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Abstract

Autonomous coverage path planning is a critical challenge to
drones’ applications such as environmental monitoring, rescue operations,
and infrastructure inspection. The ultimate goal of path planning is to ensure
that an entire area is systematically and efficiently navigated and covered
while minimizing drone resources consumption (e.g., energy and time).
Traditional approaches such as Spiral and Boustrophedon have issues. For
instance, spiral paths might leave gaps near the boundaries, while
Boustrophedon paths can result in an excessive travel distance due to
frequent turns. Additionally, the lack of integration with environmental
network models often leads to suboptimal paths and inefficient coverage.
Moreover, adopting approaches that are able to handle critical or emergency
tasks is also considered an issue because most of the available approaches
lack the integration with tasks scheduling algorithms.

This thesis designed an environment for drone simulations that
imitated real-life situations in terms of geographical features and obstacles.
The proposed design was transformed into a network model using concepts
inspired by complex networks. The model alongside its calculations was
embedded into the drones before missions. Moreover, the thesis suggested
an algorithm for drone coverage path planning by combining concepts
inspired by Boustrophedon, and Spiral algorithms as well as concepts
inspired by complex networks. The proposed integrated algorithm alongside
the other two algorithms were simulated using Unreal Engine, AirSim
Anaconda, and Python programming. In the experiments, four drones were
involved and used the algorithms considered in this thesis. For testing and
optimization purposes, four different flying heights (10m, 20m, 30m, and
40m) were used. Since the simulations have a dynamic nature, each
experiment was performed for five runs aiming at having more accurate
results. Moreover, the assessment of the algorithms was performed using two
indicator metrics namely; energy consumption, time consumption, coverage
areas, and safety. For reflecting real-life situations, the proposed algorithm
was assessed in a windy weather condition. Furthermore, this thesis
introduced a framework that integrated the three drone path planning
algorithms with three task scheduling algorithms (First Come First Serve
(FCFS), Shortest Process First (SPF), and Priority). This combination was



assessed using four indicator metrics, namely, energy consumption, time
consumption, stability, and frequency of missed deadline tasks.

This thesis’s results and evaluation showed that the designed
environment was highly useful due to its ability in providing real-life
scenarios for drones during missions. Other findings proved that the
suggested algorithm outperformed the benchmarking. The experiments also
showed that the optimal flying height was 40m. Also, wind speed that is 20
and over caused the drone to be crashed. Yet, more results showed that high
wind speed has a significant impact on the overall performance of the drones
in terms of energy and time consumption. Furthermore, the proposed
framework demonstrated that the combination of the proposed algorithm and
SPF scheduling algorithm consistently excelled in performance, which
makes it ideal for most applications including emergency drone applications.
Finally, in the Priority algorithm, drone coverage path planning developers
need to understand and comprehend the environment before assigning
priorities to tasks aiming at not missing their deadlines.



ala) Gl s Mall sl 33
Jua gall daala
bl 1l g G guilal) 2 gle dls

G gulal) o gle acd

) sa AN Gl Jas )
balaal) ClSudd) 8 jlida ¢y gy <l yildall

dadia da g b
dagall drala (B Cilpdly g qgulal) psle 28 ulaa
(2 Aduuld o) 9183 Balgds Jui clallata (ha ¢ jaS
G guladl agle

J8 (s
= 92 JmalS (s daa

iyl
L;J‘ J gada Am?uh K ?‘

a¥ovo 21647



LAl

bk (g il il daeal) b baat Sl dadasall e Jandads e

Dbesall Janhads (e Algall Cangl) i LAnanll Al Gandy YY) Cldeey ) 4810 Jie
s Dl Jlss pa (Jlady oagie JSa bty Ll dahia 3 J3n) gl b
(Spiral) e choulsll WLV aslshy (sl BN i) bl osy il
& Lyl el Calad 28 (Jhal Jppn e . cDISEL) ey (Boustrophedon)
e s dbigh i dilie ) LB chlas g5 38 Laiy cagaadl e il clgad 5Y)
U Al A 23l e Jalal pae (535 Lo Llle cclld 1) ALY L5y el culallaasy)
e 5,0 Cullad slae) i celld e sdle Lalad Ly ddaans JieYl (ggiedd) (50 Cilylise
pe JoS e dabid)l Gl ahee oY clad Aa A5 Algl ae Jaladl

calgall Algan e s

Agadlgl) Blall Callge Slad jlda sy ol lall 5lSkaal Ay dag ) 038 <k

i sl At 7350 ) il pacill igad 23 ilpalls Adhaall Alladdl G (0
da )l G clilall 8 caibloa cila )z agaill el g L Baleal) KA (e Blagiess
Oe Dbb Ge chillall dadass jlae Jaadadil A led Al can il celld e 30le . algal)
4iL=yL (Boustrophedon)  (Spiral) <lbua))lsa (s Blagieal) asaladdl o aaall Pla
Gala ) ds el Anerall daay Al BlSlae Caad L Sakaall AN (e Blagicsdd) aalad) )
s -Python ds.ayy AirSim 5 Unreal Engine s alhaiiab Qf)&iﬁ\ Crnay gl
o3 b Lgnddlie s Al by lpal) aeaialy b ggn @il al Cidag 5 el
Yog el Vo) dihiae gheb clelin) dal aladiul & ccpenilly SLaRY) Gahed L all )l
Lyad OS capal a8 (A€l Zapde 3 sSal) clilee oY Blai (e £0 5 Ve ¥ g i
il lsall ands sha) o5 el o sdle a8y ST 2l e Jpeanll Chagy cVsn el
Ay Adaanl 3laliey sl Digiuly Bl Digial sl hdsall Guulie alaiiul

e Bdle LChale (il dlls 8 ds kel daa))leddl and S cdaaBlll shall Clge (S



Dbl O calptal)l e Jaladd i) st ety Jee ) dag ) sda caedd el
First Come First Serve (FCFS), Shortest )algall dlgaal cilia) o S aa B
Aaydise Ganlke dal alatiuly misall 138 aui &5 . (Process First (SPF), and Priority
-(Deadline) Jlgill sesall 8 algall 2ty Ayl ly gl $Dlginly 2l <Dlgiul a4
s e Lyl s el sade ol deseadl) Ll o Lganip dag k) sda il ekl
dagiall duaypleal) of @Al Ziln cadl gl sl jld (en ciilall duadly cilagylin
4 O B el g i) of Lol cojlatll copelal A5kl jules o o) 8 cdg
a3all Cpelal (@l mag . Byilal) adaat b S Die Yo il Al 2L e e s WS i
Gin (e lda Gy clllall aladl oY) e € 56 Ll Ll Ll de e o bl
daa) lsdg dagiall dap sl (o ganll of Liad all LYY el . ciglly daUall oDl
Gk @y b Lay liadail) alaedd Lilie aleay Lae colY) 3 hainls oty SPF dlgas
O il 4l lue Ik 5 yshe ling cduglgl) daa)lsn (B cbudl L iglshall s
Adlgl) wclsall Cush are Caags aleall LY Cuat B lelatialy Ll aed ) Lk

pleall iy Lialal)



