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Single Vehicle
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Multi-vehicle System
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Multi-vehicle System
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Multi-vehicle System
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Multi-vehicle System: Main Aim

Calculate coordinates of take-off and landing points

@ minimize total time of operation
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Multi-vehicle System: Main Aim

Calculate coordinates of take-off and landing points

@ minimize total time of operation

@ visit all way-points
@ bounded helicopter flyover

@ visit multiple way-points during one flyover
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Problem Formulation

50.0 .
min

s.t.
40.0

30.0

[km]

20.0

10.0

0.0
START STOP

0.0 100 20.0, 30.0 40.0  50.0
[km]

® g;i point to be visited
A Ti take-off point
V¥ ¢; landing point

ECC 2014

trotal

June 26, 2014

8/15



Problem Formulation

50.0 .
min trotal

st tiotal = Yve||Gstart — 71|
40.0

30.0

[km]

20.0

10.0

0.0
START STOP

0.0 100 20.0, 30.0 40.0  50.0
[km]

® g;i point to be visited
A Ti take-off point
V¥ ¢; landing point

ECC 2014 June 26, 2014

8/15



Problem Formulation

50.0
40.0

30.0

[km]

20.0

10.0

0.0
START STOP

0.0 100 20.0, 30.0 40.0  50.0
[km]

® g;i point to be visited
A Ti take-off point
V¥ ¢; landing point

ECC 2014

min trotal

s.t. tiotal = 1/VCHQStart - Tl” + fl

fl S th,max

June 26, 2014

8/15



Problem Formulation

50.0
40.0

30.0

[km]

20.0

10.0

0.0

START

STOP

0.0 100 20.0_ 30.0
[km]

® g;i point to be visited
A Ti take-off point
V¥ ¢; landing point

ECC 2014

40.0

50.0

min trotal

s.t. tiotal = l/VchStal't - Tl” + f

fl S th,max
|1 — 4] < vehi

June 26, 2014

8/15



Problem Formulation

50.0
40.0

30.0

[km]

20.0

10.0

0.0

START

0.0 100 20.0_ 30.0
[km]

® g;i point to be visited
A Ti take-off point
V¥ ¢; landing point

ECC 2014

40.0

min trotal

s.t. tiotal = l/Vchstart - Tl” + fl
fl S th,max

|71 — 41| < veh
71— aqull + [lqr — laf| < w2

June 26, 2014

8/15



Problem Formulation

50.0 .
min ttotal
s.t. trotal = l/VchStal't - Tl” +fi+s
40.0
30.0 fi < thmax
T |In — bl < veh
=
20.0 I = qull + llgr — laf| < v
141 — 72| < ves1
10.0
0.0
START STOP

0.0 100 20.0, 30.0 40.0  50.0
[km]

® g;i point to be visited
A Ti take-off point
V¥ ¢; landing point

ECC 2014 June 26, 2014 8 /15



Problem Formulation

50.0
40.0

30.0

[km]

20.0

10.0

0.0
START STOP

0.0 100 20.0, 30.0 40.0  50.0
[km]

® g;i point to be visited
A Ti take-off point
V¥ ¢; landing point

ECC 2014

trotal

trotal = Yve||Gstart — T1|| + A + s1+

+hH
fi < thmax
|In — bl < veh
I —aull + llgr — &afl < vy
[[€1 — || < vest
fr < thmax

June 26, 2014

8/15



Problem Formulation

50.0t91 @ & q2
DN i
\ ,’ea3
\ 1
40.0
30.0
E
=
20.0
10.0
0.0
START STOP

0.0 100 20.0, 30.0 40.0  50.0
[km]

® g;i point to be visited
A Ti take-off point
V¥ ¢; landing point

ECC 2014

min
s.t.

trotal

trotal = Yve||Gstart — T1|| + A + s1+

+hH
fi < thmax
|In — bl < veh
I —aull + llgr — &afl < vy
11 — 2| < vest
fr < thmax
|72 — 2| < v

June 26, 2014

8/15



Problem Formulation

50.0

40.0

30.0

[km]

20.0

10.0

0.0

q1 I\ ”' a2 min
\
[N ,®ea3
* s.t.
START STOP
0.0 10.0 20.0 30.0 40.0 50.0
[km]
® g;i point to be visited
A Ti take-off point
V¥ ¢; landing point
ECC 2014

trotal

trotal = Yve||Gstart — T1|| + A + s1+

+hH
fi < thmax
|71 — 41| < veh
I —aull + llgr — &afl < vy
|41 — 72| < vest

f2 S th,max
|2 — C2|| < vefo
72 — g2+

+lg2 = asll + llg2 — 43| < wh

June 26, 2014

8/15



Problem Formulation

50.0

40.0

30.0

[km]

20.0

10.0

0.0

q1 I\ ”' a2 min
\
[N ,’ea3
* s.t.
START STOP
0.0 10.0 20.0 30.0 40.0 50.0
[km]
® g;i point to be visited
A Ti take-off point
V¥ ¢; landing point
ECC 2014

tiotal

tiotal = Yve||Qstart — T1|| + A + s1+
+ 4+ Y| gstop — Lal]

fi < thmax

|71 — 41| < veh

l7r — qull + llgr — &l < wfa

11 — 2| < vest

f2 S th,max
|2 — C2|| < vefo
72 — q2||+

Flla2 — qsll + llaz — 63]] < wo

June 26, 2014 8 /15



Mixed Integer Nonlinear Problem Formulation
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Mixed Integer Nonlinear Problem Formulation

solver time
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Mixed Integer SOCP Formulation

aijllti — &l < vefi
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Mixed Integer SOCP Formulation

aijllti — &l < vefi

Williams H.P., Model Building in Mathematical Programming, 1993
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Mixed Integer SOCP Formulation

aijllti — &l < vefi

Williams H.P., Model Building in Mathematical Programming, 1993

(aij=1)= |1 = 4| — vefi <0
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Mixed Integer SOCP Formulation

aijllti — &l < vefi

Williams H.P., Model Building in Mathematical Programming, 1993

(aij=1)= |1 = 4| — vefi <0

[7i = ]| — vefi < M(1 — i)
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Mixed Integer SOCP Formulation

aijllri =4l < vefi
Williams H.P., Model Building in Mathematical Programming, 1993
(aij=1) = [I1i =4l — vfi <0
[7i = ]| — vefi < M(1 — i)

M = max (|| — 4| — vefij)

Tij,fi j
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Mixed Integer Nonlinear Problem Formulation
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Mixed Integer SOCP Formulation
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Mixed Integer SOCP Formulation

aijllri = G| < vef I7i = 5] — vefy < MQ — o))

SOCP Mixed Int.
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Assumptions and Restrictions

@ Movement at constant speed
@ Refueling is instantaneous

@ Order of points is known

Same as in Garone, Determe, Naldi, CDC 2012
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Wrap Up

@ Path planing for multi-vehicle
system

@ SOCP mixed integer formulation

@ Large scale applications
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