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Drone Force Deployment Optimization Algorithm
For Efficient Military Drone Operations
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ABSTRACT

One of the major advancements of the Fourth Industrial Revolution is the use of Intemet of Drones (IoD), which combines the
Internet of Things (loT) and drone technology. oD technology is especially important for efficiently and economically operating C4ISR
operations in actual battlefields supporting various combat situations. The purpose of this study is fo solve the problems of limited battery
capacity of drones and lack of budgeting criteria for military drone franscription, infroduction, and operation. If the mission area is
defined and corresponding multi-drone hovering check points and mission completion time limits are setf, then an energy and time
co-optimized scheduling and operation control scheme is needed. Because such a scheme does not exist, in this paper, a Drone Force
Deployment Optimization (DFDO) scheme is proposed to help schedule multi-drone operation scheduling and networked based remote
multi-drone  control.
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1.4 = ofle} FAMEC R SEH Y Qith 53] FAIHLRE
A, A, B, AsEHE LdAE) #5871 o
43 A gy e) 4] 71% F AHEQIEN(OT : Intenet %%Vﬂ AHEE AL SiT
of Things) woF= 71 &&sAl *&%‘i‘ﬂ} R R R E(Drone)t IoT 7|& Tl WE M2 4% &
Hl-"r 3)\1;]_ _%]1 ‘:%(Drone)ﬂ]- IoT 7] ZJ.E‘./\]Z_] 7 % 730“ EHH]C’ = "4 = ‘J/]/\&] ]E]' ?:Fz T ME]'- —‘EZH T—LLOH
0] FASAL wF A, 2, WF, O TR M P Ade tHete] AEH 02 B2 M3t ot
SIS ATt AAEE [ B 7] EAlel F
Hic of Hall ATk
1 Republic of Korea Air Force -
2 Degamem of Hectical & Hloctronic Engineering, Yonsei A WA B2 AR wige §3olnt B2 4
University, Seoul, 03722, South Korea =2 719 FAZ 23 vig Y ARFEOoE A g8
* Corresponding author (jmc@yonsei.ac.kr) stz P = AAF o5 zA =
[Received 15 November 2019, Reviewed 21 November 2019(R2 13 of A AR o EAF A3 4 6}] K
December 2019), Accepted 26 December 2019] FAZA oA v 9} 7 AUAE I AlAH
Y o] =EL 20199% ARH/|EHRFAT Y APz Y1 AAZ 3ok s}
4171887149 A QS ol E A7 [2019-0-00685, - 5
AEA 7]; 227) T;]E%_/\] —Hr] E93 /)% 7 T AR = AghE Q1 o tolty, EES Ao &
Journal of Internet Computing and Services(JICS) 2020. Feb.: 21(1): 211-219 211

http://dx.doi.org/10.7472/jksii.2020.21.1.211



SN 28 EE MM 222 2I8t Drone Force Deployment Optimization €025

Yat7] AsiME B8 AAF S 2 Al B8 Ejle] ¥
astth A dFSFE S8 B8 HA &
W tiE| g HEo] T2 A5 W sk AT
AZE &5 5 of] AgAtele Tefste] HAe =
TR drE AAstolof A &40y A
&o] 7Fsstth I8 ERE A3
Hat F7IAE S A9)ok sk
olglgt TAHE Azt sl & AFdAE dF
A (Mission area)©] HaA L ]
(Hovering point)Z+ U5 & A 3A|7ko] A A$-, 2
A =8 79 5 HZHsksiF+= DFDODrone Force
Deployment Optimization) €25l W3] A-+31%
DFDO €& E&9 A LuEg, dF Q‘rE
Hod AAAZ, E8 F8E 91¢ Battery &H S 7]
FOE A P2 Hade] B2 ggE FiTh
DFDO ¥ el5S F3ll % ERo] FYEofof st
A Aol FoliE 49 FHAA dd =2 FY
—’F% AEete] AAA 0l & AL LT AL
7]t gkt
2”01]*1“ A A7 ) B & A e

=
2ol Al s A 718k 32 AlaE e 8
2
e

ro

4

lal%—% A tetanh 44 e At dugEe
S g glste] AA A st 2y 753
S 75k 7)1E =5 (113 BAEt A AsS

TZ3 AAe Mg 84S =23 [oT GW 7+ Ad
Aot} 71 M &3] 2ol BdS ARt

‘ﬁj \ﬂ ﬁ.‘ \ﬂ Flying plane/

ereless B
data transfer' d. -~

|

i

: - 'H
IoT gateway ¥ 76 !

(cw) (( ( ))5— 777777777777777

Service provider

(ag 1) loDE &=t Hlo|EE
(Figure 1) Data collection in loD

o] ;qo_,r]o 3} (7.]%94 lr_o] ol U]}Q]E A ol— §_].7:]
Yol whak Ei.‘,} IoT GW 7}l Line of sight(LoS)7}
+3}3} Non line of sight(NLoS)$1 A+3+-S &3tk

73k NLoS9l 38 RH[2]12 (1), )3 2tk

oft —d

=
o5
S

£ oy
o i

P(LOS) = ! )

1+o¢exp(—[3[l—i09—oz])

P(NLOS) =1— P(LOS) 2

olu, ¢} B+ environmentrelated constant(e.g. A,
AF)o)L, 5, I3 19 elevation angle®]th. T8 F ¥
T+ Path loss= PL= P(LOS) % PL; s+ PINLOS) X PLy, s
o|M, PL, s PLy;os © ZH7F LoSSF NLoS $H el A
path loss 2H[3]& 9lP|stal 2(3), 4+ 2tk

4nf.d
PL 5 = 20log,  (—— c )+&0s 3

_ dnf.d
PLy,os= 2010g]0( c )+§\'Los @

2] (3), @9 f.= carrier frequency©l™, d= 1¥ 1 &
E231 10T Gateway2te] Agolw, &= W &n
& osEvioss environment related constant©]Th 1#HZ

.G
transmission rate Z = i2] $|1X|oA R = Wog, (1+ QI;V)
0
2 vebd g 9lom, Wi bandwidth, p;= transmission
PL

power, G, = channel gaing UJERH o]E ¢ =10 " &
T F vk N,
Eig=d

N, < noise power spectrum densityE <] 7|

2.2 71E 4l AF(PETROL 2£112|&)

i

PETROL(PowEr contROL) ¥ &[1]2 =25 o] &
iy IoT &M T2 e £33 A 9 T
LHE T29 EAOR 3l B4 Ad AHEAL
*Mz: F2(QoS) At FAE s dstal AAE S
g1Zo|th
PETROL ¥ E|F EE9 oufA] ALH|EE 48]
st 24 T4 Ad AR AE| 2 FZ(QoS)E B
s FH9) & 7] S8l & § B =2

212

2020. 2



# ZAE T2 stk

NP-2Hd TA| & s 23] YsliA e g E|5g 7]
WO g wREE RGO Zalx A3} LA ] 24
9 A S F3ly FHE wE WYHOR ST |
FE duolEstth 449 & PETROL €E]5 3 H]
e AlEEoAS 58 58 &8 Al 459 44
< S8k

2.3 7|1 & A7 EMA H &

PETROL &1 2]&2 29| Power control TAE <

T3 wokR FHA9 A ad AR AMu|A EFF
(QoS)E EABIHA &9 YA Lv|FE A3}
WS gk SR 1] EES Mgt F7HA A
A Aok w ol AAAA A (Ad T A% )
A-g3t7)o = A7 ATk
g 29 45 ouA &S JAeshe 5B
2 duUAE FAS B 22d89 3§ I3 %
vlol] whah IA JEFE Tk AT 7|E AFelA
EE 34 YA E A= FAFste] H2 9 Powers
FAth

2 AFdA e 71E 7Y SARH dAE ﬁﬁé‘ﬁ} ]
3l = % Fste 2 3ol FARE A9 107t
old o] & FY 7153 43S 713 8k Z“»M:ﬂ%
9 EE9 JiFE A=E3s= DFDODrong  Force
Deployment Optimization) € Y.8]5< Itste)h 3 &

e o -lN'
ol

O

P,
2 34 ouAE AR B NELL0NE ol gaA
Full

oy TA9 e Z2Awe) &4 183 IR

13 é‘%% Eg) A4 wd (412 A wTh
€T

3. Al2® 29l 7 adye]Z A9k

B ATE Abel AY Hol P& A Al A
3 59 dF Y (Mission area)oll X ~N7HQ] AF A H
(Mission point)o] A=y E£& &§3te] A7 A=
(Transit route)th = H|3Y st F Q3 toly (F%F7, ol
A E FTHIA A2 AlFAKService provider)ol| Al
AEste A%E 7HgsiA o, 434 A FYE&
9 5

o Bed eel A5E AAsa,

MR i

o o1 g |

] H i H T
Foh VLI i é, P, PR
99 0 3 é & e P
T YRS @ L é [:J &

F i
i

o i O g oo am— el ol

(32 2) 78 =2 N 297l
(Figure 2) Military Drones Operation Concept

g

25 4 A8 412 4
Hol Meso] B2 9
veRaeh

3} N7l 2] Hovering location®] A&z & =

A

o]

o] %=

g 59

o R
w© o
u%Lwﬂ
O_L,
18t g =
% 18

X,

%Ol A AHeE AAEe Wi e N= (L2,
A9 volH S GWE 9438 A5 o ok
Xlﬂoi ol F ¥k

N

I9 13} o] EE8L2 %019 9dF I E(Flying plane)
of| A w]al s, 3|7 ¥]8) 7 Z(Transit route)oll whe} H]
YsHA AF A% (Mission point) O 2 o] F3tct. ojuf H]
) 7 Z(Transit route)] ZolEd, 02 A3 7} Q
A3l A HlolE (o]ulA], vt )& 3 &
OlE1E A2 AlFAF A AFgtet o,
Eol o8 Y A FEC] LolvhA &=
3 7gsith

3.2 =& OHA| 2H[Z

=89 uA 2HFE F A JJrE:?—_ TR 2

%ol 4 Hovering#} Transitions & W 3 oA £ 9}
IoT transmissions $]$F Communication energy %, ©]T.
Hovering power®t 3ol =29 A& FA u &
2.3 powerZ 4] (59 Zth
(mg)?
hov — - (5)

2
2mr,n,p

2l 5)8 me =29 FAZE m:mermvi elhd
F 3L m, = payload®] 7, m,& 58 A FAE
ugth g A7 FY VMR, v 58 T2
o) WA, nE Z2AY %, pi TUEE AHD
o

Transition power= 2] (6)3} 73

et QlE|Hl HESE| 21313)

213



©)

4 (©9 & BE9} ZRAeo] T8 IRIL 1S
¥ ofmaie,

‘<

—1
£, = ‘Pfre ]771;-1 + Eth Z‘”O”T

‘prl
1
! . B D,
+1
P i
trs 2 hov R

v

=~
(]

I
M

\<H

(7)

N
137067“ 17+l ; hoLR

B AN 2L T 3 T sk i 1A 9
data transmission A7+ 2]7| 3}, ZHHE ii+19 Ag,
D, & data sizeE 973tk

=

E "szrpsfafw‘ ]’1"07”

D,
(npi, +pstuti(‘,)E (8)

HM'<

i

£ 2] (8)3 #3L nE transmission coefficient®] 2

com -
Dyraric s datas transmission 314 %S wf TE©] AH|3}
+ powers 2|P|gth AR o E RO oUA] AHF

&4 @ 2k

Eiorror = B, T E,

‘prl com
N

(771’1 F Dstatic +th + Z 37067 i

i=1 i=1

— 2 D7 (npi +p9fufi(‘+th') & om I

B ».G. A 3706 i
Wog,, (1+--2) =l

i=1
NyW

©

3.3 Drone Force Deployment Optimization
3.3.1 DFDO ¢112|5&

71& AFlM e des] FH 8 2 i
HA 9 oA AH|FE FHEE B HEEC 535
7R A A Q1 A EEE A g o)°ﬂ 1 +
b A Aloke I st &
FS TEH 02 AM3E7] 913 Drone Force Deployment
Optimization(DFDO) &1 2&S Akt

_L:

DFDO ¢ & B89 panle, AvlE o 45
sfof b= A AAAZE B89 F7ES 919 Battery
AHERS BA Gl AT E QA% H A EE rE
AETh AF AYo] FeiAW dHolEeE FHsoF T
A4 9% AH Hovering location)®] 7|5 No] A=A
T AFE gEsior & AGA L, 7 FolRih

A EE YA 2HHE)

A7 AR Nol FAA™ 1 cycle(l Hovering + 1
Transit) §9He] &M EF2 4 (10)3 2t

D(npnn,e +pst,at,7‘,r + th,')

one = pnnFG
Wog, (1+ N, W)

+E

trs

(10)

21 (109 P, > 1 cycled] B 23 H 4 g9jo|n o]=
g 4T AN s ok & HolH Ate]= D7} Fo
A AT 48 F Hovering A7V 7;, & 53l Data rate

1o =

Tk A& T A 2ol :rwL T A
_D
N 2 T W ]
L= % an

o

E, o] As) X Hovering location®] =Nl £ =
B e AFASE 98] P = phuE 4 (12)9}
7} s
=3

E; 0
2 (12)9 r= 37 "o 24, &
Zra-slt)h 423
=

HelloF s #i‘ﬂ AFE 28 119 & 7+ duR
A (13) B, = EE Yol 28 @ Fo] Agon
B
zh= |5 13
i {E}ull“ ( )

214



22 25t Drone Force Deployment Optimization €112|&

T,=NT, (1+7) 14

one

d,
O]LqL Tt‘mc =Tt Tt‘?‘s O]IIL Tfjrs = i’ U—E‘ E‘% 0]

hov v
Solth B8 1719 A A 7, 174 ¢
AR T s T L, T B A2 A2 1,7 8
A N1FOR @ AR B AFE 4 (1597,

(R off oft

i

T,
7 = {71’} (15)
d ]}'ull +k]zhar

2 3798 913 Battery &H|F
+8 A FHYE 939 Battery 4B 3] wE A
7ke] A|9Fd © 2 Battery &3 &M JF-E S
H F23 920tk =& 1719 Battery %< B, 1

gostwiEY %5 2 (16 B, 2
83 F 52 FZ9 Battery 2032 2] (17)3 2ok

®)
1%

H

mdm
Bomf = 370er + Phou ];101/ (16)

B=NB, (1+7) a7

one

mdﬂ? L =
2l(16)¢] Foer = B ol Battery M #S 7# 3

24 229 AFE 4 (9% 2k

B
78 = { ' } 18)
i ‘Bfull (

TEY pavE, dF S4E U AAANZE FHE
Battery 2:H| 3 71502 717k A4 0] EE N4 T3}
Atk ol & xAolgE BEeHA Eald IS AT
Ao g st 4 Qlth AZAH R A 7N A4S T H
& FE st A 30 AlkS sfAstiA vt
2 FLAQ TR 4R URE JTHOE 94T

4 9tk ©]E DFDO ¢xeE|Eolet 3t 2 (193 Zth

3.3.2 DFDO €112|& +=AMT

E T 2B _
Max(Zgn Zans Zan) = Zan
Zan ol ¢ 28 EE A &Y

NO
2
Zan W=

(a2l 3) DFDO =M
(Figure 3) DFDO Flow Chart
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Algorithm : Drone Force Deployment Optimization
Input : Lmax" Phuv’ })trs’ ];Lm"' ]er"

N, D, R, H,d,,7v,k
Output : max(Z;,, 7. Z;,) = 7,
1. Initialize 7,2~ .27 ,25 =1

dn dn

2. Do drone E consumption procedure

3 Calculate Z , satisfying Eq.(10)

4 Calculate E satisfying Eq.(12)

5. SET E,,, by drone spec

6 Calculate Z” satisfying Eq.(13)
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Do mission Time procedure
Calculate 7, . executes the following code

On(

. Calculate 7; satisfying Eq.(14)
10.  Caleulate 7, =min(Z_, ,7;)

max’ Tt

11. SET 7}, by drone spec

12. Calculate Z satisfying Eq.(15)
13. Do battery consumption procedure

14. Calculate B, satisfying Eq.(16)
15. Calculate B, satisfying Eq.(17)

16. SET B,,, by drone spec
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19. repeat 1 do

20. else
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22. end
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