



ROLE OF DRONES IN POST-DISASTER DAMAGE ASSESSMENT AND RELIEF OPERATIONS
Abstract
Drones, which are often referred to as Unmanned Aerial Vehicles (UAVs), have emerged as a revolutionary tool in post-disaster circumstances. They provide a way of damage assessment and relief operations that is quick, accurate, and cost-effective. Because of their capacity to visit locations that are dangerous or inaccessible, they are able to gather data in real time, capture pictures with a high quality, and create 3D maps, all of which considerably improve the situational awareness of those who react to emergencies. Drones make it easier to allocate resources effectively, prioritize relief operations, and make decisions based on accurate information since they provide fast information on the damage to infrastructure, the displacement of populations, and environmental risks. In addition, technologies that are based on drones are able to help search and rescue operations, the delivery of necessary supplies, and constant surveillance of places that have been directly impacted by disasters. When drones are included into disaster management frameworks, not only does this increase operational efficiency, but it also builds resilience and prepares for future calamities. However, in order to effectively capitalize on their potential, it is necessary to solve issues that are associated with regulatory compliance, technological limits, and data privacy standards.
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INTRODUCTION 
A catastrophe is an enormous occurrence that causes great physical damage or devastation, loss of life, or extreme alteration to the environment. It may be caused by either natural or man-made (or technical) hazards. Earthquakes, floods, accidents, fires, and explosions are all examples of catastrophic occurrences that might be categorized as disasters. Damage to people's lives, possessions, and economic, social, and cultural institutions might result from these phenomena.

Depending on the circumstances we consider, disasters may be scaled in a variety of ways, from limited to escalated, based on the impacted region or population, from the eruption to slowly spreading over time, and many more besides. Disasters like floods, earthquakes, nuclear accidents, and forest fires are the focus of this study. However, the authors make it apparent that the issue is vast and that the work they have given only scratches the surface. Drone applications may help with catastrophe avoidance and early detection before an eruption ever happens. Drone road observation falls under the category of prevention in the event of a man-made disaster, such as a chemical accident during illicit transport; early detection falls under the category of following the spread of toxic smoke; and avoiding an escalated forest fire via drone flight patrol can be classified as belonging to both categories. 

Drones may help with post-eruptive management by providing real-time monitoring, which primarily implies timely and useful data for intervention or mitigation efforts. With the data collected by drones, we can lessen the impact of the tragedy and make more informed decisions moving forward. Upon completion of first actions, this often implies that drones may aid in the rapid assessment of disaster damage and subsequent recovery efforts. A "post-disaster activity" drone application is what this one is called. In terms of practicality, this app is the most akin to everyday life. Every one of these things might look quite different depending on the kind of catastrophe, the region hit, how bad it is, and so on. In contrast to the gradually rising flood, the reaction to an exploded nuclear disaster calls for a different kind of drone activity. Depending on the level of crisis management, another drone uses may also be considered. While upper-level management in the company needs long-term plans, end customers demand up-to-the-minute details. The three tiers of management that drones may be useful at are the strategic, operational, and tactical levels.
Spread of Hazardous Materials and Nuclear Accidents

One of the main uses for drones in hazardous material incidents is to pinpoint the exact direction in which liquids or gases are spreading as soon as possible. Thanks to the state-of-the-art disaster management equipment, we have made some progress in solving this challenge (Disaster Management Mobile Lab). Its distinguishing characteristics include two-dimensional imaging and relative immobility. Drone flights allow for the objective, rapid, and large-area acquisition of three-dimensional pictures, also known as rheological curves. Clearly, this may provide much greater backing for the judgments made by reaction controllers. Drone pilots pose little danger during the intervention phase since the takeoff and landing locations are distant from the polluted region. When looking at human aspects, the length and intensity of the catastrophe will be determined. At first, there will be the consequences of the quick departure caused by information hunger and time pressure. Secondly, there will be the effects of any long flights that may be necessary. 
Assuming the hunt for ensnared individuals may proceed, drone flights might potentially play a crucial role in rescuing lives. Drone pilots may find this weight hard to bear at times, but they may also find that it motivates them to perform to their full potential at other times. Following the main intervention and damage liquidation functions in hazardous material accidents and catastrophes, drone flights may once again be planned without any involuntary obligations. So, they become just like any other civilian program and no longer have any disaster-specific features. Important details to know in the event of a nuclear disaster include the current level of radioactivity, the region impacted, and the rate of radiation spread. It is safe to infer that the radioactivity level is greater than the human health limit in the majority of situations. To sum up, if there isn't an alternate, equally effective answer, then any activity involving humans on board is not just risky, but also pointless. Nowadays, aerials imply not only a man-on-board solution but also the use of drones for the purpose of observing and monitoring radioactivity.
[image: image1.png]



Figure 1. Fix wing drone equipped with chemical sensors (left) and the result of its fly: 3D model of the detected nitrogen-monoxide.
Earthquakes
One common natural catastrophe that may strike at any time and cause widespread destruction and loss of life is the earthquake. People trapped in collapsed buildings have a better chance of survival depending on the sorts of damage to such structures. Consequently, it is crucial to quickly map the impacted region in order to analyze the damages and, more importantly, to maximize the sharing of our rescue resources. A little drone may be an effective tool for quick mapping due to the scarcity of resources during catastrophes. Injured buildings may be defined according to a global standard using the quick mapping process. Expert rescue teams may plan their operations in accordance with the estimated (measured) surviving hole rates using the scaled ruins as a basis. Quick mapping may save more lives for the rescued since the chances of survival decrease with time (Figure 2).
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Figure 2. Mission planning above the affected area (left), classification of collapsed building (middle) and 3D modeling of the ruined buildings (right)
Floods
A slow-moving calamity often manifests as floods. The magnitude and severity of a catastrophe may often be predicted with sufficient information at the disposal of authorities or disaster management headquarters. In the face of a country's gradual development, its population might find themselves ensnared on several occasions. Drone activity inside a certain region may be useful for management even if human aerials can provide demonstrable assistance in these scenarios. Monitoring the condition of dams may be done as a pre-disaster effort using drones that follow river streams. The appropriate authorities can respond quickly to any anomalous recognition. The flying patrol may be optimized based on time or other workload considerations, making this activity very adaptable. Aerial flood management is always a challenge due to the large expanse of the impacted regions. So, drones may lend a hand with disaster management on a smaller scale. A tactical or operational drone is needed for this mission. The duration a dam is subjected to water pressure, the construction of the dam, and the materials used to construct it are only a few of the factors that affect the dam's stability. Managers would benefit from a process that can assess the dam's condition from above, but there is currently insufficient data on the subject. In order to strengthen the critical sections of the dam or to evacuate in a timely manner in the event of an escalating crisis, management must be aware of the dam's status. Citizens risk being stranded in the flooded region if the dam is unacceptably breached. The evacuation is inevitable, regardless of whether they locate a higher place in the region, such as sitting on the roof. Local or regional administration may use tiny drones to locate stranded persons if motorboat evacuation is feasible. Due to the gradual onset of floods, drones may be of great assistance to disaster management in many ways. Drones can help us figure out how inundated the region is, which structures are at danger, how to safely evacuate the residents, and much more. Drones provide a viable alternative to human pilots, filling a critical need in this application (Figure 3).
[image: image3.png]



Figure 3. Drone mission during flood
Forest Fires
Among all disaster-related activities, the drone app that aids in forest fire control has undoubtedly reached the pinnacle of development and practical demonstration. Drones may be used in three distinct phases of a fire: before the blaze starts, to locate hot spots; during the intervention, to provide real-time data to fire management; and finally, after the suppression, to monitor the area's recovery. As a specialized application for fire prevention, drones may also be used to support the controlled fire approach. Fire managers can clearly reduce fire damage by detecting hot areas using aerials before citizens report them. The exorbitant price of aerials is, however, the primary reason why this approach is not usually used. Using a drone to do this task might be the preferable alternative if it's less expensive than using human aircraft. This scenario obviously presupposes that other approaches are similarly professional and efficient. In this operation, the drone will fly along a predetermined route, and the people at the control center will be able to see any problem areas on the live video feed (Figure 4). Employees notify the fire department in the event of an actual emergency.
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Figure 4. Fix wing drone with modelling its activity and a real hot spot detection 
Undoubtedly, drone aerial patrols can identify hotspots and provide fire crews with the first notification of a fire in record time. While this application has the potential to shorten the time it takes to launch an assault, studies have shown that it is only successful in very specific conditions, such as in areas with an exceptionally high Fire Weather Index and a highly articulated topography. It is an entirely different story when it comes to aircraft surveillance before to involvement. A highly trained drone service is inappropriate for the urgent need for fire managers to have access to basic fire data. Information speed is much more critical than quality (e.g., picture or video resolution). Therefore, this kind of job calls for the straightforward but instantly operable drone. 

That kind of drone can only do so much. An immediate and objective assessment of the fire's characteristics, intensity, rate of spread, smoke output, wind direction, etc. is required by the fire management. A drone driven by an electric motor and launched by hand would be the most effective method for this job. When manned aircraft is too expensive for necessary aerial surveillance during an intervention, a drone may provide a more economical alternative. The fire chief cannot effectively control the blaze and its surroundings if he is present at the site. Truly, he fails to grasp the whole picture! The capacity to control a fire in tandem with its surroundings is a necessary requirement for effective fire suppression, as eradicating forest fires takes time and the fire will keep spreading during that period. Using drones during interventions may be very beneficial since they provide a bird's-eye perspective over large areas of forest, allowing for the coordination of intervention actions. Information sent around between unit commanders in different places is the sole basis for coordinated actions in the absence of air reconnaissance. On the other hand, commanders stationed at different locations may bring their own biases and lack of context to the table when determining the seriousness of their own crises. In order to rate the different locations in relation to each other and to remove subjectivity from such judgments, air reconnaissance is useful.
OBJECTIVES OF THE STUDY

1. To study how drones may be used for quick damage assessment after disasters, namely for finding infrastructure damage and impacted people.

2. To evaluate how well drones assist relief efforts, such as material distribution, search and rescue, and real-time monitoring.
3. Examine how drones might improve the efficiency and promptness of disaster response operations.

RESEARCH METHODOLOGY

The purpose of this research is to investigate, assess, and provide suggestions for enhancing the use of drones, which are also known as unmanned aerial vehicles (UAVs), in the field of disaster relief. The methodology utilized in this study is thorough and features many phases. A comprehensive literature review, an examination of case studies, a comparative technology evaluation, and the formulation of improvement initiatives are all components of the strategy. In order to guarantee a comprehensive comprehension of both the existing capabilities and the potential future directions, each step is meticulously planned.

Case Study Analysis

For the purpose of bridging the gap between theory and reality, a number of very noteworthy catastrophes that occurred in the actual world were investigated as case studies. Included in the instances are:

· In the aftermath of the earthquake that struck Nepal in 2015, drones were used to do damage assessments and seek survivors in regions that were difficult to reach.

· In the course of the bushfires that occurred in Australia in 2019 and 2020, thermal drones were an essential tool for locating hotspots and providing assistance to those who were battling the flames.

· During the course of the COVID-19 epidemic, drones were used extensively for the purposes of social monitoring, the supply of medicine, and the dissemination of public health messages.

· The evaluation of each case study was conducted based on a number of factors, including reaction time, coverage area, efficiency of drone operation, and the minimization of human effect. The insights acquired from these accidents have provided valuable insights into the existing capabilities of unmanned aerial vehicle (UAV) systems as well as the operational issues that they face.

RESULT 

Technological Feature Evaluation

During this stage, a comparative analysis of the technical components that contribute to the increased efficiency of drones in disaster zones was carried out. The review concentrated its attention, in particular, on the following aspects:

· Sensors: LiDAR, thermal imaging, infrared, and multispectral sensors are all included in this category.

· Autonomy: Functions such as artificial intelligence-driven course planning, obstacle avoidance, and target identification are included.
· Payload: With the highest possible carrying capacity and a modular system design.

· Battery Performance: The typical duration of flights and hybrid power solutions options.

· Swarm Technology: There are mechanisms that allow several drones to be coordinated.
Gap Identification and Strategic Improvements

The research and case studies have uncovered a number of deficiencies in the present unmanned aerial vehicle (UAV) systems. These deficiencies include restricted flight durations, poor resilience to weather, and difficulties in complying with regulations. It is recommended that the following improvements be made in order to solve these difficulties.

There are substantial obstacles to overcome in order to include drones into disaster response strategies, despite the fact that they have a lot of promise. Improved flight endurance may be achieved by the use of solar-powered unmanned aerial vehicles (UAVs), drones that can switch out their batteries, and hybrid fuel-electric propulsion systems. This can be one approach to lengthen operating windows in isolated places. By combining characteristics like as wind-resistant algorithms, waterproof enclosures, and reliable sensors, drones that are built for all-weather performance are able to function efficiently in adverse situations.

In addition, governments should establish emergency drone flying lanes that have been pre-approved in order to aid rapid mobilization and allow for swift permission in the event of a crisis. The use of modular payload bays may also give mission-specific flexibility, making it possible for a single drone to transition between duties such as reconnaissance and supply delivery.

Simulation and Model Building

MATLAB, Gazebo, and Ground Control were some of the technologies that were used in order to model drone swarms in order to evaluate the effectiveness of their coverage in simulated catastrophe situations. The evaluation of coordination tactics and the optimization of drone route planning in urban or tough areas are both facilitated by this modeling step, which is optional.
IMPLEMENTATION AND TESTING

Implementation

The process of putting up drone systems requires the incorporation of the required sensors, which may include thermal imagers and cameras, as well as the development of mission plans for emergency response capabilities. While simultaneously relaying data in real time to ground control, drones are used for a variety of operations, including the delivery of supplies, the evaluation of damage, and search and rescue responsibilities. Communication systems are put in place so that people may continue to communicate with one another even in places that have been wrecked. The functioning of the drones is monitored, and any necessary adjustments are made to guarantee that the mission is successful. Following deployment, the performance of the system is assessed for the purpose of making changes, and the data that was acquired is examined. The completion of this step assures that drones are capable of providing appropriate assistance in disaster management in a way that is more expedient, secure, and effective.

Tool Used

Known as unmanned aerial vehicles (UAVs) or drones, these devices are outfitted with thermal imaging sensors, high-resolution cameras, and LiDAR scanners with the purpose of collecting data from above.

1. Ground Control Stations (GCS): Real-time monitoring of drone operations, as well as mission planning and remote piloting, are all activities that take place at these facilities.

2. Communication Systems: In regions that have been affected by a catastrophe, communication may be maintained via the use of techniques such as mobile command centers, satellite internet, and wireless relay drones.

3. GIS Programs: For the purpose of geographic data processing and visualization, applications such as ArcGIS and QGIS are used.
4. Photogrammetry Platforms: Using software such as Pix4D and Drone Deploy, it is possible to convert photographs captured by drones into both two-dimensional maps and three-dimensional models.

5. Machine Learning Models: The evaluation of damage, the identification of survivors, and the recognition of objects automatically are all performed using these.

6. Charging and Battery Systems: Using batteries that are replaceable and charging stations that are portable, it is possible to expand the amount of time that drones may be used. Mechanisms for the Delivery of Payloads: The delivery of food, medical supplies, and rescue packages may be accomplished with the use of specific attachments that can be attached to drones.

7. Flight Planning Apps: Pre-planning and automating drone flights may be made easier with the assistance of applications such as DJI Pilot and UgCS.

8. Infrared Cameras and Thermal Imaging: When it comes to recognizing heat signatures during search and rescue operations, certain equipment, such as FLIR cameras, are very necessary.

Operation

The first step involves the deployment of drones in a targeted manner over the regions that have been touched by the tragedy. Flight routes that have been pre-planned are uploaded into the system of the drone, with the primary emphasis being on the regions that are the most challenging for human teams to reach. During the course of their missions, the drones are outfitted with cameras that have a high resolution, heat sensors, and occasionally LiDAR. They continually gather aerial photos, videos, and real-time environmental data.

The information that is gathered is either sent in real time to ground control stations or it is kept onboard for later retrieval. For the purpose of stitching photos into three-dimensional maps, highlighting temperature anomalies, and identifying structural problems or survivor locations, technologically advanced processing software is used. With the help of this processed information, emergency responders are able to immediately assess the level of devastation and prioritize rescue activities according to the most pressing requirements.

As the operation progresses, the cycle of data collecting, processing, and sharing guarantees that those who react to the issue have the most recent information available to them. It is possible to significantly increase the speed and precision of disaster response activities with the use of this real-time information, therefore reducing the hazards that are posed to both victims and rescuers.
CASE STUDIES
Case Study 1: Use of Drones in Post-Cyclone Damage Assessment after Cyclone Pam in Vanuatu

After Cyclone Pam slammed Vanuatu in March 2015, over 90% of structures were destroyed or damaged. It was one of the strongest South Pacific tropical cyclones. The crash severely disrupted transportation and communication networks, making ground damage estimates difficult. Thus, relief NGOs, the World Bank, and the relief UAV Network (UAViators) sent drones to immediately assess the damage following the disaster. High-resolution drones photographed houses, roads, schools, and coastal infrastructure on the destroyed islands. These photos were transformed into orthomosaic maps to assist authorities discover affected locations, estimate the damage, and prioritize rescue and reconstruction. Drone-based assessments reduce data collection time, deployment costs, and assessment team danger compared to field surveys. Many regard this case as a pioneering illustration of how drones may speed up, enhance accuracy, and make catastrophe damage assessments safer, particularly in remote and scattered places.

Case Study 2: Role of Drones in Damage Assessment and Relief Operations during the 2023 Turkey–Syria Earthquakes

February 6, 2023 saw catastrophic earthquakes in southeastern Turkey and northern Syria. They murdered many, wrecked infrastructure, and displaced more. Local authorities were overwhelmed by the destruction, therefore outside help was required. National disaster management organizations, international rescue teams, and military forces employed drones extensively during the first response phase to survey damage and provide relief. UAVs monitored collapsed buildings, damaged roadways, and urban districts that couldn't be accessed by land. This helped rescue crews design safe entrance routes and prioritize search and rescue operations. Sometimes thermal imaging drones were deployed to search for life beneath the wreckage. Drones delivered medications and communication gear to distant locations where humans couldn't reach them, aiding rescue efforts. In a complex crisis, adding drone data to ground actions improved coordination, response speed, and situational awareness. This story illustrates how drones are becoming more vital in large-scale earthquake response, helping assess damage and save lives.

FUTURE SCOPE

When it comes to disaster management, the incorporation of drones is still in the process of developing, and there is a huge possibility for future advancements. It is anticipated that future drone technology will have more autonomy, which would allow unmanned aerial vehicles (UAVs) to traverse difficult areas on their own, locate survivors, and transport supplies without the need for direct human supervision. This innovation will improve the efficiency and promptness of emergency responses, hence enhancing their efficacy.

In addition, the integration of artificial intelligence (AI), machine learning, and the internet of things (IoT) has the potential to create decision-making systems that are more advanced. It would be possible for drones to independently detect crucial sites, forecast the development of calamities such as rising floods or fire pathways, and provide recommendations for the most effective techniques for rescue efforts. Swarm drone technology will allow numerous drones to work together to cover greater areas more effectively and share real-time data with ground crews. This will be possible as a result of the development of swarm drone technology.

Drones will be able to endure extreme weather conditions, carry an increasing quantity of life-saving equipment, and operate for prolonged periods of time as a result of future developments in weather resistance, cargo capacity, and battery technology. These advancements will also include more research in antenna systems. Additionally, drones have the potential to be easily incorporated into national emergency systems, so becoming an essential component of the decision-making process for disaster preparation. As a result of continued study into ethical frameworks and regulatory requirements, the increasing usage of drones in emergency situations will continue to be safe, effective, and socially acceptable.
CONCLUSION

Within the realm of post-disaster damage assessment and relief operations, drones have emerged as an indispensable technical tool, bringing about a dramatic transformation in the manner in which disaster-affected regions are appraised and provide assistance. They are able to quickly visit regions that are inaccessible or dangerous, which allows them to gather high-resolution spatial data in a timely manner. This data is essential for determining the extent of damage to infrastructure, identifying people who have been impacted, and comprehending the overall effect of catastrophes. Emergency authorities are able to improve their situational awareness and promote evidence-based decision-making with the use of drones since they provide information in real time. Drones play an important part in relief operations, particularly in search and rescue operations, the delivery of crucial supplies, and the constant monitoring of disaster zones. This helps to improve the efficiency of humanitarian response activities and the coordination of such efforts. The results of this research reveal that there is a rising dependence on solutions that are based on drones, especially within operational planning and optimization frameworks. This is a reflection of the increasing integration of drones into disaster management systems. Despite these benefits, obstacles like as limited flight duration, regulatory limits, weather sensitivity, and coordination with ground operations continue to prevent large-scale deployment. Drones have the potential to become an indispensable component of post-disaster damage assessment and relief operations, if they receive the appropriate policy support and are integrated into formal disaster response frameworks. This would contribute to a more expedient recovery, improved resource allocation, and enhanced resilience in the event of future disaster scenarios.
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