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Trajectory Capturing Problem

S3

Given:
Set T of trajectories
k = 2 portals/pins

Wanted:
Place k portals
maximize the total length

Measured between two portals

Technische
June 16, 2020 | Probing a Set of Trajectories to Maximize Captured Movement

Sandor P. Fekete, Alexander Hill, Dominik Krupke, Tyler Mayer, Joseph S. B. Mitchell, Ojas Parekh and Cynthia A. Phillips

£ Universitit
o q
BraunSChwe'g ahill@ibr.cs.tu-bs.de | Slide 5



mailto:ahill@ibr.cs.tu-bs.de

N e o 0w

2 Universitit
¥ Braunschwei
g ahill@ibr.cs.tu-bs.de | Slide 6

Trajectory Capturing Problem

Complexity
1. One-Dimensional TCP
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Complexity: One-Dimensional TCP
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Complexity: One-Dimensional TCP

Vi(x) = max Vi (2') + Z
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Complexity: Geometric TCP
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Complexity: Geometric TCP
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Complexity: Axis-parallel TCP
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K-approximation
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A-approximation
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Integer Program Preliminaries
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Integer Program Formulation

max ZTGT,GEE(T) f(6)337-7e

D ovey Yo Z K (Constraint 1)
V1T = (vg,...,v) €T :
: Tor v v < ; if2 =20 .
VieO,...,l—1: rovigr = Y ’ (Constraint 2)
Lr,03v441 < Yt Trwgv else
: S ; if 2 =1 )
Viel, ... l: Tvi—1vi - Ji | ’ (Constraint 3)
Trw,_qv, S Yit Lr,vivi41 else
VveV,rceeT: Tre, Yo € {0,1}
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Integer Program Formulation
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Yo 20,1 Y1 I1,2 Y2 L2 3 Y3
® ® ®

Yo = Tpo1 X1+t Y1 = X122 Ti2+t Y2 = Ta3

Generalization:

V1T = (vg,...,v) €T :

\v/' 6 O l . 1 . foUivi'Fl —
! Y ' x < yi+x else
T,ViVi4+1 — yz T,Vi—174
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Integer Program Formulation
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Integer Program Formulation
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Yo 20,1 Y1 L1,2 Y2 T2 3 Y3
® ® ® ®

o1 SY1+x12 T12Y2+2T23 x23 Y3

Generalization:

V1T = (vg,...,v) €T :

Viel,...,l: Prvivn =
’ o x < yi+x else
T,V; -1V — yZ T,ViVi41
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Integer Program Formulation

max ZTGT,@EE(T) fle)zr.e

> vev Yo <k (Constraint 1)
V1T = (vg,...,v) €T :
. <y if = .
VieO,...,l—1: Trowies = i ite =0, (Constraint 2)
xTaviUi—l—l S y?, + xT7Ui—lvi else
_ o < - if e =1 :
Viel, ... l: Trvicave =i Hr=0 (Constraint 3)
Trwi_qv; = Yi t Trvvi4, else
VveV,rceeT: Tre, Yo € {0,1}
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Integrality Gap

OPT ;N7 (k) < k?

1 n?
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Heuristics: Greedy
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Heuristics: Iterated Local Search
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Heuristics: Simulated Annealing
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Heuristics: Evolutionary Algorithms

* Initial solutions via greedy variant

* (Create new solutions from
previous

-  Uniform random recombination

—  Mutation: ILS or SA

* Fitness: Captured length

* Selection: Uniform random
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Instance generation

o N

* Geometric instances -'\\}\‘\\\

* Random segments easy &\\\\/ ¢
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* Use seed points

— Random points
— TSP library
— Light maps
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Evaluation: Integer Programming

time consumption for k = 15
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Evaluation: Integer Programming

solved and unsolved instances comparison
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Evaluation: Evolutionary Algorithm Mutation Strategy

Comparison of runtime for EASA and EAIS
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Evaluation: Evolutionary Algorithm Mutation Strategy

Comparison of solution quality for EASA and EAIS
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Evaluation: Heuristics comparison

IP and Heuristic comparison
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Evaluation: Heuristics comparison

IP and Heuristic comparison
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Evaluation: Real world data
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Evaluation: Real world data

v jwﬂ\"',p L :
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Conclusion
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v <y ifi—
Vieo,...,l-1: Trowin = U ifi=0,
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