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Abstract— Through the years, natural disasters keep 

happening and becoming more frequent and severe. Disasters can 

cause loss of property as well as human life. In disasters that cause 

mass fatalities, search and rescue operations are indeed vital and 

need to be conducted urgently. Unmanned aerial vehicles (UAV) 

or drones are the new emerging technology that has the capability 

to be deployed regularly to aid in search and rescue. By using UAV 

technology, it can speed up the search and rescue process and 

speed-up victims’ identification process before the body 

decomposes. Compared to conventional search and rescue 

operations, UAVs are more appropriate and economical due to 

their small-scale size of equipment. This paper presents reviews on 

the use of human detection based on UAV and technology in the 

scope of search and rescue operations for natural disasters.   

 

Index Terms— Human Detection, Unmanned Aerial Vehicle 

(UAV), Natural Disaster. 
 

I. INTRODUCTION 

N the past decade, various disasters happened in the world 

such as earthquakes, floods, and Tsunami.  The definition of 

disasters defined by the Malaysian National Security Council 

(MNSC) directive 20 (2003) states that “an emergency situation 

that will cause the loss of lives, damage property, and the 

environment, and hamper local, social, and economic 

activities” [1]. Figure 1 shows the statistic of natural disaster 

victims in 2019 versus the type of disaster around the world [2]. 

Around 1.5 million people were affected by earthquakes and 31 

million by floods across the world. Malaysia relatively free 

from natural disasters, but affected by landslides, haze, 

flooding, and other man-made disasters. It is because Malaysia 

lies in a geographically stable region and this is caused by 

human activity like disrupting the natural balance by cutting 

trees, destroying hills, and unplanned urbanization, the natural 

disaster keeps happening frequently [3]. 

Once the disaster happens, search and rescue (SAR) teams 

play an important role in this situation. One major problem 

arises for the rescue team is in finding and identifying the 

victim’s location process [4]. 
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The longer the time taken to find and identify the victim’s 

location caused delay for the rescue team to reach the victims. 

The finding and identifying the victim location process affects 

the rescue teams in the rescue process. Limited time available 

to gather evidence and identify the body before decomposition 

begins, especially in tropical weather.  Search and rescue 

operations consumed countless time and cost if carried out by 

boat and helicopter because helicopters need to fly from the 

base or an airfield to the disaster area. The estimation of 

deployment of helicopters in search and rescue situations was 

$10,000-$15,000 per hour [5]. Nowadays, the drone is one of 

the applications that has been chosen to find and identify the 

victim’s location. A mission such as a search and a rescue or 

forest surveillance requires large camera coverage and thus 

making the drone a suitable technique to perform advanced 

tasks.  

 

 
Fig.  1. Statistic of natural disaster victims in 2019 around the 

world [2].   

 

    Apart from the importance of choosing drone criteria, 

equipping the system and algorithm in the drone is also one of 

the important things that need to be considered. Recently,  deep 

CNNs have been established as one of the most promising 

avenues of research in the computer vision area, with 

outstanding results in a series of visual recognition tasks, such 

as image classification [6], [7], face recognition [8], digit 

recognition [9], [10], pose estimation [11], object and 

pedestrian detection [12], [13], and content-based image 

retrieval [14], [15]. The increasing trend of human detection 
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application in computer vision provides a remarkable insight 

into a search and rescue situation [16]. It also has the capability 

to run body detection algorithms and face identification 

algorithms to detect, localize, and identify human forms. The 

effectiveness of human detection and victim localization using 

image processing and drone technology should be more rapidly 

as compared to conventional manual search and rescue 

techniques [17]. Detecting humans in real-time situations is a 

challenging task. It is because of the lighting, environment, 

their variable appearance, and the wide range of poses that they 

can adopt. 

II. SEARCH AND RESCUE (SAR) OPERATION 

Through the years, natural disasters keep happening and 

becoming more frequent and severe. Numerous efforts have 

been made in order to handle the disaster and search and rescue 

(SAR) operation. There are many agencies that take place in 

search and rescue operation around the world such as National 

Association for Search and Rescue (NASAR) in the United 

States, Civil Air Search and Rescue Association (CASARA) in 

Canada, Aeronautical Rescue Coordination Centre (ARCC) in 

England, South African Maritime Safety Authority (SAMSA) 

in South Africa and Australian Maritime Safety Authority 

(AMSA) in Australia. In Malaysia, two main SAR units are 

Special Malaysia Disaster Assistance and Rescue Team 

(SMART) which reports to the National Security Council and 

Malaysian Fire and Rescue Department (FRDM) and Special 

Tactical Operation and Rescue Team of Malaysia (STORM) 

unit[18]. These units are also supported by another jungle 

expert team and aboriginal police unit. Through the year, the 

conventional search and rescue facilities that have been used 

are boat and helicopter with high cost and longer time 

operations. This search and rescue operation will affect the 

victim’s identification process as shown in part three. 

Normally, the fundamentals which will affect the search and 

rescue operation are divided into six-part that is an 

organization, management, leadership, strategy, tactics, and 

clue awareness. All these basic principles and theories will 

normally render successful searches. However, during search 

and rescue operations, there are several key actions and 

decisions that must be made by the search and rescue 

management personnel. The consideration that needs to be 

prioritized and expedited for all search and rescue responders is 

they need to prepare the plan early, identify all hazards in the 

area (think safety), manage all resources effectively and 

efficiently, make analysis and evaluation an ongoing process, 

and gather all the information that available and keep its records 

of all actions taken. 

According to search and rescue standard operating 

procedures [19] , search management can be divided into three-

part that is a pre-incident, incident, and post-incident. 

 

A. Pre-Incident 

a) Interagency coordination 

Firstly, management needs to identify all the 

agency responders, lines of authority, 

comprehensive communication, and area of 

responsibilities and tasks. 

 

b) Logistic support 

This part considers as one of the vital parts 

that need to be a plan as best as can. It will 

affect the process of search in order to get 

supply especially search and safety 

equipment, researcher’s requirement, and 

communication systems.  Another special 

need is cost coverage for equipment 

replacement and repairs. 

 

c) Facility Disposition 

Some area needs to establish such as base 

camp, family area, media area, and staging 

area. 

 

B. Incident 

a) Rapid Response 

In this part, rapid responses from the 

management need to be taken. The 

management needs to determine search 

urgency and establish confinement of area. 

Determine the last known position or location 

last seen. It will help to allocate the 

segmentation of the search area.  

b) Area Management 

In order to manage the area, some 

consideration needs to take place such as 

access control, implement facility plan and 

identifying the resources. 

 

c) Incident Action Plan (IAP) Development 

IAP development considers the development 

and implements workable search areas. 

Places highly trained or skilled resources into 

high probability areas and evaluate ongoing 

information. 

 

d) Standard Operation Procedures 

Keep records of all the information such as 

worker compensation enrollment, maps, and 

charts, ICS forms, and searcher 

identification. All the ongoing search 

strategies and tactics need to follow the 

standard operating procedure. Other than 

that, management needs to prepare for 

searcher, family, and media briefing. 

 

C. Post-Incident 

a) Final Briefing 

Recognize all the agencies and organization 

that takes place in search and rescue process. 
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b) Demobilization 

Clean up of command post and all the area 

that has been used during the search and 

rescue process. 

  

c) Evaluation 

Analyze all the plan and standard operating 

processes such as direction and control, 

training of personnel, and communication 

system. 

 

d) Reporting 

Write a search and rescue report form 

(written after-action). 

 

III. CONVENTIONAL DISASTER VICTIMS 

IDENTIFICATION (DVI) 

Identification of the victims after the disaster is a challenging 

task as well. The aim of the process is to accurately identify the 

victims of the disaster or incident before being claimed by their 

respective families [20]. The current DVI method consists of 

four phases: Scene Phase, Post-mortem Phase, Ante-mortem 

Phase, and Reconciliation Phase.  

A.  Scene Phase 

After a mass disaster, in the first phase, the forensic team 

proceeds to the field and examines the victims as survive or 

otherwise. If dead, their corpse will be labeled and any 

identification is safely kept as evidence [21]. These labels 

should carry information such as examining the team, location 

found, and victim number. The area of disaster is usually 

divided into quadrants and teams are dispatched to each 

quadrant to execute this early stage of identification. 

 

B.  Post-mortem Phase 

After the victims have been removed from the disasters, the 

second phase is to conduct the post-mortem examination. This 

second phase can include post-mortem identification, which 

can be carried out in conjunction with the first phase. An 

examination may include capturing fingerprints [22], teeth 

examination [23], body examination, any materials found on 

the body as well as collection of samples for DNA examination 

[24]. 

 

C.  Ante-mortem Phase 

The third phase includes ante-mortem data collection from 

others such as family members and medical records. This 

process can be lengthy as the interviewer will ask a series of 

predetermined questions to assist the identification process of 

victims. This will include questions about the description of the 

missing person, jewelry, clothing, and other personal items 

belong to the victims. Ante-mortem records will be used to 

verify victim identification by comparing it with Postmortem 

records [25]. Due to dangerous terrains, extreme weather, a 

wide disaster area, and a large number of victims involved, 

there is usually no room for victim identification and post-

mortem examination at the site of disaster. 

 

D.  Reconciliation Phase 

Lastly, after the post-mortem and ante-mortem details have 

been conducted, a team of specialists will meet and commence 

to reconcile both sets of information to determine the 

identification of the deceased victims. Once the victim has been 

identified, the process of releasing the corpse to the family 

members can be done.  

VI. UNMANNED AERIAL VEHICLE (UAV) APPLICATION 

 The employment of robots as a support platform for 

management applications is becoming a trend in managing and 

accessing natural disasters. There are various types of robots 

that can help society and the nation in order to manage and 

access natural disasters. One of the robots used in the support 

platform is an unmanned vehicle (UV). An unmanned vehicle 

or un-crewed vehicle is a means of transportation without a 

person on board and it can either be controlled remotely or as 

an autonomous vehicle. In 2020 only, the world has 

experienced a few disasters such as Beirut Explosion [26], 

California Wildfires [27], and the Philippine Volcano eruption 

[28].  

    Drones have been widely used to capture images or views 

of the affected areas. Images and videos of drones surveying 

disaster areas are widely available on the online platform. 

However, there are few challenges that need to be overcome or 

to be improved to enhance drone capabilities in attending the 

situation. In daily tasks, UAV has been deployed in industrial 

areas for inspection process [29] - [34], surveying and mapping 

[35] [36], land monitoring, security and emergency response 

[37] - [39], stockpile management, and haul road [40] - [42]. As 

all know, drones come with a few embedded devices that are 

flight control, power circuit, transceiver, global positioning 

system, and a few sensors that can make them more useful and 

powerful. The high-performance drone will be used for difficult 

tasks and requires precision such as searching for flood victims 

or survivors [43], flood surveillance [44], forensic purpose [45] 

[46], and mapping in post-disaster volcano eruption [47].  

 According to [48], one of the important parts of search 

and rescue is maintaining communication over the disaster 

areas. Once a disaster occurs, public communication network 

may be unavailable in the remote area. Secondly, if it is 

available the network may be damaged or destroyed. So, in this 

situation, to extend the coverage on the affected area drone can 

be used temporarily as mobile access point.          Multiple UAV 

is used in order to reach the target area the soonest possible 

while saving the maximum number of people. According to 

[49], using a layered search and rescue (LSAR) algorithm, it 

more efficient in searching for survivor in minimum time. This 

is because the LSAR algorithm focuses on the center of the 

disaster. 

VII.  DRONE TECHNOLOGY 

Detection is a process of determining the location on the 

image where certain objects are present, as well as classifying 

those objects. Nowadays, technology has grown rapidly, and it 

leads researchers to the production of various types of human 

detection such as acoustic sensors [50], infrared detectors [51], 
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radar [52], and image recognition of human shapes [53]. There 

are also some studies that proposed to use a drone with image 

processing to aid body detection. 

Nowadays, every human will definitely have at least 1 

cellphone equipped with a fourth-generation (4G) Long Term 

Evoluation (LTE) [54]. In another way to localize victims that 

trap in disaster areas is using radio frequency (RF). 

Control system piloting the drone, software running in the 

drone and the connection between the two is an unmanned 

aerial system (UAS) that allowed the UAV to function [55]. 

Some researchers have made research in detecting human 

crowds using a convolution neural network (CNN) for drone 

flight safety. According to [56], by provided the crowd heat 

maps in the drone technology or system, it will semantically 

enhance the flight maps by defining no-fly zone. 

 Drone technology was very helpful in search and rescue 

process. Once victims have been detected, rescue team can 

monitor the affected areas before getting into it. Some drones 

equipped with object collision detection sensor and 

communication modules. UAVs with fully autonomous 

functional was very unique system but existing system may 

damage if UAV is damage-free during detection [57]. 

 

A.  UAVs Used in Search and Rescue (SAR) Operation 

The deployment of the drone in search and rescue has 

become a very popular topic. In addition to skilled searchers in 

search of victims, UAVs technology also may help to ensure 

success in the search or localize  the victims in the disaster area. 

The drone has been used by the response team in the 2017 

hurricane season [58]. The drone has been used to localize 

victims, access flood damage, and predict areas of future flood 

risk.  

Due to the earthquake that occurred in 2015 in Nepal, it’s 

killing over 7,500 people and destroy homes and buildings. The 

drone [59] has been used in managing the search and rescue 

operation, gather imagery, identifying the affected area, and 

assess the extent of the damage. All the data or information 

which has been picked up by a drone will be sent to rescue 

workers on the ground directly. It will help the rescue worker 

to go directly to the high potential victim’s areas.  

In Amherst Country, Virginia, the tornado has destroyed 

dozens of homes and injuring people. The drone has been used 

in order to help by providing aerial views by using a high-

resolution camera to locate injured persons and personal 

belongings of homes that had been destroyed [60]. Just like 

what happened in Leilani Estates, Hawaii, the drone has been 

used to identify the number of houses destroyed after the 

Kilauea Volcano [61] erupted and spewed lava that happens in 

May 2018. 

In 2017, a drone has been used for the first time ever by Los 

Angeles Fire Department [62]. The drones mainly used to 

locate victims that trap in fire and access property damage 

caused by the fire. This drone technology used due to several 

accidents that happens between 1990 and 2017 which an 

average of 17 firefighters died per year during activities related 

to fighting wildfire. The manned aircraft flies at low altitudes 

and putting them at risk of low visibility, dangerous winds, and 

high temperature.  

 

B. Type of Drone 

The drone can be divided into three types: the air, ground, 

and underwater drone as shown in Figure 2. The drone is one of 

the intelligent inventions that are more efficient, cost-effective, 

and could reduce human error and ease manpower. According 

to [35], it proved that using UAVs has high accuracy, quicker 

(saves time), and easier to deploy. Drones can then be equipped 

with some intelligence to carry out some of the early search 

victims’ locations. The drone also has three types of area of 

differences that is quadcopter, hexacopter, and octocopter as 

shown in table 1. According to [5], the quadcopter has a longer 

flying duration and great maneuverability.  

 

      
(a)                                         (b) 

 
(c) 

Fig.  2. Type of drones (a) air drone (b) ground drone and (c) 

underwater drone. 

 

TABLE 1 

COMPARATIVE STUDY ON QUADCOPTER, HEXACOPTER, AND 

OCTOCOPTER 

Area of 

Difference 

Quadcopter Hexacopter Octocopter 

Number of 

Propellers 

4 6 8 

Advantages Cheap to build 

and repair. 

Great power 

and speed. 

Very fast, agile 

and stable. 

Disadvantages Less powerful 

engine 

High price, 

Larger in size 

Very expensive 

 

C. Computer Vision 

Drone technology has advanced to a stage that the most 

advanced ones are equipped with autonomous flight 

capabilities, computer vision, and on-board artificial 

intelligence (AI) technology and processing. Over the last few 

years, deep learning conquered the computer vision field by 

providing a good solution to a difficult problem. Deep learning 

has a lot of architecture that are convolutional neural networks 

(CNN), recurrent neural networks (RNN), generative 

adversarial neural networks (GAN), ResNet, etc. Each type of 

deep-learning architecture mitigates a different type of 

problem. CNN have been established as one of the most 
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promising avenues of research in the computer vision area, 

providing outstanding results in a series of vision recognition 

tasks, such as image classification [63], [64], face recognition 

[65], digit recognition [66],[67], pose estimation [68], object 

and pedestrian detection [69], [70], and content-based image 

retrieval [71], [72]. 

 

D.  Impact of UAV Application toward Search and 

Rescue Operation 

Most researchers that have conducted research on UAVs led 

success in dealing with the problems that occur. Day by day, 

the earth is getting worse and inviting natural disasters. With 

the increasing number of natural disasters recently, the 

development and use of drones in search and rescues operation 

become more important. The main advantage of using drones 

in search and rescue operations is all about time. With this 

technology, reaching the disaster sites will be more rapid and 

reduced the searching time of the site and can pursuit 

immediately for victims or survivals. The drone can be 

deployed into the catastrophe sites hurriedly because of less risk 

as compared to human life [73].  Other than that, drones can 

also give awareness in a large area speedily, reducing time and 

the number of searchers that need to locate and rescue the 

victims or survivors. Besides that, it greatly reduces search 

expenses and risk in rescue missions. The drone has been 

designed to provide real-time data and imaging, day or night, 

harsh conditions without danger to work for and cost-efficient 

too [74]. 

VIII. CONCLUSION 

In conclusion, the uses of UAVs in search and rescue operations 

during natural disasters are presented.  Technology 

advancement and impact of use of drones in real situations are 

elaborated and discussed. However, there are still not many 

researches done to aid the forensic management team in 

locating and identifying deceased victims in remote areas. 

Hence, more research is required to utilise drones in natural 

disaster management and determine suitable processes to be 

carried out by drones, given the exact capabilities and battery 

life to be employed by the drones.  
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