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for Multi-drone Ad Hoc Networks
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ABSTRACT

Drones have various applications, such as rescue and exploration in disaster situations, surveillance in military,
monitoring and management of crops in agriculture field. For such a wide variety of applications, a multi-drone
system using several drones can further improve the efficiency of the tasks. In addition, the multi-hop
communication using multiple drones can enhance the radius of operation. In multi-drone systems, it is important
to establish a stable network between the drone and controller. This paper focuses on a network self-recovery
scheme in multi-drone ad hoc network environments. We compare the proposed scheme with the network
non-recovery environment, and confirm that the proposed scheme outperforms the network non-recovery scheme

in terms of the packet delivery ratio and the average network disconnection time.
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a2 1. el AEERe)} o =2 Al AlaE
Fig. 1. A single-controller and multi-drone control system
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Fig. 3. Flow chart of the network self-recovery mode

o] Ae|ZA4E|e] w=del wlebr] oS AlxtsiAl =
A ARle] Al GPS $IHAEE o] lo]&e] A W
A E] o] AAghc] o] $IXARE =] TfE 9
22 o] Fa wuic) A=W Q-5 Sl Al
o] 55 st U ES A2 eS| ogte] A3l =]
W U EYT 2} B 1942 AR} o]%- Ho)
Eo] A WA alE]e] AAlelFolwd 21 o] ¢
A2 olF5 T3 o]F Fol e =EoENE
hello messages A& vkoml UEH I B3 A
2 B 338 FR|3I) ShR|uk #Rle] o)A 914
o =3t uff 74| ohe =23t whix] Jshs 79l
= UEYE 2t B 1lE g Aew 5
sl B oA S ARk

2) B2 v kA 320014 % o] Elo]E Ul
iRk o 2 wEEEl o2 ool ThE o]%o] EAsA|
erh UESZ AP} ¥ Red pegicla A
w3l MEY T A7} B 2nhAl= o] o] o]
A ke 2 ool o] % 91X HRE o] 8d &
Tolck TTL %ol #ksXl o] 2] A& o5 43
H Eobel] T} =28 vhiA = B 4k 1

114

Ttk o]HF Bt sk Aol 5 L 29
A BF B 236 uhd A2 =20 9% RS
o] % Elo]& el AAs}ar, 7]Eel| Holslw TTL#
o] RtgX o]% =] qlEz|= A A, A o]
o] sid $1A]el =2 wf 714 o} e =23} 2hi
A Bl Aol 2wl w3k Alslg Ao 7
sla =iz ©A|8] 3uA|E A=kl

3) B3 oA - B 2ubA7) Alsjsbd vix) et
Q] 3eHAlE Seafdic)l B 2ntAlollAE =20
2Ra18] o3 Ee] gld AR o] T A F o]
£ EEE TE S8 ol sk o] Fgt 739
=2l #g gk AS 4 glck 2it AR ] &
Toll Adfjgh 222 Z7]of =] nldls Az A
2JAle] AlEY7L 9l Q1A R o] 5-& Fagic) o] A
oA thE =S whiA HH 55 w5, 19
2 ef| A oAl AZE JFE ohA] gk

V. 85824

Aok o] 1A R 7t PAH d == 2}
7} B 7es sl Sk AlEdelA EEA]
NS-3(Network Simulator 3)!'7E A3},
A3} FF U EY= b A7 A% 7 A%
Z Zg3lgicth =gk o] HlolEe] dlEF] IHEE
S8l AHgEE TTLRES] Wstell digh A2 wi9le] o
S shalsly] 98] AAH Ao s X EE FE
stolek Aljket 28 VES|= B 7]E3) vES
I B AAE Felx] ks vES = v] B 7)s
o] A5 mlal AlEHe S 3k

4.1 AlgE2fold =4

Al oAl Alue] Lollxfi= vl wie] =go] vzt
2 )=o) qR2e] AE e Ul ag=le] 9lom
gk o] =2k Aol 99 Wlelld A" o)%F
A mde we} o] F3lel A&l 342 5,000m
x 5,000me] 2 B =2 4 xakAdle] Aleje] £41A
2= 1,000m = A=)k

& AlEelAdellAe] 7 =22 Random Waypoint
Mobility Model'el] we} g-4o]A] =&, =22
o2 o]Fal glo| £ ES Fabg| 2 Aulsty A
gl dAg £H o= o) 53 Hck

ofgfle] 7] 4+= o)A melol wfE =ge o)
£ vehdch AA AlEEe]A 9992 500m x 500m
=718 AR vpreiA|aL 7; Ale] FAlES =Ro] o]
= dlelZRlER A=) weby Al EHelA

www.dbpia.co.kr



EEUF EE NS VENDE 9T AR A2H F 57 )

e

Waypoint

T3 4. o]FA mdld mE =R o)F
Fig. 4. Movement of drone according to the mobility model

M= & 100742] Alo] EAlsle] =Re] 54 A9
ol ZEel 923k Aol st Ae2] HAdL
g o7 7L I3 4ollA, FA] Aol 914
g =28 it 8700 A FollA] qle & shiel ¢l
O|EIEE vhy HAA|E Al o]Fglih
YEL = 0] B 7] Aol AlEHeAd &
b A4 AR R o] F-S 3k vk, Aljk
g VEY T BT 7|&e] Afelli= vEYA o]o]
HEAEEA] ok Abelel wellrt k9w o) &
ol HES) = olge] Ak, kel vIES = 27}
B 7%l wet B A2 gl AlEHelA
oA o] =20] 438 5, 15, 25, 35, 45, 55 m/s
2 uprelrte] wlasieleh. Ao Aleje} v
EZ2 (0, 0), (500, 500), (1,000, 1,000), (1,500,

. AlEEelAd sleiE

2
Table 2. Simulation parameters

g2t E #*
Map size 5,000m x 5,000m
Cell size 500m x 500m
Simulation time 1,800 sec
Routing
protocol OLSR, AODV
Number of 5
drones

Drone speed 5, 15, 25, 35, 45, 55 m/s

Transmission

1,000 m
range
Loss model Friis propagation loss model
Packet size 1,000 bytes
Transmission
1 Mbps
rate

Mobility model RandomWaypointMobilityModel

Data packet
X 1 sec
interval

1,500) A1l tizbAl ef = A=t (0, 0)ell ¢
2| gF Z|AkAe] AlElE= # Z 1,000 bytes2] 7S A
%3l o] 7S vAE =BES AA oK =8
oAl AdEr) wed ZReZz= OLSR™ I
AODV'P'E w2}, Fdh AHgelA ARkl vlE
A3 57 25 ke Aot 18R] o -
o gt 7 AdE3} i ==z wHd X7RE u)
stk AlEdlelAdel] A8 sletrlel= 3% 29} 3
ct.

4.2 Ms HEZ]
A0S 3 Aot 7142 A5S vlasl]

S18l ofele] o) F1A) W= S ARgalelch

4.2.1 izl HEE

A7 ADEE A ArlelA] A5E 57 5
o ZHAQ) o)F =golA] AEden A%w A3
o] o] wlz Aol

4.2.2 B HEYT ot™ AlZH

H B Z d A 7FS o] =2o] o]Fo 7
olaf]l UlE=ollA] o]ehgt AZtel digt HHdgto =
A o)k

4.2.3 HEE Mol Jig

A Ae] g AA A Bl dYgS o] F

Al Fofl =20] g Wolgj o] 53t AEe] glo g

=k she] 4L 500m x 500me] Z7)E 714
Alo] FAlol o EQJE/A] =gt 739l sl

4.8 A o7 JHEgi). o] wlEZ 4479

Al EH o] AdeollA] AH-FITk

2o
Lo

Y

4.2.4 RIA Al
2l A7 ZPAle] AlEfellA] AE5 HFlo]
27l o]FA =2oA A= |7IA] A7l A7te Rz

ojse}

e

43 Agelold 4}
17 55 OLSR 2H9E ZreEe Fxlsis =2
o & wsfel] wE 7 AES ek
=29 S57} smyse) Wl W] 27 71 A7)
Aekgo] oF 70% 2 velds 2 250 B4
o ulal 2 2] 7} vl Peb] uhiel At
Aoz e oy AFEE wldh SEe) Swr) 2
Aol welA g7l AREE sk maS 2l
@ % ek £} 15mjs7h H9L @ oF 509

115

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’18-01 Vol.43 No.01

100

—=— OLSR
VT -g-~-———---- —e— OLSR-Network Recovery

Packet Delivery Ratio (%)

Speed (m/s)

123 5. =% & wlE A7 ALE v|3OLSR)
Fig. B. Packet delivery ratio according to drone speed
with OLSR

7l AdES Wola, ) £29] 55m/sd = B2
20%2] AR ALES Br)

Jeh Aok M ESm B 7)&e] A9, =29
57} Sm/sd wf o] HAH AES 90% = epich
Pk ope}, =2 £xr) Z71gkl ule} 7l A
E2 AR O AAESE W ES T v] B U]
o vlaf #A| okt 57} 15m/sY o 2F 80%2]
| AkE, o] £%23] 55m/sd o 60% 4 =2]
e Bk upebid VES A 5 752
3 8] B 7]Enr} xSl = oF 20%, 3ol

°F 40% o ¥ A ALES 7L

g

>
ol i fr

o
(@)}

o

u!
T‘

(o3
A

bt
E
_\‘01!
K
A
ot
ET
=

m
do
[

—=—OLSR
o OLSR-Network Recovery

Speed (m/s)

J7 6. EF Sk wE WAy vES= 2 A7 v
(OLSR)

Fig. 6. Average network disconnection time according to
drone speed with OLSR

116

F12w] B ]S WES A 57 7lsnch 94 A
=92 v AR Holek ol WIES] = v] H7
71E0] 74, me] AR o] wiel] =8
o] Freoh= ksl 21 ARkest U ES] =9} v
== g8 Al whAste] AAH R 21 A7k o]
Efla = AR dElic) o b B e
Ak Al AT 5 gl AP =Rl &
=rh A e =2e] 28] Sz qld) vlEd=2
s Akl AL 710w Aol A Agle] e &
o2 AFHo] lglek wh, =go] Ao Hxsl
< vlES=Z 5 A7k Ak 2ot o 315t
Wok7] Wl 8 H Ve 2 AS Eal
& 5 olsltt

olold WIES|Z H7 718 Aol =29 &
ol wp ofzre] Aol g Mglrk =ge] Lvf ]
W= o 40%2] Hat v|ES = T A7 wgl ot
#aL Fx9l s5m/s7F F e o, 255 =] v ES
2 W AR Rk =2l b =4 )
© VESA S AshaL HE 913 ol eE
Aok Zo] 7k =2)7] dhiel 21 Alzke] Al
i, SE7b whE s EE 913 olsel Aele
AZke] Eo157] el v Alzke] Al ek
wpebA SE7h Skl w3 U= A Al
72 2 Ahashs e Feldlich

7] 72 AODV 2h98) ZREFR FAkle =
29 &5 Wt uhE A7l AdES vehick =2
o 57} smysed wli= v] E7- 7] A7l AdE
°] o 75% % viehdil OLSR eh9-8 Z2eZ2 &
2 wjeh w2 2 Egae] FAliglel vl

—=— AODV
N+ -g-=-=-====-- o AODV-Network Recovery

Packet Delivery Ratio (%)

Speed (m/s)

a8l 7. EE &% ulE 7l AdE ¥]3(A0ODV)
Fig. 7. Packet delivery ratio according to drone speed
with AODV

www.dbpia.co.kr



=T/t BF d=F VEYaE 43 DA AEAL ¥ S 7]E

I

E AHAe] S2rt w9 Uokr] wiitel] A e®
2= 7 ALES Bk S27) 15mis7) =S
oF 60%2] HF ALES By, o &=9
55m/sd W= 30%2] B HALES Bch
AODV 2}9-8 Z2®Fo] H8% WEST H 1
129] 7%, =22] $=7) 5smysd wje] AR AtE
= 2k 90% = vElgrh 2o Sxr) S8k o)
2} A7l AFES A 1 AaE2 ES A
H| B 7)ol vlsf @3] oprl 4=7) 35m/sA
o] 2F 80%°] F AHLE, v 4=l 55m/sY v
77%4Ee] =2 7 ALES Bl wEhd
AODV k8 ZREFo] 2845 UEA 57 7]
S UESHZ B] 57 7sie) A& oF 15%,
el = oF 47% o =2 AR ADGES 7

I3 82 AODV #HE ZeeEE Exbsle
o] &£ Wizl ulE it vE = o A7HS
eplich VB F v E7- 7|e BT 57 7%
Hrl g4 70 vE = wHd A7k mvk vEY=
v B 7S o] TR R o] 53] wlitel] =
o] o= FsAl 71 ARbeet vES =)
AuE Abgde] Atk OLSR 2k Z2EFo
A5 7o) v R, =] St HAY o
3 52 old vESZ A A7k Hxp) Zle
v W A7k FHYgke] & FO 7 XFEe] 9l
o} vbd =2o] H) &5 wlE= vEY= W A
7re] ARz Sev) =9 wjof] wleir 2hoa) 1 3]
7} o] w7 whitel] 2 3t v|ES)= ol A%k
< w4tk

fr

£ W

N

=— AODV
e AODV-Network Recovery

Speed (m/s)

28 8 =g S wE W MESZ 9l A wa
(AODV)

Fig. 8. Average network disconnection time according to
drone speed with AODV

Hhdel AODV 2h¢d ZREZR T2k U=
2 E7 7IeE B8] Hol met Aol Bt
280 HE7b oS wls of 1002°] H3t WES A
AR 7o Han £E9l 55mys7t FH S
of, 25% A=o] Pt A A7 7k =2 &
b e ve UEY]S S QAskaL HE 9

g olFe Salshe Zlo] 9@ Aol Wi, Swv}

o] Apel7k ololet. Bl AHoR FAfshe 79l
© 79 Blsd ke TPek s B2e] S0}
Z7Fell w2k AODV k4" ZREZ2 OLSR
ehee ZREZuch o 19% o 12 A7 AdES
Holrh =ge] St AGex agom ZriRke
met g3} izl AdEE Aol7t 72le s A1
= Slsiek A=, A4 FAell4= AODVS} OLSR®|
FARE Aeg BRI g dellx= AODV7E
o xR ALES e e 31 S ol

t}
shlE s X 29 U, BheE ZREEE

L 55m/sE TAE I TTL 3t
5, 10012 Z7FA171H B)a

~N W

2 7|& #ellA 25, 5,
3lsdck

17 9= TTL o] 7.5% we] =29] o)% 7
25 veith I3 90X =2 ol AR+
(1,500, 1,500) A&l 9|3 =28 FAlog 1&
S1= A=) 98-S Feld ¢ ek TTL Ftel
2 o, =28yl AE o]F3A| 3t Al vES
A A} E-5 ARB] il vl F-2 W$le]
Aol ut o] 52 gl

I3 102 7|29 TTL el 7.5%2] 108l 75%
o wjo] =29 o]F HZE Jehict a7 9oA+=
(3,000, 3,250) <3< ellAint o]Fo] o]Fo] Hx|uk
3 10914 (4,500, 5,000)7H<]2] #$] WellA] o]
F 3 AE o 5 gl TIL 3ol 71817 whitell =
E2 o]HHr) v Wl ARE o]w3HA Ha vESH=
ZHE]S o]t o|F FHEA - FEE ARRICE Ul

117

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’18-01 Vol.43 No.01

0,00 I [ 500.0,0.0 3000.0,0.0

oo edsd | 1500.0,1625.0 3000.0,1625.0

0.0,3250.0 1500.0,3250.0 3000.0,3250.0

J% 9. TIL = 7523 ] =29 o5 AR
Fig. 9. The trajectory of the drone when TTL = 7.5 sec

GR00 2250.0,0.0 ] 4500.0,0.0

0.0,2500.0 "\ Y 2250.0,25000 4500,0,2500.0

£.0,5000.0 2250.0,5000.0 A50:0.0,5000.0

I8 10. TTL = 75%% o] =29 o|F A=
Fig. 10. The trajectory of the drone when TTL = 75 sec

EQ= ods FEA AAF| wiiel VESZ
A AR ST HAIRE o Gl delx o] {15
F3fo] 753l

I 112 TTL ghell e 3 AGE} =2
o3 A= A AgE ehdck AA 100712 A
ZollA] TTLo] 752 w& <F 477)9] A8 Ao
v 752 wi= 2 65719] A AFsc) o] 2 E]
o] ®lo] 89| qlER]E ¥2lsk= TTL #ol 5715t
o mje} =2o] AAF Alo] = Zvlsle S &
otk AN TTL 3he] 713kl ulel M ES|a=

118

920

65

£
—_ o
X 80 0
o B
= F60 o
©
& IS
Fan K
o 70 2
= >
g 55 @
- ko]
2 3
Ioi -
& oo Lso E

pz4

50 T T T T
75 1875 375 56.25 75

Time-To-Live (sec)

22 11, TTL #ell w2 43l ddEs 49 A9 A4
Fig. 11. Packet delivery ratio and number of
surveillanced cells according to TTL

1

FEle] R Azle] slER Al AdES A
2} 7345 ¥lok TTL Zre] 7.5%81 7#-$-ell= oF
80%2] Azl ALES HelA|qt 752 w= 20%7%
4% 60%2) HZ ALE-S vk wlebA TTL k<)
Z7lell webd 7l AdES 7hasiEl o wle i
f12e] Aao] 7hssialvk wdl, F a2} swAks)
= AFHoZNE HAH TTL e < 5 rk

o

e

I~

45 2124 Z2E=0| WE X|AIZH

EZ N=F vlEY Tl = AdAo] Al 24E]
o] o] Axe 2143k Hdo] Folnur) Fg3l] u
ol Zh 298 TR EFe| wWE AAkAe] AlE 2y
E] o] =E27A|9] A7k gt e vlaE
el

a7 12 o84 =2 £ wisle] ©kE AODV
9} OLSR®| A|AA7S viepdict, A4 2ho-g] z=
EZQ] OLSRY| Z%elle 54 28 Zzezql
AODV Hr} U 2|QdA7ke Bk T 71x]9] 25
Y ZREF BT, 520 &3] ZIgke| uet A
AlZke]l A2p ZhagiAmt ofzke] WS viellich
AODVY] #S$ol= ©=29] £alo] 15m/sollA] 25m/s
2 K u AAAzEe] 2 WsES Bglon
25mfs o]Feoll= AR ghel AdAZkE Bk
OLSR®] 739, AODVeh= thEA A& w43t
o o] A AAZE W Fo] 4] edgkon =Re] &
Ho| Z71gtol| wet A|QAAZe] BFHAPT A3l &
olE4gjth sA|ut AODVE &3 9] widlel= Fas}
A dAFA] b2 A Az 2FEAAE Bok 2
FAoF AAAZ S A 2heE] T2 EF
9l OLSRe] ] & 455 Holrh

www.dbpia.co.kr



e ol=g vENZE I3 A AsHel B BT A%

45
J = OLSR
40+ -5-- —YT T o AODVH
1 \
T s Gl —
\
~0+-=-=-===-=-= R ettt —
(2]
S \
525' """""""" [ St ——" S n
2 -
N4 —g-mmmmmmm e ——————— - - —
-
LR e e e e Ll -
] —a
[ N --Ye——— —
5 T T T T T T
5 15 25 35 45 55
Speed (m/s)

T8 12, o1y ZREZe) G2 A4
Fig. 12. Delay according to routing protocols

E AFolrs o 52 Al 3ex] =29
Y| ES]Z of&te] MAYSh= AT, ol S1AE 7Nk
2 g TAA At B 7]l sl AljkEkoick
AlEYeld Ais o =2 UES A 74
ARl 7lgo] VB A ¥] E7- 7Rt U i
Efa = Az 2 7 AGES Holvh Al
&8 =29 &) oIt ule} 7 A
ZHagARE M B ¥] B 7|eRo=
Aeg Bk wgh i vEY=
oAM= oF 20024 = o] U o A7k
tl. AODVS} OLSR 28 Z2eFo] 28
w2 Bl EE= AODV 2h$E TR EFO| Sl 1
% 330 o 2 AR ASES 7 A5 3
e =2 A7 2k OLSR 248 ==

A= A% elA o] G2 e vEL=
b 7S Hglon] Aubdog AODV 2he-E =
EEF vl e AAAZEE Bk w3k TTL

N

q

nﬂnimr&é
IS TR )
N

1T

>

o:

™
28

[}
A usle). TIL gho] 271l niet sh7) A28

S

=

& AR AR AL ARE Fheks 2 8
13

25 Aol A= B Aol Aokt 7]es
217171 $1%} hello message] A% A|7] 34 et
A A7t NeF vl EY mma) 2| AkA|e] AlE
ofe] AAANE A F ole ANAE daE|Sel o
gt Ae7kE 3 Aok

=

References

[1] M. H. Tareque, M. S. Hossain, and M.
Atiquzzaman, “On the Routing in Flying Ad
hoc Networks,” in Proc. FedCSIS, 2015.

[2] I Bekmezci, O. K. Sahingoz, and S. Temel,
“Flying ad-hoc networks (FANETs): A
survey,” Ad Hoc Networks, vol. 11, no. 3, pp.
1254-1270, 2013.

[3] W. Zafar and B. M. Khan, “Flying ad-hoc
networks: Technological and social
implications,” IEEE Technol. Soc. Mag., vol.
35, no. 2, pp. 67-74, Jun. 2016.

[4] E. W. Frew and T. X. Brown, “Networking
issues for small unmanned aircraft systems,”
J. Intell. Robot. Syst., vol. 54, no. 1, pp. 21-
37, 2008.

[5] O. K. Sahingoz, “Networking models in flying
ad-hoc networks(FANETs): Concepts and
challenges,” J. Intell. Robotic Syst., vol. 74,
no. 1, pp. 512-527, 2014.

[6] S. Wilerson, C. Korpela, and K. Chang,
“Aerial swarms as asymmetric threats,” in
Proc. ICUAS, pp. 381-386, Jun. 2016.

[71 G. H. Kim, J. C. Nam, I. Mahmud, and Y. Z.
Cho, “Multi-drone control and network
self-recovery for flying Ad Hoc Networks,” in
Proc. ICUFN, pp. 148-150, 2016.

[8] K.-J. Kim, Y.-K. Kim, S.-H. Choi, and J.-M.
Lee, “Outdoor localization for returning of
quad-rotor using cell divide algorithm and
extended kalman filter,” J. IKEEE, vol. 17,
no. 4, pp. 440-445, 2013.

[91 K. M. Sun, S. J. Jang, D. S. Kwon, and J. S.
Ahn, “Self-Retraceable Drone,” in Proc. KICS
Fall Conf., pp. 463-465, 2015.

[10] NS-3 (Network Simulator - 3), https://www.ns
nam.org.

[11] K. Singh and A. H. Verna, “Applying OLSR
routing in FANETS,” in Proc. ICACCCT, pp.
1212-1215, May 2014.

[12] T. Clausen and P. Jacquet, Optimized Link
State Routing Protocol (OLSR), RFC 3626,
2003.

[13] C. E. Perkins and E. M. Royer, Ad Hoc On

119

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’18-01 Vol.43 No.Ol

Demand Distance Vector (AODV) Routing,
Draft-ietf-manet-aodv-02.txt, 1998.

24

&t (Geon-Hwan Kim)

20151 29 ARt At
T

2017 29 : Ak
T AL

20179 3Y~3A) A Bk
AR kA

ki
N

A

d

put

<TAFop A oF V=, T4 HES v

Eflm, =2 ICT €% 71

120

X 5 Ml (You-Ze Cho)

1982 : AJghgta  Axlgst
% =4

1983 : = AEr|Ed #7]
HAAlgat Aal

1988+ : =7l A7
AAlg-et Al

198913~ A : 73 Hefsta AAA}
Ty o

199213~199413 : Univ. of Toronto, W2/

2002%1~20034 : vl FRHEFATANIST), A
A<l

<Fl el AAY o]F UESLF, FA o=F

EQ=, o]%A F2] 7]%; Future Internet

www.dbpia.co.kr



	다중 드론 애드혹 네트워크를 위한 단계적 자율적인 망 복구 기술
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 관련연구
	Ⅲ. 제안방안
	Ⅳ. 성능분석
	Ⅴ. 결론
	References


