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1 An example problem.
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2 Optimal route of TSP.
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3 Optimal route of FSVRP.
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(a) Drone without load (b) Drone with load w

4 Forces on a drone.
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Algorithm 1 Dynamic Programming for FSVRP
1: Winit < E w
2: for next_customer € V do
3: dp[l << (next_customer — 1)|[next_customer| < flight_time(depot to next_customer with Wint)
4: Weight[l << (next_customer — 1)] + (Winit — Whest_customer)
5: end for
6: for state in (2 — 1) do
7 for next_customer € V do
8: if next_customer has not been visited yet then
9: for prev_customer € V do
10: dp[state|(1 << (next_customer — 1))][next_customer] <
11: min(dp[state][prev_customer] + flight_time(prev_customer to next_customer with Weight|state]),
12: dp[state|(1 << (next_customer — 1))][next_customer])
13: Weight[state|(1 << (next_customer — 1))] - Weight[state] — Wheat_customer
14: end for
15: end if
16: end for
17: end for
18: min_cost <~ INFINITE
19: for prev_customer € V do
20: min_cost < min( dp[2Y — 1][prev_customer] + flight_time(pre_customer to depot without payload), min_cost)
21: end for
4. FFMEER 100007 rspan X
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Number of customers

5 Runtime of the routing algorithms.

4.2 EERER

50, 6 207 NI ) XLDEFEMEZRLTWS.
TSP-BF & FSVRP-BF &, & 12 2B A 5 & 1 KL
W CHOEMEH S S e\, TSP-DP & FSVRP-DP 13315
TR 7203, BB 20 RETHNIE, +HEM
MTH5.

6 IIRMATHREM DOFER % TSP-DP TIESMELZE D
FRLULTWS. RN S, TSP-DP X RITHRFFIZBEI L T
BRETRWI EE2RLTWS. £72, FSVRP-DP & TSP-
DP X 0 & ¥ 3.04%ENT W5, = LT, FSVRP-DP i%
FSVRP-BF L [H Uz kDB Z LN TE 5.

TR RATIEME OGS % TSP-DP TIEFLLZH D
ZmRUTWA. FSVRP O R#fRIE TSP O ma#fif & b 3
Y9 0.63% N BN L 2R LTWS,



BRLIEF SRR E
IPSJ SIG Technical Report

1.15 4

= TSP-NN

" TSP-BF
1.1 -

1.05 A

0.95

Normalized flight time
=

0.9

0.85

5 6 7 8 9 10 11

= TSP-DP

® FSVRP-NN

12

Vol.2019-SLDM-189 No.7
Vol.2019-EMBS52 No.7
2019/11/13

™ FSVRP-BF ® FSVRP-DP

13 14 15 16 17 18 19 20

Number of customers

6 Total flight time of the obtained routes.

1.2 1

B TSP-NN [ TSP-BF

1.1

1.05

Normalized flight distance

0.95

0.9

5 6 7 8 9 10 11
Number of customers

M TSP-DP

M FSVRP-NN

12

M FSVRP-BF M FSVRP-DP

13 14 15 16 17 18 19 20

B 7 Total flight distance of the obtained routes.

5. &b YIC

S, FO— 3By — Y RAIZERI NG Z BN THE
IND. KX TIE, MEIZE>T RO =V ORITHEED
ZAbd Bl EFEE E AL L, RIR I FSVRP % < 8
FIETIEEZ R R U 7z, EBRAER D S, IREFEF RN T
HBHZLERLUZ. S5, AR EDEMICET 2 ERE
EJE U - EOEFHEIZ D WTIRET T 5.

SE

[1] D. Zhang, T. He, “pCruise: Reducing Cruising Miles
for Taxicab Networks,” Real-Time Systems Sympo-
sium, 2012.

2] F. Kong, Q. Xiang, L. Kong, X. Liu, “On-line
Event-driven Scheduling for Electric Vehicle Charg-
ing Via Park-and-charge,” Real-Time Systems Sympo-
sium, 2016.

[3] S. Negoro, I. Taniguchi, H. Tomiyama, “Fundamen-
tal Analysis of Low Energy Path Routing for Deliv-
ery Quadcopters,” International Technical Conference
on Circuits/Systems, Computers and Communications,

(© 2019 Information Processing Society of Japan

[4]

[5]

(6]

2016.

K. Dorling, J. Heinrichs, G. G. Messier, S.
Magierowski, “Vehicle Routing Problems for Drone De-
livery,” IEEE Transactions on Systems, Man, and Cy-
bernetics: Systems, vol. 47, no. 1, pp. 70-85, 2017.

Y Funabashi, A. Shibata, S. Negoro, I. Taniguchi, H.
Tomiyama, “A Dynamic Programming Algorithm for
Energy-aware Routing of Delivery Drones.” Interna-
tional Conference Artificial Intelligence and Data En-
gineering, 2019.

M. Held, R. M. Karp, “A Dynamic Programming Ap-
proach to Sequencing Problems,” Journal of the Society
for Industrial and Applied Mathematics, vol. 10, no. 1,
pp. 196-210, 1962.



