
International Journal of Electrical and Computer Engineering (IJECE) 

Vol. 14, No. 4, August 2024, pp. 4097~4109 

ISSN: 2088-8708, DOI: 10.11591/ijece.v14i4.pp4097-4109      4097  

 

Journal homepage: http://ijece.iaescore.com 

Optimizing drone-assisted victim localization and identification 

in mass-disaster management: a study on feasible flying 

patterns and technical specifications 
 

 

Intan Nabina Azmi1, Murizah Kassim1,2, Yusnani Mohd Yussoff1,3, Nooritawati Md Tahir1,2,4,5 
1School of Electrical Engineering, College of Engineering, Universiti Teknologi MARA, Shah Alam, Malaysia 
2Institute for Big Data Analytics and Artificial Intelligence, Universiti Teknologi MARA, Shah Alam, Malaysia 

3Information Security and Trusted Infrastructure Laboratory, Universiti Teknologi MARA, Shah Alam, Malaysia 
4Department of Cybersecurity, International Information Technology University, Almaty, Kazakhstan 

5Applied College, Princess Nourah bint Abdulrahman University, Riyadh, Saudi Arabia 

 

 

Article Info  ABSTRACT 

Article history: 

Received Nov 17, 2023 

Revised Mar 29, 2024 

Accepted Apr 2, 2024 

 

 The prompt emphasizes the importance of identifying victims in a disaster 

area within 48 hours and highlights the potential benefits of using drones in 

search and rescue missions. However, the use of drones is limited by factors 

such as battery life, processing speed, and communication range. To address 

these limitations, the paper presents a detailed research study on the most 

effective flying pattern for drones during search and rescue missions. The 

study utilized energy consumption and coverage area as performance metrics 

and collected precise images that could be analyzed by the forensic team. 

The research was conducted using OMNET++ and fieldwork at Pulau 

Sebang, Melaka, in collaboration with search and rescue agencies in 

Malaysia. The results suggest that the square flying pattern is the most 

effective, as it provides the highest coverage area with reasonable energy 

utilization. Both simulation and fieldwork results showed coverage of 100% 

and 97.96%, respectively, for this pattern. Additionally, the paper provides 

technical specifications for rescue teams to use when deploying drones 

during search and rescue missions. 
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1. INTRODUCTION 

The timely identification of victims within 48 hours is crucial from a forensic perspective as it 

ensures the quality and freshness of the body for accurate analysis. After 48 hours, the decomposition process 

begins, making it more challenging to produce a high-quality report. The significance of identifying victims 

within this timeframe extends beyond the forensic aspect as it can reduce processing time and costs for the 

family and other parties, including insurance companies. To achieve timely victim identification in hard-to-

reach areas, drones equipped with advanced technology are becoming an increasingly attractive option. 

However, drone technology has limitations, such as restricted battery life, processing power, and 

communication range. Despite these challenges, drones have shown promise in search and rescue missions, 

as discussed in the following paragraph. 

Drones have become increasingly popular in search and rescue (SAR) operations in remote and 

disaster-prone areas, as evidenced by numerous studies [1]–[5]. The use of wireless multi-hop end devices 

https://creativecommons.org/licenses/by-sa/4.0/
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has also been demonstrated to be effective in post-disaster scenarios [6], facilitating more efficient search 

efforts in larger areas and expediting the overall process. As a result, researchers continue to investigate 

essential aspects of drone technology, such as wireless connectivity and flying hours [7]–[9]. For 

communication in post-disaster areas, a wireless network with a wide transmission range is preferable. 

Communication technologies such as 5G [10], ad hoc networks [11], LoRa networks [12]–[15], and wireless 

network technology [16] are among the options available for drone communication. One proposed solution to 

address the issue of wireless connectivity is wireless flying ad-hoc networks (FANETs). An ad hoc network 

without a bulky infrastructure or central router, presents an efficient solution for establishing instant 

networking in post-disaster areas. It is capable of facilitating video streaming from drones to the base station 

[17]–[19]. In addition, mobility models are critical to avoid collisions and other obstacles during the drone's 

flight path [20]. To date, five different flying patterns have been identified: random-based, time-based, path-

based, group-based, and topology-based [21]. The importance of identifying victims within the 48 golden 

hours has already been established from both medical and forensic perspectives. Thus, the emergence of 

advanced drone technology with systematic coordinates and flying patterns can optimize search and rescue 

missions.  

Previous studies on the utilization of drones in real-world scenarios lacked in-depth analysis of 

technical specifications, a crucial aspect that must be addressed to enhance their effectiveness in aiding 

rescue teams during search and rescue operations in remote and inaccessible areas. The key focus of this 

study lies in identifying essential technical specifications, including optimal flying altitude, energy-efficient 

flying patterns, and camera requirements [22], crucial for empowering forensic teams with effective drone 

utilization during missions. These insights will serve as foundational guidelines for enhancing surveillance 

efficiency, minimizing redundancy, and conserving energy resources. The study has been conducted in 

collaboration with Aerodyne Group, Institute of Pathology, Laboratory and Forensic Medicine (I-PPerForM), 

National Institute of Forensic Medicine (Institut Perubatan Forensik Negara (IPFN)), Malaysia Civil Defence 

Force (APM), Malaysian Armed Forces (ATM), Royal Malaysia Police (PDRM), Analisa Resources Sdn 

Bhd, Faculty of Business Management and Faculty of Accountancy, UiTM, Faculty of Business and 

Accountancy, Universiti Selangor (UNISEL) and Graduate School of Business, SEGI University Institute 

Forensic Negara. The results have been validated by an expert from Aerodyne Group through simulation and 

fieldwork. This study's outcomes make significant contributions to drone-assisted victim localization and 

identification in mass-disaster management from a forensic perspective. The following sections will discuss the 

research methodology and the results and discussion while the research literature that guided the study is 

discussed in [23]. 

 

 

2. RESEARCH METHOD 

This section outlines the approach used to achieve the objective. Three models of DJI drones 

(Phantom 3 Standard, 4 Pro, and Matrice 300 RTK) specifications are used in this study. This section consists 

of two main components: simulation and fieldwork. The simulation tests consist of two stages, where the first 

stage involves only DJI Phantom 3 Standard and 4 Pro, while the second stage involves the DJI Matrice 300 

RTK. However, in the following paragraphs, these components will be combined and presented in a few 

technical sections. 

 

2.1.  Drone’s flying pattern 

To achieve the objective, this study employed a two-pronged approach consisting of simulation and 

fieldwork. The simulation was conducted using OMNeT++ version 5.2.1 and Inet version 3.6.3. It involved 

testing three flying patterns (circular, zigzag, and square) at altitudes of 10, 20, and 30 meters. The latter 

altitude was determined based on fieldwork tests conducted by Salem and Zaman [24]. The study found that 

the optimal altitude for affordable commercial drones was below 30 meters. The area covered and energy 

consumption were then calculated, and network performance was evaluated based on throughput and end-to-

end delay. 

The project utilized three DJI commercial drones and cameras, namely the DJI Phantom 3 Standard 

(DJI P3S), DJI Phantom 4 Pro (DJI P4P), and DJI Matrice 300 RTK. The technical specifications of these 

drones are listed in Table 1. The Phantom 3 Standard and Phantom 4 Pro have flight times of approximately 

25 and 30 minutes, respectively. On the other hand, the DJI Matrice 300 RTK boasts a flight time of  

60 minutes, making it the most technically advanced drone in the study. 

To determine the most effective flying pattern for covering the largest area, flight tests were 

conducted at three different altitudes, encompassing a total area of 1 km². Two sets of tests were performed, 

with each set comprising nine scenarios involving the deployment of a single drone. These first-stage tests 

only involve DJI Phantom 3 Standard and 4 Pro, while DJI Matrice 300 RTK specification will be used in 
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another set of simulations to compare with the fieldwork. Both types of drones were utilized in these tests, 

and the drones were flown at a speed of 15 m/s, with additional parameters listed in Table 2. 

 

 

Table 1. Types of drones with field of view and flight time 
Specifications DJI Phantom 3 Standard DJI Phantom 4 Pro DJI Matrice 300 RTK 

Camera N/A N/A H20T 

Field of view  94 63.7 65° (H), 50° (V) 

Flight time Approx. 25 min Approx. 30 min Approx. 60 min 

Take-off weight 1.216 kg 1.388 kg 6.3 kg 

 

 

Table 2. List of parameters that required for simulation 
Parameters Preliminary simulation details Fieldwork details 

Flying area 1 km² 0.2 km² 

Flying time < 3600 s < 350 s 

Number of drones 1 1 
Speed of drones 15 m/s 5 m/s 

Flight altitude 10 m, 20 m, 30 m 40 m 

 

 

2.2.  Field of view angle 

Figure 1 illustrates the drone's altitude and the camera's viewing range. The camera is assumed to be 

facing downwards to capture the maximum coverage area. The width of the field of view is influenced by the 

field of view angle’s size and the distance between the lens and the ground. To calculate the drone's height 

(ℎ) during flight, the field of view angle should be divided by 2. Equation (1) calculate the field of view, and 

subsequently, the value of y and the overall width of the field of view can be computed by multiplying it 

by 2. 

 

𝑦 = (tan 𝜃)(ℎ) (1) 

 

where, 𝑦 = The half side of field of view; and ℎ = The drone’s altitude in meter. 

 

 

 
 

Figure 1. An Illustration of The FOV of drone's camera from above 

 

 

2.3.  Video transmission 

Table 3 presents information regarding the video transmission capabilities of the three drones. The 

first drone has a bit rate of 40 Mbps and uses frequency ranges between 5.725 and 5.825 GHz for 

transmitting over a distance of 1 km. In comparison, the second drone offers a higher bit rate of 100 Mbps 

and can transmit over a longer range of 7 km. However, the technical specifications for the DJI Matrice 300 

RTK used in the fieldwork is not available. 
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Table 3. Technical details of video transmission of each drone 
Drone models Bitrate Operating frequency Maximum distance 

DJI Phantom 3 Standard 40 Mbps 5.725 - 5.825 GHz ±1 km 
DJI Phantom 4 Pro 100 Mbps 2.400 - 2.483 GHz  

5.725 - 5.825 GHz 

±7 km 

DJI Matrice 300 RTK N/A 2.4000 - 2.4835 GHz 
5.725 - 5.850 GHz 

± 15 km 

 

 

2.4.  Drone’s flying path 

Despite their similar appearance, the DJI Phantom 3 Standard and 4 Pro have different embedded 

components, including the camera and battery. Consequently, the flight path for each drone must be planned 

separately due to the distinct types of cameras with varying field of view sizes. Table 4 presents the details of 

the flight tests for each pattern using the DJI Phantom 3 Standard and 4 Pro, including altitude and distance. 

Findings on the total percentage of the coverage area for each test has been presented and is available in [25]. 

Based on the data presented in Table 4, it is evident that with each increase in flight altitude, there's 

a notable decrease in flying distance for each flying pattern, primarily due to the expanded field of view at 

higher altitudes. Moreover, the analysis reveals a consistent trend where the DJI 4P exhibits a greater flying 

distance compared to the DJI P3S. This pattern of output should remain consistent during fieldwork 

implementation. 

 

 

Table 4. Details of flight test for each pattern using DJI P3S and DJI P4P 

Flying patterns 
Flying altitude  

(m) 
Flying distance (km) 

DJI P3S DJI P4P 

Circular 10 31.7749 39.2881 

Circular 20 17.2481 21.2092 
Circular 30 13.0697 14.0912 

Zigzag 10 37.4517 48.0298 

Zigzag 20 19.9731 23.0592 
Zigzag 30 13.0522 16.0072 

Square 10 39.375 49.98 

Square 20 21.845 24.96 
Square 30 14.86 17.855 

 

 

2.5.  Drone’s energy consumption 

For this study, the energy consumption was calculated using the mathematical equation from 

previous research [26]. Simulation testing for the DJI Phantom 3 Standard and Phantom 4 Pro were 

conducted at a horizontal speed of 15 m/s, which was chosen due to its common use in previous research. 

Formula (9) based on previous research [27] was used to calculate the energy consumption during the turning 

phase. The drone's take-off weight considering the force of gravity, was determined using (2), which requires 

knowledge of the drone and payload mass as well as the acceleration due to gravity. The total take-off weight 

includes the drone body, propellers, batteries, and camera. All formula used in the study are listed below.  

 

𝐹𝑊 = (𝑚𝑑 +  𝑚𝑝 ) 𝑔 (2) 

 

where, 𝐹𝑊 = The take-off weight with the gravity force; 𝑚𝑑 = The mass of drone; 𝑚𝑝 = The mass of the 

payload; and 𝑔 = The gravity acceleration. 

 

𝐹𝐷𝑉 =  
1

2
𝜌𝐴𝑡𝐶𝑑𝑣𝑣

2;  𝐹𝐷𝐻 =  
1

2
𝜌𝐴𝑓𝐶𝑑𝑣ℎ

2 (3) 

 

where, 𝐹𝐷𝑉, 𝐹𝐷𝐻 = The drag force in vertical and horizontal directions; 𝜌 = The air density; 𝐴𝑡, 𝐴𝑓 = The 

cross-sectional areas in vertical and horizontal directions; 𝐶𝑑 = The drag coefficient; and 𝑣𝑣 , 𝑣ℎ = The 

constant speed for vertical and horizontal flight. 

 

𝐹𝑇,𝑣 = 𝐹𝑊 + 𝐹𝐷𝑉 

= (𝑚𝑑 + 𝑚𝑝 )𝑔 +
1

2
𝜌𝐴𝑡𝐶𝑑𝑣𝑣

2 (4) 

 

where, 𝐹𝑇,𝑣 = The thrust force when the drone flies vertically. 
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𝐹𝑇,ℎ = √𝐹𝑊² + 𝐹𝐷𝐻² 

= √((𝑚𝑑 + 𝑚𝑝 )𝑔) ² + (
1

2
𝜌𝐴𝑓𝐶𝑑𝑣ℎ

2) ²    (5) 

 

where, 𝐹𝑇,ℎ = The thrust force when the drone flies horizontally. 

 

𝐹𝑇 = 2𝜌𝐴𝑝𝐶𝑑𝑣𝑖
2 (6) 

 

where, 𝐹𝑇 = The basic thrust calculation; 𝐴𝑝 = The disk area of the propellers; and 𝑣𝑖 = The induced 

velocity. 

 

𝑃𝑇 = 𝐹𝑇𝑣𝑖 (7)  

 

where, 𝑃𝑇 = The power consumption. 

 

𝐸𝑇 = 𝑃𝑇  (8) 

 

where, 𝐸𝑇 = The energy consumption; and 𝑡 = The time taken for a drone to fly vertical and horizontal. 

 

𝐸𝑡𝑢𝑟𝑛 =  𝑃𝑡𝑢𝑟𝑛
∆𝜃

𝜔𝑡𝑢𝑟𝑛
 (9)  

 

where, 𝐸𝑡𝑢𝑟𝑛 = The energy consumption when the drone turns to follow the flight path; 𝑃𝑡𝑢𝑟𝑛 = The power 

consumption of the turning (260 W); ∆𝜃 = The turning angle performed by the drone; and 𝜔𝑡𝑢𝑟𝑛 = The 

angular speed for turning (2.07 rad/sec). 

 

𝐸𝑇𝑜𝑡𝑎𝑙 = 𝐸𝑇 + 𝐸𝑡𝑢𝑟𝑛 (10) 

 

where, 𝐸𝑇𝑜𝑡𝑎𝑙 = The total energy consumption of drone deployment in Joules (J) 

The parameters listed in Table 5 are essential for calculating the energy consumption. However, to 

obtain the induced velocity for (6), a reverse engineering approach was employed. In a study by Hwang et al. 

[28], the drag coefficient for a hexa-rotor with a take-off weight of 14 kg was found to be most suitable at a 

value of 0.96. Based on this finding, a drag coefficient of 0.1 was assumed for both DJI Phantom models in 

this study. 

 

 

Table 5. Details of parameters needed to calculate the energy consumptions 
Parameters DJI Phantom 3 Standard DJI Phantom 4 Pro DJI Matrice 300 RTK 

Take-off weight (kg) 1.216 1.388 6.3 

Gravitational force (m/s) 9.81 9.81 9.81 
Air density (kg/s) 1.225 1.225 1.225 

Area disk of propeller (m²) 0.0098 0.010029 1.031 

Drag coefficient 0.1 0.1 0.1 

Horizontal speed (m/s) 15 15 2.5 

Vertical speed-up (m/s) 5 5 1 

Vertical speed-down (m/s) 3 3 1 
Drone frontal area (m²) 0.0139 0.0139 0.0952 

Battery capacity (mah) 4480 5870 5935 
Voltage (V) 15.2 15.2 52.8 

 

 

2.6.  Fieldwork study on drone surveying 

 A field test of the three flying patterns was conducted at Pulau Sebang, Malacca to validate the 

simulation results. However, due to limited drone flying approvals obtained from the Civil Aviation 

Authority of Malaysia (CAAM), the flight area in fieldwork was limited to 0.02 km2. The drone used a DJI 

Matrice 300 RTK. Additionally, the flight altitude in the fieldwork was increased to 40 m to adapt to the 

circumstances. The test area, depicted in Figure 2, spans approximately 0.02 km² and is primarily used for 

agriculture operations and frog farming, specifically for cultivating pineapples and bananas. The terrain 

comprises flats, hills, and bushes, but no trees taller than 15 meters are present in the area. This location was 

deemed suitable for the research objectives as drone communication experienced minimal interference, 

resulting in a strong signal strength for the study. 
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Figure 2. Selected area for fieldwork operation 

 

 

The fieldwork testing followed the flight path described in the previous subsection, but the drone 

flew at a lower altitude of 40 meters can harm the team and the drone itself. Since the actual implementation 

had its constraints and different drones were used, the flying specifications differed from the first stage of 

simulation. Thus, another set of simulations is designed to match with the fieldwork parameters for data and 

result analysis. The number of waypoints required in both situations is presented in Table 6. The simulations 

had a higher number of waypoints to ensure a smooth circular path compared to the fieldwork testing. These 

waypoints represent the points at which the drone will make turns. 

 

 

Table 6. Details of flight test for each pattern using DJI Matrice 300 RTK during fieldwork and simulation 
Patterns Flight distance (m) Estimated flight time (s) Number of waypoints 

 Fieldwork Simulation Fieldwork Simulation Fieldwork Simulation 

Circular 607 607 275 189.6 23 55 

Zigzag 830 830.7 347 218 10 10 

Square 729 728.2 308 176 10 10 

 

 

Figure 3 illustrates the circular, zigzag and square flying patterns plotted on the DJI Matrice 300 

RTK controller and OMNeT++ platform. The left image was captured during the fieldwork, while the right 

figure was generated using the OMNeT++ simulator, representing the same distance as the field test. These 

visuals offer comparative insights into the performance of different flight patterns under similar conditions. 



Int J Elec & Comp Eng  ISSN: 2088-8708  

 

 Optimizing drone-assisted victim localization and identification in mass-disaster … (Intan Nabina Azmi) 

4103 

Flying pattern executed in fieldwork Flying pattern executed in simulation 

  
  

  
  

  
 

Figure 3. Flying pattern executed in fieldwork and simulation 

 

 

3. RESULTS AND DISCUSSION  

In this section, the findings based on the objectives are summarized. The first objective is to 

determine the most optimal flying pattern that results in the lowest energy consumption and the highest 

coverage area for victim identification within the 48-hour golden time period. The second objective is to 

compile a set of minimum technical specifications as a reference for forensic teams using drones during 

search and rescue missions. 

 

3.1.  Feasible flying pattern 

Figure 4 shows the results from the simulation to determine the flying pattern with the lowest energy 

consumption. Referring to the graph in Figure 4, Phantom 3 Standard with the zigzag pattern consumed the 
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lowest energy than others with 512 kJ 30 meters height. This is followed by the square pattern with 579.9 kJ 

using the same type of drone. Besides, Phantom 4 Pro with circular and square patterns consumed the highest 

energy. The energy consumption is 875.6 kJ and 745.7 kJ, respectively. In all flying patterns, the energy 

decreased significantly from 10 to 20 meters in height. 

It can be concluded that the zigzag flying pattern consumed the least energy. Furthermore, the 

square flying pattern, despite covering the largest area, also consumes a relatively low amount of energy at 

every altitude. These findings show potential energy savings for both flying patterns. 

 

 

 
 

Figure 4. Energy consumption of flying patterns (J) 

 

 

Referring to the graph in Figure 5, the x-axis starts with the value 0. The figure shows the data 

collected with a minimum value of 60. Furthermore, the straight line in the Figure 5 represents the Phantom 3 

Standard drone, while the dotted line represents the Phantom 4 Pro drone. Phantom 3 Standard with a square 

flying pattern outperforms the others with the percentage of the covered area of 94.84% at 30 meters height. 

This is followed by Phantom 4 Pro with 93.87% using a similar flying pattern. The zigzag flying pattern, on 

the other hand, shows the lowest coverage area for both types of drones, with a coverage area of 66.84% and 

69.80% for Phantom 3 Standard and Phantom 4 Pro, respectively. 

 

 

 
 

Figure 5. The percentage of covered area from 18 scenarios 
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For both types of drones depicted in Figure 5, it was observed that employing a square flying pattern 

provides the broadest coverage for surveillance purposes. Furthermore, the study revealed that specific drone 

specifications play a crucial role in augmenting the extent of surveillance coverage. Notably, an important 

discovery was made regarding the positive correlation between drone flying altitude and expanded 

surveillance area, suggesting that higher altitudes lead to improved coverage. 

The energy consumption for the drone flying in three different flying patterns was calculated using 

the formulas is in (2) to (10), and the results are shown in Figure 6. The percentage value refers to the battery 

percentage before flying and immediately after it returns to the base station. These results offer a comparative 

analysis of energy usage across various flight patterns, providing valuable insights for optimizing drone 

operations. 

Figure 7 presents the results on the percentage of covered area for three different flying patterns in 

two different environments. In both environments, the square flying pattern shows the highest coverage of 

100% during simulation and 97.96% in the fieldwork. These findings underscore the effectiveness of the 

square pattern in maximizing coverage across varying environmental conditions. 

 

 

 
 

Figure 6. Energy consumption for drone flying 

 

 

 
 

Figure 7. Percentage of covered area for 3 different flying patterns 
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Based on the results presented in Figures 6 and 7, the circular flying pattern consumes the lowest 

energy in both simulation and fieldwork conditions due to its shorter flying distance. However, the video 

footage captured from the circular pattern is not clear, especially on the left side of the images. On the other 

hand, the square flying pattern has the second-lowest energy consumption and provides clear video 

outcomes. Therefore, the square flying pattern is considered the best choice in terms of energy consumption 

and video quality for SAR missions. Additionally, the square pattern covers the smallest dark spot area, 

making it ideal for victim identification within the 48-hour golden time frame. Moreover, the square pattern 

has also been applied in other researches [29], [30], providing strong evident that this path planning pattern is 

practical to apply in the real world. However, technical parameters such as the flying altitude with drone 

technical specifications (battery lifetime and camera) remain undiscussed. Thus, this study is conducted with 

three types of drone models to fill the gaps. 

 

3.2.  Minimum technical specification 

This section presents the minimum technical specifications for drone implementation based on data 

collected from simulations and fieldwork. The key parameters for drone applications include camera features, 

altitudes, battery capacity, and communication range. Table 7 displays the data obtained from the square 

flying pattern. The DJI Phantom 3 Standard has a wider field of view angle compared to the DJI Phantom 4 

Pro, but both cameras lack zooming features. 

 

 

Table 7. Comparison of drone minimum technical specification 
Parameters DJI Phantom 3 Standard DJI Phantom 4 Pro 

Altitudes,  

Field of View 
ℎ = 10 m  

 2𝑦 = 21.4 m 

ℎ = 10 m 

2𝑦 = 18 m 

ℎ = 20 m  

 2𝑦 = 42.8 m 

ℎ = 20 m 

2𝑦 = 36 m 

ℎ = 30 m 

2𝑦 = 64.4 m 

ℎ = 30 m 

2𝑦 = 54 m 

Battery Capacity  

Needed 
ℎ = 10 m 

BA = 1605800.3 J 

(7 batteries) 

ℎ = 10 m 

BA = 2163189.1 J 

(7 batteries) 

ℎ = 20 m 

BA = 888770.0 J 

(4 batteries) 

ℎ = 20 m 

BA = 1078377.2 J 

(4 batteries) 

ℎ = 30 m 

BA = 607365.3 J 

(3 batteries) 

ℎ = 30 m 

BA = 768930.1 J 

(3 batteries) 

Communication Range 1 km 7 km 

 

 

Furthermore, the energy required to complete the flight path at different altitudes indicates that both 

drones require the same number of batteries for each altitude. However, the DJI Phantom 4 Pro has a wider 

communication range than the DJI Phantom 3 Standard. The field of view width data can be used for drone 

implementation, where the obtained field of view width represents the optimal distance between two lines of 

the flight path. If the distance between the first and second paths is smaller than the value of 2y, there is 

redundant information. 

Table 8 outlines the minimum technical specifications for drone implementation to determine the 

optimal camera features and altitudes. Flying the drone at higher altitudes requires lower energy consumption 

due to the wider field of view, resulting in shorter flight distances to complete the flying pattern in the 

designated area. The DJI Matrice 300 RTK camera is equipped with zoom capabilities, making it suitable for 

deployment at higher altitudes and capturing clearer images.  

Based on this observation, it can be inferred that actual drone implementation may encounter natural 

obstacles such as wind, which would require additional energy and time to maintain the drone's position and 

complete the flight path. It is also evident that the camera specifications play a crucial role in achieving better 

surveillance at a higher altitude of 30 meters while maintaining reasonable energy consumption. Finally, 

Table 9 summarizes the minimum technical specifications and requirements for using drones to assist in 

victim localization and identification during mass-disaster management. 

Previous studies that employed drone path planning flying patterns have neglected to delve deeper 

into the specific requirements associated with drone operation. While the researchers did mention drone 

specifications and survey areas, there is a lack of analysis in medical and forensic aspects [29], [30]. The 

technical specifications acquired in this study can significantly enhance the efficiency of search and rescue 

missions for the rescue team. 
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Table 8. Comparison of technical specification in fieldwork vs simulation 
Parameters Fieldwork Simulation 

Altitudes, 
Field of view 

ℎ = 40 m  

 𝑦ℎ = 25.48 m 

𝑦𝑣 = 18.65 m 

2𝑦ℎ = 50.96 m 

ℎ = 40 m  

 𝑦ℎ = 25.48 m 

𝑦𝑣 = 18.65 m 

2𝑦ℎ = 50.96 m 

Battery capacity ℎ = 40 m 

BA = 293312.5 J 

( 13% of 1 battery) 

ℎ = 40 m 

BA = 269914.6 J 

( 12% of 1 battery) 

Zoom features 20 MP N/A 
Testing time 310 s 176 s 

 

 

Table 9. Minimum technical specifications and requirements in utilizing drone 
Parameters Small Drone Big Drone 

Camera No zoom With zoom 
Field of view > 65ᵒ < 65ᵒ 

Altitude (ASL) 20 m 40 m 

Battery capacity 5870 mAh 5935 mAh x 2 

 

 

4. CONCLUSION  

In conclusion, following comprehensive simulations and field tests, the square flying pattern has 

been determined as the optimal choice for drones employed in search and rescue missions within post-

disaster areas. This pattern ensures complete coverage while maintaining reasonable energy consumption. 

When coupled with the recommended minimum technical specifications, search and rescue teams are poised 

to capture clear footage of victims within the critical 48-hour window. The findings of this research hold 

significant implications for various agencies involved in search and rescue missions, including insurance 

companies and society as a whole. Implementing drones equipped with square flying patterns can expedite 

rescue efforts, facilitating the more efficient location and identification of victims, potentially saving lives. It 

is worth noting that drone missions are subject to weather conditions and may be impacted by strong winds 

and heavy rain. This aspect presents a promising area for future research aimed at developing strategies and 

technologies to overcome these challenges and ensure the effectiveness of drone operations in adverse 

weather conditions. Continued advancements in drone technology and ongoing research in this field will 

further enhance the capabilities of search and rescue missions, thereby improving disaster response and 

recovery efforts. 
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