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ABSTRACT 
 
The disaster and warning smart system has been widely 
used to create awareness among the general population in 
an emergency situations. However the existing smart 
system surveillance and detection system unable to 
provide real time communication mechanism to gaining 
the information about earthquake disaster before it. 
However, an effective and resilient ICT networks played 
an important role to save the human life.  In this research, 
the different resilient information communication 
technology (ICT) networks has been reviewed and 
proposed a new logical architecture which helps to 
disseminate real time information to various components 
of networks while  provide an active response facility to 
its cross pounding department. The proposed system 
detects the under-surface survivals through aliveness 
sensing techniques (their movements, breathing, and 
respiration patterns) and sends it to concerned cells such 
as responders’ cell phones, base station unit and relevant 
quick disaster management response cell.      
  
Key words: Logical Architecture, aliveness sensor, 
respiration Module, GSM Module 
 

1. INTRODUCTION 
 
The different kinds of disasters that cause a massive 
damage to the human life and infrastructure. The 
scientists are not yet successful to convey the prior 
information about the time and place of earthquake. Still, 
well-organized disaster management services are vital 
part later than the earthquake in order to decrease the 
destruction of living human being. In this regard the 

restoration of communication services is crucial that can 
help to find victims under debris. The numerous 
organizations are engaged in the disaster managing. 
Objects and plans. Pakistan is one of the highly affected 
countries. In last two decades the state faced the intensive 
earthquakes causing the massive destruction and loss of 
lives. The country’s National Disaster Management 
Authority is responsible for the handling the natural 
disasters. Though the NDMA is working hard in its 
capacity but still there are various aspects needs to 
improve, especially quick and speedy responses after the 
earthquakes. In this regard the pivot is the need of a better 
communication networks for the restoring the 
communication to link it directly to the rescue operation 
for the quick detection and tracking of the survivals from 
debris. 
In Pakistan National Disaster Management Authority 
deals with the natural disasters at National and 
International level. NDMA has participated in many 
disasters especially earthquakes but could not cope them 
well as it should. The main hurdle in handling 
earthquakes is that there is no any permanent, speedy and 
rapid response resilient ICT networks based architecture 
for the DM under one umbrella [1]. Nor there is proper 
early warning system for any disaster accept flood early 
warning system [2] neither on-time communication 
networks available to by NDMA. Hence NDMA lacks the 
latest and appropriate mechanism of networks for the 
fault-tolerant and continuous communication while there 
are various types of networks used in various disastrous 
situations in other countries. DM plan comprises of a 
number of objectives to enhance the emergency planning, 
assessment and preparation, under different IT solutions 
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with different issues discovered, as one such example is 
SAGA (Self-protection Management Support System) 
Spanish organization. SAGA is an emergency strategy for 
disaster management [3]. There is need of significance 
understanding in emergency situations, many methods are 
used in that such as, Delphi method is used in dangerous 
areas for the flow of information between different 
elements involved in disaster management [4]. Different 
methods are used to build local resilient networks often 
involved in the association of native public groups. When 
international organizations adopted such approaches, 
result shows that they enhance the ability of a community 
to be active and acclimate when met with diverse natural 
tragedies and weather change. Today in our world the 
global organizations are playing a noticeable and 
influential role in natural disasters [5]. The NDMA is 
organization of government of Pakistan that’s deal the 
various kinds of disasters occurred in different places. It 
work with the collaboration different rescue organization 
and direct him to the disaster zones. But none of them has 
any efficient network communication facilities to cope the 
real time issues being faced by human being in disasters 
zones. This review paper proposed an ICT networks-based 
Interaction Retrieval Architecture (IRA) for the 
earthquake disaster zone [6]. The paper is divided into 
five section. Ist section described the background of 
different networks and second section comprises the 
literature review, the third section present the critical 
analysis of existing technologies and the fourth section 
has logical architecture of ICT networks and six section 
draw the conclusion.  
  
2. LITERATURE REVIEW  
 
Many researcher proposed different kind of wired and 
wireless communication networks to retrieve the 
necessary information from the disaster zones such as 
survival detections and disaster frequency. These ICT 
networks are also used for the locating the survivals at the 
upper surface. Some important ICT based networks have 
been discussed in this thesis. After discussing resilient 
networks that have been used in Disaster Management 
further the survivals finding technologies or system are 
discussed that are used in upper surface detection of the 
survivals. In addition, the focus of the study is to detect 
the under-surface survivals especially earthquake zone. 
 
2.1 Role of ICT Networks  
The world is hit by sudden disasters such as earthquakes, 
Tsunami, typhoon and hurricanes now a day rapidly. In 
the earthquake disaster such as, in East Japan in 2011 in 
which thousands of victims and large number of 

properties was damaged also electric power and 
information system were shutdown. Lastly, the 
researchers propose the systems with functions that are 
essential for upcoming widespread disaster named Never 
Die Network. NDN is generally comprised of three 
networks containing fixed, mobile and air NDNs wireless 
network.  The figure 1 depict the NDN networks [7]. 

 
Figure 1: Never Die Networks (NDN) [7]. 

 
The researchers have proposed a new Portable Disaster 
Recovery Network architecture. This research allows 
survivors in disaster effected area or any other related 
search and rescue circumstances to report their positions 
to a disaster management Center. This assists responders 
first to rapidly rescue the survivors of these disaster 
effected areas [8]. In this research, the researchers have 
proposed a wireless sensor network have been projected 
for the Disaster Management services. It is especially 
designed to safe guard people in earthquake from heavy 
loses [9]. 
 
2.2  GIS (Geographic Information System) 
 
It is very important in the natural disasters, especially 
earthquake the networks that are lifelines must be still 
working condition. For this purpose, the researchers have 
proposed a Geographic Information System to develop for 
the altitudinal calculation of live lines by using GEO 
apparatuses. The Geographic Information System creates 
a map of live-lines, which are fast in execution time, 
modifiable and user friendly to adopt it during the disaster 
11-12-13]. 
 
2.3  Wireless Ad-Hoc Network 
Wireless communication systems and the protocols, 
particularly mobile systems and devices Device, 5G 
networks, 4G/LTE, and software based radio are used to 
managed the disaster from red zones [14]. During various 
natural catastrophes, mostly vital system setups are 
generally destroyed, the survivals requirement in this case 
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will be diverse communications network for their 
communication, deprived of a hesitation via using wired 
and wireless access networks, i.e., Wi-Fi or Bluetooth. 
The researchers have proposed Intelligent Transportation 
Systems and Services (ITSS) that are used to play a vital 
role in coping with crises and disasters. The system used 
micro-simulation model to adopt the efficiency of the 
networks in the disaster areas. Moreover, the driver 
reaction is measured and assessed. The results indicate 
the immense progress while applying the ITSS in saving 
the human lives. The results also indication an 
improvement of saving vehicles as well [15-16 

 
Figure 2. System overview (MDRU) [28] 

 
Another researcher proposes a network architecture that is 
resilient even through devastating disasters. The 
researchers have proposed a resilient network architecture 
which can be used in disasters. The proposed system is 
MDRU i.e. moveable and deployable rescue unit specially 
designed for earthquake disasters. The system has 
capability to share information about the disaster area in 
very short time MDRU based disaster resilient network 
shown in the figure 2 [17]. 
 
2.4   Social Networks 
 
The long-term investment is required in disaster 
resilience strategies, the ability to restore communication, 
plan to respond and to recover in the upcoming disasters 
are vigorous towards sustainability. The researcher have 
purposed framework of resilient networks for unstructured 
large scale data, based upon 36,422 items collected form 
social media networks such as the data collected from 
Facebook, YouTube, twitter and instagram for  assistance 
deeds in Nepal earthquake in 2015 [18]. The continuing 
growth of Social Networks (SNs) and the massive 

quantity of related users have used these systems in 
research areas. 
2.6 Fanet (Flying Adhoc Network) 
 
Flying ad-hoc networks are attractive an encouraging 
resolution for diverse use situations connecting UAV, like 
urban surveillance or search and rescue missions. The 
system shows numerous and identical detailed 
communication matters. Moreover, the author describe 
flexible prototypes and specify the directions whether they 
could be really accepted dependent on the exact flying ad-
hoc network application circumstances. Whereas debating 
their advantages and disadvantages [19]. It has the benefit 
of Global Positioning System is available on panel. P-
OLSR is now the individual FANET routing method 
available for Linux implementation [20]. The figure 3 
shows the overview of the system. 
 

 
Figure 3. FANET Systems 

 
2.7 UAV (Unmanned Aerial Vehicle) 
 
UAV are ahead of popularity growing communication 
systems of different service suppliers. Developing system, 
like mobile edge computing and LTE 4G/5G systems will 
expand the use of UAVs. Researchers argue the 
prospective of UAVs, armed with devices, for providing 
Internet of things services from great heights [21]. In 
recent times, the use of UAVs, such as gliders and quad 
copters, has grown consideration for rescue operations 
[22]. The figure 4 shows the graphical view of UAVs. 
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Figure 4. UAV systems 

2.8 Drones Technology 
 
The Drone technology has been used in rescue and search 
operation in different scenarios such as earthquake 
disaster zones, floods, and upper surface detections. 
However, drone technology has only capability to identify 
the upper surface survivals in any disaster zones. The 
existing drone technologies search and rescue operation 
were referred and evidenced to be insufficient. However, 
some researchers start working on drone to increase the 
capabilities by some modification such as embedded some 
sensor, high resolution camera and modify and improve 
the limitations of the pervious drone technologies. In 
literature a researcher suggests to integrated sensor 
technology along with drone technology to provide 
accurate, quick, and safely identify the misplaced 
survivals in the wilderness and disaster by using 
multimodal sensing methods. In this method, drone 
technology was used to send the feedback to operators on 
field, victims and deliver the necessarily supplies to the 
survivals [23]. After embedded the multimode sensing 
technology with drone, the researcher claimed that the 
modified drone is better, effective and in the rescue and 
search operation to survivals in any disaster [24]. 
Indonesia and Japan are the most affected countries by 
different disasters. the communication networks were 
badly affected and damaged just after occurrence of 
disasters while the government used different reliable  
 

 
Communication links to restore and overcome the 
difficulties in rescues and search operations but unable to 
find the survivals from disaster timely [25]. However, to 
overcome the searching problems, the government design 
and implemented autonomous based operation where they 
used the autonomous navigation based three-dimensional 
drone technologies to detect the obstacles and survivals 
detections and tracking systems [26]. 
 

 
Figure 5. Rotor Wing drone 

The most important role of drone till now is to involve in 
saving human life in many search and rescue operations. 
Drones uses different technologies, and also have 
capability for emergency supplies like medicine, water, 
rescue ropes, life jackets etc. The drones are also used in 
the sky to monitor and protect rescue workers during fires 
and SAR processes short of putting them to danger. 
Constrained area for searchers put the workers at risk, 
rapid up the rescue work and accumulative the release 
ability of subsistence. Mostly rotor wing drones are used 
in search and rescue operations it is shown in the figure 4 
(https://www.dji.com/phantom). The table 1 shows the 
features and limitations of drone technologies. 
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Table 1.Features and Limitations of Drone Technologies 

 
 
Similarly, the Italian Fire Crops developed a team of 
operators and robots (UGV, UAV) in the red zone of 
Mirandola to provide quick response and recovery of 
population and building in case of any disaster [64]. The 
multi drone interaction prototype system was developed 

by a researcher to allow an operator to supervised and 
control the rescue operations and set of UAVs by means 
of multimode communication. The main task of that 
multimode drone technology was to locate the misplaced 
person in disaster affected areas [26].

 
3  LIMITATIONS OF THE EXISTING ICT NETWORKS  
 
Several types of Information Communication networks have been debated in the literature are summarized in the table 2. 
In this research article we have examined the existing technologies being used in disaster situations and highlight the 
limitations and weakness of existing technologies and proposed a logical architecture for resilient ICT networks. 
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Table 2. Summarized limitations and weakness of existing technologies 
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4. LOGICAL ARCHITECTURE OF PROPOSED 
RESILIENT ICT NETWORKS  
 
The proposed resilient IRA comprises various components 
such as Early Warning System Networks (EWSN), Rapid 
Response Networks (RRN), Central Disaster Management 
Organization Database Cell (CDMDC), Quick Disaster 
Management Response Centre (QDMRC) and NDMA as 
shown in figure 6. Moreover, the early warning and 
repaid response networks consist with with different 
communication networks such as drone based, social, 
GIS/GSM and underwater networks. The CDMDC is 
another component of IRA which contain various 
information data for instance, geographical data, 
registered cell phone information as well as ICT 
networks. Furthermore, the architecture has QDMRC 
component which is responsible to share the disaster 
information with NDMA office. Furthermore, the 
architecture has QDMRC component which is responsible 
to share the disaster information with NDMA office 
CDMDC is another component of IRA which contain 
various information data for instance, geographical data, 
registered cell phone information as well as ICT networks 
social, GIS/GSM and underwater networks[41-42-43-44]. 
 

 
Figure 6. Resilient Interaction Retrieval Architecture (IRA [45-
46]) 
 
4.1 Components of Resilient IRA 
The proposed architecture has four components which are 
being used to retrieve the information of live survivals, 
data about survivals and transmit that collected within 
disaster zone to base-station. These four components of 
prototype are discussed in the following section. 
 
4.2 Early Warning System Networks (EWSN) 
The EWSN is the important component of the IRA which 
is used to generate the early warnings alerts and 
communicate them quickly with the disaster management 
response center as illustrated in figure 7 and has 
following features: 
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 Consist of multiple resilient ICT networks to 
transmit the early warning alerts. 

 EWSN component has network redundancy in 
case of failure of GSM network it will sends the 
information via another available network. 

 
Figure 7. Early Warning System Networks (EWSN) 
[45-46] 

4.3 Rapid Response Networks (RRN) 

The rapid response component is used to detect the survival 
from the earthquake disaster zones. The RRN has various kinds 
of communication networks to detect the survivals and 
communicate that information about the survivals to the base 
station component of IRA. The figure 8 depicted rapid response 
networks component. It has following features: 

 The RRN is the core component of the prototype 
system effectively work during the occurrences of any 
natural disasters especially earthquakes. 

 Perform quick and speedy response to collect survival 
detection Information  

 Establish communication between all components of 
the IRA prototype system. 

 

Figure 8. Rapid Response Networks (RRN [45-46])  
4.4 Central Disaster Management Database Cell 
(CDMDC) 

The central disaster management database contains 
different data cells such as  geographical data, registered 
mobile phone information and ICT networks cells.The 
geographical data cell contains the geographical 
information of various disaster zones and the registered 
cell phone maintains the occupant cell phone information 
living in disaster affected areas. In the same line the ICT 
networks cell contain the information of available 
resilient ICT networks mainly working in disaster areas. 
The figure 9 shows the various cells of CDMDC. It has 
following features: 

 Maintain the entire record of the design system 
network and other important information 
necessary for the rescue operations. 

 Population records has been maintaining by this 
component. 

 Continuously update the information about 
registered cell phones,disaster zones and 
available networks. 

 

 
Figure 9.Central disaster Management Database Cell [45-46]. 

        

 

5.  CONCLUSION 
In this research, a critical review has been carried out and 
examined the capabilities of existing technologies. Which 
were used in to identify the survivals identification in 
earth quake disasters zones or another kind of disaster. 
Many researchers have proposed various resilient 
networks to save the human being lives from the any kind 
of disaster and provide quick rescue aids to the affected 
areas and track the human bodies.in addition, the 
different technologies has been used to executed the 
survival detection and rescue operations such as drone, 
Infrared Camera and Camera technology, Heat Sensing 
Camera and Hook embedded with camera, unmanned 
aerial vehicles, heterogeneous-network, public safety 
communications, flying adhoc network and etc. however, 
these technologies have not a real time based 

communication architecture to transfer the real time 
information from affected areas to cross pounding base 
station as mentioned in table no 2. In this article we have 
proposed a Logical architecture for An Active Response 
Smart System which will be consist of four components 
for different purposes as discussed in section 4.  
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