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Figure 4: lllustrative scenario for mission planning.
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Figure 5: lllustrative scenario for mission planning.
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Problem Description

Types of Regions and Critical Situation
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Problem Description

Types of Regions and Critical Situation

@ Regions Pog “
Q No-Fly Zone (¢,) B
@ Penalty Region (¢,) O
© Bonus Region (¢p) @
©Q Remainder Region (¢,) O

o Critical Situation
Q Motor Failure (¢m)
Q Battery Failure (vp)
© Aerodynamic Surfaces Failure

®
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© Aerodynamic Surfaces Failure ‘
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Methods

Codification, Decodification and Solution

o Codification u;:

Control
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Codification, Decodification and Solution

o Codification u;:

Control

Codification

@ Decodification Fy:
Xer1 = Fu(xt, ug)

Pt pX + ve - cos(at) - AT + a¢ - cos(az) - (AT)?/2
Pl | _ | Pl 4 ve-sen(ar) AT + a: - sen(ar) - (AT)?/2
Vil - vi +ar- AT — Fd

Q1 ar+er- AT
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@ Solution x;:

Waypoint
N
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Methods

Greedy Heuristic

Algorithm 1: Greedy Heuristic.

begin
RouteLanding route[] < RouteLanding()[map.|¢p|];
for i = I to map.|¢y| do
\\ initialize(route[i], map.Z{",)b):

evaluate(routeli]);
RouteLanding bestRoute < getBestRoute(route);
return bestRoute;
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Greedy Heuristic

Algorithm 1: Greedy Heuristic.

1 begin

2 ﬁ(()uleLunding route[] + RouteLunding()[nm[x\o;,|];I
3 for 7 =T to map.[¢p| do

4 initialize(route(i], map. Z:a;.);

5 evaluate(routeli]);

6 RouteLanding bestRoute < getBestRoute(route);
7 return bestRoute;
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Greedy Heuristic

Algorithm 1: Greedy Heuristic.
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Methods

Greedy Heuristic

Algorithm 1: Greedy Heuristic.

1 begin

2 RouteLanding route[] < RouteLanding()[map.|¢p|];
3 for i = I to map.|¢p| do

4 initialize(route(i], map. Z:a;.);

5 evaluate(routeli]);

6 RouteLanding bestRoute < getBestRoute(route);
7 return bestRoute;
by
E ..
e
P1

Jesimar S. Arantes (USP) IEEE ICTAI 2015 November — 2015 16 / 41



Methods

Multi-Population Genetic Algorithm

Algorithm 2: Multi-Population Genetic Algorithm.

1 begin

2 repeat

3 for i = I to numPop do

4 for j = I to numindividuals do

5 initialize(pop(i).ind(j));

6 L evaluate(pop(i).ind(j));

7 organize(pop(i));

8 repeat

9 for j = 1 to rateCross x numlndividuals do
10 select(parents);

11 child < crossover(parents);
12 mutation(child);

13 evaluate(child);

14 add(child, pop(i));

15 organize(pop(i));

16 until converge(pop(i));

17 for i = I to numPop do

18 L migrate(pop(i));

19 until reach(sroppingCriterion);

20 RouteLanding bestRoute < getBestRoute(pop);
21 return bestRoute;

e e
e o e i o o
doe so00 00 go0 600 600
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Methods

Multi-Population Genetic Algorithm

Algorithm 2: Multi-Population Genetic Algorithm.
1 begin
2 repeat pop(1)
3 for i = I to numPop do
4 for j = I to numindividuals do
5 initialize(pop(i).ind(j));
6 evaluate(pop(i).ind(j));
7 organize(pop(i));
8 repeat
9 for j = 1 to rateCross x numlndividuals do
10 select(parents);
11 child < crossover(parents);
12 mutation(child);
13 evaluate(child);
14 add(child, pop(i));
15 organize(pop(i));
16 until converge(pop(i));
17 for i = I to numPop do
18 | migrate(pop(i));
19 until reach(stoppingCriterion);
20 RouteLanding bestRoute < getBestRoute(pop);
21 return bestRoute;
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Multi-Population Genetic Algorithm

Algorithm 2: Multi-Population Genetic Algorithm.

1
2
3
4
5
6

begin

repeat

for i = 1 to numPop do i 2

for j = I to numindividuals do I_,
L initialize(pop(i).ind(j));

evaluate(pop(i).ind(}));

organize(pop(i));
repeat
for j = 1 to rateCross x numlndividuals do

select(parents);
child < crossover(parents);
mutation(child);
evaluate(child);
add(child, pop(i));

organize(pop(i));
until converge(pop(i));

for i = I to numPop do
L migrate(pop(i));

until reach(stoppingCriterion);
RouteLanding bestRoute < getBestRoute(pop);
return bestRoute,

doo S0 G006

Jesimar S. A IEEE ICTAI 2015



Methods

Multi-Population Genetic Algorithm

Algorithm 2: Multi-Population Genetic Algorithm.
1 begin
2 repeat
3 for i = I to numPop do i 3 @)
4 for j = I to numindividuals do I_,
5 initialize(pop(i).ind(j)); — -
6 evaluate(pop(i).ind(j)); o) C
organize(pop(i));
repeat O OO
9 for j = 1 to rateCross x numlndividuals do -
10 select(parents);
11 child < crossover(parents);
12 mutation(child);
13 evaluate(child);
4 add(child, pop(i)); pop(3)
15 organize(pop(i)); e S ~
16 until converge(pop(i)); g \\@
17 for i = I to numPop do Z\
18 | migrate(pop(i)); Q00 000 ©00
19 until reach(stoppingCriterion);
20 RouteLanding bestRoute < getBestRoute(pop);
21 return bestRoute;
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Multi-Population Genetic Algorithm

Algorithm 2: Multi-Population Genetic Algorithm.

1 begin organize(pop(i)) P
) repeat 9 pop best individual
3 for i = I to numPop do

4 for j = I to numlndividuals do

5 initialize(pop(i).ind(j));

6 L evaluate(pop(i).ind(j));

7 Ior anize(pop(i)); | I i=1,2,3 |

8 repea

9 for j = 1 to rateCross x numlindividuals do b\ /‘
10 select(parents);

11 child < crossover(parents); worst individual
12 mutation(child);

13 evaluate(child);

14 add(child, pop(i));

15 organize(pop(i));

16 until converge(pop(i));

17 for i = I to numPop do

18 L migrate(pop(i));

19 until reach(sroppingCriterion);

20 RouteLanding bestRoute < getBestRoute(pop);

21 return bestRoute;
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Algorithm 2: Multi-Population Genetic Algorithm.

1 begin

2 repeat

3 for i = I to numPop do

4 for j = I to numlindividuals do

5 initialize(pop(i).ind(j));

3 L evaluate(pop(i).ind(j));
organize(pop(i));
repeat

9 for j = 1 to rateCross x numlndividuals do

10 select(parents);

11 child < crossover(parents);

12 mutation(child);

13 evaluate(child);

14 add(child, pop(i));

15 organize(pop(i));

16 until converge(pop(i));

17 for i = I to numPop do

18 L migrate(pop(i));

19 until reach(sroppingCriterion);

20 RouteLanding bestRoute < getBestRoute(pop);

21 return bestRoute;
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Methods

Multi-Population Genetic Algorithm

Algorithm 2: Multi-Population Genetic Algorithm.

1 begin select(parents)
2 repeat
3 for i = I to numPop do crossover(parents)
4 for j = I to numlindividuals do Leader
5 initialize(pop(i).ind(j));
6 L evaluate(pop(i).ind(j));
organize(pop(i));
repeat
9 for j = 1 to rateCross x numlndividuals do
10 select(parents); i
11 child < crossover(parents); Selected
12 mutation(child);
13 evaluate(child);
14 add(child, pop(i));
: — o o
15 organize(pop(i)); - ~ _ & ~
6 til converge i)); - = = h
16 L Vun ge(pop(i)); ! ’ P\ I ®
17 for i = 1 to numPop do /1N A\ /1\ /1 \ l
18 | migrate(pop(i)); 600 600 600 @00 ©00 ©00
19 until reach(sroppingCriterion);
20 RouteLanding bestRoute < getBestRoute(pop);
21 return bestRoute;
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Algorithm 2: Multi-Population Genetic Algorithm.
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1 begin
2 repeat
3 for i = I to numPop do
4 for j = I to numindividuals do
5 initialize(pop(i).ind(j));
6 L evaluate(pop(i).ind(}));
7 organize(pop(i));
8 repeat S ;/
9 for j = 1 to rateCross x numlindividuals do % {
10 select(parents); =4
11 child < crossover(parents); =
12 mutation(child); =
13 evaluate(child);
14 add(child, pop(i));
. . Q. Q.
15 organize(pop(i)); ~ - A) ~_
6 il conver i)); g g h
16 | unti ge(pop(i)); ® [} /O\ ®
17 for i = I to numPop do i=1 /1N \\ /| \ / 1\ J)
18 | migrate(pop(i)); 000 000 000 @00 ©00 ©00
19 until reach(stoppingCriterion);
20 RouteLanding bestRoute < getBestRoute(pop);
21 return bestRoute,
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Algorithm 2: Multi-Population Genetic Algorithm.

1 begin

2 repeat

3 for i = I to numPop do

4 for j = I to numlindividuals do

5 initialize(pop(i).ind(j));

6 L evaluate(pop(i).ind(j));

7 organize(pop(i));

8 repeat

9 for j = 1 to rateCross x numlndividuals do
10 select(parents);

11 child < crossover(parents);
12 mutation(child);

13 evaluate(child);

14 add(child, pop(i));

15 organize(pop(i));

16 until converge(pop(i));

17 for i = I to numPop do i=2

18 L migrate(pop(i)); |

19 until reach(sroppingCriterion);

20 RouteLanding bestRoute < getBestRoute(pop);
21 return bestRoute;
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Algorithm 2: Multi-Population Genetic Algorithm.
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7 organize(pop(i)); »

8 repeat L2
9 for j = 1 to rateCross x numlndividuals do LG
10 select(parents); ig
11 child < crossover(parents); igh
12 mutation(child); g
13 evaluate(child);
14 add(child, pop(i));

. . @ Q.

15 organize(pop(i)); - - ‘ ~_

6 til converge i)); 7 g h
16 [ un ge(pop(i)); ® ® ,O\ I o ®
17 for i = I to humPop do i=3 /1N / \\ / 1\ /1\ J)

18 | migrate(pop(i)); | 000 000 000 @00 000 000
19 until reach(sroppingCriterion);

20 RouteLanding bestRoute < getBestRoute(pop);

21 return bestRoute;

2015

26 / 41

IEEE ICTAI 2015



Methods

Multi-Population Genetic Algorithm
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Methods

Objective Function

|bp |¢pl
minimize fitness = —Cgp, - > (P(xk € Zé,b)) + Cop - > (Pl € Z‘;;p)) M
i=1 i=1

K
Cg, - max(0,1 —A—P (/\t O/\M)" xe ¢ Z;n)) + @Z“WH “let| +
t=0

shortetDise(3, Zy,) + { T vmn>0 { Cop 2T V=
@ Landing on ¢, @

@ Landing on ¢, @

@ Landing and fly on ¢, O

@ Curves of the UAV O

@ Distance to ¢ O

@ Time violation O

@ Battery failure o
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Methods

Methods Used

In this work, the following methods were used.
o GH: Greedy Heuristic
o MPGA1(-GH): Multi-Population Genetic Algorithm 1
o Without greedy operator
o MPGA2(+GH): Multi-Population Genetic Algorithm 2
o With greedy operator
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Computational Results
Automatically Generated Maps

o Level of Difficulty
O ME: a), b)
o MNZ C), d)
o MHZ e), f)

o Level of Coverage
Q Guso: a),c),e) (3)
Q Gsoy: b), d), f)

o Legend Colors ‘
(1 [ |
Q By e
o my 2
0 D ¢r ‘
(d) (¢) ()
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Computational Results

Parameters and Settings used in the Experiments

Model Parameters Value
Map Dimension X [m] 1000
Dimension Y [m] 1000
Initial Position (pg, pg) [m] (0;0)
Initial Velocity (vo) [m/s] 24
Initial Angle (ao) [°] 90
Linear Velocity (Vmin; Vmax) [m/s] [11; 30]
UAV Angular Variation (gmin; €max) [°/5] [-3: 3]
Acceleration (amin; amax) [m/s%] [0; 2]
Number of time steps to land (T) [s] 60
Time Discretization (AT) [s] 1
Probability of failure (A) 0.001
Populations 3
Individuals/Pop 13
Individuals Total 39
MPGA | Mutation Rate 0.5
Crossover Rate 0.75
Stop Criterion 10000
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Computational Results

Experiments: Result obtained for the GH, MPGA1(-GH) and MPGA2(+GH)

GH MPGA1(-GH) MPGA2(+GH)

v Instance bp br Inf. bp br Inf. bp br Inf.
Mg and Cygo, 79 21 0 81 19 0 90 10 0
Mg and Cggo 92 6 2 92 7 1 96 3 1
o My and Cys, 58 39 3 60 39 1 71 28 1
"Ml My and Gggoy 86 12 2 84 16 0 96 4 0
My and Cyso; 30 52 18 36 64 0 40 60 0
My and Cggo, 62 28 10 60 33 7 82 15 3

Avg 67.8 | 26.3 | 5.8 | 68.8 | 29.7 | 1.5 | 79.2 | 20.00 | 0.83
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Computational Results

Experiments: Result obtained for the GH, MPGA1(-GH) and MPGA2(+GH)

GH MPGA1(-GH) MPGA2(+GH)

v Instance bp ¢r | Inf. bp ¢r | Inf. bp ér | Inf.
Mg and Cyg, 99 0 1 100 0 0 100 0 0

Mg and GCggo, 97 0 3 99 0 1 99 0 1

) My and Cys, 93 3 4 94 5 1 99 0 1
b | My and Cso 98 0 2 99 0 1 100 0 0
My and Cyso, 67 5 28 73 27 0 94 6 0

My and Csgo, 83 0 17 68 17 15 95 2 3
Avg 895 | 1.3 | 92 | 888 | 82 | 3.0 | 978 | 1.3 | 0.8
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Computational Results

Experiments: Result obtained for the GH, MPGA1(-GH) and MPGA2(+GH)

GH MPGA1(-GH) MPGA2(+GH)

v Instance Db br Inf. bb br Inf. bp ¢r | Inf.
Mg and Cygo, 81 8 11 90 8 2 91 7 2

Mg and Cggy 88 0 12 89 0 11 93 0 7

My and Cys, 68 16 16 76 18 6 86 8 6

st My and Cggoy 82 1 17 84 3 13 89 0 11
My and Cyso; 41 23 36 49 46 5 67 28 5

My and Cggo, 56 0 44 46 23 31 78 4 18

Avg 693 | 80 | 227 | 723 | 163 | 11.3 | 840 | 7.8 | 82
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Computational Results

Experiments: Result obtained for the GH, MPGA1(-GH) and MPGA2(+GH)

GH MPGA1(-GH) MPGA2(+GH)
v Instance bp br Inf. bp br Inf. bp br Inf.
Mg and Cyse, 90 4 6 94 4 2 99 0 1

Mg and Csgy, | 90 0 10 95 1 4 95 1 4
My and Cysey | 70 20 10 79 16 5 92 5 3
Y2 | My and Gsow, | 87 1 12 83 8 9 94 0 6
My and Cysey | 40 17 | 43 62 35 3 74 | 24 | 2
My and Cgoo, | 61 3 36 57 13 | 30 | 76 | 4 | 20

Avg 73.0 7.5 195 | 783 | 128 | 88 | 883 | 5.7 | 6.0
Avg Final 749 | 108 | 143 | 77.1 | 16.7 | 6.2 | 87.3 | 8.7 | 4.0
Time (Sec)

GH MPGA1 | MPGA2
0.07 1.017 0.874
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Computational Results

Experiments: Example of Routes

Figure 7: Routes determined by the planner MPGA2(+GH) in a map My with
coverage Cosop: (a) Y. (b) .
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Computational Results

Experiments: Example of Routes

(d)

ny N

e

S

m
|

8

Figure 8: Routes determined by the planner MPGA2(4GH) in a map My with

coverage Gosy: (€) Ysi. (d) ¢ge.
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Computational Results

Experiments: Example of Routes

(a) Wind Velocity 10 Knots - My with Cyss, (b) Wind Velocity 50 Knots - My with C,s,
I |
. N
A
w —0
4,
J s

Figure 9: (a), (b) FG simulation with winds 10 and 50 knots. Wind direction:
west.
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Computational Results
Video FlightGear Simulator

FlightGear

Fafs.
localhost
agcontrol

Alrport
Input port
Output port
Frequency 2!
Telnet 5502
Initial values
Altitude 4800
Heading 0
Simulation

World | Sy

Contr... |Rout
Controller options

Reset tracke

Map
Zoom
Information

Plane

Altitude  1136.467
Lattude  -21.842
Longitud 95
Heading
pitch
Roll
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