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The covered route search problem for graphs with deadline time has applications such as aerial
photographing route search problem at natural disaster. However, information on the deadline
time of a node is not necessarily fully known in advance, and it is not realistic to calculate the
optimum route in advance. In this paper, we propose a method to calculate a route as efficient as
possible while giving priority to nodes with efficient covering under these conditions. The feature
of this method is to prevent extreme deterioration of performance against dynamic change of
information by using heuristics that makes the remaining nodes as one unit as possible.

As a result of experiment using 100 patterns graph randomly allocated urgency, this method
was able to reduce flight time of average 36.52% compared with simple method. And, in many
graphs, the proposed method reduces the case that does not meet the deadline.
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G

G = (N,E)

N = {n1, n2, ..., nm}

Deadline : N → T ime

Height : N → R

Position : N → R
2

E = {e1, e2, ..., ek}
Length :

Edge→ R+

G = (N,E) Deadline Height

Length nstart tstart

k

Woutput = [nstart, ni1, ni2, ..., nk−1, nk]

Eu

Ec

Eu

Woutput ni

FirstV isitT ime(ni,W )
ni

Penalty(ni,W )

Penalty(ni,W )

=

{
0 (FirstV isitT ime(ni,W ) ≤ Deadline(ni))

FirstV isitT ime(ni,W )−Deadline(ni) (otherwise)
(1)

Penalty(ni,W )

Eu(W )

Eu(W ) =

k∑

i=start

Penalty(ni,W ) (2)

Ec

FlightT ime(W ) Ec(W )

Ec(W ) = FlightT ime(W ) (3)

G = (N,E)

Deadline Position Height Length

t nstart tstart
V

Eu Ec

k Woutput =

[nstart, ni1, ni2, ..., nik−1, nik]
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3.1

1.

2.

3. 2

ΔW Q(ΔW )

nc ntarget

Q(ΔW )
Q(ΔW )

=
∑target

i=c {Deadline(ni)− FirstT ime(ni,ΔW )} (4)

3.2
A*

A*

3.2.1 A*

A*

A*

h∗(nc) cgroup

A*

nc ns

g(nc) h(nc)

f(nc)

f(nc) = g(nc) + h(nc) (5)

f(nc)

g(nc)

h(nc)

h∗(nc)

h∗(nc)

f∗(nc)

f∗(nc) = g(nc) + h∗(nc) (6)

f∗(nc)

A*

3.2.2

h∗(nc)

h∗(nc) = ttarget + tcovering (7)

ttarget
tcovering

ttarget
vmax nc

nt ttarget

ttarget =
‖Position(nt)− Position(nc)‖

vmax
(8)

tcovering

tcovering

1

G W
N ′ ⊂ N

W
E′ ⊂ E N ′ E′

G′ = (N ′, E′) l
Kl = (Nk, Ek) Nk ⊂ N

N ′ 1- C 1
Ek

1- C

Kl tcovering

tcovering

=
total distance + n distance× |Nk| + (δ(G′)− λ(G′))

vmax

total distance

Kl Nk

n distance

δ(G′) G′

λ(G′)
δ(G′)−λ(G′)

3.3
Algorithm1 1,2

vc vs
U G.node

5 target

6 vc target

A*

path 7 R path

8,9 vc
target 10

U

5 10
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Algorithm 1 Efficient Route Search Algorithm

Require: vs, G

Ensure: W

1: vc ← vs
2: U ← G.node

3: R← φ

4: while U �= empty do

5: target← U.priority.max

6: path← Mod-A star(vc, target, R)

7: R← R+ path

8: Move(R)

9: vc ← target

10: U ← U \R.all

11: end while

4: Eu(W ) Ec(W )

4.

3km2

16 × 16

min flight time μ = 1.0×
min flight time δ = 0.25 ×min flight time

100

1 1

Wproposal

Wsimple

Eu(W )

Eu(W )

Eu(W ) Ec(W ) 4

1 4

1

Ec(W ) 29.42% Ec(W )

36.52%

1: Eu(W ) Ec(W )

Eu(W ) 31928.77 22532.92

Eu(W ) 22960.94 15980.40

Ec(W ) 4820.21 3059.85

Ec(W ) 393.22 246.85
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