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ÖZ 

(A1BA;& C/D/=&;E.E<,/1E& /,<E=F/& .A012.AGA1& H,/=,/D/:& FAI+J;A=& K1</D&;KJ?,,/1E=F/& 3/L/&
/1/ME&+B+=&D+=+D?D&0/;E<,/&A=&-2LA=+,+1:&A=&;E./&0K,F/=&+=<+;/,+&</D/D,/0/>+,DA.+&+B+=&
-A1A;,+& B5C2D2=& >?,?=D/.E=E& -A1A;<+1+14& )=,AD:& >K0,/D& ;KK1F+=/<,/1E& LA& 02;seklik 

FAIA1,A1+&+,A </=ED,/=/=&?B?J&=K;</,/1E=E=&>/CE,/1E&/1/.E=F/&-AB+J&0K,,/1E&>?,?=D/;</FE14&
"?& 0K,& H/1B/,/1E=E=& ?C?=,?;:& -2LA=,+;:& 02;.A;,+;& -+>+& 1/.t,/=<E./,& K,/1/;& FAI+JA>+,A=&
kE.E<,/1E& DALM?<<?14& Problemin en uygun çözümü, tüm aD/B& GK=;.+0K=,/1E=E& birlikte 

eniyileyen B5C2DF214&"50,A&>+1&B5C2DA&?,/JD/;&BKI?=,?;,/ zordur. Çünkü genellikle 

-5C& 5=2=A& /,E=/=& ;E.E<,/1& >+1>+1+0,A& BA,+J;+,+& LA& =A-/<+G& 05=FA& A<;+,AJ+D,+F+1. Problem 

?C?=,?;:&02;.A;,+;&LA&-2LA=,+;&;KJ?,,/1E=E&;E.E<&K,/1/;&FAIA1,A=F+1+,F+I+=FA= BK;&/D/B,E&
eniyileme problemidir. Gerçek,AJ<+1+,A=&.+.<AD&?B?J&H,/=E& </./1,/D/&LA&0212<DA&K,D/;&
2CA1A& +;+& /,<& .+.<ADFA=& K,?JD/;</FE14& NB?J& H,/=E& </./1,/D/& /,< sisteminde, hava 

/1/B,/1E=E=:& >+1& +=<+;/,&>/J,/=-EB&=K;</.E=F/=&3AFAG&=K;</.E=/& A=&-2LA=+,+1:& A= ;E./:& A=&
düz yoldan intikali evrimsel yöntemle, genetik algoritma ile H,/=,/=DEJ<E14&NB?J&H,/=E&
yürütme alt sistemi ./I,/FEIE& 0/</0& LA& F+;A0& .A012.AGA1& -2F2D& GK=;.+0K=,/1E0,/& tüm 

?B?J& >/M/;,/1E& +B+=:& +.<A=+,A=& ;/,;EJ& =K;</.E=F/=& >+1& .K=1/;+& L/1EJ& =K;</.E=a planlanan 

+=<+;/,+& -A1BA;,AJ<+1+1. Problem çözümünde tasarlanan alt sistemler üç boyutlu çizge 

0/HE.E=E&;?,,/=D/;</FE14&

Anahtar Kelimeler: Seyrüsefer Planlama, NB?J& O,/=E& Pimülasyonu, QK;& $D/B,E&
Eniyileme, %/1/1&RA.<A;&$D/B,E&*SRP#M   

A NEW APRROACH TO NAVIGATION PLANNING UNDER REAL 
TIME CONSTRAINTS  

ABSTRACT 

Navigation planning under real time constraints requires finding the necessary solution 

for the transition of the air vehicle from the most secure, shortest path with minimum 
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fuel consumption under changing environment conditions. There are transition paths 

between some of the waypoints that are defined by latitude, longitude and altitude 

values. There are constraints of the transition paths like distance, security and altitude

that can change casually. The optimum solution of the problem is the solution which 

optimizes all objective functions. Finding such a solution is usually difficult. Because 

usually constraints that are considered in the problem are contradictory and interact 

negatively with each other. Since the problem considers distance, altitude and security 

conditions as distinct constraints, it is a multi-objective optimization problem. The 

system consists of two subsystems, one of these subsystems is flight planning 

subsystem and the other one is flight plan execution subsystem. In the flight planning 

subsystem, the most secure, shortest and smoothest flight path transition of the air 

vehicles from the source waypoint to the target waypoint is planned by evolutionary 

method and genetic algorithm. Flight plan execution subsystem executes the planned 

flight path from the desired departure waypoint to the next arrival waypoint owing to 

the lateral and vertical navigation guidance functions. The two subsystems developed 

uses 3-D graphs for the solution.  

Keywords: Navigation Planning, Flight Plan Simulation, Multi Objective Optimization, 

Decision Support Motivated MODSIM 

1. 9(*(, 

#=<+;/, problemi çok genel bir problemdir. Trafikte araç rotalamada, askeri 

?0-?,/D/,/1F/:& 1K>K<+;& ?0-?,/D/,/1F/:& JA3+1 ?,/JEDE=F/&>+1& 0A1FA=&>+1& 0A1A&3/=-+&3/<&
2CA1+=FA=& -+F+,AMAI+=+& >A,+1,ADAFA:& /I& 2CA1+=FA& LA1+& H/;A<,A1+=+& 05=,A=F+1DAFA&
;?,,/=E,/>+,+14&"?& B/,EJD/F/& 3/L/& /1/B,/1E& +B+=& .A012.AGA1& H,/=,/D/& B/,EJD/.E& 0/HE,FEIE&
için >+1& ?B?J& .+.<AD+=FA ;?,,/=E,D/.E& K,/.E& ;KJullar ve amaçlar F2J2=2,A1A;& B5C2D&
-A,+J<+1+,D+J<+14 T/HE,/=& B/,EJD/,/1& +=MA,A=F+I+=FA& .</=F/1<& 0K,& >?,D/& H1K>,AD+& +B+=&
-A,+J<+1+,A=& R+U;.<1/:& V,K0F& /,-K1+<D/,/1E:& WA?1/,& WA<XK1;& B5C2D2& -+>+& 05=<AD,A1+=&
H1K>,AD+=& ;E.E<,/1E& -A1BA;& C/D/=,E& K,F?I?=F/& F2C-2=& .K=?B& LA1DAF+I+& -512,D2J<214&
)L1+D.A,&05=<AD,A1&+.A&?0-?=,?;&GK=;.+0K=?&./0A.+=FA&./FAMA&0K,?=&?C?=,?I?=/&FAI+,:&
-2LA=,+I+=A& LA& 0KI?=,?I?=/& da bakabilmekte, dinamik FAI+JA=& K1</D& J/1<,/1E& +B+=&
problemin çözümüne uygun >+1&0/;,/JED&.?=/>+,DA;<AF+1&YZ].

Dinamik intikal planlama probleminin, çok iyi bilinen üç çözümü; Franciosa, 

Ramalingam Reps ve Frigioni çözümleridir [2, 3, 4[4& V1/=M+K./& </1/GE=F/=& -A,+J<+1+,A=&
B5C2D& ;?,,/=E,/D/C& 3/,A& -A,A=& >+1& F2I2D2=& F/3/& .K=1/& .+.<ADA& <A;1/1& A;,A=Abilme 

F?1?D?=?& -5CA<DAD+Jtir [3]. Ramalingam Reps yöntemi ortalaD/& B/,EJD/& C/D/=E&
/BE.E=F/=:&V1+-+K=+ 05=<AD+&FA& A=&;5<2&F?1?DF/;+& B/,EJD/&C/D/=E& /BE.E=F/=&2.<2=F21
[2, 4]4& V/;/<& >?& /,-K1+<D/,/1& /J/IEF/;+& F?1?D,/1& -5C& 5=2=A& /,E=FEIE=F/& >/CE& ;E.E<,/1/&
sahiptir:
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 Mevcut dinamik yol b?,D/& /,-K1+<D/,/1E:& <KHK,KU+FA;+& AJ& C/D/=,E& FAI+J+D,A1A&
F?0/1,E&FAI+,F+1:&0/=+&3A13/=-+&>+1&/=F/&./FAMA&<A;&>+1&FAI+J+D&K,/=&F?1?D,/1F/&
>/J/1E,E&K,/1/;&B/,EJD/;</FE1:&G/;/<&BAL1AFA&AJ&C/D/=,E&>+1BK;&FAI+J+D&K,F?I?=F/&
bu algoritmalar çözüm üretememektedir. 

 %A=/1& /IE1,E;,/1E=E=& +.</<+.<+;.A,& K,/1/;& LA& .21A;,+& FAI+J<+I+& .A=/10K,/1& +B+=&
DALM?<&/,-K1+<D/,/1E=&>/J/1EDE&+0+&FAI+,F+14

 "202;& <KHK,KU+,A1FA& LA& F2I2D& LA& >/I,/=<E& ./0E,/1E=E=& BK;& K,F?I?& /I,/1F/& AJ&
C/D/=,E& K,/1/;& >+1BK;& FAI+J+;,+I+=& K,F?I?& F?1?D,/1F/& C/D/=& ;E.E<E& F/& L/1& +.A&
DALM?<&/,-K1+<D/,/1E=&;?,,/=EDE&HA;&?0-?=&FAI+,F+14

"?& LA& >A=CA1+& .A=/10K,/1& F+=/D+;& /,-K1+<D/,/1E=& ;KJD/.E=E& -A1A;<+1A=& K1</D,/1&
K,F?I?=F/=& DALM?<& B5C2D,A1& .E=E1,E& K,/1/;& ;?,,/=E,/>+,+14& Dinamik optimizasyon 

probleminin verileri ve gi1F+,A1+&C/D/=,/&FAI+J<+I+=FA=:&3A1&.AGA1+=FA&0A=+&>+1&D/<1+.&+,A&
B5C2DA&>/J</=&>/J,/D/;&0A1+=A:&>?&B/,EJD/F/&K,F?I?&-+>+:&.AC-+.A,&/,-K1+<D/=E=&21A<+D&
F5=-2.2&LA&/D/B&GK=;.+0K=?&;?,,/=E,/1/;&>+1&5=MA;+&=A.+,FA;+&B5C2DA&0/;E=&>+1A0,A1+=&
seçimiyle daha iyi çözümler üretilebilir. "+,-+./0/1& F2=0/.Enda çözümsüz veya NP 

;/1D/JE;& K,/1/;& =+<A,A=F+1+,A=& >/CE& -A1BA;& 3/0/<& H1K>,AD,A1+=A& .K=& 0E,,/1F/& AL1+D.A,&
A=+0+,ADA&.E=EGE=F/;+&05=<AD,A1,A&B5C2D,A1&-A<+1+,DA0A&B/,EJE,D/;</FE1 [5]. 

2. :(;9'&+<*"$- 

Çizge Teorisi, bir K,/0& LA& +G/FA=+=& F2I2D& LA& B+C-+,A1& ;?,,/=E,/1/;& -5.<A1+,DA.+&
biçimidir. Q+C-A,A1&&>+1BK;&>+,-+./0/1&?0-?,/D/&/,/=E=F/&LA&?0-?,/D/&DKFA,,A1+=FA&.E;&
.E;&;?,,/=E,D/;</FE14&(2=2D2CFA&>+1BK;&51=A;&B+C-A,A1A&>A=CA<+,A>+,+14&*A.A,/&JA3+1,A1&
/1/.E& ?B/;& .AGA1,A1+& LA0/& +=<A1=A<<A;+& >+,-+./0/1,/1E=& >+1>+1+=A& >/I,/=D/.E& B+C-A& 0/HE.E&
>/C& /,E=/1/;& 51=A;,A=A>+,+14&B/I,/=<E& =K;</,/1E& >?,?=/=& LA& /1/,/1E=F/& 0K,& >/I,/DE=F/&
>+1JA0&>?,?=/=&3A1& <21&?0-?,/D/&B+C-A&0/HE.E=/&0/;,/J<E1E,/>+,+1. Birçok problem çizge 

LA1+& DKFA,+& JA;,+=FA& DKFA,,A=F+I+=FA& ;/1D/JE;& >+1& 3/,FA=& F/3/& /=,/JE,E1& 3/,A&
gelmektedir. Çizge 0/HE.E, F2I2D,A1 LA& ;A=/1,/1& ;2DA.+=FA=& K,?J?14& R2I2D,A1&
;A=/1,/1E=&;A.+JDA&=K;</.EFE1&LA&;A=/1,/1&F/&>?&F2I2D,A1+&>+1>+1+=A&>/I,/14  

NB?J& H,/=E& </sarlama alt sisteminde \A;+,& 1]FA;+& -+>+& >+1& JA3+1& 3/1+</.E=F/& 3/L/&
/1/B,/1E=E=:& >+1& +=<+;/,&>/J,/=-EB&=K;</.E=F/=&3AFAG&=K;</.E=/& A=&-2LA=+,+1:& A=&;E./:& A=&
F2C& 0K,F/=& +=<+;/,+& -A,+J<+1+,A=& 05=<AD,A& H,/=,/=DEJ<E14& \A3+1& 3/1+</.E=F/& JA3+1,A1/1/.E
3A1&>/I,/=<E&?C?=,?;:&-2LA=,+;:&02;.A;,+;&K,D/;&2CA1A&2B&FAIA1FA=&K,?J/=&>+1&LA;<51,A&
<AD.+,& AF+,DA;<AF+14& NB?J& H,/=,/D/.E& 0/HE,FEIE& +B+=:& JA3+1,A1/1/.E 0K,?=& 02;.A;,+I+& FA&
F+;;/<A&/,E=D/;</&LA&2B&>K0?<,?&B+C-A&+,A&B5C2D&0/HE,D/;</FE14 NB?J&H,/=E&0212<DA&/,<&
sisteminde ;?,,/=E,/=& B+C-A& ?B?J& =K;</,/1E=E=& A=,AD:& >K0,/D& LA& 02;.A;,+;,A1+& +,A&
K,?J<?1?,?14&
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Sistem \A;+,& 1]FA& -5.<A1+,A=& >/J,/=-EB& F?1?D?=F/& çözüm üretirken, dinamik olarak 

\A3+1& Z& – \A3+1& 6:& \A3+1& ^& – \A3+1& 9:& LA& \A3+1& ^& – \A3+1 ZZ& /1/.E=F/;+& >/I,/=<E,/1&
;KH<?I?=F/& /,-K1+<D/=E=& 5=A1F+I+& yeni +=<+;/,& H,/=E \A;+,& 2]FA& -5.<A1+,F+I+& -+>+F+1. 
Algoritma hem güvenlik, hem uzunluk, 3AD& FA& ?B?J& 02;.A;,+I+& ;KJ?,,/1E=E& F+;;/<A&
/,D/;</&LA&A=&-2LA=+,+1:&A=&;E./:&A=&F2C&?B?J?&H,/=,/D/;</FE14

,=>?6&1. NB?J&H,/=E&</./1,/D/&/,<&.+.<AD+&B+C-A&0/HE.E

,=>?6&2. Dinamik intikal çözümü
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3. '@*($A'!&<:<,& !"#!"$"&"!0&A(A0'$(& 

NB?J& H,/=E& </./1,/D/& AL1A.+nde b/J,/=-EB</& ?B?J& =K;</,/1E=E=& A=,em, boylam ve 

02;.A;,+;&FAIA1,A1+&LA&2B&>K0?<,?&B+C-A&0/HE.E=F/;+&1K</&H/1B/.E LA;<512&K;?=D/;</FE14&
R/3/&.K=1/&?B?J&=K;</,/1E=E=&A=,AD&LA&>K0,/D&>+,-+,A1+=FA=&0/1/1,/=/1/;:&/1/.E=F/&0K,&
</=ED,E&K,/=&=K;</,/1& +B+=&DA./GA&3A./>E&0/HE,D/;</FE14 QK;&;E.E<,E&eniyileme problemi 

+B+=& ;E.E<,/1& Y?C?=,?;:& -2LA=,+;:& 02;.A;,+;& G/1;E[& JA;,+=FA& 2B,2& >+1& LA;<51& K,/1/;&
F2J2=2,A>+,+14& 2D&?B?J& H,/=E +B+=& ?C?=,?I?&F_`a:& -2LA=,+I+& ._`a:& 02;.A;,+;& G/1;E f(x) 

K,/1/;&F2J2=2,21.A eniyileme fonksiyonunun ;E.E<,/1E&J?=,/1FE1b

min cd(x), max cs(x), min c df(x)d;  { d : Z  R+ , s : Z   [0..100], f : Z  R }

Her x için; d (x) > 0, 0 < s(x) < 100, f(x) > 0  

e/L/& /1/ME& +B+=& >?,?=/=& ?B?J& H,/=E=E& -A1BA;,AJ<+1DA;& +B+=& -A1A;A=& 0/;E<& D+;</1E=E&
-5.<A1A=&GK=;.+0K=&0&_`a&LA&0/;E<& </=;E=F/&5,B2,A=&0/;E<&D+;</1E&T&+.A, y (x) < T&J/1<E&
./I,/=D/,EFE14&)IA1&>?&J/1<&./I,/=DE0K1./&/,<A1=/<+G&?B?J&H,/=,/1E&/1/J<E1E,E14&)IA1&0/;E<&
</=;E=F/;+& 0/;E<& D+;</1E& +.<A=A=& ;/,;EJ& =K;</.E=F/=& L/1EJ& =K;</.E=/& -+F+J& +B+=& 3+B>+1&
JA;+,FA&0A<A1,+&FAI+,.A&DALM?<&0/;E<,/ -+F+,A>+,AMA;&A=&0/;E=&?B?J&=K;</.E=/&+=<+;/,&+B+=&
-A1A;,+&H,/=,/D/&0/HE,E14 S70-A Sikorsky /</;&3A,+;KH<A1+=A&+,+J;+=&-A1BA;&?B?J&LA1+,A1+&
LA&K1</D&;KJ?,,/1E&;?,,/=E,/1/;&/,E=/=&LA1+&;2DA.+=A&-51A&1A-1A.0K=&/=/,+C+&0/HE,DEJ&LA&
?0-?=& 0/;E<& /;EJ 3ECE& FA=;,AD+& >?,?=D?J<?14& T/;E<& /;EJ& 3ECE& </3D+=+& +B+=& 1A-1A.0K=
yöntemiyle >?,?=/=&GK1D2,,A1&J?&JA;+,FAF+1b

PEM/;,E;&<=  0 durumu için: 

YakE<&/;EJ&3ECE&f&g&884h&i&j4k^Zh&l_PEM/klE;a&g&j4969k&l &i&
17.3483 *  + 5.8181*  

Yükseklik
Havah ! "# $% &

              (1)

PEM/;,E;&> 0 durumu için: 

YakE<&/;EJ&3ECE&f&g&Z7h4hh&i&j47mkh&l_PEcaklE;a&g&j4hh8k&l &i&
13.651 *  + 6.9755*  

Yükseklik
Havah ! "# $% &

        (2)

(A,+J<+1+,A=& 1A-1A.0K=& /=/,+C+& +,A& 3A./H,/=/=& </3D+=+& 0/;E<& /;EJ& 3ECE& >+,-+.+& +,A& ?B?J&
H,/=,/D/&/,<&.+.<AD+&</1/GE=F/=&>?,?=/=&A=&+0+&?B?J&H,/=E=F/;+& <KH,/D&?B?J&DA=C+,+=+=&
</D/D,/=EH&</D/D,/=/D/0/M/IE&>?,?=?14&S70-A Sikorsky helikopterinin K1</,/D/&?B?J&
3ECE&H+,K<&</1/GE=Fan /0/1,/=/>+,+1&F?1?DF/FE14&n/1./0E,/=&K1</,/D/&?B?J&3ECE&Zkj&FA=+C&
mili / saat, 0/=+& 0/;,/JE;& mhh& ;D& o& .//<& K,/1/;& /,E=DEJ<E1:& >? FAIA1& -2=MA,,A=F+I+=FA&
/,-K1+<D/& 0/;E<& /;EJ&3ECE=/&-51A&-51AL+=& </D/D,/=/>+,DA&F?1?D?=?&-2=MA,& 0/;E<& /;EJ&
3ECE&FAIA1+=A&-51A 3A./H,/D/;</FE14 Regresyon ile b?,?=/=&0/;E<&/;EJ&3ECE& +,A&K1</lama

3EC&FAIA1+&B/1HE,/1/;&DALM?<&0/;E<,/&-+F+,A>+,AMA;&DA=C+,&FAIA1+&3A./H,/=E14&)IA1&?B?J&
H,/=E& /,<& .+.<AD+=+=& BK;& ;E.E<,E& A=+0+,ADA& +,A& 21A<<+I+& ?B?J& H,/=E=E=& -A1A;<+1F+I+& <KH,/D&
?B?J&DA=C+,+&DALM?<& 0/;E<,/& -+F+,A>+,AMA;& ?B?J&DA=C+,+=FA=& F/3/& >202;& +.A& /,<A1=/<+G&
?B?J& H,/=E& >?,?=?14& )IA1& 3+B>+1& JA;+,FA& DALM?<& 0/;E<,/& </D/D,/=/M/;& >+1& ?B?J& H,/=E&
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>?,?=/DE0K1./&A=&-2LA=+,+1:& A=&;E./:& A=&F2C&?B?J& 1K</.E=F/&3/L/& /1/ME=E=&-+FA>+,AMAI+&
?B?J&=K;</.E=/&;/F/1&-+FA>+,DA.+&+B+=&-A1A;,+&?B?J&H,/=E&21A<+,+1&LA&?B?J&H,/=E&B/,EJ<E1D/&
alt sitemine girdi olarak verilir. \A;+,& 3’de Sikorsky S-hj$& 3A,+;KH<A1+& +B+=& .EM/;,E;:&
02;.A;,+;:& 3EC& LA& /IE1,E;& ;E.E<,/1E=/& -51A& FAI+JA=& -A1BA;& 0/;E< /;EJ& 3ECE& FAIA1,A1+& LA&
1A-1A.0K=,/&</3D+=+&K,/1/;&3A./H,/=/=&0/;E<&/;EJ&3ECE&FAIA1,A1+&LA&1A-1A.0K=&/=/,+C+=+=&
3/</& 02CFA.+& -5.<A1+,D+J<+14 (A1BA;& 0/;E<& /;EJ&3ECE& LA1+,A1+&P+;K1.;0&Phj-A helikopteri 

te;=+;&A,&;+</>E=F/=&/,E=DEJ<E1&Y8].  

,=>?6&3. Sikorsky S-hj$&eA,+;KH<A1+&T/;E<&$;EJ&eECE&"+,-+,A1+

NB?J& H,/=,/D/& /,<& .+.<AD+=FA;+& +J,AD& /;EJE& \A;+,& 4’deki ;KF& >,KI?=F/ -5.<A1+,D+J<+14
"+1A0,A1+=& ;1KDKCKD,/1,/& <AD.+,+& -A1BA;,AJ<+1+,F+;<A=& .K=1/& >/J,/=-EB& nüfusu

K,?J<?1?,?14& R+=/D+;& K1</D& J/1<,/1E=E=& -2=MA,& 3/,+& /,E=/1/;& </./1,/=/=& ?0-?=,?k

fonksiyonu ile >/J,/=-EB& nüfustaki >+1A0,A1& FAIA1,A=F+1+,+14& "+1A0,A1 ebeveyn seçimi 

/J/D/.E=F/&B+G<le1A&/01E,E1&LA&3A1&>+1& +;+,+& +B+=&B/H1/C,/D/&0/HE,E14&Q/H1/C,/D/&/J/D/.E&
sonrasE& BAL1+D& +BA1A=& 0K,,/1F/;+& BAL1+D,A1& <AD+C,A=+14& "/CE& >+1A0,A1& +B+=& D?</.0K=&
0/HE,/1/;& BAJ+<,+,+;& ./I,/=E14&*?</.0K=& .K=?M?, ebeveyn ve çocuk kromozomlar tekrar 

?0-?=,?;&GK=;.+0K=?&+,A&FAIA1,A=F+1+,+1:&?0-?=,?;&FAIA1+&02;.A;&K,/=&>+1A0,A1&0/J/<E,E1:&
F+IA1,A1+&öldürülür4&"?&BAL1+D&>+1A0&>A=CA1,+I+&ölçütü ./I,/=E=M/0/&;/F/1&.21F212,21 [7].  
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,=>?6&4. NB?J&O,/=,/D/&$,<&P+.<AD+&)L1+D.A,&$,-K1+<D/&$;EJE

)L1+D.A,& /,-K1+<D/=E=& .A012.AGA1& H,/=,/D/& /D/ME0,/& ;?,,/=E,D/.E=F/:& 3A1& >+1A0&
b/J,/=-EB& =K;</.E=F/=& >+<+J& =K;</.E=/& K,/=& >+1& 1K</0E& -5.<A1DA;<AF+1 ve kromozom ile 

kodlanarak gösterilir. (A,+J<+1+,A=& .AC-+.A,& 05=<ADFA& 0K,,/1E=& <AD.+,+& +B+=& FAI+J;A=&
?C?=,?;,?& ;1KDKCKD,/1& ;?,,/=E,DEJ<E14 %1KDKCKD?=& +,;& -A=+& >/J,/=-EB& =K;</.E:& .K=&
geni dA& >+<+J& =K;</.E=E& -5.<A1DA;<AF+14 Kromozomlar permutasyon kodlama ile 

;KF,/=E1,/14& eA1& ;1KDKCKD:& 1K</F/& 2CA1+=FA=& -AB+,A=& F2I2D,A1+=& =?D/1/,/1E=F/=&
K,?J/=& >+1& </D./0E& F+C+.+& JA;,+=FAF+14&NB?J& H,/=,/D/& .+.<AD+=FA& +,;& =2G?.:& 1/.<,/=<E./,&
K,/1/;& K,?J<?1?,?14& W2G?.</;+& >+1A0& ./0E.E& =A.+,,A1& >K0?=M/& ./>+<& ;/,/=& LA& -A=A<+;&
/,-K1+<D/=E=& B/,EJD/.E=/& A<;+& AFA=& 5=AD,+& >+1& G/;<51F214& #,;& =2G?.</;+& >+1A0,A1&
1/.<,/=<E./,&K,/1/;&21A<+,F+I+=FA=&FK,/0E:&3A13/=-+&>+1&LA0/&>+1FA=&G/C,/&F2I2D&2CA1+=FA&
BAL1+D,A1& K,?J/>+,+14& %?,,/=E,/=& -A=A<+;& /,-K1+<D/& 0/;,/JEDE=F/& >+1A0,A1FA& K,?J/=&
BAL1+D,A1& <AD+C,A=DA;<AF+1:& B2=;2& >?& BAL1+D,A1& K,?J<?I?& /=F/& ;/,FE1E,D/C,/1./:&
B/H1/C,/D/&.K=?M?&>KC?;&>+1A0,A1+=&K,?JD/.E=/&=AFA=&K,/>+,+1,A1 [8].  

"+1A0,A1+=:&0/=+&B5C2D&/F/0,/1E=E= kalitesi ve so=?M/&0/;E=,EIE&?0-?=,?;&GK=;.+0K=?&+,A&
>A,+1,A=+14&  2D& K>UA;<+G,A1+& >/I,/D/;& /D/ME0,/& -A=A,& >+1& ?0-?nluk fonksiyonu 

</./1,/=DEJ<E14& Evrimsel yöntemin bireyleri FAIA1,A=F+1DA;& +B+=& ;?,,/=FEIE& /D/B&
GK=;.+0K=?&/J/IEF/;+&-+>+F+1p

! "! "
1

1 /  uzunluk  1 /  100  güvenlik   1 /  yükseklik farkE
segmansay ' 

i#

$ % $& (3)
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"+1A0A& /+<& ;1KDKCKD?=& ?0-?=,?;& FAIA1+, 1K</0E& K,?Jturan her >/I,/=<E=E= uzunluk, 

güvenlik ve önceki >/I,/=<E0/ -51A&02;.A;,+;&G/1;E&FAIA1,A1+&;?,,/=E,/1/;&>?,?=?1&LA&>?&
FAIA1&1K</0E&K,?J<?1/=&>/I,/=<E&./0E.E=/&>5,2=214&#lk >/I,/=<E için yükseklik fa1;E&F+;;/<A&
/,E=D/C4 %1KDKCKD,/1&?0-?=,?;&FAIA1,A1+=A&-51A&/C/,/=&.E1/&+,A&.E1/,/=E1,/14& KH,?D?=&
<KH,/D& ;/,+<A.+=+& /1<<E1D/;& +B+=& ?0-?=,?;& FAIA1+& 02;.A;& ;1KDKCKD,/1E=& >+1& .K=1/;+&
=A.,+=& -A=& 3/L?C?=/& /,E=D/& J/=.E=E& 02;.A,<A=& >+1& .AB+D& KHA1/<512& ;?,,/=E,E14 Seçim 

KHA1/<512& .K=?M?=& /1/J<E1E,D/.E=E:& B5C2D& ?C/0E=E=& >A,+1,+& >5,-A,A1+=FA& 0KI?=,/J<E1E14&
q=A1+,A=& /,-K1+<D/F/:& .K=1/;+& =A.+,& +B+=:& A=& +0+& ;1KDKCKD,/1E=& ;K1?=D/.E& LA&
51=A;,ADAFA=& ;/0=/;,/=/M/;& +.</<+.<+;.A,& 3/</,/1E=& 5=,A=DA.+& /D/ME0,/& 1?,A<& <A;A1+&
isim,+& .AB+D& <A;=+I+& ;?,,/=E,DEJ<E14 r?,A<& <A;A1+& <A;=+I+=A& -51A& <KH,?,?;</;+& <2D&
>+1A0,A1+=&?0-?=,?;&FAIA1,A1+&<KH,/=E14&"+1&>+1A0+=&.AB+,DA&K,/.E,EIE:&?0-?=,?;&FAIA1+=+=&
>?&<KH,/D&FAIA1A&K1/=E&;/F/1FE14  

Q/H1/C,/D/&/J/D/.E=F/:&B/H1/C,/D/&>5,-A.+=FA=&.K=1/;+&genler, ebeveyn kromozomlar 

/1/.E=F/& </;/.& AF+,+14& Q/H1/C,/D/& =K;</,/1E& +;+& ;1KDKCF/;+& -A=,A1+=& /0=E& K,F?I?&
=K;</FE14& (A,+J<+1+,A=& /,-K1+<D/F/& +;+& ;1KDKCKD& /=M/;& K1</;& -A=A& ./3+H.A&
B/H1/C,/=/>+,+14& Q/H1/C,/D/& +J,AD+& .K=?M?& <A;1/1,E& -A=,A1& +BA1A=& BAL1+D,A1& K,?J/>+,+14&
Algoritma bir art-+J,AD& -A1BA;,AJ<+1A1A;& K,?J/=& BAL1+D,A1+& <AD+C,A1& LA& ;1KDKCKD?&
;E./,<E14&*?</.0K=&<KH,?DF/;+&-A=A<+;&BAJ+<,+,+I+&/1<<E1E1&LA&/F/0&;1KDKCKD?=&-A=,A1+=+&
FAI+J<+1A1A;& >5,-A.A,& A=& +0+& B5C2D,A1A& </;E,D/& F?1?D?=?& A=-A,,A14& )=& ;E./& 0ol 

H1K>,AD+=FA& >+1& ;1KDKCKD?=& 3A13/=-+& >+1& -A=+& FAI+J<+I+=FA& ;1KDKCKD& -ABA1,+,+I+=+&
0+<+1A>+,+14&"?&=AFA=,A&<A;&>+1&-A=&FAI+J+D+&+B+=&>+1&F+C+&-A=&FAI+J<+1+,A1A;&;1KDKCKD?=&
?0-?=,?I?& ;K1?=?14& PAB+,A=& +;+& =K;</& /1/.E& /,<A1=/<+G& >+1& 1K</& +,A& ;1KDozom genetik

FAI+J+DA&?I1/<E,E1. Örnek bir çaprazlama +J,AD+&\A;+,&5’de, 51=A;&>+1&D?</.0K=& +J,AD+&
de \A;+,&6’da -5.<A1+,D+J<+1 [8].  

,=>?6&5. Çaprazlama operatörü

USMOS 2011 ODTÜ, ANKARA

674



,=>?6&6. Mutasyon operatörü

)L1+D.A,&/,-K1+<D/=E=&A=&5=AD,+&2B&H/1/DA<1A.+&B/H1/C,/D/&K1/=E:&D?</.0K=&K1/=E&LA&
<KH,?DF/;+& >+1A0& ./0E.EFE14& Q/H1/C,/D/& LA&D?</.0K=& K1/=E=E=& >A,+1,A=DA.+& +B+=& G/1;,E&
FAIA1,A1,A&FA=ADA,A1&0/HE,/1/;&A=&?0-?=&FAIA1,A1&>?,?=D?J<?14&Q/H1/C,/D/&K1/=E& +B+=&
denADA,A1&.K=?M?&A=&?0-?=&FAIA1&s^j, mutasyK=&K1/=E&+B+=&A=&?0-?=&FAIA1&sZ olarak 

>A,+1,A=D+J<+14&%1KDKCKD&./0E.E&ise B+C-A=+=&;/1D/JE;,EIE=/ göre belirlenmektedir.

(A,+J<+1+,A=& AL1+D.A,& /-K1+<D/F/:& UA=A1/.0K=,/1& +,A1,AF+;BA& ?0-?=,?;& FAIA1+& F/3/&
02;.A;:&B5C2DA&F/3/&0/;E=&>+1A0,A1&HKH2,/.0K=F/&0/0E,E14&kj&?B?J&=K;</,E:&mkj&>/I,/=<E&
+BA1A=& >+1& B+C-A& +B+=& =A.+,,A1& >K0?& 3/</& K1/=E=E=& =/.E,& /C/,FEIE& \A;+,& 7’deki grafikte 

-5.<A1+,D+J<+14&t&A;.A=+&UA=A1/.0K=&./0E.E=E:&T&A;.A=+&FA&=A.+,&+B+=FA;+&?0-?=,?;&FAIA1+&
A=& 02;.A;& K,/=& >+1A0+=& .K=?M/& ?C/;,EIE=E& -5.<A1A=& 3/</& 02CFA.+& FAIA1+F+14& "?& 51=A;&
FA=ADAFA&=2G?.</;+&>+1A0&./0E.E&W&f&mj&K,/1/;&.AB+,D+J<+14&  
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4. <:<,& !"#-&%B*B0$'&"!0&A(A0'$( 

e/L/& /1/ME=E=& 1K</.E=F/:& +.<A=+,A=& ?B?J& 1K</.E=/& -51A& 3A13/=-+& >+1& ./HD/& K,F?I?=F/:&
./HD/0,/& K1/=<E,E:& 3/L/& /1/ME=E& 0A=+FA=& K& 1K</0/& .K;/M/;& 0/,H/& ;KD?<?& 3A./H,/=E14&
$01EM/& 3/L/& /1/ME=E=& 1K</& FAI+J<+1mesi gereken zamanlarda da, bir sonraki rotaya 

K<?1D/.E=E& ./I,/0/M/;& 0/,H/& ;KD?<?=?=& 3A./H,/=D/.E& -A1A;DA;<AF+14 e/L/& /1/ME=E&
istenilen rotaya oturtD/F/& ;?,,/=E,/=& 0/</0 LA& F+;A0& -2F2D,ADA& /,-K1+<D/,/1E& ;KF&
>,K;,/1E \A;+,&8’de gör2,F2I2&-+>+F+14  

,=>?6&8. Yatay ve dikey -2F2D,ADA&/;EJ,/1E

)=,AD&LA&>K0,/D,/1E&;KK1F+=/<&.+.<AD+=FA&-5.<A1+,A=&?B?J&=K;</,/1E0,/&A,FA&AF+,A=&B+C-A&
0/HE.E&2CA1+=FA&A=&-2LA=+,+1&A=&;E./&0K,F/=&D+=+D?D&0/;E<,/&3/L/&/1/ME=E=&?B?J&H,/=E&
B/,EJ<E1E,E14& "?& 51=A;& .A=/10KF/& 8& =K;</,E& >+1& ?B?J& H,/=E& B/,EJ<E1E,D/.E& A.=/.E=F/&
</./1,/=/=&0212<DA&/,<&.+.<AD+=FA&A,FA&AF+,A=&.K=?B&-5.<A1+,D+J<+14&NB?J&H,/=E&0212<DA&
alt sisteD+=+=& B/,EJD/.E=/& +,+J;+=& 51=A;& A;1/=& -512=<2.2& \ekil 9’da, /0=E& 51=A;& +B+=&
3A./H,/=/=& 0/,H/& /BE.E& ;KD?<? \A;+,& 10’da -5.<A1+,D+J<+14 Bu örnekte, hava a1/ME&&
”üzerinden uç” modunda, “ileri” yönde [N 10 m/s, E 10 m/s] esen, 14.14 m/s 3ECE=F/;+&
rüzgâr ;KJ?,,/1E=F/& H,/=,/D/& /,<& .+.<AD+& +,A& >?,?=/=& ?B?J& H,/=E=E& +C,ADA;<AF+14& NB?J&
>/J,/=-EB&=okta.E&A=,AD&7ku&j7v&7hw&LA&"K0,/D&19° 84v&j8w:&>/J,/=-EB&0A1&3ECE&hj m/s,

>/J,/=-EB&+1<+G/.E&Z9^k&DA<1AF+14
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,=>?6&9. NB?J&O,/=E&T212<DA&PA=/10K.?

 

,=>?6&10. Yatay seyir yalpa komutu 

 
5. SONUÇ 

NB?J& LA& .A0+1 H,/=,/D/& H1K>,AD+=+=& B5C2D2=FA& V,K0F:& R+U;.<1/& -+>+& ;/1D/JE;,EIE&
belirli, analitik algoritmalar veya A-P</1:& WA?1/,& WA<XK1;& >A=CA1+& 0/;,/JED,/1&
;?,,/=E,/>+,+14&V/;/<&?B?J&3/<<E&2CA1+=FA;+&3A1&?B?J&>/M/IE=E= maliyetinin /0=E&FAIA1FA&
K,D/FEIE& F?1?D,/1& K,/>+,+14& "A,+1,+& ?B?J& >/M/;,/1E uzunluk ve yükseklik ölçülerinden 

FK,/0E& <A1M+3& AF+,AMAI+ -+>+:& >A,+1,+& >/I,/=<E,/1& AD=+0A<& /BE.E=F/=& ;?,,/=E,D/;&
+.<A=DA0A>+,+14&$01EM/&?B?J&3/<<E üzerinde dinamik ol/1/;&>/CE&>/I,/=<E,/1&;KH/>+,+14&"?&
F?1?DF/&B+C-A&LA&>/I,/=<E,/1&FAI+JAMAI+=FA=:&H1K>,AD&LA1+,A1+&0A=+,A=D+J&3/,+0,A&<A;1/1&
B5C2,DA;&F?1?D?=F/FE14&R+=/D+;&eniyileme probleminin verileri ve girdileri zamanla 

FAI+J<+I+=FA=:& 3A1& .AGA1+=FA& 0A=+& >+1& D/<1+.& +,A& B5C2DA& >/J</=& >/J,/D/;& 0A1+=A:& >?&
B/,EJD/F/& K,F?I?& -+>+:& .AC-+.A,& /,-K1+<D/=E=& 21A<+D& F5=-2.2& LA& /D/B& GK=;.+0K=?&
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;?,,/=E,/1/;&>+1&5=MA;+&=A.+,FA;+&B5C2DA&0/;E=&>+1A0,A1+=& .AB+D+0,A&F/3/& +0+&B5C2D,A1&
üretilebilir.  !"!#$%&'()*+$#,'('+-&%'+,'./%&*01!%#$2&2*"%3$4*"('+/&$5$"&!"&3'6(',&'+','&

tekniklerinden biri olarak görülmektedir [9].  

Dinamik yol planlama probleminin çözümünde, matris kullanarak çözüm yapan 

7$1%3#+'-& 8(*49& '()*+$#,'('+/& 0!":!+$& 4;"#!,(!+9!-& 5$:)!4!& 4!"$& 9<6<,(!+$"& =!&

0'6('"#/('+/"&!%(!",!3$&=!4'&5/%'+/(,'3/&9>+>,>"9'&4$"!&,'#+$3&9!6$.!?!6$& $5$"-& $.(!,&

:','"/& '+#'+@ [10, 11]. A/3/#('+& !.& :','"(/& 9$"',$%& 9!6$.#$6$"9!& ;"?!%$& 5;:<,<"& 0$+&

B'+5'3/"/"& '4"!"& %*+>"'?'6/& C!+& :','"& )'+'"#$& !9$(!,!4!0$($+ [12]. D$3#!,9!& !.&

:','"(/& *('+'%& 0$+9!"& 2':('& 9!6$.$%($%& )!+5!%(!.!0$(!?!6$"9!", '()*+$#,'"/"& '3/(&

%':'"/,/&4!"$&9>+>,9'&>4)>"(>6>&4<%3!%&bireylerin top(>,'&4'4/(,'3/"/&3'6(','%#/+.  
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