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New technologies are advancing and emerging day by day to improve the safety of humans by making use of various autonomous
technologies. -e continuous utilization of autonomous vehicles/systems in search and rescue (SAR) operations is a challenging
research area particularly for marine-based activities. A comprehensive systematic literature review (SLR) providing an overview
of improvisations that have been done in the field of autonomous technologies for search and rescue operation over the last five
years has been compiled in this paper. A methodology for using autonomous vehicles in water for SAR operations has been
incorporated and demonstrated. -e focus of this study is to look at the various techniques and address different challenges faced
for human beings’ safety during rescue operation. -e comparison of results achieved for various technologies and algorithms is
highlighted in this paper. -is literature survey proves to be a good source of information for fellow researchers to precisely
analyze the study results.

1. Introduction

-e response to any mishaps should be made in such a way
that the victims are reached as soon as possible along with
taking care to avoid additional collapse and damage. -e
challenging part is that the victims and the rescuers should
both be safe; the foremost and primary goal is to save lives. In
this world of emerging technologies and automation, robots
can prove to be a useful asset to meet this goal either by
interacting directly or indirectly with victims or by sup-
porting protection equipment. -e main task of the rescue
team is to search for the human survivors on the incident
site, and it is a hazardous task that often leads to the loss of
lives. However, the introduction of autonomous robotic
rescue [1, 2] devices can prove valuable for humans and save
their lives. -erefore, in this paper, the focus will be on
studying and reviewing various unmanned SAR technolo-
gies, mainly for water bodies for detecting, locating, and
rescuing humans. Many research works are going on for
developing SAR technologies.

For centuries, the biggest fear of people was the possi-
bility of falling into water bodies. Presently, several different
technologies solve this problem. Although there is plenty of
protection equipment like trailing lines, man overboard
detection transmitters, chase boats, rescue buoys, and life
rings to provide safety, a significant drawback of these
devices is that they work only in some specific situations.
Due to human limitations or rescue equipment drawbacks, a
new device or product is needed to save the lives of people
who work in the accident-prone marine area. Due to large
ships’ movement and their ongoing trade, supervising and
protecting staff on board are difficult.

In this paper, the newest advancements and techniques
in the field of autonomous technologies for search and
rescue operation that have proved fruitful are reviewed and
incorporated.-e work in this paper would help other fellow
researchers to find more innovative and precise method-
ologies to achieve desirable results.

-is paper is organized as follows. Section 2 comprises
various methodologies that have been used to do the
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systematic literature review, and Section 3 presents previous
work that has been done in this field. Section 4 provides an
overview of the system design for the autonomous robotic
rescue boat and the hardware associated with it. Section 5
demonstrates the discussion. Contributions and novelty of
the paper are described in Section 6. Section 7 deals with
the applications in brief. Finally, Section 8 concludes the
literature review by analyzing the different research
papers.

2. SLR Methodology

In today’s world, where data is viewed as the “new oil,” SLR
has proven to be of great help to researchers all over the
world. Sometimes, it may become a little overwhelming to
consume all the data currently existing for a specific domain.
-ere is enormous data and literature in the field of au-
tonomous robotic rescue vehicles, so it becomes a little
difficult to summarize and stay updated with the newest
methodologies and technologies because very few SLRs
have been conducted in this field until now. With this
domain gaining popularity, it is necessary to conduct a
literature review, so the authors of this paper have ana-
lyzed the research in this domain for the past five years
using the six most popular digital libraries. -e search
questions were formulated, and then the results were
combined with the critical challenges faced during the
review process.

2.1. Search Source. Digital libraries these days are the most
used and reliable source for books, journals, and various
articles from scholars and researchers worldwide. In this
literature review, six renowned digital libraries have been
considered. Following are the digital libraries that have been
used to extract data:

(1) Science Direct
(2) Springer
(3) Research Gate
(4) IEEE
(5) Web of Science (WoS)
(6) arXiv

-e review in this paper has been restricted to the studies
done during the last five years, i.e., from 2016 to 2020.

2.2. Search Questions. It is essential to precisely understand
what questions would be answered in this paper after doing
the complete literature review. -e questions have been
formulated so that the answers obtained after each question
are accurate and precise and have no unnecessary infor-
mation. -e following questions have been answered:

(1) Techniques used in autonomous vehicles for com-
munication between the command center and the
victim

(2) Challenges in autonomous rescue boat
(3) Navigation of the rescue boat to the desired location

2.3. Search Query. To get familiar with autonomous robotic
rescue boat, a quick review of some articles falling under this
topic was done. Some popular models and methodologies
under this topic that are correct and relevant, which would
help us research, have been considered. -e different search
query questions and the number of research papers found in
each of the six digital libraries are shown in Figures 1–4
along with the relevant papers. Overlapping research papers
found in a previously explored library have not been added
to the total number of relevant and useful research papers for
other libraries.

3. Previous Studies

In paper [1], the authors studied the robust manoeuvring
ability of an autonomous surface vehicle. -ey have used an
optimized sparse optical flow for detection of objects and
faster computation, which is robust and reliable. Due to the
small size of the vehicle, it is mostly safe, and thus collision
issues can be avoided. In their paper, not only the detection
uses the color information of objects, but also the shape of
objects and movements are considered. Controlling the
entire autonomous navigation is cumbersome and chal-
lenging for achieving a good skilful ability. -e authors have
proposed an improved algorithm with the capability of
adaptive estimation to obtain reliable navigational
information.

-e authors of [2] discussed the impact of waves in the
water body on the track of autonomous robotic rescue
vehicle, which leads to low manoeuvrability. -ey have
presented an autonomous unmanned aerial vehicle (UAV)
which utilizes global navigation satellite system techniques
along with computer vision algorithms. -e authors in [2]
have addressed the problem of emergency services during
the time of crisis. -e highly intensive wave occurs when the
robotic rescue boat moves at a very high speed from source
to the endpoint, which causes a negative effect on the quality
of the images taken from the camera, so the authors pro-
posed a system to nullify this effect.

-e noises generated due to high camera vibration of
autonomous vehicle caused by waves and less robust lighting
lead to failing obstacle detection, low camera quality, and
slow processing, resulting in blurry images and deteriorating
the autonomous robotic rescue vehicle navigation. To
overcome these problems, the authors of [3, 4] have designed
an autonomous system with the information and commu-
nication technologies (ICT), capable of withstanding large
waves and increasing autonomous systems stability. -e
autonomous vehicle is developed with a competent pro-
cessor for sensing in real time. With the increasing demand
for higher data rates, data integrity, real-time communi-
cation, and robustness, the effect of ICT has been reflected in
their paper. Moreover, to overcome the noise effect, the
authors used an optimized optical-flow-based algorithm to
detect objects such as the edges of the track where robots
have to be moved. More specifically, the region of interest is
set at the bottom of the image to avoid undesired objects,
such as sky, trees, and people. -e defined region of interest

2 Mathematical Problems in Engineering



Science Direct

Springer

Research Gate

IEEE

WoS

arXiv

Science Direct

Springer

Research Gate

Re
le

va
nt

IEEE

WoS

arXiv

Fo
un

d

0 5 5 7 10 12 15 17 200 210 15
Count Count

20 25 30

Query 1
found papers

Query 1
relevant papers

Figure 1: Results from the search query “specific components required for autonomous boat functioning.”
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Figure 2: Results from the search query “techniques used in autonomous robotic rescue boat.”
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Figure 3: Results from the search query “challenges in autonomous rescue boat.”
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Figure 4: Results from the search query “navigation of rescue boat to the desired location.”
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mainly affects image processing speed because it only
processes a specific image.

-e algorithms discussed in [5–9] do not rely solely on
using the information of colors but also using the movement
and shape of the object; due to this fact, they provide object
detection that is more robust to noise.-us, it is more robust
to lighting, blur, and contrast. In [10], the authors have used
a robot with a dimension of 120× 42×17 cm, made up of
fiber glass, named PENShip (Politeknik Elektronika Negeri
Surabaya Ship); this design has the main goal of completing
the task assigned to it. PENShip hull form design adopted
Catamaran with pontoon type. -e back of the frame is
equipped with one motor and rudder (activator), which
facilitates the boat’s manoeuvring. PENShip is equipped
with only a camera sensor, which is lighter than other
sensors. In [11], the authors described the SAR missions and
the involved methodologies and operations.

-e scenario during a disaster is often unpredictable,
unstructured, and time varying, which means that there are
many challenges for the successful implementation of the
unmanned vehicle [12–14]. For executing these operations,
many robots of varying sizes and functionalities are re-
quired, and this can be resolved by incorporating a diverse
team of robots, collaborating dynamically as an interoper-
able team. -is includes a comprehensive analysis of related
authentication programs in multirobot systems and their
implementation in real time [15, 16].

-ese days, a wide variety of autonomous vehicles are
used for different operations in many different fields, and
this number is going to increase in the subsequent years.
Many large-scale systems aim to solve these problems, but
they are quite costly and not very useful too. Research has
been done focusing on the interaction between these systems
and implementing various operations [17, 18]. -e authors
of [19, 20] have proposed different automation classes and
offer them as a starting point in the field of search and rescue.
Tomake even a single robot, it takes much vigorous effort for
its integration, and each robot is developed by a different
provider utilizing its design, framework, and middleware
[21–23]; the system issues are related to the increasing
complexity, and the heterogeneity of capabilities of robots
and their coordination. -e robotic systems require a
ground control station because they have their commands
and specific protocols despite the several standards proposed
by society. -ese protocols make integration between sys-
tems difficult.-e papers [24–26] use active modeling for the
heterogeneous robotic system to provide higher accuracy.
Lack of proper protocols puts additional pressure on the
operation and maintenance of these multivehicle systems.
-e authors mainly emphasized achieving robot interop-
erability, enabling robots to work with full energy to perform
the assigned operations [27–29]. -e task described is to
develop a diverse fleet with a unified and seamless integrated
group of autonomous air, land, and marine vehicles. Sub-
stantial efforts have been made to evaluate existing work for
the standardization of robot systems. Given the specific
requirements, priority is given to organizations which
consider various fields (air, land, and sea) [30]. Similarly,
when considering the platforms used, the priority is given to

smaller and lighter platforms in terms of standards and
methods. Several measures have been taken to address both
issues. However, integrating them is difficult and not yet
feasible. A proper standard for integration that is merely
compatible with large and small systems is still required
[31, 32]. However, somehow large robots’ systems cause
strict collaboration as they require high computational time.
-e main focus is on the selection of the appropriate form of
robot system based on the evaluation of the multirobot
search, its application to additional measures, recommen-
dations for improvements, and compatibility and perfor-
mance with all the robots, which requires an optimized
algorithm to perform computation in the least amount of
time; the algorithms/methods described in [33–35] are so far
optimized. -e applications of these autonomous vehicles
are increasing day by day and becoming an indispensable
tool in a wide range and in almost every aspect of human life
such as SAR, GPS, automated cars, identifying pollutants,
and radar sensors [36, 37]. However, the authors have also
mentioned the challenges faced like environmental condi-
tions, which affect the overall communication, with more
extended sensor response. -e goal is to identify a source
object of interest (e.g., the chemical composition in the
ocean) using the appropriate autonomous vehicles. -ere-
fore, in this paper, the aim is to examine some of the latest
advancements that have been made in the search and rescue
technologies using autonomous vehicles and algorithms like
hex-path algorithm and planarian algorithm for path
optimization. However, the paper [38] considered the oil
spill, heavy rain, and collisions as the most disastrous,
which cause a critical impact on marine life. -e authors
have considered an intelligent system consisting of a model
base, environmental disaster modeling, decision support,
and intelligence techniques like heuristic search algorithms
and machine learning to strengthen the operating mech-
anism to eliminate the potential impacts. Simultaneously,
the authors of [39] have developed a method of using laser
remote sensing for oil spill detection.-e samples obtained
in this method are analyzed in the laboratory using parallel
factors analysis (PARAFAC) and time-resolved
fluorescence.

-e authors of [40] have used a hybrid approach for path
planning of robots. -e algorithms used by the authors are
artificial potential field (APF) and enhanced genetic algo-
rithm (EGA). -e APF algorithm is used to determine all
feasible paths between the start and destination locations.
Simultaneously, EGA is developed to enhance the original
paths in continuous space and obtain the optimal path
between start and destination locations. Autonomous
navigation of a robot is a likely study area due to its wide
applications. -e robot’s navigation [41] consists of four
fundamental terms known as perception, localization,
cognition and path planning, and motion control, among
which path planning is the most significant part.-e authors
have proposed different path planning techniques, like
classical methods and heuristic methods. -ey have also
proposed heuristic-based algorithms which use the neural
network and hybrid algorithms, while the paper [42] con-
centrated on presenting a correlation between conventional
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motion planning approaches such as potential field (PF),
Dijkstra’s algorithm (DA), metaheuristic-based methods
such as genetic algorithm (GA), particle swarm optimization
(PSO), differential evolution (DE), and cuckoo search
(CSA).-e authors of the papers [26, 43] have conducted
research on the unmanned surface vehicles (USVs) con-
sidering both natural or human-made disasters. -e work
describes the deployments in disaster scenarios by consid-
ering the technical aspects of USV hardware and software.
-e paper [44] presented the features of the unmanned
surface vehicle. -e authors have used the label-A∗ algo-
rithm to improve the manoeuvring characteristics and en-
hance motion planning for the vehicle. -e algorithm for
motion planning comprises the following stages: first, the
vehicle trajectory is established using its manoeuvring
characteristics; second, an advanced label-A∗ algorithm is
formed. -e authors in [45] have used the cooperative
multirobot systems (CMRS) by establishing a wireless
connection with the robot for its operation. Further, the
mobility of robots can be provided using its sensing func-
tionality. -e authors in [46, 47] have used a PIR sensor-
based autonomous rescue robot which can identify a human
being from an unreachable point of the accident area. -ey
have used joystick, RF technology, an ultrasonic sensor for
proper navigation of the robot. IP camera is also combined
with examining and analyzing conditions that will facilitate
human detection. -e papers [48, 49] have presented the
algorithmic aspects for multirobot coordination and per-
ception by studying the heterogeneous SAR robots in var-
ious environments. -ey have also discussed the
coordination and interoperability in heterogeneous multi-
robot systems and various multirobot SAR systems by
considering machine learning. -e authors in papers
[50–52] demonstrated the autonomous navigation aspects to
avoid collisions with other objects. It should be able to detect
obstacles and perform suitable manoeuvres automatically.
-emethod used for target detection involves the use of laser
rangefinders. -e main limitation of this approach is poor
environmental conditions with lousy visibility. -erefore,
the authors have presented an approach that describes
automotive three-dimensional radar. -e study aims to
assess object detection possibilities based on a comparison
with images obtained. Several suggestions on previous
events in this area have focused on developing and applying
robots for environment monitoring. -e authors of [53–55]
presented an approach to operating USVs in a changing
marine environment, including obstacles and sea surface
currents. -e work described a search technique called the
Dijkstra algorithm to determine the motion planning for a
USV moving in a maritime environment considering static
and moving obstacles. -e approach’s performance is tested
in simulations with path length and elapsed computational
time. -is approach showed the effectiveness of the global
path. -e paper [56] aimed to develop optimal motion
planning for an autonomous surface vehicle comprising a
sensor to maximize the sensor-related information. -e
vehicle practices a nonlinear distribution model of the
pollutant source to determine its level. -e degree of de-
tection of particles depends on the corresponding distance

between the vehicle and the source. -e authors of [57] have
used a probabilistic map of the source position developed
through the sensor information for dynamic motion plan-
ning. -ey have used an online nonlinear Monte Carlo
algorithm for obtaining sensor information regarding pol-
lutants at different locations. -e authors described an
approach for plume tracing using autonomous surface and
underwater vehicles. -e vehicles are provided with
chemical sensors and acoustic modems and flow to collect
the samples. A detailed analysis of odor detection techniques
and data sampling of autonomous vehicle methods are
shown in the papers [58–60]. -ey have shown a surface-
enhanced Raman scattering (SERS) odor compass, a lattice
design of SERS sensors, and machine learning techniques to
identify multiple odor sources. -ey have achieved the best
accuracy using a convolutional neural network and support
vector for a multiple odor source. Sensors are essential for
the localization of source, and the means of sensing have a
comprehensive scope [61–63]. -e authors of [64, 65] have
used the multirobot systems to significantly increase the
efficiency of SAR robot with a faster search of victims,
providing the real-time monitoring and surveillance of SAR
operations. -e SAR operations include a variety of con-
ditions and situations, and collaborative multirobot systems
can provide the most benefits. -e paper [66] shows the
advances on the multirobot SAR support from an algo-
rithmic view and on the methods enabling collaboration
among the robots.

-e papers [67–69] discussed a powerful toolkit that has
been used by the search and rescue workers to handle ca-
lamities. -e accuracy of methods used in these papers
proves to be ineffective in this fast-pacing world. An analysis
of various tools used in search and rescue operations has
been provided by the authors. -e authors have also dis-
cussed the project, which uses many tool sets to perform the
search and rescue in a short amount of time. -e system
consists of tools like assistive vehicle sensors. -e devices are
developed and integrated into the command-and-control
equipment and supportive tools to use the system effectively.

Recent studies [70–72] on calamities in specific location
of the world have caused difficulties in managing these
crises. -us, this destruction causes a more impact on living
and the economy that are quite difficult. However, there are
still many bottlenecks, which prevents the successful
implementation of these unmanned tools on the practical
terrain. In a place of crisis, searching for the human sur-
vivors becomes the priority task of the rescue services. -e
search and rescue operations are hazardous tasks that can
also lead to the loss of workers themselves. An efficient
system, either auto or manually controlled, can be used in
such events to provide the rescue operations to save human
lives [73–75]. Many robots are being used mainly for res-
cuing in such situations [76].

-e search and rescue operations are not friendly; they
can be deployed quickly [77]. -e robotic tools should be
used not to eliminate workers’ intervention, but first to
ensure human safety. Various factors are concerned in the
search and rescue operations; the major one is time, which
cannot be ignored. -e motive of all the search and rescue
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teams is to perform the services as quickly as possible to
eliminate further danger to human lives [78]. However,
traditional methods of rescuing assets sometimes lead to
overloading like rescue boats, which also can cause another
crisis. -erefore, by using the robotic tools, the searching
operation can significantly speed up. -ese tools also have
reduced the time taken by the workers to get an overview of
the infected site, and thus workers can plan quickly without
getting themselves into danger. In [79], there are still some
issues that need to be resolved to make the system perform
multiple tasks. For the crises involving biological or chemical
agents, using the robotic system will be more beneficial.
-ere are such circumstances where robotic systems might
not work like heavy rain or wind; operations have to be
stopped to rescue services that need to be stopped at night.
However, these robotics tools can be extended to withstand
these types of actions by modifying the system.

From past research works, robotic tools have been widely
improving for search and rescue operations, but some flaws
restrict the full usage of these systems without human in-
tervention [80]. In paper [81], researchers proposed that
presently there is extreme interest in deploying these un-
manned vehicles or robots to handle challenging cases. An
intelligent path algorithm is required to proceed in an ef-
ficient way [82, 83]. An algorithm to perform multiple-task
allocation was developed using a self-organizing map, re-
ducing the collisions. -is algorithm generates an array to
store all the obstacles to find the least obstacles path in a
short amount of time [84]; it uses that array in determining
the optimal trajectory to the destination. -e algorithm is
validated by operating on the different simulation tools,
which facilitate the real type of environment to find the
algorithm’s accuracy.

Recently, there is growth in the research of USVs. More
numbers of USV vehicles have been used in various oper-
ations like those in the military. -e limitation of [85] is that
the USVs used lack sophisticated sensors.-e chances of risk
to the workers have also been reduced by adopting these
technologies. -e extensive usage of USVs is in a polluted
lake where they are being used to collect the data by au-
tonomously visiting the location in the lake with the least
amount of distance traveled. -us, time to these operations
has also been reduced a lot by adding this system. -e
authors of the paper [86] have discussed the optimizing
algorithm having a low complexity order and also proposed
the local minima problem. -ese different location points
can be treated to find a collision-free path for multiple goals
[52, 87]; the challenges faced include local object avoidance,
and different algorithms are presented for efficient navi-
gation. -erefore, using the task allocation algorithm, the
optimized way can be obtained, and by the path planning
algorithm, the collision-free path can be calculated.

Unmanned aerial vehicles (UAVs) [88], drones, optical
sensors, and radio frequency (RF) module can be used to
know the attitude information and understand the status
and purpose of the problems faced by the authors like the
high cost for designing and the estimation algorithm, which
they have overcome by using a quadrotor 6D pose esti-
mation algorithm which is based on critical point detection.

It is based on the keypoint detection, perspective-n-point
algorithm, and graph network, which provide the highest
performance in simulated and real conditions. Currently,
the object 6D pose estimation algorithm relies on a very
accurate pose interpretation or three-dimensional target
model, which requires many human resources and is dif-
ficult to apply to uncooperative targets. A quadrotor 6D pose
estimation algorithm can be used to overcome these issues.
-e relational graph predicts the network’s predictive power
for the main components of the four motors. -e accuracy
and speed can be significantly improved compared to the
most advanced keypoint detection algorithms.

Nowadays, unmanned aerial vehicles are being used to
view the infected area, but there is a significant collision
concern [89]. However, the limitation of these types of
methods is that they are ineffective in overcrowded areas,
and they are also not successful in different types of subjects.
By correcting this, accuracy can be increased even more.
-us, to avoid collisions, precise sensors can facilitate the
track of the drone to its destination. In that study, they have
shown how effective object detection can be done with CNN
to improve collision avoidance. However, they have not
taken into account the time domain, which could have
improved the performance even more; moreover, the testing
should have been done on real-life videos instead of random
images. Over the past years, many kinds of research have
been conducted to detect drones [90]. -e proposed model
uses the IPM method, unlike the typical vision-based al-
gorithms, which depends on the tracking of features. -is
IPM method is much more effective, especially in cases
where the camera is close to the ground, which makes the
tracking of features a cumbersome process.

-e authors of [91] have proposed a solution based on
the convolutional neural network (CNN)model to detect the
objects by drones. However, the methods distinguish shape
and motion characteristics from small flying drone dis-
tances; this way, objects can be tracked or skipped effectively.
-e challenges faced are primarily autonomous track and
object detection. -e randomly generated six points can be
used in the simulated virtual environment; the PNP algo-
rithm’s accuracy can be verified. Although the collision
detection and warning system is sound, it still has its lim-
itations such as confusing backgrounds, for example, when
the aircraft is against the ground or when part of the scene is
below the horizon; all of this could result in a nasty collision
avoidance system because of the high false-positive rate.
Researchers proposed an off-board quadrotor pose esti-
mation method. -ey used four LEDs in the quadrotor pose
estimation method and infrared cameras to measure the
quadrotor’s posture. -ere are some methods to measure an
object; one is to study objects directly, also known as ori-
entation learning; another is to first use vital points and then
apply the PNP algorithm [92]. Orientation learning uses
non-Euclidean space, which causes difficulty in obtaining
images. Some formal studies have used local features from
RGB images to calculate the attitude [93]. -e problem with
this specific research is that it has been only tested in
confined airspace.-emodel has been trained on a synthetic
dataset, which results in improper pose estimation and
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detection, but this can be removed by using OpenCV on a
real image dataset. Recently, in another study, researchers
have used machine learning and deep learning to assess the
posture of objects [94].

4. System Design Overview Survey

-is section shows an overview of an unmanned surface
vehicle (USV) and the interaction of all subsystems with
each other. Each subsystem comprises various devices that
perform the required tasks for the proper functioning of the
overall system. Figure 5 depicts the architecture of the
system. -e hardware and software modules of the system
are described in this section.

4.1. Hardware Module. -e hardware module consists of
majorly different components, namely, Arduino, motor
driver, motors, power supply, global positioning system
(GPS) module, camera, Raspberry Pi, and RF module. -ese
components are configured for the overall functioning of the
system.

4.1.1. GPS. -e GPS is used for defining the global position
of an object. Different modules of GPS have been compared
for better understanding. Table 1 classifies the efficient and
commonly used GPS modules used in search and rescue
operations.

4.1.2. Raspberry Pi. -ere have been three generations of
Raspberry Pi, and every generation has two models, namely,
Model A and Model B. -e characteristics of both models of
Raspberry Pi along with the little deviation in the model are
depicted in Figures 6 and 7.

4.1.3. Motor Drivers. -e motor drivers used in the system
for search and rescue are mainly four types, i.e., AC, DC,
servo, and stepper.-e choice of motor driver depends on its
application and usage. Motor drivers can be controlled
directly by connecting the power supply or by devices such
as wireless systems and microcontrollers.

DC motor drivers are widely used in many applications
due to their enormous advantages. Figure 8 shows the ef-
ficiency of most popular DC motor drivers with respect to
the supply voltage. -e revolving speed of the DC motor
drivers with respect to the supply voltage is shown in
Figure 9.

4.1.4. DC Motor. From automobiles and robotics, small-
and medium-sized motoring applications often feature DC
motors for their wide range of functionality. Because DC
motors are deployed in such a wide variety of applications,
there are different types of DC motors suited to different
tasks across the industrial sector. Different types of DC
motors are classified in Figure 10.

4.1.5. RF Module. -e RF module is used for transmitting
and receiving the message signals. It is essential and crucial
part of the search and rescue system. A drone can be
programmed in such a way that it is capable of sending
information such as the location of itself and images of
victim to the receiver using RF module wherever it detects
any victim face that has fallen in the water and needs help.
Figure 11 shows the different types of RF modules.

4.2. Software Module

4.2.1. Face Detection Techniques. -ere are many face de-
tection techniques in the literature. -e authors of this paper
have studied the five most efficient and popular face de-
tection techniques to detect the face of the victim which are
shown in Figure 12 and described in brief.

(i) Haar-like feature-based face detection
Haar cascade algorithm is a machine learning-based
algorithm used for detecting objects. -e authors in
[104 and references therein] have proposed a model
to improve the performance of this algorithm. It is
done in two steps: Firstly, new features have been
defined, also called separate features, for the de-
tector, which adds the do-not-care area between the
Haar features, and hence a new feature for the
cascade detector can be defined. Secondly, they have
improved the detection rate by using the decision
algorithm, selecting the best width of the do-not-
care area. In this algorithm, the background images
are ignored, and left stages are not calculated when
the stage rejects an image. However, if the false
detection occurs in a stage, it affects the other stages,
resulting in unwanted increase in the false rate,
which is its main limitation.

(ii) Geometric based face detection
-e principal component analysis of face structure
modeling is discussed in the paper ([100] and ref-
erences therein), which limits search space and
improves the face detection rate. However, choosing
the feature is a significant parameter for improving
accuracy and decision rate. Canny edge detection
algorithm and principal component analysis are
used for visualizing the structure of faces by filtering
out the image with its pixel values, thus providing
excellent accuracy in limited time complexity.
However, this method is not as useful for complex
geometrical structures, which can help us identify
critical facial features and generalized threshold
values.

(iii) Improved LBP algorithm
Local binary pattern (LBP) is a face detection
technique ([101] and references therein). -is al-
gorithm’s accuracy can be improved by using image
processing like equalization of the histogram,
contrast improvement, image blending, and ap-
plying filters to eliminate a few of the problems.
Furthermore, to improve the algorithm’s accuracy,
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the authors have used the following features of the
input and reference face images to obtain the best
quality images: sharpness, illumination, noisiness,
resolution, scale, and pose.-e filter which gives the
best result is the bilateral filter. -e preprocessed
input image is then divided into regions, and after
that pixel value of each region of the face is cal-
culated. If any adjacent pixel is more extensive than
or of the same size as the pixel in the center, it is
indicated with binary 1; otherwise, it is indicated
with binary 0. Again, this process is repeated for
every pixel in the face region to obtain the binary
pattern to build a feature vector of the input face
images. -e limitation of this method is that it does
not consider the issue of mask faces and occlusion.

(iv) Face detection based on Viola–Jones algorithm
applying composite features
-e Viola–Jones algorithm is a face detection al-
gorithm that instantly and precisely detects objects
in images and works exceptionally well with the
human face ([102] and references therein). One
problem faced while using the original Viola–Jones
algorithm is that hard objects reduce the detection
rate. To cure this difficulty, the authors proposed a
face detection technique based on the Viola–Jones
algorithm that uses compound properties. -e chief
steps involved in this algorithm are as follows:

(a) Firstly, from an input image, the human face is
detected in a rectangular frame with the help of
the Viola–Jones algorithm.

(b) -en, the faces present in the rectangle-shaped
frame are calibrated, and after that they are
processed into four types of subimages.

(c) Following that, NLDA (zero space linear dis-
criminant analysis) is used to extract the fea-
tures obtained from the complete facial picture
and four subpictures.

(d) -en, all extracted features (local features and
global features) are calculated with the dis-
criminant length.

(e) Lastly, regions with considerable distance from
discriminant values are selected to obtain the
latest compound feature vectors. After that, the
input is given for face recognition to the
classifier.

-e original Viola–Jones algorithm showed several
undetected and false face detection. -e main dis-
advantage of using this method is that it takes a long
time to train the model. Secondly, it has reduced
NIR detection capability (near-infrared-based face
detection) as the distance is increased. It is tested on
single face frontal images only. However, the
method described in this paper has lower false
detection rate and missed detection rate compared
to the Viola–Jones algorithm.

(v) Face detection using improved faster R-CNN
Face detection using deep learning CNN is a rapidly
growing technology offering different generations
like R-CNN and Fast CNN to compute the accurate
result in a limited time. -e authors of the paper
([103] and references therein] have used the fully
connected faster R-CNN for obtaining excellent
performance in a short amount of time.-e authors
have used ResNet architecture to extract the opti-
mizing features and a feature map to derive the
image context. -is method seems useful, but the
inference speed and the detection performance
could have been better by designing a lighter
backbone.
-e five most popular and widely used face de-
tection techniques which have been described are
compared on the basis of different parameters in
Table 2 to give an insight to the readers. -e merits
and demerits are also compared in Table 3.
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Figure 5: Architecture of the system for search and rescue operation.

Table 1: Different GPS modules.

Types of modules Chipset used Updating rate (Hz)
LS23060 [95] MediaTek MT3318 5
EM-406A [96] SiRF Star III 1
SUP500F [97] Venus 634 10
Copernicus [98] Trimble TrimCore 1
DS2523T [99] u-blox 5 4
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4.2.2. Navigation System. Navigation can be done with the
help of a grid map after all the areas have been inspected.-e
navigation planner takes into account to steer through the
grid map autonomously from one pose to another. -e
comprehensive planner traces the pathway from the present
position to the final position with the help of the A-Star
algorithm. In contrast, the local planner generates linear and
angular velocities along the global way while avoiding ob-
stacles based on the cost map parameters. -e regional
planner practices the dynamic window approach (DWA) to

inspect the velocities. -e investigational node simply
presents the poses (x, y, z, q), and they are then changed into
north-east-down (NED) frame. -ese poses are converted
then into motor velocity, which uses PID to navigate and
whose instructions are then conveyed to the controller.

(i) ROS implementation
-e ROS platform is basically made for robots made
to be operated on the ground, it has navigation
techniques for these kinds of robots, and it is in-
appropriate for UAVs. Nevertheless, the procedure
taken by the ROS is an instruction-based procedure.
-is execution sample gives the robot its control
space and predicts the ways which would end up in a
close to perfect indoor mapping with the help of an
autonomous vehicle. -e authors in [104] have
proposed an efficient way to implement a drone that
can navigate the victim and pass the signal to the
autonomous robotic rescue boat via RF module.

(ii) Simulation software
All simulations can be performed on the Gazebo
software. -is Gazebo software has a physics engine
which helps us in imitating the real motions of
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various arrangements of UWSVs and makes it a lot
more possible to test in the various kinds of situ-
ations. -is software is also convenient for adding
new sensors, design changes, rapid testing of al-
gorithms, and even quick prototyping. For pro-
gramming and controlling the USV, robot operating
system (ROS) is used. ROS is software that functions
as a bridge between some operating system or da-
tabase and various applications, specifically on a
network, for robotics; it therefore provides a soft-
ware framework which can be used as tool for
software development. It therefore provides a large
set of libraries which help in providing robots with a
primary focus on things such as mobility, percep-
tion, and manipulation. It gives us a set of tools with
functionalities such as testing, debugging, and
envisioning sensor tools and data for networking,
multirobot, and other dispersed systems. One more
cause for using ROS is its great integration capa-
bilities with the Gazebo simulator.

(iii) Estimation and control

An efficacious Kalman filter [105] will be taken to
combine all the sensor data that is coming from the
UAV into mono-navigational information to reg-
ulate the orientation, velocity, and position of the
USV accompanying the sensor fault bias. A set of
proportional integration and derivation (PID)
controllers were implemented for the regulation of
the attitude, twisting or oscillation rate of the sys-
tem, and speed of the carrier along with heading.
-e values that have been obtained from the output
that contain the torques and thrust are then con-
verted into voltage of motor that gives us ac-
knowledgment same as the real aerial vehicle. -e
ArduPilot will be put into practise as a flight
commander to convert these informative messages
into imminent motor voltages and ultimately for the
simulation and flying of the vehicle. ArduPilot is
open-source software.
To get desirable responses such as complex ma-
noeuvres and hovering at a particular place of the
aerial vehicle, its parameter for every component

Face detection
algorithm

Haar cascade
algorithm

Geometric-based
algorithm

Viola–Jones 
algorithm with

composite features

Improved LBP
algorithm

Faster R-CNN
algorithm

Figure 12: Types of face detection algorithms.

Table 2: Comparison of different face detection techniques.

Parameter Haar cascade
algorithm [4]

Geometric based
Algorithm [100]

Viola–Jones algorithm with
composite features [102]

Improved LBP
algorithm [101]

Faster R-CNN
algorithm [103]

Precision Low Low Very high High Highest
Execution time High High Low Low Low
Learning time High High Low High Low
Ratio between detection
rate and false alarm High Low High High Very high

Table 3: Merits and demerits of various face detection techniques.

Techniques Merits Demerits

Haar cascade algorithm [4] Lesser false alarm part; improved feature
extraction Complex to implement

Geometric based algorithm [100] Effective approach; easy implementation Low accuracy; more false alarms
Viola–Jones algorithm with composite features
[102] High accuracy rate and low false detection rate Sensitive to illumination variations

Improved LBP algorithm [101] Simple to implement Not robust

Faster R-CNN algorithm [103] Very high precision No such demerits for this
algorithm
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can be tuned perfectly to get the desirable output.
Other methods for the planning of the path can be
executed in the regulatory loop to get a more fluid
output from the UAV. -ese types of software
contained in the loop strategy provide us with a
larger flexibility in the process of examining the
algorithms prior to the real implementation on an
actual stage and evade the chance of some kind of
injury or damage, at an earlier stage only.

5. Discussion

Autonomous rescue boats that are easy to operate are
currently being used by a range of scientists and government
agencies to provide rescue operations and assistance in the
marine bodies. -e micro-USVs can be operated autono-
mously. -ey can be configured to communicate through a
GPS connection that allows data to be disseminated.
Communication plays a fundamental role in the rescue
operation. Since connectivity is reliant on the environmental
conditions that the system is working in, such as the wave
conditions and the weather of that area, localization prob-
lems related to weak GPS signals may occur, causing
communication problems with the boat, and they must not
be underestimated. For better communication, several GPS
modules have been used to get a precise location. -erefore,
localization techniques used are versatile in case of GPS
problems. An additional powerful transmitter embedded
with the modules can be used for increasing the range of the
system and enhancing the capabilities. In addition, the re-
ceiver can be tuned in such a way that the distortion caused
in the signal from the unwanted signal is reduced, which
further can enhance the communication range of the system.
Moreover, in GPS modules, LS23060 has good receiving
sensitivity. It has speedy positioning time, positional ac-
curacy, power consumption, time accuracy.

-e new Raspberry Pi 3 is the fastest model and is quite
cheap. It is essentially a minicomputer of small size that can
get connected to a TV or a computer monitor, andmakes use
of any standard mouse and keyboard. It is a small-sized
device that is capable of allowing people of any age to
traverse through the area of computing and to program in
Python language. TB6612 motor driver has outstanding
efficiency; it requires 12.02V supply, with an efficiency of
95.97%, and RPM is also very high among all the motor
drivers. -is device is a surface-mount chip available in
many standard modules, shields for the Arduino and HATs
for the Raspberry Pi.

Among face detection algorithms, the Faster R-CNN
algorithm is the best due to the highest precision. It has
much less execution time, and the learning time is too short.
Moreover, the ratio between the detection and the false
alarm rate is pretty large. According to these parameters, it is
the best.

Implementing the LS23060 GPS module along with
Raspberry Pi 3 and Faster R-CNN algorithm could further
make the search and rescue boat more effective and reliable.

6. Contributions and Novelty

-ere has been an addition in the popularity of boating and
other marine-based activities. With the increase in the
number of people interested in water-related activities, there
has been an ample rise in mishaps. Autonomous rescue
boats at sea can be started with the minimum support and
are an effective way to perform rescue operations. If any
incident happens, a quick response is generated by the
system to transmit a message to the autonomous robotic
rescue boat. Once the boat gets the message, it starts
approaching the place the message came from and, thus,
rescues the person.

In manual rescue systems, human rescuers put their life
at risk to rescue people who fall into water bodies, but an
autonomous rescue boat reduces the risk of loss of a human’s
life. In a lot of cases, the rescuers die while undertaking the
rescue operation. In autonomous robotic rescue boat, even if
some damage caused to the rescue boat while rescuing, it will
not be much of an issue because it can be repaired.
-erefore, autonomous devices are faster, more accurate,
and more responsive than manual rescue systems. More-
over, they can perform even under inclement weather
conditions and even in the dark. An autonomous rescue
system can also be used by Navy during war when manual
rescue systems become impractical.

Autonomous rescue system continues to perform even
when the duration of operation elongates as compared to
manual rescue system which has limitation on its endurance.

Autonomous boats can always be designed to be highly
tough and take considerable loads irrespective of the climatic
conditions.-eir structure and the base provide durability to
them on the water even during unfavorable weather con-
ditions. -ey are provided with all the necessary first aid
equipment that would be required for the person being
rescued. -us, autonomous boats provide a more agile and
efficient alternative to manual involvement required in a
marine rescue operation.

Not only this paper discusses the various contributions
that this project can make in various fields, but it is also of a
novel importance because of the following factors which
make this project unique in its own way.

(a) Less human involvement: since it is an automatic
boat, manpower required to operate the system is
limited

(b) Quick response: this system uses an effective way to
reach the place of accident

(c) Flexibility under all weather conditions; it can
withstand various weather extremes and respond
accordingly

(d) -e system can operate over large areas and
distances

(e) It integrates monitoring system for rescue operation
(f) It is based on highly accurate face detection algo-

rithm for better human recognition
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7. Applications of Autonomous Robotic
Rescue Boat

(a) Rescue of people from seashores: at the seaside, there
are danger zones where life threatening incidents can
happen anytime due to high tides or any other ac-
tivities in the water bodies which can be dangerous.
For these incidents, autonomous robotic rescue
boats can be deployed at these sites, which are ca-
pable of locating the place of accident and then
transmitting an alert message to the base station,
which then sends the rescue boat to the place of
accident.

(b) Military, defence, and coastal security applications:
the autonomous robotic rescue boat has the capa-
bility to navigate and locate an underwater object of
interest and then perform further autonomous
manipulations as and when required by the re-
spective authorities.

(c) Patrolling and minesweeping: autonomous rescue
boats can be used for detecting and removing naval
mines using various mechanisms and keeping the
waterway clear for safe shipping during uncertain
times like wars.

(d) Natural disaster relief: in case of natural disasters like
floods, landslides, and tsunamis, the autonomous
robotic rescue boat can be used to detect people who
have drowned in the water bodies or have been
wounded, and can save thousands of lives.

(e) Environmental monitoring systems: they play a very
crucial role in disaster relief by detecting and
inspecting the critical underwater infrastructure,
measuring the destruction, and recognizing various
sources of pollution in the harbors and the fishing
areas.

(f ) Inspection of disaster damage: the autonomous
robotic rescue boat can be used to survey the damage
caused by natural disasters like tsunamis with the
help of the fitted camera, or it can be further used for
rescuing the victims stranded on a vessel which are
sinking or have lost the ability to move.

(g) Rescue operations required during water-sport
events: with the increase in the number of people
interested in water-related activities, the probability
of mishap has increased over the years. Autonomous
rescue boats can be of great help during these events.

8. Conclusion

-e study of autonomous robotic rescue boat is continu-
ously increasing, and the researchers are still working to
make this technology more advanced. In this paper, the
autonomous rescue boat and the techniques that are gov-
erned are reviewed. Several articles have been studied from
2016 to 2020, showing different methods to rescue a person.
-e review has been carried out in such a way that the papers
are differentiated according to the techniques used, the main

challenges in autonomous vehicles, and the navigation of the
rescue boat. Some papers depicted the fact that the larger the
boat’s size, the more the chances that collisions are small
sized. Moreover, the small-sized boat trajectory can be easily
controlled, and navigation will not become cumbersome and
challenging. However, the effect of waves cannot be ignored,
which leads to difficulty in precisely estimating the trajectory
of the autonomous rescue boat. -e low accuracy of sensors
and devices also impacts on the images taken from the
cameras. -erefore, researchers have mainly addressed the
problems faced for achieving excellent manoeuvrability.

-e hardware and software part plays an essential role in
designing a better rescue boat. Hardware parts like GPS
devices (transmitters and receivers), Raspberry Pi, RF
module, motor drivers, motors, batteries, and Arduino along
with the intensive use of software parts like face detection
and various algorithms make the whole process of rescuing
feasible and efficient on time. -e ROS platform has been
used for the implementation of navigation for ground-based
robots, and it simulates the trajectories. A drone is used to
navigate the victim and pass the signal via RF module to the
autonomous robotic rescue boat. -e Gazebo software al-
lows doing the simulation, which has the power to replicate
real motions of various arrangements of the autonomous
boat in different scenarios. An efficacious Kalman filter is
used to combine all the data coming from the sensor from
the boat into one navigational dataset to regulate the po-
sition and speed of the boat. Further expansion for the
development for this project should be focused on getting a
motor of even more power for the rescue unit. For even
lesser delay, the code can be optimized for better and ad-
vanced tracking, as well as better noise reduction capabilities
and hopefully increase in the range for the victim’s homing,
which can tune the receivers to a greater extent. After all
these optimization techniques and modifications are added
to the system, the systemwould becomemuchmore effective
and reliable for the man overboard rescue operations on the
actual field environment. -e amount of data would never
seize to increase, and new data and information will keep on
coming, so all the future studies in this area should take into
consideration whether the static models are reliable enough
when thinking about long-term application or if lifelong
training should be thought of more. -is review can help
other scientists and researchers that are studying this field
and encourage them to gather more data and information
for their research analysis.
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