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Abstract This paper analyzed the radio interference impact of commercial drone (DJI OcuSync)
operations on Wireless Local Area Network (WLAN) environments sharing the 2.4GHz ISM band using
the Monte-Carlo method. The WLAN service radius was calculated using the Modified Hata Model to
reflect real-world environment characteristics, and changes in communication quality were
quantitatively examined according to the drone's flight altitude and separation distance. Simulation
results revealed that a minimum protection separation distance of at least 100m is required under the
worst-case conditions at a flight altitude of 50m. Furthermore, it was confirmed that up to 12 drones
can coexist without mutual interference within an interference protection threshold of 5%. These
research results are expected to be utilized as fundamental data for designing interference avoidance

algorithms and operational guidelines for efficient frequency sharing of ISM-band drones.
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1. M2

T AUE AlY F53 2EkY Edfjge] HdhEel
F71E Qs =4 AY W Hws] 9 2.4GHz
ISM(Industrial, Scientific, and Medical) tJ= 9] AH
Ed Iy A g2 QIeH1,2,3,4],. ol#gt
o4 23t Aol Eota, FRIFgE7I(UAV,
Unmanned Aerial Vehicle) A4S &5, 74, 5
T TR Hofg AT 1 E8%7F 45| EolA

=

HE4S Aol Er Fug goldArt IR Qe
2.4GHz ISM "9<& 714 A°}(C2, Command and
Control) ¥ dloJe] HES 93t F B4 AE= A=st
I QHH5,6]. ol ARk Fu APS £ 7129 A
A B4l 717150 359 E20] FESfoF o= &
& 24k Qi o]2dt oA EEo] AMgshe
A 9PA T} 7]1E A(Wi-Fi) 7He] Au} 7Hdo] Bhay
T Utk B2 =2 R4 28E7] AL 7171
2ok IR Y2 7HAAZ(LoS, Line-of-Sight) $H3<
7 |, o] E29] RF A57} X4t9] i fjet A
HAA ZRIE(AP) E TV ENA o1 Ha A4S
2 285 S 9lt}7,8,9,10]. I8y =2 280 7|2
g FAH YEYA sl vXe FF Tt AT
L Atdoz &2 AHoltt. =29 Hg £57) 7k
sheol ot o] E2o] 2 gAY &4 Uy
A9g st of, 712 B4l Amel(Wi-Fi)7t 24 2
glolg A& Throughput) A5k} HH &4 A=
o] ol 7H3t 4= gl A Foltt. kA =29
QPHSE 28Tt ofle} 7|E BAIYY FgH 29
A7) YallAls, ISM tie W 0]7]F AlxH 7he] A
3 7] ol digt HgHoz FEHo] gFdnt
[11,12]. £ =RolAe L8 58 APgolA HHzo
2 Z8EE 5 Ayt 4157} 2.4GHz theje] FAH
(IEEE 802.11 AY)7} 3 o TAsk= Ant 1+ &
A& BA3t} FAF oz AEY0lAE B3 =&
FA:H 717] Ael9] Hnh 704 58 AP (Effective
Interference Distance)E AFE3SHY, £ Z7F HollA
L85 =29 YU (Density of UAVs)7}F F-A1EH9] A
s Astel HlAE S B4 gt olg Bl T =
AR B2 28 Al At 73S HAsRE £ gl EEE
o] Az|et A% & disol gt Zol=ElS AA
sict.

2, Mo 79 AUEIR R 24 UY

E Aol 7 B4 ndl I o]F Ao ot
FTF AT DI 7171 dE 7Y 3E 24O
2)0 = o|Uststo] ATt AlAE REHE 5]
b 845 thadt 2ol FYgttt s Y(Victim): EE
ogHE 7] ASE ¥ FAN (W), HYok=
A U(Desired Source): WLrofl A4 XS5 &Alsk=
A AP(WLt), ZHdY(nterferer): FA: B4l
FE A= EEDy, EE A DIERE Ao A5
£ FAlsk= E2 A9)71(Dr). A 715F AU ox=
2]oF9] 7t 23 (Worst-case)= 15f, WLte Dt
o] AfEA W AAEC] ZH2F WLedk Dr< B A5kt
o] WLri} Dt Afol9] E8|14 A d& 7HAA7IH, A=
Qo] gl= ARFEEH WLy 7+ 88 71&E 353}
= H9E A4S £ =EoAE o] UA e 7
8 A= (Interference Effective Distance)Z HH3stct
UE 79t AU eofAs A dAA EE2H f&E
7+ WS QFA 7H] JY(Safety Interference Area)
o7 At ofid 49 oA =200y A =&
W7 BAIE 7H] SEEZ FHS) Stk o EE2
AE Jd Yol dEHo =2 F&9] HijX](Random

AN gl

i
i
H
i
|
H

‘- ]
A /
N\ Cell Radius s
\ /
\, .
Y.

S,

Distance

[Fig. 1] Scenario Model for Distance
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[Fig. 2] Scenario Model for Density
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distribution)=]™, F439] 541 F4S AdfictA] =
HY oA M= 48 7Hss B89 1ot NeE
LEgith

AlEFo]Ae] 41844 SEst] sf, & AToflA+=
z|oto] B4l d(Worst-case scenario)& 7HJottt.
olo] we} AU WLrIt EZ A0]7]Q1 Dr ZH o
Sk AZA(WLt, D9 B4l 7hs AR 't AjH]
& 9 Eo] B skt A&’ AH|A HHEE &
AR 7H9] PEAQl AL HASH] 3t H3 HA
(Link Budget) A& 23E Higos 24 =t 2 =g
oA 283t 2.4GHz ISM %] WLAN(UEEE 802.11n)
9 el & 13 gth ol 7|§he R 4
ot 8 AYS 1Tt A & A2 &HMAPL,
Maximum Available Path Loss)}< 4] (1) 53l A4+
Holom, F 4EH A= & 20 Atk

MAPL= EIRP— Sensitivity+Y_ (Loss + Guin) 1

=106dB

L=—27.6 + 20log(v (2 —n1)* +(a)?) @)

+20log(f) + fir (L)L 4k [—kf” o)L
20log(f) + fix wi TRf k/ 1 .

7 00m

h2 hl
) — floor (
floor floor

k, =| floor ( ) (3)

L . :loss of wall (default 5d B)

wi

L, :loss betweem adjacent floor (defauit18.3d B)

b :empirical parameter (default0.46)

d, o * Sizeof voom (default 4m)

h toor height of each floor (default 3m)

hy  : heightof thereceiver (m)

hy,  : heightof thetransmitter (m)

d : the distance between thetransmitter and receiver (m)

£ Aol AA A Ak 49 A4l B4 v
Is17] 98] Modified Hata Model (indoor-indoor)
= Adisto] AR X A AMRE 4SS
@A =& MAPL 3= o A 29 2)(2)2F ()l
st A7}, Urban indoor-indoor 3049 2.4GHz
S AHA BEEL2 9F 30mSl AC=E B4 It o]
A A 715k AU 04 = WLt Dto] 71§ A

1 71202, 29t] 714 2791 A AulA g H
Ao WLr Dr& 242} vjAsk3iet. o] WLrat 7Hd
A(Dr) Atoje] EEA AT dE DAL E BISHAI7|H,
74 Gl ART AEH SFPYAWL)Y B4 2
A 718 F55ke dA AR E B4 2
ToME= o] EFE HMYAE Y 1 o8& +

(Maximum Interference Allowable Range)' &

o Yo

Btk 7171 "' 75 AuE s A AuE oA
&9 H 58 9L 7|Hte R Hr. g FH
HolA =209 /KA B=E 7P 2G5t &
AR 7 S SES FHBeleltt. ol D 24 9
g Yoo e 529 BEE w2y, B9 714
518X HY HollA QFgA]l F&o] kst T2
o 28 M8 =& itk AlEYolAS 5l =AIH
7184141 ITU-ROIA Fasks Aok 7Hd B4 =4
9l ECO(European Communication Office)ollA 7}
I3t SEAMCAT(v5.4.2)& AMESHRITE  AlEdH0]4A]
TAZEL 1914 74 B3 HlE THEohe 4159 =41
B0l MA AlEdolA oHlE ¥y Zl4=o] H|E i gt
A B=1-(N,,,/N,) 28 ALE, TAH AFes
g3 Yo ojHE w4 34E 20,0008]2 49 5t
A1, 2OASL Windows 11 Pro(64bit) 2GAAof
A Intel i7 CPU, 32GB RAMZgollA g =itk &
AR og BAY M E4A= 2~5% ol 7+ &
EZ ARl &8 7IEe R TEste Ko ZRbsto,
£ AT 2 E 5%E AX(Threshold)E A
ot olo] Hot= 94 A 28 WaE 24
5t9AcH13,14,151.

(Table 1) Parameter for WLAN System

Parameter Value Unit
Frequency 2432 MHz
Channel Bandwidth 20 MHz
Sensitivity -76 dBm
Antenna Height (Tx/Rx) 15/1 m
Antenna Peak Gain 5 dBi
Output Power 20 dBm

(Table 2) Link budget of WLAN System

Parameter Value Unit

Power 20 dBm

Tx Antenna gain 6 dBi
EIRP 26 dBm

Sensitivity -76 dBm

A Antenna gain 6 dBi
Fading Margin 2 dB

total 80 dB

MAPL 106 dB
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3. Al=old 714 A EY

2 AollAEe A AA 49E 52 ARS **Eé}b
DJI Ate] E=AHQ1 74 #E 71€<] OcuSyncst ¥
Ao AMGEE 2 4GHz ISM T 7]5te)] \X/LAN(IEEE
802.11n) A|AEIS A tjito g AAsta] oA A4
gt 7Hd AU 5 FASkeRLL ofof mE FFE 744
FFS Aot gtk

E£35] OcuSync 7[&2 =23 257] 749] 1skd o
A AE 4 AolE 95l W2 Hg=Za} 7Rl Sl
S AU Qlom ols IukzQl FAIH $Hg
}04 7171 7+9] 24 Azjet -8 dk H3lo|
ZA A5} =& SEAMCAT 7[8te] 2H71E
Eﬂovﬂ% 5ol A2 AE3ick ojst 24 3}
3 AR o2 AE PAE ARSSHe T AlAE0]
At Foke i YollA ZET of HASH= A4S 71
EAQS =&t QPEARl EE 282 93t BT o]
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3.1 AIZH0|M i B4 3 7Y 245t st

2 ALoj4] 289 2.4GHz ISM T 7]t OcuSync
Al2”9] AlEE ol S5 A% 8 tEvHe &
30 BAst oH, S AARY] Futgr EAS HEGST
A} g HAF vk AT (Emission Mask) #+282 # 49}
2ot O9 32 4 TRl WLro] AjH|A §HE9] X9
Z AAH viAE AU g Hojsw, ojnff WLtE

FAEE Y 4359 Zrrt Havt He 2o

EA ZA(Worst-case)y2 YUEPATE FAH A|AH]
91'7(4751?_] &2 A% A 1 58 AAXNE S%=
‘Iﬂ *]E‘j—ﬂo]’q £4 A3t =2(0cuSync)°]
FE A AR 2 9 100melA
400m Ato]<l 7,12& TZE =

9, T9 4= WLro] AH|A 5 YollA gEH0
2 RA9 HiAEE A% AU E vrgsta gl
H, ol A% ALrt 7P @2 Xote] FeEE P

Fo3t Hﬂ*E Ao|A7A| O] WEAS BT HFel B
A wdojt}t, o3t 529l &4 AL AL AL,
FYT 7MY S84 7% stollA T =8 7] 7F
A ' 77 55mollA 350m HE AE 24HS
slolgl 2 qic}h mixjgto g 17 5= 17 37 =3t
zote] 24 FolA, Fuk EORAS ARREE EE
Al2"o] LBT(Listen Before Talk) 7Hd 3]¥ 7|&S

24RE W] i aE yehdoh BT ¥ale|Eol

48 SEe R olv] YT Ut Ade 4
AZEOR FASe] &3 UAEAN HSHOE AT
_TY__O

SBEN FES WARI Aol 2, Sk
oA A ?_ % vAE 5L AHd(Co-channel)
o] Ao g oA ] of wet MAAR] 1+ gEol
7|& tiH] vk o g ZASIeS ASoHrh

of

(Table 3) Parameter for Drone system

Parameter Value Unit
Frequency 2431.5 MHz
Channel Bandwidth 14 MHz
Antenna Height (Drone) 50 m
Antenna Gain 2 dBi
Output Power 20 dBm

(Table 4> Spectrum emission mask of Ocusync
Drone system

Frequency Offset(MHz) Attenuation (dBc)
~-28 -45
-1.5 -28
-0.7 -20
-0.6 ~ 0.6 0

0.7 -20
1.5 -28
2.8 ~ -45
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[Fig. 3] Simulation Result (WLt-WLr distance= 30m)
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[Fig. 4] Simulation Result (WLt-WLr distance= random)
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[Fig. 5] Simulation Result using LBT
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8 7 49 7Ibte R, g WY WolA Vﬂ%
EEDY dr Wl w2 FAH FFE BATH Al
glojd Axfolr}t, B £4 HeloA= 34 °J°J A
‘:"‘ﬂ'(\WLr)*aT FHog AAH §8 7] v HellA o
9 EE 7|A dEHeR B9 EXE(Random
D15tr1but10n)’6]~— A3AS mAEkaT

AlEglold B4 Axf, FAR ALY AR &
4l F4E BA67| 995t 144 518 AL 5%E 7IE
°og P& o, Whr 8 99 Hol S5t *2d 12
MY B2 45 A IS HAhslopy 328 4
U Ao FRIFGI) o] £ Wk o] EEo]
Y FYolA A 28&F A FANY Ae
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W, &8 22 e 523 FAR
Al Fuk: FH

ol
=
o 8% AFH 2= 282 5 A+

ro i

%m{u

Lm
4o

O

Probability of
Interference(%)
L= I S T FE R ST s |

1 2 4 6 8 10 12 14
MN/Km2

[Fig. 6] Simulation Result for Density (WLt-WLr
distance=30m, WLr-Dt distance= 100m)
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