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Abstract - Advancements in computer software and hardware opened the door widely for research concerning post-disaster 
management. The latest application developments of data storage in the cloud shift the thinking of how to benefit from this 
application for data storage and retrieval in post-disaster for the purpose of human decision. In this paper, we aim to create an 
Intelligent Cloud based Disaster Management System (ICDMS) where we use the developments in the CCT (Cloud Computing 
technologies) to propose a system model, that is able to gather information from multiple sources and locations, this includes 
information from the location of the disaster in order for the first responder to be able to make effective strategies and decisions. 
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I. INTRODUCTION 
 

According to [10] the need for disaster management 
has increased dynamically because of the rise in the 
number of man-made and natural disasters. The principal 
thrust here is to develop a system based on a human 
centric approach so that outputs are adequately improved 
and also provide relevant information. The use of 
traditional methods is no longer able to contribute in such 
segments as they are designed and developed on GIS 
based system, which has the utmost thrust on transport, 
hospitals and emergency devices [10]. 

The “Cloud” has become a ubiquitous concept in both 
the business world and the consumer world.  It seems that 
everyone wants to be part of the growing trend towards 
cloud computing.  In RightScale’s 2017 State of the 
Cloud Survey, they found that 95% of businesses are 
using some form of cloud computing, either to fully 
replace their infrastructure or to complement it [12].  
Consumer personal usage is difficult to estimate properly 
due to the lack of consumer education about cloud 
computing.  Business Insider found that over 90% of 
global internet users are using some form of cloud 
service; however, only 29% of consumers reported that 
they used cloud computing in some form [3].  There are 
many reasons that cloud computing has become so 
popular.  There are many benefits of cloud computing 
over traditional on premise solutions.  One of the main 
reasons that people are switching to cloud services is cost.  
Cloud computing offers significant cost reduction, 
especially for businesses.  Businesses typically need a 
sizeable IT infrastructure to support their structure.  This 
can mean mounting costs for hardware purchases, as well 
as management and maintenance.  If businesses want to 

expand they must purchase more hardware and hire more 
employees to manage the assets [3].  The Cloud moves 
the costs to a third party.  Other benefits of cloud 
computing include scalability, redundancy, minimal 
maintenance, etc. [8].  Whatever the reason for using 
cloud computing, personal and professional use of the 
Cloud is on the rise and will continue to rise as the 
technology improves.   

The cloud paradigm can be defined in many ways, but 
the NIST definition is held as acceptable in the 
technology field, “Cloud computing is a model for 
enabling ubiquitous, convenient, on-demand network 
access to a shared pool of configurable computing 
resources… that can be rapidly provisioned and released 
with minimal management effort or service provider 
interaction” [5].  This essentially states that users can 
access computer resources over a network connection.  
The cloud paradigm can be further explained by the six 
characteristics of cloud computing: on-demand usage, 
ubiquitous access, multitenancy, elasticity, measured 
usage, and resiliency [3].  The on-demand usage 
characteristic refers to the ability of a cloud service to 
self-provision its computing resources without any need 
of human interaction, either on the part of the cloud 
consumer or provider.  Cloud technology is still in 
development and it has already seen widespread adoption.  
The technology will only improve and costs will reduce.  
Whatever, the future holds for professional and home 
consumers, it will surely involve the Cloud.   
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II. RELATED WORK 
 

An ‘Intelligent Transportation Systems was proposed 
in [12] based on Cloud Computing technologies able to let 
vehicles make effective strategies and decisions of 
communication protocols usage”. They showed how real 
disaster can affect the flow of transportation, there results 
showed how to improve and balance traffic flow for 
smooth evacuation. Sahana open source software also is 
“a web-based collaboration tool that addresses common 
coordination problems during a disaster, such as finding 
missing people, managing aid, managing volunteers, 
tracking disaster relief camps and the victims” [2]. 

According to [6], there are two factors that are very 
important trends underlying all cloud offerings:  
Ubiquitous network connectivity and virtualization.” 
Department of Homeland Security's Inspector General 
stated that “the Federal Emergency Management Agency 
(FEMA) has been without access to years' worth of 
lessons-learned data for nine months, unable to recover 
access to it since a server failure in May 2010”. 

In the recent years some researchers have been done 
based on Cloud Computing technologies addressing 
disasters and emergency management. In 2011, Zubaida, 
Abdljabar.et al., proposed an Intelligent Transportation 
Systems that improve and balance traffic flow for smooth 
evacuation post-real disaster.  The Rapid changes in 
information technology and changes in focus of interest 
have motivated a new human-centered view of 
information fusion. According to [7], the main issues are: 
• Changing the domain of interest from the physical 

landscape to observing and characterizing the human 
landscape. 

• Supplementing the use of physical sensors with human 
acting as soft sensors. 

• Human physical loop analysis in which humans use 
their visual and acoustic recognition capabilities for 
analysis of complex data and situation, along with 
semantic reasoning abilities. 

• The use of dynamic collaboration among multiple 
people to support analysis through virtual world 
collaboration. 
Together the contributions of human centric approach 

and data fusion in disaster management have contributed 
in development of fuzzy set theory based model. The 
human centric approach has played an active role in 
determining the effective contribution in the segment 
relating to disaster management. Disasters are causing 
both financial, loss of property and loss of lives [1]. 
 

 
 
 
 
 
 

III. SYSTEM DESIGN 
 

The proposed algorithm aims to utilize the massive 
amount of resources from inside and outside, including 
humans, governments, computing devices, and 
information to build the cloud computing architecture to 
support the future design of the post-disaster management 
system. The architecture (see Fig. 1) of our proposed 
system consists of Cloud storage selection and computing, 
Data Fusion for multisource and multimodal disaster data, 
and Human Centric approach for emergency information 
retrieval system of post-disaster. The information 
depository layer includes two large-scale databases: (a) a 
virtual cloud databases storage that connects data from the 
local resource databases of suppliers providing physical 
information and human resources for use in disaster 
management (b) mobile and social media database which 
collects data from these related resources to provide real-
time information to any emergent situations in the disaster 
area. The information repository layer will provide the 
knowledge-based foundation to the lower layer (see Fig 
4). 
 

IV. METHODOLOGY 
 
a) System Overview 
 
As a solution to post-disaster management cloud 
computing can provide data/communication-as-a-service 
involving huge amount of data and broad diversity of 
organizations. [9] Classified the use of information and 
communication technologies (ICT) in different stages of a 
disaster as follows: 
(a) Effective warning of disasters using different 

communication channels. 
(b) Integrating information on necessary supplies and 

other sources. 
(c)  Coordinating disaster relief work. 
(d) Encouraging social, institutional and public responses; 
(e) Evaluating the damages caused by a disaster and the 

need for disaster relief.  
Our goal in this paper is to create an Intelligent Cloud 
based Disaster Management System (ICDMS) where we 
use the developments in the CCT (Cloud Computing 
technologies) to propose a system model, that is able to 
gather information from multiple sources and locations, 
this includes information from the location of the disaster 
in order to be able to make effective strategies and 
decisions. In particular, we are intended in this paper to 
achieve the following: 
(1) Create a system model by introducing a new 
significance algorithm, and  
(2) Use simulation software to validate the effectiveness 
of our proposed ICDMS.  
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Figure 1 The research framework 

  
Data fusion is an integration method on data, before 

this data is input into the system, we need to simplify it. 
Based on different type of data, different fusion 
algorithms need to be developed, we developed a 
multisource data fusion algorithm based Gaussian model 
and improved super kernel based multi modal fusion 
algorithm.  

 
Figure 2: Resource Nodes and Their Values on Map 

The PDMS is organized as a graph with each node 
presented by IF THEN rules that is a form of knowledge 
presentation. The node’s presentation will be clustered by 
semi-supervised fuzzy c-mean algorithm and the graph is 
organized by the SSL graph special algorithm that we 
improved. The supervised algorithm is a feedback system; 
the parameters of the system can be adjusted based on the 
evaluation of the OUTPUTs. This is why we call this 
PDMS dynamic and can provide more effective 
information to individuals in post-disaster situations. 
Through this system, the individual can receive a “quick 
response” from PDMS (see Fig 2, and 3). 

 

Figure 3. Hospityals Distribution Map Dataset 
Source: City Data Generation Dataset 

http://www.city-data.com/Orlando-Florida.html 

 
 
b) Rule-Based FIS for Knowledge Presentation of PDMS  
 

In the study of human cognition model, Newell and 
Simon (1972) developed a rules-based knowledge 
presentation system. At present, rule-based representation 
has become the most widely used in artificial intelligence, 
especially in expert systems. Many successful expert 
systems are based on this knowledge representation 
model, (see Fig 5.) 

 
Figur4: Algorithms for Model of the PDMS. 
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The basic form of production   or “IF   THEN  ”,   is a 
prerequisite for production, also known as front piece, 
which gives the possibility to use the production 
prerequisite by the fact that the logical combination to 
form;   is a group conclusions or operation, also known as 
post-production pieces 

By the Gaussian fusion, HFs as the density functions, 
so the FIS by HF will be the fusion of any two “IF-
THEN” rules integration. Suppose that, 

RULE: IF “x is A”, THEN “y is B”, the assertion “x is 
A” satisfies the Gaussian distribution,   
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Figure 5: IF-THEN Rule by Mamndini Gaussian Implication. 
 

c) FIS for Fusion and Decision-Making 

Suppose that the m knowledge rules in kv
 under Gaussian 

model conclude a particular assertion at the k  level, we 
have that: 

IF 1x is 1v and 2x is 2v and, and mx is mv THEN 

oI is ov ,                           (3) 

where  is the result, this can be simplified to, 

IF 1v and 2v and,, and mv THEN 1 2( , , , )mv v v   (4) 

and  

IF 1x and 2x and,, and mx THEN 1 2 mx x x      (5) 

IF 1d and 2d and,, and md THEN 1 2 md d d     (6) 

IF 1 and 2 and,, and m THEN 1 2( , , , )m    (7) 

Now, we only discuss the density function k  in our FIS. 

Letting 1 2[ , , , ]n     , we have that, 

IF  THEN ( )                                                          (8) 

From the previous knowledge, we know that ( )   is a 
Gaussian density function, so the rule is re-labeled as “IF 

X THEN
( )f X

”, and for this rule set, we have 

iR : IF X THEN ( )if X                                 (9)                      

However, as ( )f X  is a nonlinear function, it is difficult 
to find its minimum point under the Mamdani model, so 

we need to linearize ( )f X  and use the nonlinear 
conjugate gradient algorithm to optimize the parameters 

of ( )f X .  
 
   

IV. SUPER KERNEL FORMULTIMODAL FUSION 
 
We developed HFs based fusion in product operator, 
linear operator and nonlinear operator. 
(1)  Suppose that each modal was independent, and the 

posterior probability ( | )iP d h of each modal was 

estimated exactly, let D be the multimodal data, we have 
that, 
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(2) Let each classification’s output be 1 2, , nC C C , 

then the linear fusion by HFs is 
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 . 

 (3) There are two steps for nonlinear fusion of 
multimodal data. One is independent modality analysis 
and another is super kernel algorithm (Shown in Fig. 6) 
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Figure: 6 Multimodal Fusion in Independent Condition   the steps are as 

follows: 

 
Step 1: Input matrix, is the number of training samples, is 

the number of multimodal source providers.  
Step 2: Apply PCA (introduced by Section 3.2.2) to de-

noisy and de-dimensionality of   
Step 3: Using independent component analysis to acquire 

an estimation of features of each modality. 
Step 4: Using independent modality grouping to get 

which are independent modalities. 
Step 5: Super kernel integration on as following 

algorithms [Wu, et al., 2004]. 
 

 
 
 
 
 

 
Figure 7 The pseudocode of super kernel algorithm for independent 

multimodal fusion. 
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Figure 8. Simulation of Multimodal Fusion by PCA 

 
V. RESULTS AND DISCUSSION 

 
 Simulations runs have been performed on all phases 

of the proposed system (see Fig 8), such as multimodal 
fusion, query recall, system scalability, etc.  Specifically, 
we created an experimental scenario to show that our 
semantics-based query does improve the overall search 
performance. Multisource data will be weighted and for 
different levels, an improved structured technique for 
organizing and analyzing complex decisions was 
introduced based on fuzzy analytic hierarchy process 
(FAHP). And multimodal data was normalized by Single 
Gaussian Model (SGM) and Gaussian Mixed Model on 
their fusion result.  The fusion operators include the 
fusion between current data and new coming data, and the 
new coming data from multisource. We developed a new 
methods on each phase of data fusion operations 
including data collection, transmission, integrated, 
filtering, correlation and synthesis. 
 

VI. CONCLUSIONS AND FUTURE WORK 
 
A. Conclusions: In this paper we have proposed a cloud 
computing model to maximally utilize all of the available 
information and human collaboration from within and 
outside the disaster area to make information available to 
people affected in timely manner.  These enhances current 

post disaster management systems to better manage 
natural and man-made disasters. Overall, our cloud-based 
computing solution will allow for rapid scaling when 
needed and also provides significant flexibility and high 
cost reduction. The proposed cloud-based system provide 
and increase data security since it retains the data at the 
provider sites which will keep the infrastructure up to date 
in terms of security (software and hardware). 
 
B. Future Work: A cloud computing based infrastructure 
software system will be developed to perform the human 
centric approach for data fusion in disaster management; 
this type of system will help to determining post-disaster 
situation including immediate needs and priorities of the 
disaster victims and give the quick response (emergency 
resources such as hospitals, storages and transportation 
conditions) of person needs after disasters occur. 
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