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Abstract: In this work uses innovative multi-channel load-sensing techniques to deploy unmanned aerial vehicles
(UAVs) for surveillance. The research aims to improve the quality of data transmission methods and improve
the efficiency and reliability of surveillance systems by exploiting the mobility and adaptability of UAVs does
the proposed protocol intelligently distribute network traffic across multiple channels, considering the load of
each channel, While addressing challenges such as load balancing, this study investigates the effectiveness of the
protocol by simulations or practical tests on The expected results have improved UAV-based surveillance systems,
more flexible and efficient networks for applications such as security, emergency response and the environment

alignment of monitoring -Offering infrastructures, which contribute to efficient and reliable monitoring solutions.

Keywords: UAV; ELAMR; D2D Communication; Wireless Sensor Networks

1. Introduction

Unmanned Aerial Motors (UAVs), also called drones, are remotely piloted planes that can carry
out numerous responsibilities without human intervention. UAVs have been broadly used for surveil-
lance programs in numerous domains, along with army, disaster management, and environmental
monitoring. Surveillance is looking at and gathering statistics approximately a target or hobby, along
with an enemy, a disaster area, or a natural world habitat Figure 1. UAVs can provide a decision,
actual-time, and continual surveillance capability that could decorate the situational cognizance and
choice-making of the customers [1]. However, the communication challenges of UAV networks, such
as limited bandwidth, dynamic topology, and high mobility, pose significant problems in ensuring
reliable data transmission well within Limited bandwidth means UAVs must compete for scarce
wireless resources to transmit and receive data. The dynamic topology means that UAVs must con-
stantly update their routing information to cope with frequent changes in network connectivity [1].
High mobility means that UAVs have to cope with large variations in link quality and interference
from other nodes. These challenges can lead to increased network load, long end-to-end latency;,
low packet delivery ratio, and low throughput, which can degrade the performance and quality of
the monitoring service [2]. A proactive multipath load balancing approach for low-power wireless
networks boosts lifetime by 30% and reduces delay 10% [3]. Therefore, it’s far crucial to layout a
powerful routing protocol for UAV network surveillance, which can stability the community load,
reduce the end-to-cease put-off, and en-hance the packet delivery ratio. UAV-assisted D2D networks
utilize Q-learning for optimal peer selection [5]. A routing protocol is a set of policies and algorithms
that decide how the UAVs ahead the facts packet to their locations.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 1. UAV Surveillance System

A routing protocol can be classified into two categories: single route and multipath. An unmarried-
route routing protocol selects only one course for each records waft, while a multipath routing protocol
selects a couple of paths for every information float. A multi-path routing protocol can provide several
benefits over a single-path routing protocol [4,6], together with load balancing, fault tolerance, and
bandwidth aggregation. In this record, we present an powerful load-conscious multipath routing
protocol (ELAMR) for UAV community surveillance, which aims to stability the network load, lessen
the cease-to-give up delay, and improve the packet delivery ratio. UAV-assisted D2D vehicular
network op-timizes reliability via dynamic link selection [1]. ELAMR makes use of a unique load
estimation metric that considers both the queue duration and the variety of packets in transmission
at every UAV node. ELAMR additionally employs a multipath creation set of rules that selects the
paths with the minimum load and the maximum hyperlink fine. We compare the performance of
ELAMR through large simulations and compare it with existing routing protocols. The results show
that ELAMR outperforms the prevailing protocols in phrases of network load, end-to-stop postpone,
packet shipping ratio, and throughput. ELAMR can be implemented for numerous UAV network
surveillance eventualities and offers a reliable and efficient communication solution.

The main contributions of this paper are as follows: 1) The approach of strategically placing
drones to cover the given area with zero blind spots ensures efficient data transmission. 2) Signal-to-
noise ratio and channel capacity calculations help in assessing the quality of communication. 3) Our
proposed project helps to monitor battery life at each stage of data transmission. 4) Our proposed
methodology ensures reliable and efficient data transmission in a drone network, making it suitable
for various applications.

2. Related Work

The Wireless sensor networks (WSNss) face the project of power green records transmission due
to the confined battery existence of the sensor nodes. One way to conquer this mission is to use
relay nodes that can forward the aggregated records from the sensor nodes to a valuable base station
(BS). However, the relay nodes might also have a limited transmission variety and can be unable to
establish dependable links with the BS or different relays [3,7,14]. Moreover, the relay nodes may
additionally devour more strength than the sensor nodes, decreasing the network lifetime. UAV
relay chains and trees enhance surveillance communication range and quality [8,9], UAV aided D2D
network optimization [10]. To address these issues, some researchers have proposed to apply a
cellular device-to-device (D2D) communique as a relay mechanism for WSNs. D2D conversation
allows the devices to talk at once with every other using mobile resources, without going through the
BS. This can lessen the transmission distance, decorate the hyperlink fine, and improve the spectral
performance [11-14]. Furthermore, D2D verbal exchange can offer dual connectivity, which means
that the devices can use both mobile and D2D links simultaneously, which could increase the reliability
and robustness of the community [15]. The research under review describes a cellular D2D-assisted
relay communication strategy for wireless sensor networks (WSNs), in which data is forwarded to the
base station (BS) by the cluster heads (CHs) of sensor nodes via D2D relays [16,17]. The Maximum
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Weight Bipartite Matching method is used by the proposed strategy, DSPA (D2D Relay Node (DRN)
Selection and uplink Power Allocation), to choose the best DRNss for each CH based on the channel
gain and the residual energy of the DRNs [18]. Next, taking into account the interference from other
pairings as well as the DRNs’ energy usage, the strategy allows the uplink power for every CH-DRN
pair. In comparison to alternative schemes, the authors demonstrate that their suggested method can
increase the energy efficiency, hop gain, and network longevity of the WSNs [19,20]. Other related
works on D2D relay verbal exchange for WSNs encompass [Social Reliable D2D Relay for Trustworthy
Paradigm in 5G Wireless Networks], wherein the authors use social relationships amongst devices to
shape private accept as true with and to select dependable relays; [Energy-Efficient Power Allocation
and Relay Selection Schemes for Relay Assisted D2D Communications in 5G Networks], where the
authors suggest schemes for electricity allocation and relay choice, based totally at the sign-to-noise
ratio (SNR) and the electricity harvesting functionality of the devices; and [Relay Selection-Based
Energy Efficiency of Hybrid Device To-Device Enabled 5G Networks], wherein the authors introduce a
hybrid relay community version that uses reactive and proactive relay choice strategies to enhance
the electricity efficiency of the network [20,21]. This review summarizes the main conclusions of
a recent study on power regulation and cooperative UAV channel modeling for 5G IoT networks.
In a 5G IoT scenario where numerous UAVs work together with cellular base stations, this study
investigates the communication problem [17,22]. It focuses on uplink channel modeling and the
investigation of uplink transmission performance. The effects of multi UAV reflection and 3D distance
on wireless signal propagation are considered in the channel model [17]. The three-dimensional
distance is used to determine the path loss, which is a more realistic representation of the actual path
loss. The UAV’s uplink transmit power is modified using the power control factor to account for
differences in propagation route losses in order to achieve precise power management. One of the
tasks we have in mind is figuring out the optimal UAV grid topology with the shortest drone range
for video monitoring over an unreachable area without cellular coverage. This study acquired zero
blind spots during surveillance by utilising the concept of the subject of view (FOV) of the onboard
camera [7]. DCM-D2X architecture with GWO-WPT mobility model enhances drone communication
network performance and robustness significantly [22]. Additionally, a wireless community for
the UAV grid was established. Each UAV had a Raspberry Pi installed, and the inter-UAV distance
was fixed primarily on the basis of excellent quality of experience (QoE) and ideal packet loss for
streaming videos. UAVs as flying base stations boost wireless capacity; energy optimisation techniques,
including ML, prolong flight time and efficiency [23]. Al-powered UAVs enhance connectivity, reduce
latency and energy consumption through smart data processing and flocking control algorithms [24].
It verified that the video streaming QOoE is lower than allowable thresholds at 4. The goal of the
work on an energy-efficient UAV surveillance scheme that makes use of the compressive sensing
(CS) concept is to minimize the overall energy consumption of the UAV network while meeting the
surveillance quality requirement. This is achieved by formulating the UAV surveillance problem as a
joint optimization problem of UAV trajectory design and CS measurement matrix design. Through
simulations, it proved the efficacy of their plan and used the alternate direction method of multipliers
(ADMM) algorithm to solve the optimization problem.

3. Methdology

After carefully examining many active projects and previously proposed frameworks (as men-
tioned in Section 2) for efficient UAV network surveillance, we have created a system to improve the
current methods used in this field. UAV network surveillance using effective load-aware multipath
routing protocol is our proposed methodology.

3.1. Algorithm for Effective UAV-based Network Surveillance

In this scenario, the objective is to optimize the communication between a set of drones within
a specified area. The process begins by defining the coverage area of the drones and obtaining the
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latitude and longitude coordinates from a map. These coordinates are then translated into a coordinate
system for further analysis. Next, the task involves strategically placing drones to eliminate blind
spots, ensuring comprehensive coverage. The anchor drone is positioned at the centroid, facilitating
effective communication with other drones in the network. To enhance communication reliability, the
log distance path loss is calculated using the given formula. This computation involves factors such as
transmitted power, transmitter, and receiver gains, wavelength, and the path loss exponent for free
space.

3.1.1. Log Distance Path-Loss
The log-distance path loss model is given by:

PLLD(d) = PLLD(dy) + 10n log<5> 1)
0
Where:
P(GG,
PLLD(dg) = 1010g( f(i d;)2)) + 101 log(d) )

and the parameters are defined as follows:

® P = Transmitted power = 1004w,

G; = Transmitted gain = 10,

* G, = Receiver gain = 10,

A = Wavelength, where A = J% (with c being the speed of light and f the frequency),
n = Path loss exponent for free space.

Following this, the uplink path loss is determined, considering the time delay and path loss gain.
Subsequently, the Signal-to-noise Ratio (SNR) is calculated, incorporating the transmitted power, path
loss gain, and the power of additive white Gaussian noise at the receiver.

3.1.2. Uplink Path Loss

The uplink path loss can be expressed as:
Where:

* « =Path loss exponent,
¢ 7 = Channel coefficient of the wireless channel between the transmitter (TX) and receiver (RX).

The received power Ry is given by:

Nl—

Ry = (p-p(d)) 3)
Where:
* B(d) = Large-scale path loss, which is defined as:
B(d) = —PLLD(d) [dB]
The Signal-to-Noise Ratio (SNR) can be expressed as:
-1
SNR = kg @)

Where:
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* ¢ =Rayleigh fading,
e (! =Path loss gain,
e N = Power of Additive White Gaussian Noise (AWGN) at the receiver = 1.4332 x 10~ 1°W.

The channel capacity, representing the maximum data rate that can be reliably transmitted, is
then computed using the given bandwidth. This capacity is essential for determining the efficiency of
data transmission within the network.

3.1.3. Channel Capacity

The channel capacity C is given by the following equation:

C = Blog(1 + SNR) (5)
Where:

¢ B =Bandwidth of the channel = 360 kHz.

To optimize energy consumption, only a percentage of drones (e.g., 10%, 20%, or 30%) are
activated at a time to transmit data to the anchor drone. This staggered activation helps in balancing
the load and maximizing the lifespan of the drone batteries. Multiple possible communication paths
are evaluated, and the most optimum path is selected based on the calculated parameters. Along
with the channel capacity, the battery life of each UAV is calculated after each transmission. For
this calculation, the initial battery life of each UAV is assumed between 80% to 100%. The drone
configuration to be undertaken for the project is 11.1V and 2200mAH battery power. Then actual
channel capacity including battery is determined as described in next section.

3.1.4. Actual Channel Capacity and Transmission Time

The actual channel capacity Cyctyq is given by:

BatterYremaining

6
Battery, .. ©)

Cactual = Cmax :
Where:

® Cmax = Maximum channel capacity,
. Batteryremainmg = Remaining battery capacity,
¢ Battery . = Maximum battery capacity.

The transmission time Timeansmission 18 calculated as:

. Datagransmission
Tlmetransmission = C (3)
remaining

Where:

¢ Datairansmission = Amount of data to be transmitted,
® Cremaining = Remaining channel capacity.

The maximum battery capacity Battery,  is given by:
Battery, .. = (11.1 x 2200 x 3.6) ] x Battery, ., 4)
Where:

¢ 11.1 = Voltage of the battery (in Volts),
¢ 2200 = Battery capacity (in mAh),


https://doi.org/10.20944/preprints202411.1258.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 November 2024 d0i:10.20944/preprints202411.1258.v1

6of 12
¢ 3.6 = Conversion factor to Joules.
The remaining battery Battery . maining 15 calculated as:
—04 .
Battery e maining = Battery,., — 10 04 X Timegansmission ()

Where:
* Battery,., = Previous battery level.

Finally, according to the above calculations, the data is transmitted using the optimal path. Then
battery life and channel capacity is updated accordingly after each transmission. This approach ensures
efficient and reliable communication within the UAV network.

3.1.5. Algorithms

Algorithm 1 Function for All Paths

%_ functl on FINDéTAfI ITPATHS _TH(drone_graph, start, end, threshold, path) > Add start to path
3 tar
4515 e urn pat
6 1tn start not in drone_graph then
7 e;urn P
g. f}n 1
10: or ode ndrone
1 ode not %J( h) < threshold th
% Cp%ﬁqno Hﬂ) z& llzlaé )FI<—I rone. _grap nnode, end, threshold, path.copy())
i edl,
16 end function
Algorithm 2 Main Algorithm
é oincs)nceiag(i:fl‘l\ﬁst ginfl Télgloé)o{)gl(drone graph, 4, 24, 5, [])
4: §0P1 in range(length(for_one)) do
g: 8¥V 1Vr¥raen% n thy(f eli])- 1) do
g. dt orgoneﬁ[‘?ﬂ— (irone_graph[for_one[i][j]][for_one[i][j+1]]
9: apl % < row_wise
1 e W1 i
: eﬁlfg}%%a%ﬁ S0y,
5 IoFker™
%g en ds? ed‘a1 min cal:ﬁkey] < min(value.values())
18: orte mm cap <—.sor ed&s%lrted min_cap.items(), key = lambda item: item[1], reverse = True)
19: value <— Xt 1ter sorte in_ca 5:?
20: re%liumn rema1 ata
21: onge-ay en (for_one
%% ac1 m gﬁrr{lsca it
%451 f;;gne graph[ke [[%e% rone_gra;ﬁla[i %][k] min_capacity
26: end while

4. Implementation and Simulation of UAV Network

Designing and implementing a surveillance system involves a methodical process, starting with
identifying the surveillance area and obtaining geographic coordinates. Subsequently, determining the
drone’s field of view ensures optimal positioning to eliminate blind spots. Activation of the anchor
drone initiates communication coordination among all drones. Calculating transmission parameters
like log distance path loss and signal-to-noise ratio aids in selecting the best data transmission paths.
Activating necessary drones and assessing path capacity and battery levels ensure optimal performance.
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Once an optimal path is confirmed, data transmission occurs, followed by updating drone metrics
post-transmission. However, a comprehensive surveillance system design encompasses various
considerations, including drone types, operational environments, and mission-specific requirements,
demanding nuanced planning beyond this outlined process. The flow chart in Figure 2, visually
represents the real-time traffic management process. The simulation of the UAV-based surveillance
using load aware multipath routing is implemented as follows:

(E‘;:)

Determine the refaerence area for surveillance

" 4

|

’Gal latitudinal and longitudinal coordinates for tl1aw1
same area

!

4 3
Place this co-ordinates into required normalized

co-ordinate system )

!

s 3

Determine the Field of View of the drone

. 4

}

"Flgured oul where the drone can be placed using“
manual convolution such that there is zero blind

L spot ) T
) v R} End

Place the anchor drone at the centroid

J

.. 7
s l ~
Calculate the log distance path loss, Uplink path
loss, SNR, Channel capacity

l ” Yes

© 3
Aclivate the no. of drone as per requirement to
transmit data to anchor drone

Next
Transmisssion

e l -
2 g
Calculate all possible no. of path
. / Update the battery level and |

channel capacity of each
drone after transmission

4

™~

*hack tha path fulfil tha requirad chan
pacity and minimum batléery réquiremant o
neighboring drones

Yes

> Transmit the data

{ Check another optimum path ]

Figure 2. Flow chart of UAV-based network surveillance.
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4.0.1. Determining the Shape of the Surveillance Area from Google Maps and Plot it

To visualize a shape using Google longitude and latitude coordinates, the geographical points
can be plotted on a map. They are transformed into a normalized coordinate system for a clear
representation Figure 3.

o 100 200 300 400 500 600 700
Figure 3. Plotting reference area in the required dimension.

4.0.2. Image Processing

A multi step approach is employed to perform image processing tasks, such as converting an
image to grayscale, applying thresholding, and creating a binary matrix. The first step involves the
conversion of the input image into grayscale. Grayscale images represent each pixel with a single
intensity value, eliminating color information. Applying a filter matrix involves convolving the matrix
with the grayscale. The filter matrix serves as a template that moves across the image. The covered
area refers to the spatial extent over which the filter is applied.

4.0.3. Drone Deployment

Next, determine the centroid of the entire UAV’s system. This is achieved by calculating the
centroid coordinates for each drone based on its spatial distribution within the shape. Once the drone
centroids are identified, distances between them are computed, forming a distance matrix Figures 4

and 5.

Figure 4. Determining the coverage area of drone.

o 100 200 300 400 500 600 700

Figure 5. Determining the position of drone to be placed and anchor drone position.
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4.0.4. Path Planning

To optimize communication in a drone network, the first step involves computing pathloss and
signal-to-noise ratios (SNR) for each drone pair. Pathloss quantifies the attenuation of the signal as it
travels through the environment Figure 6, while SNR provides a measure of the signal quality relative
to background noise. Using these metrics, a drone graph is constructed, wherein nodes represent
drones and edges signify communication links. The SNR values on the edges determine the strength
of potential connections.

Figure 6. Calculating distance between adjacent nodes.

5. Result

The outcomes showed that ELAMR changed into capable of correctly balance the network load
via distributing the records transmission responsibilities many of the drones based on their channel
capacity and battery degree. This ended in a significant discount in quit-to-quit put off and an
improvement in the packet transport ratio, thereby enhancing the general performance and satisfactory
of the surveillance provider. Furthermore, the multipath construction algorithm hired via ELAMR
changed into successful in figuring out the most excellent paths for data transmission. By selecting
paths with minimum load and maximum hyperlink quality, the algorithm ensured that the surveillance
facts become transmitted in the most green way possible. As per the image shown above, when 10% of
the UAV are activated, 4 UAV gets activated Figure 7. The 4 UAV activated are UAV no. 4, 12, 29 and
40. The possible combination of these UAV are determined using the above-mentioned methodology.
The path determination is done with the help of channel capacity of each data transmission link. We
want to transmit the 600MB data to the path 4-8-15-23-24 and the initial capacity of the path was
3.5-3.5-3.4-3.5 Mbps respectively and initial battery level was 100% of each drone. So, to transmit 600
MB data it takes 172-172-176172 seconds. After completion of this transmission drone battery level
goes to 31%-31%-32%-31%. Now, the current channel capacity is 1.085-1.085-1.088-1.085 Mbps. The
same methodology is followed for another drone. The mentioned above depicts the factors undertaken
and observed during transmission of the surveillance data. The factors to observed are size of the data
transmitted, Path through which it gets transmitted, Channel capacity and battery life before data
transmission, transmission time taken, channel capacity and remaining battery life after transmission
Table 1.
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Path for drone at 4

Path for drone at 12
----- Path for drone at 29
Path for drone at 40

500 +

400 4

300 H

200 +

100

0

o] 100 200 300 400 500 600 700

Figure 7. Optimal path for the activated UAVs.

These factors help to improve the network functionality and manage the network. The factors
can be calculated with the help of above-mentioned methodology. These factors also assist when the
network will be drained and how much time is required of each size of transmission data.

Table 1. Transmission Data Table.

Previous Capacity Transmission Initial Battery Remaining .
Data To be Path (Mbps) Time (s) Level (%) Battery Level (%)  Current Capacity
Transmitted (MB)
600 45815 3593535 1725172176 100 —100 —100 31 »31 =32 —  1.085 — 1.085 —
— 2324 35 S ~ 100 31 1.088 — 1.085
125185 343433 1.088 — 1.088 —
600 28 33 176 -+ 176 — 180 100 — 100 — 100 32532534 i
20530+ 35-335-33— 1.085 —» 1.085 —
330 N 23 17251725180 100 — 100 — 100 31531534 i
300 0= 34534 176 — 176 100 — 100 3232 1.088 — 1.088

6. Conclusions

The approach of strategically placing drones to cover the given area with zero blind spots ensures
efficient data transmission. The use of an anchor drone at the centroid helps in optimizing the network.
Log Distance Path Loss and Uplink Path Loss calculations provide insights into the signal propagation
characteristics. Signal-to-Noise Ratio and channel capacity calculations help in assessing the quality of
communication. Activating drones in segments optimizes resource usage. Considering and choosing
the most optimum path for data transmission enhances overall system efficiency. It helps to monitor
battery life at each stage of data transmission. This methodology ensures reliable and efficient data
transmission in a drone network, making it suitable for various applications.

7. Future Work

The integration of machine learning in drone technology is a significant advancement, allowing
for continuous analysis of historical data, weather conditions, and user patterns to optimize drone
paths. Real-time reconfiguration mechanisms are developed to respond to live traffic patterns and
communication demands, ensuring efficient resource utilization. 5G technologies are explored for
enhanced communication speed and reliability. The system is scalable for large coverage areas,
involving multiple anchor drones and optimized communication strategies. Adaptive bandwidth
allocation mechanisms are used to optimize performance under diverse conditions. Edge computing
capabilities on drones are integrated to reduce latency and minimize reliance on centralized processing.
Advanced algorithms for autonomous navigation and collision avoidance enhance safety measures,
ensuring a robust and secure system. This comprehensive approach leverages historical data, scalability,
and autonomy to create a resilient and efficient drone network.
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