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> xfuo: drone based parcel delivery
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Ll ek s 2 )
Meprypopny Touv TpoPAfuatoc(2/4)

@ To kdBe éva amd taL kTpLoL éxeL opow.

@ H opoyn evdg ek Twv kTNplwv XpnoyLotoleital oav drone operation
center.

@ Ta drones Aettoupyouv og hub and spoke Siktvo, To k&Be éval amd
To drones ptopel vou kouBadfiosl To ToAD éval Ttakéto. Emionc
Kwvouvtol povo amd to drone operation center og kdmolo omd T
kThpLa ko Ttlow &AL oto operation center (Ferrandez, Harbison,
Weber, Sturges, and Rich 2016).

e Xpnoipomolovvton Tepltoodtepa attd éver drones. O aplBudc toug
etvall TtpokaBoplopévoc.
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T2 A 20 et T )
Meprypopny Touv TpoPAfuatoc(3/4)

@ Mevikd Tl drones XpMOULOTIOLOUVTOL YLOL VOL UTLOOTMPLEOUVV Toug
KAQLOOLKOUC TPOTIOUC ETALPOPELG KO AXL VOL TOUG OLVTLKALTOLOTHOOUV.
Y e auth TNV TepimtTwon atoteAel ATOKAELOTLKS WECO HETAPOPAC.

@ O apBpdc tne {hTnong amd kdbe kthpo elvor Yvwotde.

o H ambéotaon Tou kevtpikod ktnpiou atd tow uttdAoLTtor KTHPLaL UTtopEd
VoL UTtoAoyLoTel e Xpfiom TN eukAeidelag andotaong.
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LlEE e ek s U0
Meprypopry Touv TpoPAfuotoc(4/4)

Table 1. Delivery drone specifications in the case study.

Item Unit Value
Vehicle mass kg 8
(Maximum) Payload mass kg 2
(Average) Cruising velocity km/h 50
Power transfer efficiency for motor and propeller - 0.5
Lift to drag ratio - 3
Power consumption of electronics kWh 0.1
Battery consumption kWh 0.6
Battery capacity kw 154
Recharging time (to full) hour L5
Operating hours hour 9

Incidental working hours (take-off, landing, loading and dropping packages)  hour 025

> xhuo: Drone specifications
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G A
Katnyoptec poAnudtwy

@ (small) 2 drones and 10 destinations
o (medium) 4 drones and 20 destinations
o

(large) 10 drones and 50 destinations

20 Buopopetikd TpoPAfpata yiow k&Be péyebog.

o 1- 10 ambdotaon. (tuxoiog mporyportikdg optBde)

1 - 5 kaBnpepwiy {ftnom makétwv. (tuxaiog aképotog aptBudc)

K. Karagiorgos (UoM) 24.02.2021 7/41



Construction Heuristic 1 (Kim, Moon, and Jung

Construction Heuristic 1 (Kim, Moon, and Jung 2020)

@ While there are open containers

o stack the smallest block to the container with the largest free space.

e create a power set made out of the blocks in the container.

o select a subset whose summed battery charging time is most similar to
the battery charging time (1.5).

e move the selected subset to the end of the container. Remove charging
time

o calculate the total length of the container.

o if the total length of the container > operation time

@ undo the last stacked block and close the container.
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(LB N RN VA T uvoliké pikog twv Ttokétwv (Total Length of Blocks)

Y uvoAkd prkog twv Ttakétwv (Total Length of Blocks)

Name of the block Total Length
0.688
0.756
0.806
0.828
0.842
0.914
0.932
0.95
1.121
1.14

© oo NOOT WD K- O

Mivokorg: TTNOAIKO MHKOE TQN MAKETQN (TOTAL LENGTH OF
BLOCKS)
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(LB TN TR NG VA Mopdderypor Construction Heuristic 1

MNapaderypoe Construction Heuristic 1

NAME OF DRONE REMAINING SPACE CUSTOMER

0 0.04 00 22 2 3 3 45116

1 0.74 000 22 3 3 35116 6
(REMAINING BLOCKS) 6 7 7 8 8 8 9 9

Mivakag: MAPAAEITMA XPHXHYX CONSTRUCTION HEURISTIC 1 XE
MPOBAHMA KATHIOPIAX MIKPOT METE©OTXL
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(LB ATGT N TR N YR Construction Heuristic 2

Construction Heuristic 2

@ While there are open containers

o stack the block with the biggest charging time to the container with
the largest free space.

e create a power set made out of the blocks in the container.

o select a subset whose summed battery charging time is most similar to
the battery charging time (1.5).

e move the selected subset to the end of the container. Remove charging
time

o calculate the total length of the container.

o if the total length of the container > operation time

@ undo the last stacked block and close the container.




Xpévog pépTLoNG TioL TV ReTopopd TV Tokétwv (Charging
Xpbvog POPTLONG YL TNV HETAPOPA TWV TTUKETWV
(Charging Time of Drones)

Name of the block Charging time
0.65
0.64
0.54
0.53
0.52
0.48
0.47
0.46
0.43
0.39

Mivakag: XPONOX ¢OPTIXHX MNA THN META®OPA MAKETQN
(CHARGING TIME OF DRONES)
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(LB N TN PRI Mopderypo Construction Heuristic 2

MNapaderypoe Construction Heuristic 2

NAME OF DRONE REMAINING SPACE CUSTOMER

1 0.179 6 6 59 8 2 7 7 3 3 3

0 0.147 5 9 8 8 2 2 6 6 4 3 3
(REMAININGBLOCKS) 2 2 1 1 1 1 0 0 0 0 O

Mivakag: MAPAAEITMA XPHXHYX CONSTRUCTION HEURISTIC 2 XE

NMPOBAHMA KATHIOPIAYX MIKPOT METE©OTX




(LB ATGT N TR N KR  Construction Heuristic 3

Construction Heuristic 3

@ While there are open containers
e For each one of the open containers
if the container's number is even number
add to the container the first enumerated block.
else
add to the container add the last block enumerated block.

e create a power set made out of the blocks in the container.

o select a subset whose summed battery charging time is most similar to
the battery charging time (1.5).

e move the selected subset to the end of the container. Remove charging
time

e calculate the total length of the container.

o if the total length of the container > operation time

@ undo the last stacked block and close the container.




(LTI N TN KR Mopderypo Construction Heuristic 3

MNapaderypo Construction Heuristic 3

NAME OF DRONE REMAINING SPACE CUSTOMER

1 0.889 8 8 8 7 7 6 6 9 9

0 0.691 0 000O0T17 1112222
(REMAINING BLOCKS) 2 3 3 3 3 3 4 5 5 6 6

Mivakag: MAPAAEITMA XPHXHYX CONSTRUCTION HEURISTIC 3 XE
MPOBAHMA KATHIOPIAX MIKPOT METE©OTXL




Improvement Heuristic 1 (1/3) (Kim, Moon, and

Improvement Heuristic 1 (1/3) (Kim, Moon, and Jung 2020)

@ while total remaining space of containers >= length of the 1st remaining
block

e sort the containers in descending order of the remaining space

o Select a container that has the largest remaining space (1st) and a container that
has the second-largest remaining space(2nd)

o Make combinations that have 2 elements made out of the intersection between
the destinations of two selected containers

o select combination which has the largest gap between 2 elements on condition
that this gap < remaining space 2nd container

o if there are no appropriate combination between the 1st and 2nd container

@ go back to container selection step and select the 1st container and the container that
has the next largest space(3,4,5...)

o if there is no appropriate combination terminate the algorithm
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Improvement Heuristic 1 (2/3)(Kim, Moon, and J

Improvement Heuristic 1 (2/3)(Kim, Moon, and Jung 2020)

o remove the smaller block of the selected combination from the 2nd container and
stack the larger block of the selected combination to the 2nd container

e create a power set made out of the blocks in the container.

o select a subset whose summed battery charging time is most similar to the
battery charging time (1.5).

e move the selected subset to the end of the container. Remove charging time
o calculate the total length of the container.

o if the total length of the container > operation time

@ undo the last stack and select the next combination which has the next largest gap




Improvement Heuristic 1 (3/3)(Kim, Moon, and J

Improvement Heuristic 1 (3/3)(Kim, Moon, and Jung 2020)

o Remove a larger destination block of the selected combination from the 1st
container and stack a smaller destination block of the selected combination to the
1st container

o if there is enough space to stack the 1st remaining block

@ create a power set made out of the blocks in the container.

o select a subset whose summed battery charging time is most similar to the battery
charging time (1.5).

@ move the selected subset to the end of the container. Remove charging time
o calculate the total length of the container.
o if the total length of the container > operation time

@ undo the last stack




LRI TSN WA I Mopaderypoe Improvement Heuristic 1 (1/2)

Mapdderypo Improvement Heuristic 1 (1/2)

NAME OF DRONE REMAINING SPACE CUSTOMER

0 1373 3366 7 7 45 10

1 0.884 53 366 4 27 71
(REMAINING BLOCKS) 8 8 9 9

Mivakag: MAPAAEITMA XPHXHYX CONSTRUCTION HEURISTIC 1 XE
NMPOBAHMA KATHIOPIAYX MIKPOT METE©OTX




Flopéseriuc Improvement Heuristic 1 (2/2)
Mopdderypor Improvement Heuristic 1 (2/2)

NAME OF DRONE REMAINING SPACE CUSTOMERS
0 0.312 33 6 6 7 7 8 1 0 5 5
1 0.317 33 6 6 4 2 4 7 71

(REMAINING BLOCKS) 8 9 9

Mivakag: MAPAAEITMA XPHXHYX IMPROVEMENT HEURISTIC 1 XE
NMPOBAHMA KATHIOPIAYX MIKPOT METE©OTX




Improvement Heurisic 2 (1/3)
Improvement Heuristic 2 (1/3)

@ while the total remaining space of the containers >= length of the 1st
remaining block

e sort the containers in descending order of the remaining space
o get the first block of the first container

o if the remaining space of 2nd container > removed block else return the removed
block, break and terminate the algorithm

@ Stack the removed block.

@ create a power set made out of the blocks in the container.




Improvement Heurisic 2 (2/3)
Improvement Heuristic 2 (2/3)

@ select a subset whose summed battery charging time is most similar to the
battery charging time (1.5).

@ move the selected subset to the end of the container. Remove charging
time

@ calculate the total length of the container.

o if the total length of the container > operation time

o undo the last stack, return the block to the container we got it from and
terminate the algorithm




Improvement Heurisic 2 (3/3)
Improvement Heuristic 2 (3/3)

o if the remaining space of the 1st container > 1st block of the remaining
blocks

e Stack to the 1st container the 1st block from the remaining blocks
e create a power set made out of the blocks in the container.

o select a subset whose summed battery charging time is most similar to the
battery charging time (1.5).

e move the selected subset to the end of the container. Remove charging time
e calculate the total length of the container.

o if the total length of the container > operation time

@ undo the last stack and start over




TR TSN PYR) I Mopdderypoe Improvement Heuristic 2 (1/2)

Mapdderypor Improvement Heuristic 2 (1/2)

NAME OF DRONE REMAINING SPACE CUSTOMER

0 1373 3366 7 7 45 10

1 0.884 53 366 4 27 71
(REMAINING BLOCKS) 8 8 9 9

Mivakag: MAPAAEITMA XPHXHYX CONSTRUCTION HEURISTIC 1 XE
NMPOBAHMA KATHIOPIAYX MIKPOT METE©OTX




Mlopéseriuc Improvement Heuristic 2 (2/2)
Moapdderypo Improvement Heuristic 2 (2/2)

NAME OF DRONE REMAINING SPACE CUSTOMERS
0 0.709 3 6 6 7 7 4 85 10
1 0.05 53 3 6 6 4 2 3 7 71

(REMAINING BLOCKS) 8 9 9

Mivakag: MAPAAEITMA XPHXHYX IMPROVEMENT HEURISTIC 2 XE
NMPOBAHMA KATHIOPIAYX MIKPOT METE©OTX




Improvement Heurisic 3 (1/3)
Improvement Heuristic 3 (1/3)

@ while the total remaining space of the containers >= length of the 1st
remaining block

e sort the containers by remaining space in descending order.
o get the block with the largest name from the first container.

o if the remaining space of the second container > total length of block we got
from the first container else return the block and terminate the algorithm

@ Stack the removed block.

@ create a power set made out of the blocks in the container.




Improvement Heurisic 3 (2/3)
Improvement Heuristic 3 (2/3)

@ select a subset whose summed battery charging time is most similar to the
battery charging time (1.5).

@ move the selected subset to the end of the container. Remove charging
time

@ calculate the total length of the container.

o if the total length of the container > operation time

e undo the last stack and terminate the algorithm

o if the remaining space of 1nd container > 1st remaining block




Improvement Heurisic 3 (3/3)
Improvement Heuristic 3 (3/3)

e add remaining block
o create a power set made out of the blocks in the container.

o select a subset whose summed battery charging time is most similar to the
battery charging time (1.5).

e move the selected subset to the end of the container. Remove charging time
o calculate the total length of the container.

o if the total length of the container > operation time

@ undo the last stack and start over




Mlopéseriuc Improvement Heuristic 3 (1/2)
Mapdderypo Improvement Heuristic 3 (1/2)

NAME OF DRONE REMAINING SPACE CUSTOMER

0 0.261 3 7 0 5 5 1 10 10 12 19 11
1 0.06 12 v 0 5 2 10 1 8 19 3 16
2 1.247 3 12 4 2 10 8 19 0 0 5
3 1.078 37 4 2 10 0 5 12 19 11
(REMAINING BLOCKS) 6 6 6 6 6 18 18 18 18 18 13
13 13 13 17 17 15 15 15 9 9 14

Mivakog: MAPAAEITMA XPHXHYX CONSTRUCTION HEURISTIC 1 XE
MPOBAHMA KATHIOPIALX MEXAIOT MEFTE©OTX




Mlopéseriuc Improvement Heuristic 3 (2/2)
Mopdderypor Improvement Heuristic 3 (2/2)

NAME OF DRONE REMAINING SPACE CUSTOMER

0 0.261 3 7 0 5 5 1 10 10 12 19 11
1 0.06 2 7 0 5 2 10 1 8 19 3 16
2 0.681 3 4 2 108 6 12 0 0 5
3 0.362 37 4 2 10 0 5 12 11 19 19
(REMAINING BLOCKS) 6 6 6 6 18 18 18 18 18
13 13 13 13 17 17 15 15 15 9
9 14

Mivakog: MAPAAEITMA XPHXHY IMPROVEMENT HEURISTIC 3 XE
MPOBAHMA KATHIOPIALX MEXAIOT MEFTE©OTX




Troloriotiki peréTn(l/1)

o Intel(®R)Core™i5 2.80 GHz
e 8 GB RAM.
e Python 3.8.




Anorehéopare ahropituay (1/3)
Amotedéopatar alyopiBuwv (1/3)

Size # Drones # Destinations Obj Function Construction 1  Construction 2 Construction 3
Small0 2 10 33 8 11 11
Smalll 2 10 24 4 6 5
Small2 2 10 29 7 12 10
Small3 2 10 34 14 20 19
Small4 2 10 22 2 4 2
Smalls 2 10 33 12 17 12
Small6 2 10 25 4 7 4
Small7 2 10 29 10 15 13
Small8 2 10 29 9 13 12
Small9 2 10 25 6 8 7
Smalll0 2 10 34 12 18 14
Smallll 2 10 26 6 8 8
Smalll2 2 10 27 7 11 10
Smalll3 2 10 30 10 16 12
Smalll4 2 10 34 12 18 16
Smalll5 2 10 25 7 11 7
Smalll6 2 10 26 4 8 6
Smalll7 2 10 29 7 13 10
Smalll8 2 10 36 12 20 17
Smalll9 2 10 33 11 19 13

Avg 32,42 8,2 12,75 10,4




Anerehéopare ahropituay (2/3)
Amoteéopata alyopiBuwv (2/3)

Size # Drones # Destinations Obj Function Construction 1 ~ Construction 2  Construction 3
Medium0 4 20 59 19 28 26
Mediuml 4 20 73 29 45 39
Medium2 4 20 66 23 38 35
Medium3 4 20 65 21 35 30
Medium4 4 20 64 22 35 29
Medium5 4 20 56 16 28 24
Medium6 4 20 56 16 24 23
Medium7 4 20 57 17 27 23
Medium8 4 20 67 27 43 36
Medium9 4 20 67 28 39 34
Medium10 4 20 54 17 26 24
Mediumll 4 20 63 20 35 31
Medium12 4 20 51 9 15 13
Medium13 4 20 60 23 32 28
Medium14 4 20 57 17 25 21
Medium15 4 20 60 20 32 28
Medium16 4 20 52 12 20 15
Mediuml7 4 20 58 14 22 21
Medium18 4 20 54 14 22 20
Medium19 4 20 64 27 36 32
Avg 66,125 19,55 30,35 26,6




Anerehéopare ahropituay (3/3)
Amotedéopatar alyopiBuwv (3/3)

Size # Drones # Destinations Obj Function Construction 1  Construction 2 Construction 3
Large0 10 50 165 65 95 88
Largel 10 50 153 48 73 67
Large2 10 50 154 49 74 68
Large3 10 50 163 63 93 87
Large4d 10 50 150 40 70 71
Large5 10 50 142 50 72 75
Large6 10 50 144 44 64 59
Large7 10 50 147 42 67 61
Large8 10 50 135 36 55 55
Large9 10 50 140 36 60 58
Largel0 10 50 146 47 76 70
Largell 10 50 140 40 60 54
Largel2 10 50 144 34 63 58
Largel3d 10 50 148 52 78 72
Largeld 10 50 157 62 87 81
Largel5 10 50 143 43 63 57
Largel6 10 50 140 40 60 55
Largel7 10 50 178 68 108 101
Largel8 10 50 138 38 58 53
Largeld 10 50 141 39 61 56

Avg 148,4 46,8 71,85 67,3




BVNS kau VND
BVNS kow VND

e VND

o IMPROVEMENT HEURISTIC 1

o IMPROVEMENT HEURISTIC 2
e BVNS

IMPROVEMENT HEURISTIC 1

IMPROVEMENT HEURISTIC 2

IMPROVEMENT HEURISTIC 3 (SHAKING)




Anerehéopora BUNS xat VND (1/3)
Arnotedéopata BVNS ko VND (1/3)

Size # Drones # Destinations Obj Function VND BVNS
Small0 2 10 33 8 8
Smalll 2 10 24 3 4
Small2 2 10 29 7 7
Small3 2 10 34 13 14
Smalld 2 10 22 2 2
Small5 2 10 33 12 12
Small6 2 10 25 4 4
Small7 2 10 29 9 9
Small8 2 10 29 9 9
Small9 2 10 25 6 6
Smalll0 2 10 34 12 12
Smallll 2 10 26 6 6
Small12 2 10 27 7 7
Smalll3 2 10 30 10 10
Smalll4 2 10 34 11 12
Smalll5 2 10 25 6 6
Smalll6 2 10 26 4 4
Smalll7 2 10 29 7 7
Smalll8 2 10 36 12 12
Smalll9 2 10 33 11 11
Avg 32,43 795 8,1
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Anerehéopora BUNS xat VND (2/3)
Arnotedéopata BVNS ko VND (2/3)

Size # Drones # Destinations Obj Function VND BVNS
Medium0 4 20 59 19 19
Medium1 4 20 73 29 29
Medium2 4 20 66 23 22
Medium3 4 20 65 21 21
Medium4 4 20 64 21 21
Medium5 4 20 56 15 14
Medium6 4 20 56 16 16
Medium7 4 20 57 17 16
Medium8 4 20 67 26 25
Medium9 4 20 67 28 27
Medium10 4 20 54 16 15
Mediumll 4 20 63 20 19
Medium12 4 20 51 8 8
Medium13 4 20 60 23 22
Medium14 4 20 57 17 16
Medium15 4 20 60 19 18
Medium16 4 20 52 12 10
Mediuml7 4 20 58 13 14
Medium18 4 20 54 14 14
Medium19 4 20 64 27 26
Avg 66,125 19,2 18,6




Anerehéopora BUNS xat VND (3/3)
Arnotedéopata BVNS ko VND (3/3)

Size # Drones # Destinations Obj Function VND BVNS

Large0 10 50 165 64 62
Largel 10 50 153 47 46
Large2 10 50 154 48 46
Large3 10 50 163 63 63
Large4 10 50 150 40 40
Large5 10 50 142 49 48
Large6 10 50 144 43 42
Large7 10 50 147 41 40
Large8 10 50 135 36 36
Large9 10 50 140 35 33
Largel0 10 50 146 47 47
Largell 10 50 140 39 38
Largel2 10 50 144 34 34
Largel3 10 50 148 51 50
Largel4 10 50 157 61 61
Largel5 10 50 143 43 43
Largel6 10 50 140 39 38
Largel7 10 50 178 68 68
Largel8 10 50 138 38 38
Largel9 10 50 141 38 38
Avg 148,4 46,2 45,55




Tupmepdopota ko peANovTikég kotevBovoelg T upTEplLopOLTOL

Y UUTLEPALOOLTOL

@ Small
@ Medium

o Large




Tupmepdopota ko peANovTikég kotevBovoelg MeXovtikég kartevBivoelg

MeAovtikéc katevBivoelc

@ kaupilkéc ouvBikeg
o avBpwmvn TapéuBoon
@ Aiyétepa drones avd TpdBAnue

e Teplocdtepa depots avd TpdBANua




Tupmepdopota ko peANovTikég kotevBovoelg TéNog Tng Tapovoicang

TéMoc Tnec mapovoioonc

Evyoplotad yio Tnv mpoooyh oac!
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