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Abstract. The aim of this work is to develop an algorithm to find the shortest path for drone flight planning
with a limited time frame. Author used the local search shortest path algorithm to find the most efficient algorithm
to use for further modification to apply to a drones flight calculation. The algorithm was modified to use the
distance between points as a unit of time to limit the flight path length depending on the drone's maximum flight
time. As a result of the work, an algorithm was created which, upon receiving an array of points, finds the shortest
distance between the points, but when it reaches the limit of the flight duration, it returns to the drone station to
charge, and resumes flight once it’s done charging.
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levads
Celojosa pardeveja probléma[ 1] ir algoritmiska probléma, kuras uzdevums ir atrast 1sako
marSrutu starp punktiem un vietam, kas jaapmekle. Nemot véra pilsétu kopu un attalumu starp
katru pils€tu pari, probléma ir atrast 1sako iesp&jamo marsrutu, kas apmekI€ katru pilsétu tiesi
vienu reizi un atgriezas sakuma punkta. Saja raksta tiks pielietots §is algoritmiskas problémas
risindjums, lai izveidotu 1saka cela algoritmu, kuram tiks padoti noteikti punkti un tapat ari
drona sakuma atraSanas vieta(drona stacija), kas atradis lidojuma marsrutu, kuru var izlidot
drons pirms vins$ izlad€jas un ja marSrutu nevar izlidot viena lidojuma drons atgrieZas atpakal,
lai var€tu uzladéties un tad turpinat savu lidojumu.
ST pétijuma merkis ir izstradat algoritmu Tsaka cela noteik$anai, kas biis sp&jigs noteikt
optimalako lidojuma marsSrutu, lai izlidotu doto punktu masiva koordinates ar laika
ierobezojumiem.

Materiali un metodes
Darba tika pielietots Python uz Jupyter Notebook [2] vidg.

Tehnologijas
Lai varétu izveidoto algoritmu pielietot ir nepiecieSamas tadas tehnologijas:

o Python 3.9 — programmgsanas valoda;

e Anaconda [3] — Python programmésanas valodas un saistito riku atklata pirmkoda
izplatiSana zinatniskajai skaitloSanai un datu zinatnei;

o Numpy - Python biblioteka zinatniskai skaitlo$anai un datu analizei, kas nodro$ina
atbalstu lieliem, daudzdimensiju masiviem un matricam, ka arT lielu matematisko
funkciju kolekciju, lai darbotos ar Siem masiviem;

e Pandas - atvérta koda Python biblioteka, ko izmanto datu analizei un
manipulacijam. Tas nodro$ina datu struktiiras lielu un sarezgitu datu kopu efektivai
glabasanai un apstradei, ka arT rikus datu tiriSanai, transformacijai, apkopoSanai un
analizei.
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o Matplotlib [4] - Python bibliotéka, kuru pielieto lai izveidotu augstas kvalitates datu
vizualizacijas riks priek§ diagrammam, histogrammu u.t.t.

e Haversine [5] - Python bibliotéka, lai noteiktu distanci starp diviem punktiem
izmantojot platuma un garuma gradus.

e Python-tsp [6] - Python bibliotéka celojosa pardevéja problémas (TSP) risinasanai;

e Shapely - Python bibliotéka, ko izmanto, lai apstradatu un analizétu geometriskus
objektus, pieméram, punktus, linijas un daudzstiirus.

Eksperimenta process
P&c izstrades vides sagatavoSanas, bija nepiecieSams sagatavot masivu ar punktiem un
drona sakuma atrasanas vietu. Masivs ar punktiem un drona sakuma atraSanas vieta tika
sagatavot pielietojot projekta ietvaros izveidoto timekla vietni droni.rta.lv [7]. dotas
koordinates tika nosiititas caur API, kurs nostita datus par punktiem un drona stacijas atraSanas
vietu (skatit 2.1. att.).
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2.1. attéls. Punktu masiva vizuala reprezentacija vietne droni.rta.lv.

Algoritms pielieto lokalas meklgSanas heiristisko metodi [8], lai noteiktu 1sako celu.
Tapat arf lai noteiktu distanci starp punktiem tiek pielietota Haversine formula [9] izmantojot
Haversine Python biblioteku, kas nosaka un vélak ievieto noteiktas distances masiva, kuras tiks
pielietotas paSa algoritma. P& dota masiva un drona sakumpunkta iegtiSanas, tika palaists
algoritms, kurs izveido lidojuma planus, pielietojot 1saka cela algoritma principus (skatit 2.2.
att.).

flight_path_points = []
new_distance = 0
for 1 in range(len(permutation)-1):
# check if distance to and back from point is not over the flight limit
if((new_graph[permutation[i]][permutation[i+1]]+new_graph[permutation[i+1]][permutation[0]]) <
(flight_distance_limit - critical_flight_limit)):
new_distance += new_graph[permutation[i]][permutation[i+1]] *1000
# check if curent segment path plus distance home is within flight distance of drone
if(((new_distance) + (new_graph[permutation[i+1]][permutation[0]]*1000))
flight_path_points.append(permutation[i])
else:
new_distance = 0
flight_path_points.append(0)
new_distance += new_graph[permutation[i]][permutation[i+1]] *1000
flight_path_points.append(permutation[i])
flight_path_points.append(0)

2.2. attéls. Algoritma dala, kur izveido lidojuma planus ar laika ierobeZoju.
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Rezultati
Kad algoritms tika palaists, tika iegiitas vairakas vizualizacijas un planu diagrammas.
Masiva punktu vizualizaciju var apskatit 3.1. attéla. Vizualizacija parada visu punktu atraSanas

vietu.
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3.1. att€ls masiva punkti

Plana vispargjo diagrammu, jeb labako variantu, kad drons var izlidot visus punktus un
netiek pielietoti laika ierobezojumi(skatit 3.2. att€ls). So planu bils arT japielieto, lai noteiktu
planu ar laika ierobeZojumiem.
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3.2. attels. Plana vispargja diagramma
Plana diagramma nemot véra drona lidojuma laiku, var redzét 3.3. attéla. Sis plans ir

izveidots, lai drons var€tu atgriezties atpakal uzladei un turpinat veikt lidojumu no pedgja
punkta, kuru izlidoja.
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3.3. attels. Plana diagramma, nemot véra drona lidojuma laiku

Secinajumi

Saja péttjuma, tika izveidots algoritms, kur§ sanem masivu ar punktiem un tad izveido
optimalako lidojuma planu nemot véra laika ierobezojumus, Iidz ar to seko ka, p&tijuma mérkis
tika sasniegts. Realiz&tais algoritms ir pielictojams, bet algoritmu var uzlabot pievienojot
papildus nosactjumus, pieméram ka, aizliegtas robezas, kur drons nedrikstetu lidot, ta pat art
biitu ar1 japievieno papildus topografiskie dati, ka altitida, lai lidojums notiktu noteiktos
augstumos. Tome@r, izmantojot realizéto algoritmu, lai autonomi izlidotu noteiktus punktus var,
bet ka iepriek§ minéts noteiktus nosacijumus un uzlabojumus vajadzétu implementét, lai
lidojuma precizitate un sekmiba biitu augstaka.

Acknowledgement
Funding institution: Latvian Council of Science
Funding number: Izp-2021/1-0134
Acronym: FLPP-2021-1
Funding text: This research is funded by the Latvian Council of Science, project “Development
of a decision-making system for smart horticulture using autonomous drones”, project No. lzp-

2021/1-0134

Summary
In this study, an algorithm was created that receives an array of points and then creates
the optimal flight plan taking into account time constraints, therefore, the research objective
was achieved. The implemented algorithm is applicable, but it can be improved by adding
additional conditions, such as restricted boundaries where the drone should not fly, and also
additional topographic data such as altitude should be included to ensure flight at specific
heights. However, using the implemented algorithm, it is possible to autonomously fly to
specified points, but as previously mentioned, certain conditions and improvements should be
implemented to increase flight precision and success.
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