Universitesi . Istanbul Kiiltiir Universitesi

Enstitiisii : Lisaniistii Egitim Enstitiisii

Anabilim Dal : Matematik-Bilgisayar

Program : Matematik

Tez Danigmani : Dr. Ogr. Uyesi Siileyman Hikmet CAGLAR
Es Danigsmani : Dog. Dr. Ozgiir Koray SAHINGOZ

Tez Tiirii ve Tarihi : Doktora - Mayis 2019

OZET

KISITLARA BAGLI MATEMATIKSEL MODELLEME IiLE
INSANSIZ HAVA ARACI iCIN YUMUSATILMIS ROTA
PLANLAMASI

Bayram Ali BURAN

Bu tezde, Insansiz Hava Araci (IHA) igin matematiksel rota
planlama yontemleri incelenmistir. Bir IHA’nin 6nceden belirlenen
kontrol noktalarimi ziyaret etmesi ve yeniden baglangic noktasina geri
déniilmesi problemi IHA’min hareket kriterlerine bagh olarak
¢oziilmiistiir. Problem iki asamada ele alinmigtir. Birinci asama;
diizensiz olarak verilen kontrol noktalarmin hangi sira ile ziyaret
edileceginin belirlenmesidir. Gezgin Satici Problemi (Traveling
Salesman Problem-TSP) olarak da bilinen bu problem NP-Hard
olarak tanimlanmistir. TSP icin optimal ¢o6ziime yakin sonug¢ veren
bir evrimsel algoritma olan Genetik Algoritma (GA) yOntemi
kullamilmigtir. Bu ¢oziimde bir IHA’nin kontrol etmesi gereken ¢ok
sayida kontrol noktasi bulunmaktadir ve GA bu kontrol noktalarinin
hangi sira ile dolasilacagini belirlemektedir. Bu dolas1 siralamasinin
belirlenmesi ile olusan yol keskin d&niigler icermektedir. IHA’nin
manevra kabiliyeti g6z Oniinde bulundurularak ¢o6ziimiin ikinci

asamasinda yumusatma iglemi uygulanmaistir.
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Yumusatma yontemleri olarak Bezier Egrileri, B-Spline Egrileri ve
Dubins Yolu kullanimi iki 6rnek problem iizerinde incelenmis ve elde
edilen sonuglar karsilagtirilmistir. Yumusatma seviyesinin
iyilegtirilmesi ve IHA’nin gercekci ugus rotasina benzetilebilmesi igin
Bezier Egrileri kullanilirken ortaya c¢ikan piiriizlii kisimlar sanal
kontrol noktalar1 eklenerek giderilmis ve rasyonel katsayili Bezier
Egrileri kullanilarak egrinin iizerinden ge¢medigi kontrol noktalarina
yaklagmasi saglanmigtir.

Kuadratik (2’nci derece) Bezier Egrileri ve Dubins Yolu ydntemleri
ile olusturulan rotalar tiim kontrol noktalarinin tam olarak tizerinden
gecmektedir. Bu durumda olusan rota diger yontemlere gore daha
uzun olmaktadir. Ancak gérev plamindaki amaca gore bu sekilde IHA
ucusunun da tercih edilebilecegi 6ngoriilmektedir. Kiibik (3’iincii
derece) ve Kuartik (4’ilincii derece) Bezier Egrileri ile olusturulan
rotalar kontrol mnoktalarimin bir kisminin {izerinden gec¢cmekte
digerlerine ise yakinsamaktadir.

Kuadratik, Kiibik ve Kuartik B-Spline Egrileri ile olusturulan rotalar
ise bir kac1 hari¢ kontrol noktalarinin neredeyse hig¢ birinin iizerinden
gecmemektedir. Ancak olusturulan rotanin uzunlugu daha kiigliktiir.
Bezier ve B-Spline Egrilerinde derece arttikga olusturulan rota
kisalmakta fakat kontrol noktalarinin egriye uzakliklarinin ortalamasi
artmaktadir.

Olusturulan yollarin avantaj ve dezavantajlar1 belirtilmis olup, tercih

icin IHA nin gorev taniminin belirleyici olacag1 sonucuna ulagilmistir.

Anahtar Kelimeler : Genetik Algoritma, IHA Rota Planlama,
Rota Yumusatma, Bezier Egrileri,

B-Spline Egrileri, Dubins Yolu.
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ABSTRACT

SMOOTHED PATH PLANNING FOR UNMANNED AERIAL
VEHICLE WITH MATHEMATICAL MODELING BASED ON
CONSTRAINTS

Bayram Ali BURAN

In this thesis, mathematical path planning methods for Unmanned
Air Vehicle (UAV) are examined. The problem of visiting the
determined control points and returning to the starting point has
been solved. The problem is discussed in two stages. The first stage;
this is to determine the order in which the control points that are
given without order are to be visited. This problem, known as
Traveling Salesman Problem-TSP, is defined as NP-Hard. As for the
Traveling Salesman Problem the Genetic Algorithm (GA) method, an
evolutionary algorithm that gives results close to the optimal
solution, is used. In this solution, there are a large number of control
points that are needed to be checked by a UAV and the GA
determines the order in which these checkpoints are to be navigated.
The path formed by the determination of this tide sequence contains
sharp turns. In the second stage of the solution, the smoothing
process was applied considering the maneuverability of the UAV.

As the smoothing methods, Bezier Curves, B-Spline Curves and the



use of Dubins Path were examined on two sample problems and the
results were compared. In order to improve the smoothing level and
simulate the realistic flight route of the UAV, the rough parts that
occur when using Bezier Curves are eliminated by adding imaginary
control points and approached to the control points where the curve
does not pass by using Bezier Curves with rational coefficients.

The paths that are formed by the Quadratic (2nd degree) Bezier
Curves and Dubins Path pass precisely all over the control points.
The path formed thus is longer than the other methods. However,
according to the purpose in the task plan, it is predicted that UAV
flights may be preferred as well. The routes generated by the Cubic
(3rd degree) and Quartic (4th degree) Bezier Curves pass over some
of the control points while converging the others.

The paths that are formed by the Quadratic, Cubic and Quartic
B-Spline Curves pass over almost none of the control points except
for the few of them. However, the length of the route formed is
smaller. The route formed in Bezier and B-Spline Curves is shortened
as the degree increases while the average distance between control
points and curve increases.

The advantages and disadvantages of the paths formed were
determined and it was concluded that the definition of duty of the
UAYV would be the determinant.

Keywords : Genetic Algorithm, UAV Path Planning,
Path Smoothing, Bezier Curves,

B-Spline Curves, Dubins Path.
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