human relief 
efforts and loss estimation following disasters: (1) the 
collection of real-time information about numbers of people 
inside buildings, (2) the collection of real-time information 
about the actual status of buildings, (3) inventory data for 
buildings and infrastructures, (4) a geographical Information 
System (GIS), (5) information about soil conditions, age and 
response of structures and any uncertainties in these 
measurements, and finally, (6) modeling and calculation 
algorithms. Therefore, to achieve the aforementioned goals, we 
envision a self consistent and real-time system, focused on 
human, buildings and structures, with five major components 
as stated in National Academy Press [5]: 

• A regional database of collected real-time data 

• The capacity for event-to-loss mapping 

• An algorithm for emergent response to infrastructure 
repair 
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• An algorithm for private commercial/industrial repair  

• An algorithm for residential reconstruction 

In the present study, we focus on the first and second goals, 
namely the collection of accurate information about number of 
people inside buildings, the actual status of buildings and 
whether they are safe for re-occupancy. The remaining goals 
will be addressed in future work. 

II. RELATED WORKS AND MOTIVATION 

Rapid changes in sensing, wireless technologies and 
computer-vision based systems enable the appraisal the 
benefits of these technologies in the civil and environmental 
engineering [6, 7]. The safety and serviceability of a structure 
can also be assessed by monitoring both the extent of 
deformation and the maximum values of displacements, using 
digital cameras and employing imaging and Photogrammetry 
techniques. Olaszek used digital charged coupled device 
(CCD) cameras to measure displacements of a particular 
location on a highway bridge [8]. The main shortcoming of 
such image-based structural monitoring techniques is the light 
requirement, making measurement at night difficult. 

 Because of their success in estimating the variation of 
displacements over time, acceleration wireless sensors have 
been extensively used to accurately measure the vibration 
levels at given points of a structure [9, 10]. Recently, a number 
of researchers have used the global position system (GPS) to 
measure the static and dynamic displacement of a structure [9, 
11]. However, the GPS has many limitations, including the 
inability to measure displacement in the interiors of the 
buildings or through obstacles, in addition to its limited 
precision level [12]. In health monitoring of structures, 
deflection accuracy in the order of millimeters is required. 

A new laser scanning technology has been recently 
developed that allows accurate three-dimensional (3D) location 
information for a structure or an entire building to be obtained 
without being restricted to a particular location on the structure, 
and the process is not affected significantly by the 
environmental conditions [13]. 

National Disaster Management Centers are in urgent need 
of accurate information for rapid and critical decisions on 
which lives and property depend. This can only be achieved by 
a real-time system. One significant advantage of our proposal 
is the combination of different techniques to increase the 
system reliability and availability, thus increases the accuracy 
of the collected information. Therefore, to ensure correct 
decisions are taken, actual and more accurate views of the 
disaster areas are taken into account.  

Using the currently available technologies and 
computational power, the proposed system is designed to 
provide the following functions:  

• The presentation of an immediate picture of structural 
damage of buildings and the number of people inside at 
the moment of disaster. 

 

• The assessment and evaluation of losses (direct and 
indirect costs for reconstruction of collapsed buildings, 
and reallocation people). 

• The calculation of the approximate time need for 
restoration/reconstruction for buildings. 

• Classification algorithms for assembling information 
about buildings, infrastructure utility and economic 
data. 

• Databases combined with geographical information 
system (GIS) for information storage and the convenient 
manipulation and visualization of loss estimation data. 

• Support for decision makers based on the case-based-
reasoning (CBR) technique. 

III. PROPOSED SYSTEM DESIGN 

The HaReS (Real-Time Hazard Reporting System) is 
designed to assist the National Disaster Management Centers 
(NDMC) in increasing their capacity for dealing with casualties 
immediately after the event, and in estimating the direct and 
indirect economic losses by providing accurate environmental 
data. The proposed system is a combination of two main 
subsystems and a data base module as shown Figure 1.  

 

Fig. 1. HaReS architecture and data flow schema 

1. The <<EnvDataSens>> is the subsystem that monitors 
the environment (including people, structural dimensions, 
roads) and continuously (in real-time) collects data about the 
status of the buildings, and the number of people inside. The 
gathered information is then sent to the database module for 
future use by the NDMC.   

2. The <<Loss Estimation>> subsystem is an integration 
of two modules: “Analysis & modeling” and the “Reporting 
System”. This subsystem is used to estimate and report the 
possible consequences of disasters, including economic loss, 
damage to buildings, direct and indirect effects on the 
population, and debris issues. 

3. The <<Database>> is a module which stores all data 
about the disaster and the environment, it includes all pre-
disaster images of the buildings, the geographical locations of 
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the structures, road maps, previous disaster data, and the 
available evacuation plans. This module is shared by the two 
subsystems mentioned in points 1 and 3 and is usually located 
at the NDMC. 

The workflow and dataflow of HaReS (as shown in Figure 
1) start with the collection of time sequences of information 
about people and structures; namely the numbers inside 
structures, and the changes in structure, carried out by the 
Environmental Data Object module provided by the 
EnvDataSens subsystem. The data are then sent for storage in 
the database, which decodes the objects coming from the 
EnvDataSens and directs the contents to the related tables.  

In case of a disaster, the Loss Estimation subsystem creates 
a request to load the gathered data from the database module. 
The Analysis & Modeling module is then activated to classify 
and group the collected data for the analysis and reporting 
stages. In the current system, we suggest using the Case Base 
Reasoning (CBR) technique for building accumulative 
scenarios which help the decision makers, more details about 
the CBR are given in section 3.  

For the computation of the direct and indirect economic 
losses, we use the well known equations given by FEMA [2]. 
The main advantage of this current study is the more accurate 
data collection methods, resulting in more realistic data. More 
details about this part are given in section 3. In the final stage, 
the report object is created and then sent to the Report System 
module to report the various losses and consequences of the 
disaster. The following subsections describe the higher level 
details of the system. 

A. Real Time Monitoring the Environment 

Figure 2 shows infrastructure of real time monitoring 
environment system (RT-ME) used in the HARES and its high 
level architecture. The system is composed of three main 
components: distributed detectors (e.g., thermal or CCD 
cameras, displacement sensors and LASERs), the 
communication medium for data communication (e.g., PTSN, 
3G and Satellite links), and the management software at the 
NDMC. 

 

Fig. 2. RT-ME infrastructure [14] 

In the current system we employ different transmission 
media, routes, and standby sensors in order to guarantee 
maximum availability and reliability. 

Special attention is given to monitoring high buildings, 
hospitals, shopping centers and critical buildings, where there 

is a high probability of finding a greater numbers of people. 
The EnvDataSens subsystem is continuously tracking the 
numbers inside buildings, changes in the dimensions of 
buildings, and also identifies buildings which have been 
damaged or have collapsed. 

The main sensors (thermal cameras placed at the exit points 
of the buildings) record the number of people inside the target 
buildings, and send this information instantly to the NDMC. 
This process occurs simultaneously with the monitoring of 
changes in building structure by other sensors. 

The system records any changes in shape or displacement 
by measuring change in volume, and informs the NDMC. The 
software at the NDMC checks the displacement severity (an 
optional parameter –LoC: Level of Change- is used to 
determine the severity of change or displacement, e.g. 10% or 
greater displacement or change in volume can be accepted as 
serious damage), and it sets the building status as damaged or 
undamaged, according to severity results. If a building’s status 
is “damaged”, then the people inside should be considered as 
casualties, therefore the HaReS automatically changes the 
status to damaged or collapsed, and those inside to casualties 
under debris.   

If more than one building is damaged simultaneously (as in 
the case of a natural disaster, such as an earthquake), the 
system prioritizes the buildings according to the severity of 
damage and the number of the casualties under debris. The 
highest priority is given to the more densely occupied and more 
seriously damaged buildings. In addition to the damage to 
buildings, and the people count, the system also supplies data 
about locations and the shortest routes. 

The following section gives details of the types of sensors 
which could be used for detection of damaged buildings and 
the common high level framework. 

1) Detecting collapsed buildings: 
The RT-ME proposes the use of CCD (IP) cameras, lasers 

or displacement sensors or combination of these to detect 
damaged or collapsed buildings. The selection of appropriate 
detector/s depends on several parameters, such as size of the 
building, condition and importance of the building and cost 
restrictions. The following subsections give details of the 
sensors and their usage.   

IP-Cameras: An IP-camera located on the top of a 
watchtower (or pole) continuously scans one or more buildings 
(depending on the size of the scanning area) and captures the 
building images at a certain frame rate. Here, frame rate (fps) 
denotes the number of images captured by a camera per 
second. The frames (images) are firstly filtered and converted 
to Monochrome or X-ray images, and then periodically stored 
in a historical image array (first in first out queue). Following 
this, the array items (images) are compared with the original 
image with respect to a change in volume until the difference in 
volume becomes constant. The following algorithm shows the 
comparison process. 

Here ConfidenceLevelEpsilon in the algorithm is used to 
stop the detection process, which means that the change period 
is completed and building is stable.  
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The comparison results are used to detect any change in the 
form of buildings. If any change in the volume occurs, the most 
recent position of that building (framearray[i]) is retrieved from 
the historical image data and sent to NDMC, where the 
software computes the approximate amount of change in 
volume. If the change is greater than LoC (usually 10%), the 
system sets the building status to “damaged building”, and 
those inside are considered as casualties in need of rescue. 
Figure 3 shows an example scenario for a building collapse and 
detection of the collapsing using comparison. 

 

Fig. 3. Sample detection of a collapsed building using an IP-Camera 

In this detection method, the value of the frame rate is 
critical. On the one hand, the time interval between two 
captures must be sufficient for the detection process to be 
completed. On the other, excessive delays in the capture of 
images in the detection process can lead to a reduced number 
of images and therefore a decrease in reliability. Thus the 
frame rate should be set to a maximum of 2 images per second.  

In the meanwhile, to increase the total accuracy and 
reliability of the system, there are a number of complimentary 
or verification mechanisms, such as the use of witnesses 
including taxi drivers and apartment directors. In case of 
collapse, these people are in a position to provide the NDMC 
with immediate post-disaster information on building 
conditions, which can be used to verify data supplied by the 
proposed system, or to add information about other collapsed 
buildings not detected by the proposed system. Furthermore, 
Mobile Electronic System Integration, “MOBESE”, for 
network traffic monitoring system can also be used as an 
alternative to watchtowers. 

Laser: This method is expensive and difficult to implement, 
due to the relatively high cost of Laser scanners, their very 
limited scanning capacities (0-250m), and the potential 
disturbance caused by the beam. However, the reliability level 
of the Lasers is very high compared to other methods.  

In this method, a Laser scanner located on a pole 
periodically scans a previously define reference point on a 

building. During this operation, the data gathered from these 
points is used to sketch a two dimensional graphic on a plane, 
which reveals the shape of the building. These processes are 
performed for each scanning period, and the most recent 
outline is compared with the original. The system automatically 
calculates any change in volume using reference points. A 
sample scenario is shown Figure 4. After the calculation, the 
NDMC is informed through various communication mediums. 
To achieve the detection of the damaged buildings, different 
detection algorithms can be used for laser imaging, increasing 
the reliability of the system [15-17].   

Reference Image

100% of Volume

Image After

55% of Volume

 

Fig. 4. Sample detection of a collapsed building using Laser scanner 

Here, the scanning frequency is crucial in Laser usage. The 
time between two Laser scans should be maximized (e.g. 20 or 
less scans per hour) to avoid unnecessary disturbance. 

Displacement Sensors: Building displacement sensors in 
several critical locations continuously record the distance 
between each other, and perform displacement checking with 
respect to reference points [14]. The system is illustrated in 
Figure 5. If any change in distance or displacement is detected, 
the system calculates the amount of displacement and sends the 
results to the NDMC, where software compares the amount of 
displacement with the LoC parameter. A decision is then made 
as to whether the building is considered damaged or not; if set 
to damaged, then the people inside are set to “casualties”. 

In the experiments and simulations, a number of problems 
have been observed in the use of IP-cameras for building 
monitoring, as follows: 

• Weather conditions may affect accuracy.  

• Vibrations may lead to difficulties in capturing images, 
watchtower cameras may, therefore, provide blurred 
images. This makes the comparison more difficult, 
therefore inaccurate comparisons may result. 

• Watchtowers may collapse with buildings. 

• Installation costs may be excessive for regions with 
large numbers of buildings.  

Some of these problems can be resolved using different 
techniques and algorithms, and these should be taken into 
account in selection of detection method (collapsed buildings). 

In addition to all methods previously mentioned should be 
compared in terms of their advantages and disadvantages. 
These methods include Synthetic Aperture Radar (SAR) and 
satellite imaging based detection [18-20]. 

i:=0; 
Delta := 1; 
VolumeChange := CalculateTheVolumeChange(framearray[i],org_frame); 
While (Delta <> ConfidenceLevelEpsilon) do 
Begin 
    i:=i+1;    
    if (i>MaxItemsSize) then i:=0; 
    PrevVolumeChange := VolumeChange; 
    VolumeChange := CalculateTheVolumeChange(framearray[i], org_frame); 
    Delta := VolumeChange – PrevVolumeChange; 
End;     
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Fig. 5. Building monitoring using wireless displacement sensors [14] 

Table 1, which gives the approximate availabilities of the 
methods, can be used as a scale for the detection of the most 
appropriate method. 

1) People counting: 
A people-counting system is essential to identify the 

numbers inside the debris at the time of collapse, so that in the 
event of an evacuation resulting from a natural or man-made 
disaster, it can be confirmed whether all have been evacuated. 
This can only be automated with the use of extremely accurate 
human detection sensors which record the number of people 
passing through entrances and their movement directions. The 
problem of people-counting has been revisited for a variety of 
different purposes, for example for security and energy saving 
systems [21]. It is important that the proposed system should 
achieve two main functions: the collection and storage of the 
entry pulses from the counting sensors, and the data analysis, 
which involves the calculation of the amount of people inside a 
building, in the process of entering, and the immediate vicinity.   

 

TABLE I.  THE BUILDING DETECTION METHODS COMPARISON 

Method Coverage  Availability Reliability  Accuracy  Installation 

Difficulty 

Usability Maintenance Cost 

IP-Cameras Medium 

(0-1 km2) 

Easy Mid Mid Easy Very High Easy Very low 

Lasers Small 

(0-0.09 km2) 

Easy Mid-High Mid Mid Medium Easy Low 

Displacement 

Sensors 

Small 

(0-2000m2) 

Medium Mid-High Mid Difficult Difficult Low Low  

SAR Imaging Huge 

(0-10000km2) 

Difficult High High N/A Difficult N/A High 

Satellite 

Imaging 

Huge 

(0-10000km2) 

Difficult Mid-High High N/A Difficult N/A Mid 

 

 

Fig. 6. People counting schema using thermal detectors 

In recent years, different kinds of technologies have been 
used for constructing non-contact and non-obstructing 
automatic counters, such as infrared beams, CCD cameras, 
thermal imaging and pressure-sensitive mats [22]. To extract 
this information, some technologies, such as CCD cameras, 
require time-consuming and complex image processing 
algorithms. Thermal detectors are very suitable for people 
detecting using body temperature, and can be very accurate if 
placed sufficiently close to the entrance doors, as shown in 
Figure 6 [23]. Furthermore, since thermal transceivers detect 
the heat emitted, they are able to function all lighting levels 
(even in complete darkness) in real time, without the need for 
the complex background removal algorithms used in computer 
vision systems. This results in a more stable and accurate 
people count. However, without multi-sensing support, in 
certain conditions, such as high temperatures, these may 
provide inaccurate results, thus need to be supported (verified) 
by other techniques, such as infrared detectors.  

One solution to the problem of accurate people counting is 
to use an array of infrared detectors, a system which has 
demonstrated detection accuracies of more than 95% [24]. In 
this technique, the detection process, based on measuring the 
difference between the total emitted flux and the mean output 
of the floor, allows the movement direction to be detected from 
the slopes of the detected areas in the thermal images. The 
processing and information extraction is done in real time by 
means of a built-in signal processing circuit. 

The RT-ME system proposes use of a combination of 
thermal camera and infrared sensor array techniques for large 
scale buildings, such as hospitals, shopping and entertainment 
centers, and thermal cameras alone for smaller buildings, to 
reduce cost. Factors such as cost, building status and level of 
disaster’ risk will determine whether this method or 
alternatives will be chosen. 

B. Economic loss estimations and decision support 

In this section we briefly present the basic components of 
the suggested loss estimation and decision support system. The 
main consequences of natural disasters are losses caused by 
direct and indirect physical damage. Indirect losses are 
obviously more difficult to measure than those stemming 
directly from physical damage. In both cases, costs of 
replacement and repair should be evaluated. The accurate 
computation of loss estimations using accurate data is essential 
in preparing future disaster plans and facilitating good 
decision-making at different levels [5].  
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This paper presents an analysis based on real-time 
information collection immediately following a natural 
disaster. The framework shown in Figure 7 serves as the basis 
for the present study [25]. The objective is to demonstrate how 
the proposed method can assist in the analysis and comparison 
of the possible consequences of the direct and indirect physical 
damage and losses on society.  The main aim is to develop an 
intelligent system which is able to make use of comprehensive 
databases of economic, social, and demographic information in 
the estimation of the losses caused by disasters. 

 

Fig. 7. A framework for hazards analysis and loss estimation effects 

1) Computation of the initial losses: 
The process of calculating the actual consequences of 

physical and economic losses in catastrophic events using real-
time data will be discussed in greater detail in a separate work. 
The aim of the current study is to provide a basic treatment of 
the problem. 

In recent years there have been great improvements in the 
computations of initial losses in the wake of the disasters and 
their immediate consequences, especially with the development 
of geographical information systems. However, it is important 
to note that most of the developed tools are still based on either 
manually collected data or on probabilistic models which may 
not be an accurate reflection of the event itself. 

Our current focus is to increase both the accuracy of the 
collected data and the processing speed. It is also important to 
mention here that another of our aims is to integrate all 
previous hazard information in an accumulative intelligent 
algorithm for comparisons and future plan preparations. The 
achievement of these two aims has the potential to facilitate 
faster and more accurate decision. 

Losses are usually classified into two main categories; 
direct losses (i.e., human losses, destruction of buildings or 
infrastructure), and indirect losses, which are the result of 
interrupting regular economic activities of the affected region. 
In the current study, we employ the well-known equations 
developed by FEMA [2], together with the use of our own real-
time data to calculate the initial losses after an earthquake. It is 
important to note that these computations should be repeated 

frequently as a function of time through a series of improved 
data, thus the procedure will result in a more accurate view. 

According to FEMA, the basic formula used for the 

computation of economic losses for structural rebuild or repair 

due to partial or complete damage is given by (Parameters 

details can be seen in FEMA) 

∑∑∑
= = =

⋅⋅⋅=
oct

i

mbt

j

ds

k

kjikjji CPACILoss
1 1 1

,,,,

  (1)

 

    For the current study, we slightly modify equation 1 to be 

valid for the use of real-time data. The probability function, 

Pj,k is to be replaced by the actual status of buildings collected 

after the event. The other parameters, CI, Ai ,j and Ci, j, k are pre-

compiled data contained in the NDMC database. Regularly, 

updated data about building is a essential in providing an 

accurate overview of the event.  

 

    As the computations should be done in nearly real-time, we 

suggest dividing the affected regions into smaller parts with 

the help of a geographical information system. The 

computations should be repeated frequently on the regional 

servers of the NDMC.   

 

    The number of casualties Ks,i of severity level i (i.e. injured 

people and fatalities) caused by either total or partial collapse 

of buildings can be evaluated using the following equation [2]; 

 

∑∑
= =

⋅⋅=
mbt

j

ds

k

jkjkjis popPCRK
1 1

*

,,, .    (2) 

 

The input parameters of equation 2 are to be collected from 

different sources, the pop.j is directly delivered by the people 

counting sensor placed inside buildings shortly before the 

event occurrence. For the injury severity i, additional 

interfaces to hospitals may be required. The damage 

probability function P
*
j,k will be replaced by the actual data, as 

in equation 1.  

 

2) Disaster management and decision making support 

system: 
These systems allows past scenarios to be retrieved for the 

purpose of providing support for problem solving, and enabling 
learning from previous experience.  

In this section we briefly describe an approach for 
developing an intelligent knowledge-based disaster decision 
support system, based on the case-based reasoning technique 
(CBR). Full details of the procedure will be given in a separate 
study by Sahin and Fawzy (research in progress). The CBR 
system is an approach for solving problems based on solutions 
of similar past cases (1 and 2). In technical domains, CBR are 
widely used in decision support and for diagnostic problems. 

A CBR system will contain a number of previous cases and 
the actions taken to resolve them. When a new case is 
described, a related and similar case is retrieved along with its 
resolution. Since the resolution may not be directly applicable, 
the related case is used for initial guidance only, and is adjusted 
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as necessary. The new case, with its revised solution, is then 
retained for future usage. The four main processes involved in 
this system, referred to as the CBR-cycle, are as follows: 1-
Retrieve the case that most resembles the current one, 2-
Reapply this information to solve the problem, 3-Revise the 
suggested solution, and 4-Retain the revised solution for future 
usage [26] 

The main feature of the current approach distinguishing it 
from other disaster and loss estimation systems is its 
implementation in a time history scheme, which takes into 
account past events in order to provide improved current 
decisions.   

IV. SIMULATION RESULTS AND DISCUSSIONS 

Since the possibilities for testing the proposed RT-ME 
system in real environment are limited depending on the actual 
occurrence of earthquakes and other disasters. Several attempts 
are conducted to assess its usability and reliability of the 
system. We first divide the system simulation into two parts, 
the first part deals with the counting of the number of persons 
inside buildings during the disaster time, and the second part 
concerns with damage detection of structures. 

The real-time monitoring of buildings for damage detection 
was first simulated by Sahin et.al [27], and in the current work, 
we restructure this simulation with the statistically found 
parameters that mostly affect the damage level of buildings 
during earthquakes. Figure 8 shows snapshots of the simulation 
software that is specially written for this study, and its user 
interface.  

Data collected by Sengezer, Ansal & Bilen for three big 
earthquakes in Turkey showed that the parameters that mostly 
affect the structural resistance to earthquakes are: 1) building 
type (e.g., wood, reinforced concrete, steel), 2) site conditions 
(e.g., hard, soft), 3) number of stories, 4) building position 
(e.g., block, separated), 5) ground floor use (e.g., residential, 
public, commercial) [28]. The dependence of the damage 
function of a structure on these parameters is expected to be 
non-linear, and attempts to extract the damage function are in 
progress and will be presented in a separate work.  

In the current simulation, we take these parameters into 
account and for simplicity purposes we assume linear 
dependence of damage function on these parameters and we 
scale down the number of buildings by a factor of 1/12.  

In simulation, several assumptions were made as follows: 

• Maps and satellite images were gathered from Google Earth 
[29] 

• The total number of buildings used in simulation was 228  

• Daytime was chosen for simulation time 

The expected result of the simulation software was 
identification of the building with most damage (especially 
heavily damaged or collapsed), and the building with most 
casualties, or the building that was both of these, i.e. the 
building in most urgent need of rescue. Furthermore, the 
simulation program showed also the potentially shortest route 
to the building with the greatest amount of damage. 

 

Fig. 8. A HARES simulator screenshot for RT-ME 

The simulation program has been executed about 50 times 
with different earthquake parameters (building locations were 
shuffled, number of people inside the buildings were changed 
and earthquake magnitude for each try), and the results were 
recorded. After each execution, the results showed that the RT-
ME software worked efficiently and the simulation provided 
the expected results and data. For instance, 60 of 228 (26%) of 
the buildings would collapse and 312 casualties would wait to 
be rescued if the earthquake happens with the magnitude of 
7.4. The exact number of the casualties under debris, the 
buildings with most casualties and the shortest paths to reach 
these have been sufficiently provided by the software. In 
addition, the simulation demonstrated that the system would be 
very effective in determining the buildings with the greatest 
need for an urgent response in terms of saving lives. 

Since the real data were used in the simulation and no 
function was used to create earthquake scenarios, we did not 
need to compare the results to other studies. Our expectation 
was only to see that the software works properly in case of 
earthquake. In addition, this paper presents a high level design 
of our proposal, we, therefore, tried to open a new frontier to 
the researchers who want to work in this concept. 

V. CONCLUSIONS 

There is nothing more valuable than a human life. 
Furthermore, in case of a disaster, the most significant goal is 
to maximize the number of rescued people in the minimum 
amount of time. Thus, the proposed system aims at directing 
rescue teams to the buildings suffering from the most damage, 
where help is likely to be most effective in terms of saving 
lives.  

Moreover, the HaReS is designed to create a combined 
solution for real-time reporting and loss computation for 
natural or man-made hazards, and can provide decision makers 
and relief agencies with much more realistic views of events. 
The current work focuses on real-time environment data 
gathered about building conditions and people counting. Since 
the system aims to help NDMCs assist a greater number of 
casualties in the case of a disaster, such as earthquakes, 
wildfires, man-made fires and floods, it is a critical system 
requiring high levels of reliability and accessibility. By 
constantly continuously monitoring the environment, this 
system is able to detect changes, for example building 
dimension, with a high degree of accuracy.  
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Experiments and simulations showed that the system with 
IP cameras for monitoring the environment and thermal 
cameras for people counting has a great potential for providing 
reasonably reliable, rather than completely accurate results. 
While HaReS with IP and thermal cameras have several 
advantages, such as ease of maintenance and installation, it has 
an important constraint in that each camera can be used only 
for a few buildings because of their limited capacity. To create 
a truly global solution, detection methods such as IP-Cameras 
with SAR and satellite monitoring should be integrated into 
systems that are considerably more sophisticated. 

If the proposed system were to include more than one 
detection method (e.g. IP-Cameras with Lasers or IP-Cameras 
with displacement sensors), this would enable more reliable 
and accurate data to be gathered from the environment. In 
addition, HaReS with combined detection methods may also 
reduce the negative effects of environmental conditions, such 
as adverse weather conditions (e.g. fog and heavy rain) and 
storms.  
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