
 

 

 

 

 

 

Designing UAV-aided Communication Network for 
Disaster Response 

Chandrima Chakrabarti1,*, Nabanita Das2, Arnab Ghorui3, Ranit Santra4, 

Aman Anand5, and Sourav Das6 
1Department of Computer Science and Engineering Data Science Dept., Narula 

Institute of Technology, Agarpara, Kolkata-109, W.B, India. 
2Department of Computer Science and Engineering Data Science Dept., Narula 

Institute of Technology, Agarpara, Kolkata-109, W.B, India. 
3,4,5,6Department of Artificial Intelligence and Machine Learning, Narula Institute of 

Technology, Agarpara, Kolkata-109, W.B, India. 

chandrima.narula@gmail.com 

Abstract. Communication networks frequently malfunction during dis- 

asters, making emergency response and recovery operations more 

difficult. Unmanned Aerial Vehicles (UAVs) provide a quick fix by 

reestablishing communication via Bluetooth, Wi-Fi hotspots, mesh 

networks, and LTE relays. They are essential in catastrophe situations due 

to their independence, portability, and rapid deployment. This study 

examines UAV-based communication restoration, emphasizing 

developments such as real-time data transfer, longer flight durations, and 

smaller devices. Additionally UAVs are designed for network integration, 

scalability, and efficient deployment techniques. UAVs are essential for 

disaster management in the future because they improve resilience, speed 

up recovery, and reduce communication failures—despite obstacles like 

battery life, restrictions, and payload limits. In this paper UAV based 

network are designed to deploy communication network during and after 

disaster for faster disaster response. 

Keywords: UAVs, Post-Disaster Connectivity, Wireless 

Communication, Temporary Network, Emergency Communication. 

 
1 Introduction 

Natural catastrophes that interfere with communication networks, such as earth- quakes, 

hurricanes, wildfires, and floods, can make it more difficult to coordinate rescue efforts 

and make emergency calls. Delays raise the risk of mortality and uncertainty in the 

absence of dependable infrastructure. In dangerous or inaccessible locations, traditional 

restoration techniques like installing cables or fixing towers are frequently unfeasible, 

expensive, and time-consuming. This problem can be solved in a new way by drones, 

commonly referred to as Unmanned Aerial Vehicles (UAVs), which can operate in 

challenging terrain with little logistical assistance. In disaster-affected areas, these 

incredibly portable and adaptable devices can be quickly deployed to provide vital 

connectivity where conventional infrastructure has collapsed. In order to provide 
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survivors, humanitarian organizations, and first responders with essential communication 

channels, UAVs fitted with Wi-Fi, LTE, or 5G modules can serve as temporary mobile 

base stations using Prophet [1], Spray and Wait [2], Epidemic [3], and various routing 

protocols. Coordinating evacuations, sharing real-time reports, and guiding medical 

personnel to the locations with the most critical needs all depend on this 

communication. Massive destruction is caused by both natural and man-made disasters, 

which makes effective emergency management systems (EMS) necessary. Aerial base 

station (ABS)-based post-disaster networks are essential because of the important 72- 

hour survival window. In order to improve capacity and address unresolved issues in 

emergency communications, Dai, M. et al. [4] compares UAV fleets and investigates their 

topological features. UAV-assisted disaster networks enhance communication and data 

delivery via optimized channel allocation and pricing strategies. A Stackelberg game 

maximizes efficiency, with simulations validating improved throughput and delivery 

performance in post-disaster scenarios. Edge intelligence in disaster areas enables 

connectivity and computing without existing infrastructure. A Markov model optimizes 

UAV deployment, reducing satellite reliance. Performance analysis highlights the 

efficiency of the proposed framework in emergency scenario is addressed in [5]. 

2 Literature Survey 

In order to improve communication between Relief camp and rescue teams during 

natural disasters like earthquakes and floods, Dai, M. et al. [6] has investigated the use 

of Unmanned Aerial Vehicles (UAVs) as mobile nodes in a De- lay Tolerant Network 

(DTN). de Albuquerque et al. [7] simulates UAV flight trails in two natural disaster 

scenarios produced by severe rains and landslides to evaluate the effectiveness of 

standard DTN routing algorithms. This studyassesses routing protocols including Spray 

and Wait, Epidemic, Maxprop, and Prophet using a "store-carry-forward" approach. 

The results demonstrate how useful the Epidemic and Maxprop protocols are for 

promoting communication during crises. To improve message delivery in low- 

connectivity locations, such as disaster zones, Du, Z et al. [8] investigates Vehicular 

Delay Tolerant Networks (VDTNs) aided by UAVs. It uses a 0.35 balancing coefficient 

to lower latency and congestion and adds a new statistic, persistent connection time, to 

enhance relay node selection. Simulations demonstrate better performance than 

PRoPHET, Epidemic, and Spray-and-Wait, particularly in disaster recovery scenarios 

when UAVs efficiently increase communication coverage to far-flung locations. In paper 

[9] Tahir, A. et al. examines the main properties of swarming drones and public 

knowledge of them., looks at drone swarms, which are collections of cooperative un- 

manned aerial vehicles (UAVs) used for search and rescue, environmental map- ping, 

disaster relief, and security. Drones are categorized according to their size, number of 

propellers, and range, and features such cameras and sensors are covered. The research 

focuses on quadcopter dynamics, highlighting the benefits of different rotor topologies 

and the necessity of accurate motor control. In addition, it covers collision avoidance, 

swarm management, battery swapping and recharging for longer missions, and 

communication dependability and course 
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planning. A public awareness study emphasizes how crucial intelligent energy 

management and reliable control strategies are to successful swarm operations. Deepak, 

G. et al. [10] explores post-disaster communication issues, pointing out 4G LTE’s 

shortcomings and suggesting remedies including drones, mobile ad hoc networks, and 

device-to-device (D2D) communication. It looks at how 5G might be used for 

emergencyresponse, including EMPS and MMES. Networks can be classified as isolated, 

partial, or crowded, and each has a specific solution. Spectrum allocation, self-organized 

networks (SON), the Internet of Things (IoT), and satellites are highlighted in the report, 

which also tackles issues like energy efficiency and the best way to deploy UAVs for 

prompt disaster response. UAVs in Flying Ad-Hoc Networks (FANETs) are examined 

in [11], tackling issues such as high mobility and isolated nodes. Machine learning 

optimizes UAV routes through ’Levy Flight’ using the Dragonfly Algorithm (DA), 

which is modeled by dragonfly swarming. The exploration and exploitation stages of 

DA modify the direction and speed of UAVs to facilitate communication. Stability is 

ensured by important factors including isolation, alignment, and cohesiveness. 

MATLAB simulations demonstrate that, in comparison to conventional techniques, DA 

greatly improves network coverage and decreases isolation. According to Zafar, W. et 

al. [12], wirelessly connected UAVs make up Flying Ad-Hoc Net- works (FANETs), 

which are adaptable, scalable networks for both commercial and military applications. 

They have been successfully used to support agriculture, wildfire control, and border 

surveillance in disasters like Hurricane Katrina and Fukushima. High mobility, frequent 

topological changes, and higher latency are among the difficulties. Maintaining low 

latency and high dependability is still vital, especially for applications in the military 

and disaster relief sectors where reliable data transfer and communication are critical. 

Panda, K.G. et al. [13], introduces WiND, a UAV-assisted emergency Wi-Fi network 

that utilizes drones equipped with Raspberry Pi boards to establish a communication 

link between rescue centers and survivors after disasters. It tackles challenges such as 

UAV synchronization, network reconnection, and surveillance data management through 

innovative algorithms, the NED coordinate system, and a captive portal for survivors. 

Experimental results demonstrate that Wi-Fi access points outperform Ad-Hoc mode, 

recommending UDP for short distances and TCP for longer ones to ensure efficient 

communication. Wu, Q et al. [14], explores post-disaster communication utilizing 

Flying Ad Hoc Networks (FANETs), with a particular emphasis on UAV mobility 

issues. It suggests using Particle Swarm Optimization (PSO) and Extended Kalman 

Filter (EKF) for mobility prediction and routing in a two-layer, centralized software de- 

fined network (SDN) architecture. Comparing simulations to conventional methods, they 

demonstrate better delivery, goodput, and fewer delays. Wi-Fi access points perform 

better than Ad-Hoc mode, according to the findings, which suggest using TCP for longer 

ranges and UDP for shorter ones to guarantee dependable and effective communication 

in emergency situations [15-18]. 
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3 System Architecture 

 

 

Fig. 1. System Architecture and Components 

In figure1, the system architecture illustrates a coordinated relief operation using various 

technologies and communication channels. Three UAVs are deployed over the impacted 

area, connected to a ground network comprising a cell tower, a relief camp, and two 

disaster zones. The network utilizes LTE and Wi- Fi, enabling volunteers to 

communicate via smartphones and Bluetooth. The architecture facilitates coordination 

of relief efforts, creating an interconnected network for effective disaster response. Overall, 

it enhances situational awareness and operational efficiency during emergencies. The 

flowchart illustrates a communication network involving UAVs, relief camps, a city 

hospital, and volunteers. UAVs gather information from disaster zones and relay it to 

the relief camp, which coordinates aid efforts. The relief camp then communicates 

critical details to the city hospital for resource management and volunteer direction. 

Volunteers deployed in affected areas use Blue- tooth to share ground situation updates 

with both the relief camps and radio towers, enhancing coordination. Radio towers 

facilitate communication between UAVs and the city hospital, ensuring a continuous flow 

of information for effective disaster response. Figure2, depicts the flow chart of the 

system. 
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 Fig. 2. Flowchart of System 

4 Simulation 

THE Opportunistic Network Environment (ONE) simulator [19] was used to simulate 

a Delay Tolerant Network (DTN) to mimic a communication scenario that would occur 

after a disaster. The setting was made up of eight different node groups: victims, UAVs, 

military personnel, volunteers, rescue teams, radio stations, control stations, and 

shelters. When limited by road networks, ground nodes employed the Shortest Path Map 

Based- Movement model, whereas UAVs used Mapbase Movement with predetermined 

trajectories at 100–150 km/h. With random pauses of 30 to 360 seconds, ground nodes 

moved at 0.5 to 2.0 m/s, mimicking walking mobility. Bluetooth, WiFi, and LTE radios 

with a 5 Mbps capacity and transmission ranges of 20 to 100 meters were supported by 

the network. With the exception of UAVs, which just sent data, messages representing 

medium-resolution images (250–500 KB) were created every 25–35 seconds between 

randomly chosen nodes. In order to com- pare performance in terms of delivery 

probability, latency, and overhead, three routing protocols—Epidemic, Prophet, and 

Spray and Wait—were assessed over several simulated rounds. In accordance with the 

operational autonomy of the UAVs, each scenario lasted 86,400 seconds, or 24 hours. 

Each scenariowas run ten times, and the outcomes were analyzed using a 95% confidence 

interval. The results shed light on how well various DTN routing protocols work to keep 

people in touch in a disaster-affected setting. 
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5 Results and Discussions 

The outcomes of the simulation demonstrate how different routing protocols trade off 

delivery probability, delay, and overhead. Although epidemic routing had a lot of costs, 

it had the highest delivery rate. Spray and Wait had lower de- livery rates but reduced 

overhead, whereas Prophet routing strucka compromise between efficiency and delivery. 

Prophet, Spray, and Wait had longer latencies than Epidemic, which had the shortest. 

While Spray and Wait demonstrated only modest benefits, Epidemic benefited most 

from the increased connectivity provided by UAVs. Overall, Prophet did the worst, 

Epidemic balanced overhead and delivery, and Spray and Wait was the most successful. 

 
5.1 Ratio of Delivered Messages 

5.2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3. (a) Delivery-Time, (b) Overhead-Time, (c) Latency-Time, (d) Hop-Time 

In figure 3(a), Delivery-Time graph compares the Prophet, Spray and Wait, and 

Epidemic routing systems. Spray and Wait had the best chance of being delivered and 
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benefited from controlled replication. Even while epidemic routing showed steady growth, 

it stayed lower due to substantial message duplication. The delivery probability of 

prophet routing was the lowest because its probabilistic forwarding functioned poorly 

in dynamic DTN scenarios. All things considered, Spray and Wait performed the best, 

Prophet performed the worst, while Epidemic balanced overhead and delivery. 

5.3 Average message overhead 

In figure 3(b), The prophet, spray and wait, and epidemic routing systems are contrasted 

in the overhead-time graph. Because of its flooding-based methodology, which resulted 

in excessive message duplication, epidemic routing produced the highest overhead. 

Prophet had the lowest overhead because to its probabilistic forwarding, whereas Spray 

and Wait kept overhead considerably lower by restricting message copies. While Spray 

and Wait and Prophet displayed little overhead throughout, Epidemic’s overhead 

surged early and stayed high. 

5.4 Average end-to-end delay 

A latency-time graph comparing Prophet, Spray and Wait, and Epidemic routing is 

shown in figure 3(c). Epidemic had a reduced latency but a higher overhead, whereas 

Spray and Wait had the maximum delay because of regulated replication. Prophet 

balanced speed and efficiency by guaranteeing the quickest deliveries using probabilistic 
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forwarding. Figure 3(d) depicts Hop Time graph. 

5.5 Average hop count 

 
 

 

Fig. 4. comparison graph of paper[5] and our results (a) Delivery-No. of 

UAVs, (b) Overhead-No. of UAVs, (c) Latency-No. of UAVs, (d) Hop-No. of 

UAVs 

Routing techniques are compared in a Hop-Time graph in figure 3(d). Flooding caused 

Epidemic to have the most hops, Spray and Wait to have a reasonable number with 

controlled replication, and Prophet to have the fewest hops with probabilistic 

forwarding. Spray and Wait balanced reachability, Prophet guar- anteed efficiency, and 

Epidemic optimized distribution effective forwarding, and Epidemic maximized 

message dissemination at the expense of many hops. 
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5.6 Qualitative comparison 

Delivery ratios across UAV counts are compared in Figure 4(a). While Epidemic did 

mediocrely, Prophet had the greatest delivery ratio, followed by Spray and Wait. Delivery 

ratios were lower for modified versions. The pattern persisted 

indicating that delivery efficiency is more impacted by routing technique than by UAV 

population number. In figure 4(b), the overhead of various routing protocols is plotted 

against the number of UAVs. The y-axis shows overhead, and the x-axis shows the 

number of UAVs. The findings indicate that Spray and Wait has the largest overhead, 

followed by Prophet and Epidemic. On the other hand, the overhead of the changed 

protocols is substantially reduced for all UAV numbers. Furthermore, overhead 

increases with the number of UAVs; Spray and Wait exhibits the highest growth, 

indicating that it uses a lot of resources. Figure 4(c) displays delay for a range of UAV 

numbers. Wait, Spray, and Prophet had the lowest latency, whereas the modified 

Epidemic protocol had the lowest latency. The rankings were the same for all UAVs, 

suggesting that the changes maintained dependable communication while successfully 

lowering latency. Figure 4(d) displays the number of hops made by each UAV. 

Epidemic and Prophet had intermediate hop counts, while Spray and Wait had the 

highest. Fewer hops were needed for modified protocols. The trend held steady, 

suggesting that the modifications successfully decreased hop counts without sacrificing 

network performance. 
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Fig. 5. comparison graph of paper[2] and our results (a) Delivery-No. of UAVs, (b) 

Overhead-No. of UAVs, (c) Latency-No. of UAVs, (d) Delivery-Velocity,  

Based on the number of UAVs, Figure 5(a) displays the delivery ratio for various 

routing methods. The highest ratio is attained by Spray and Wait, which is followed by 

our Spray and Wait with minor adjustments. While Epidemic does fairly well, our 

Epidemic does a little worse. In general, Sprayand Wait continues to be the most efficient 

UAV arrangement. Figure (b) illustrates the overhead across UAVs. While Spray and 

Wait, Epidemic, and our Spray and Wait all maintained lower, steady values, our Epidemic 

had the largest overhead. This implies that although our Epidemic might improve 

performance, its overhead is much more than that of more effective procedures. The 

figure 5(c) illustrates the delay among UAVs. While the latency of the Spray and Wait 

variations was reduced but comparable, that of Epidemic and our Epidemic was slightly 

greater. All routing techniques are impacted by message propagation delays, as 

evidenced by the persistently high latency and the very slight gains offered by changes. 

Across velocities, delivery ratios are displayed in Figure 5(d). The delivery ratio was 

highest for Spray and Wait, while our variant with minor enhancements came in second. 

While Epidemic did well, ours did not perform as well. Message distribution in dynamic 

UAV settings was enhanced by higher velocity, and our Spray and Wait regularly beat 

others. Figure 5(e) shows the overhead for various routing protocols as a function of 

velocity. Overhead is indicated by the y-axis, and velocity is represented by the x-axis. 

According to the results, our Epidemic has the largest overhead of all the velocity 

levels, well outperforming the other procedures. Our Spray and Wait, Epidemic, and 

Spray and Wait, on the other hand, maintain significantly reduced overhead values with 

no change as velocity rises. As the other protocols show more effective resource use in 

terms of overhead management, this pat- tern implies that although our Epidemic may 

have potential benefits in other performance metrics, it comes at a substantially larger 

overhead cost. The latency shows over velocities in Figure 5(f). The latency was highest 

for Our Epidemic, then Spray and Wait. In contrast to its modified counterpart, 

Epidemic performed marginally better, and at higher velocities, our Spray and Wait 
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demonstrated a notable reduction in latency. This shows that while certain procedures 

continued to have substantial delays, others saw improvements in delivery speed. 

6 Conclusion 

The ability of Unmanned Aerial Vehicles (UAVs) to restore communication net- works 

in impacted areas has the potential to transform disaster response. They can fill network 

gaps by serving as transient communication centers thanks to their agility, scalability, 

and mobility. Advanced UAV technology, deployment tactics, and communication 

protocols are highlighted in this study to improve crisis response. Coordination between 

several UAVs and energy-efficient technologies maximizes coverage and 

dependability. Effective deployment requires addressing issues like interference and 

limited flight times. UAVs increase catastrophe resilience, speed up recovery operations, 

and make coordination easier—all of which can save lives. Their incorporation into 

emergency response could revolutionize disaster management and guarantee that 

communities are more equipped to handle disasters in the future. 

References 
1. Du, Z., Wu, C., Yoshinaga, T., Chen, X., Wang, X., Yau, K.L.A., Ji, Y.: A routing 

protocol for uav-assisted vehicular delay tolerant networks. IEEE Open Journal of the 

2. Hameed, S., Minhas, Q.A., Ahmad, S., Ullah, F., Khan, A., Khan, A., Uddin, M.I., Hua, 

Q.: Connectivity of drones in fanets using biologically inspired dragonfly algorithm (da) 

through machine learning. Wireless Communications and Mobile Computing 2022(1), 

5432023 (2022) 

3. Lindgren, A., Doria, A., Schelén, O.: Probabilistic routing in intermittently con- nected 

networks. ACM SIGMOBILE mobile computing and communications re- view 7(3), 

19–20 (2003) 

4. Dai, M., Luan, T.H., Su, Z., Zhang, N., Xu, Q., Li, R.: Joint channel allocation and data 

delivery for uav-assisted cooperative transportation communications in post- disaster 

networks. IEEE Transactions on Intelligent Transportation Systems 23(9), 16676–16689 

(2022) 

5. Faraci, G., Rizzo, S.A., Schembra, G.: Green edge intelligence for smart manage- ment 

of a fanet in disaster-recovery scenarios. IEEE Transactions on Vehicular Technology 

72(3), 3819–3831 (2023) 

6. Dai, M., Luan, T. H., Su, Z., Zhang, N., Xu, Q., & Li, R. (2022). Joint channel allocation 

and data delivery for UAV-assisted cooperative transportation communications in post-

disaster networks. IEEE Transactions on Intelligent Transportation Systems, 23(9), 

16676-16689. 

7. de Albuquerque, J. C., de Lucena, S. C., & Campos, C. A. (2016, November). Evaluating 

data communications in natural disaster scenarios using opportunistic networks with 

Unmanned Aerial Vehicles. In 2016 IEEE 19th International Conference on Intelligent 

Transportation Systems (ITSC) (pp. 1452-1457). IEEE. 

8. Du, Z., Wu, C., Yoshinaga, T., Chen, X., Wang, X., Yau, K.L.A., Ji, Y.: A routing 

protocol for uav-assisted vehicular delay tolerant networks. IEEE Open Journal of the 

Computer Society 2, 85–98 (2021) 

9. Tahir, A., Böling, J., Haghbayan, M.H., Toivonen, H.T., Plosila, J.: Swarms of 



 

USA, pp. 385-388. 

New York, NY, USA, pp. 465-468. 

Verlag, Wireless Personal Communications, pp 2407- 2440 

1532             C. Chakrabarti et al.

unmanned aerial vehicles—a survey. Journal of Industrial Information Integration 16, 

100106 (2019) 

10. Deepak, G. C., Ladas, A., Sambo, Y. A., Pervaiz, H., Politis, C., & Imran, M. A. (2019). 

An overview of post-disaster emergency communication systems in the future networks. 

IEEE Wireless Communications, 26(6), 132-139. 

11. Hameed, S., Minhas, Q.A., Ahmad, S., Ullah, F., Khan, A., Khan, A., Uddin, M.I., Hua, 

Q.: Connectivity of drones in fanets using biologically inspired dragonfly algorithm (da) 

through machine learning. Wireless Communications and Mobile Computing 2022(1), 

5432023 (2022) 

12. Zafar, W., Khan, B.M.: Flying ad-hoc networks: Technological and social implica- tions. 

IEEE Technology and Society Magazine 35(2), 67–74 (2016) 

13. Panda, K.G., Das, S., Sen, D., Arif, W.: Design and deployment of uav-aided post- 

disaster emergency network. IEEE access 7, 102985–102999 (2019) 

14. Wu, Q., Zhang, M., Dong, C., Feng, Y., Yuan, Y., Feng, S., Quek, T.Q.: Routing 

protocol for heterogeneous fanets with mobility prediction. China Communications 

19(1), 186–201 (2022) 

15. Chakrabarti, C., Roy, S., Basu, S. (2018) Intention aware misbehavior detection for post- disaster 

opportunistic communication over peer-to-peer DTN, Springer-Verlag, Peer-to-Peer Networking 

and Applications, pp 1-19 

16. Chakrabarti, C., Basu S. (2019) A Blockchain Based Incentive Scheme for Post-disaster 

Opportunistic Communication over DTN. In Proceedings of ICDCN 2019, ACM, New York, NY, 

17. Chakrabarti, C., Roy, S. (2019) iSecure: Imperceptible and Secure Peer-to-peer Communication 

of Post-disaster Situational Data over Opportunistic DTN. In Proceedings of ICDCN 2019, ACM, 

18. Chakrabarti, C. (2021) iCredit: a credit based incentive scheme to combat double spending in 

post-disaster peer-to-peer opportunistic communication over delay tolerant network, Springer-

19. Keranen, A., Ott, J. and Karkkainen, T. (2009) The ONE Simulator for DTN Protocol Evaluation. 

In Proceedings of SIMUTools 2009, Article No. 55. 

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

http://creativecommons.org/licenses/by-nc/4.0/

	Designing UAV-aided Communication Network for Disaster Response



