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Abstract

The representative spatial industrial revolution of the city is the drones. Recently, a variety
of urban services using drone are being actively discussed, and some cities are trying to
introduce services using a drone. However, there are no discussions on criteria such as safety
distance between drones as a safety flight that must be preceded in order to operate drones
in the city. In this paper, we prove the vertical flight safety distances of drones in urban
spaces under 150m altitude by aeronautical law, and present stable factors to use drones in
urban airspace. The results of this study are as follows: First, it is confirmed that the vertical
movement of the drone satisfying the target level of safety(TLS) of International Civil Aviation
Organization(ICAQO) is less than 100 ft (30.48M) at altitudes below 150M. Second, the factors
affecting the TLS are the vertical overlapping probability of the drone rather than the speed
change of the drone and the size change of the drone. Finally, it is suggested that the space
below 150m altitude of the urban should be divided into maximum two airspace based on
the current TLS and maximum two drones can fly simultaneously.

7l # £ » EE FOLSY|, 2OIN 2, Al LHA=
Keywords m Drone, Unmanned Aerial Vehicle, Reich Model, The 3-dimension spatial urban planning

I. 970l HjAd U =X W A7 gds] 0] Foln =20 o8t 1
o, W, Wi SO) AT Al S AR Al
A4zt AoEme Mz r2 Ropl gone w3 SOtk diele] eoe o8 F, 54
FiSiolk, A 4% ARJSIEo] ofgt Ao tf 8 =S KISl B, WiS8 =2 S0l 2 8
HEQl B2 e AnEAER Uehin o, O =Sl ZR0ks ARl se7k R eR
AOEAE] T4 QA = J1F 2 paje c=ol K SARIA ASEoR Alde de) S 3
O C2e F3wol o TS| Unmaned S == AMESE ERIShl A,
Aerial Vehicle, UAV) == Oloj £3hH, Solska OlFE EEs 80 AHIA ol tisids
719] Aol “GEvlol ARgo] B&sa ojstn = S @A GEo] el ekl 2o
QA RfEoZ Higst & Q= sk ol L, 529 Akl I B 7iQlo] ZEloJHA] el

27 ooz C2S Fost riokst ] o0l Heh =os Ex AEoltth kAl WolA &

* Dept. of Urban Planning, Hanyang University
** Dept. of Urban Planning, Hanyang University (corresponding author : hokim@hanyang.ac.kr)

Journal of Korea Planning Association Vol53 No.1 (2018) | 51


https://crossmark.crossref.org/dialog/?doi=10.17208/jkpa.2018.02.53.1.51&domain=kpaj.or.kr&uri_scheme=http:&cm_version=v1.5

oN
Ofot
=

ol EE2 g5 A23x

Mgz r+dol Qlall AR

Q2 N

olL} Ajglo] Hol

ROl F40] BN HiBe SRS, vl
57090 A% T 150MOlL] B AR HOEAS
S ZSoln 290] RSl 5 SO £y
W ege HEHsTo B 2 Be 20 told

el
o X
ol

Blo] A UAZA] EAl
o= ARgsP| flsto]
150M OJstofla] =29
7] ARE ASBotal O

o] x7] BEES AAIGHIAL

%

BB

i

= Mo o
i

0
0

0
z
pas

ol WTM
0
)

o}

"

ATEW Tjeh 2OojojA]

=
E& E€8oke g thel =7t =1 S
S 0
=

2% 9 1BEOIOES Bl TS, ABAE 44
g7k Hopl =20] B8 7Rsiol thalo] Al
HOTE £RRE0I6S 2 AR AAE B
2], Azelol B8 g mot U BE A2 9

CEE E8dke gt /A +E0lA ettt

Lol

=]

L}

52 | T2EAZ, Hs533 1= (2018)

OJgMI(2016)= =Ul 4T et 70l
7] ARSEAAEHS 0188 XFEY Vs
A

A8 Thsle e
CE2o| VKNIl BEWO 3 BHES
RIAIBIACE

ol Mulwy S e 2 o

S &8t dulo] T =07t oA k]
[e)K=X=1%

A
ral
o
i

| 6820172 E20] @FE ¥
2 718 AENS] AlEst AN Agleld 1 Zite)
7IRAL Age S
Justin J. Boutilier 2] 9820172 =80| ?15 &
2 Al AEDs(Automated external defibrillators) A
dof| gtEQle Fetstirt
Omar Sami Oubbati @] 5H(2017) 7]
ITS(Intelligent Transportation Systems)OlA]
otz ws AH RS ©Es s flsio
S &€8% 34 Al o4 a4 Heks AAlst
C}. Thomas Castelli @ 48(2016)2 TEA] R
RMiE EEE Qo Akg F8 A4S Saf GISet
Google Mapg E&%t 5&29 ols 4& /&gt
Hots ANHHEUTE

2

(M
fil oz rpi

T

]

¢}

H

ALt T B2 EYE fleh S YAlA
o

oD

=

e
[ o
r;m 2
li; r
i \4\1
go
ol Eﬂ'
= 3
20 XN
> u\o
o 10
o o

TR BV ERfehEl 1
yu

9] 4

AL 1 2 Ay e e e
o 30
N 2
rr
Iy
ril
1
=
0%
flo
o
o
£

0
¢

o ok
2
)
O,
el
o

2 ==oAe B2
=

18 Azsh =2

O

0z
i)
I T
T I
0% o
to o
4
ol
ol

ML 2
gg
15

il
{
0

o
El
)
Y

=1
5
Ra)
]
Aw)



UHAI= S| Weknt abH|

nj= SESEEe (B DI} o] AFRIgE
7] & 1=o] theh YHOII(FAA, 2015)8 Sl
HIGNEE Fal 500ft(152.4M)7HK] AAISIAOH
g% ROISE7|E RQ7I9F A =7kg<0] S8t
AZICH= TIFElS 7HKAL QO HIFAIT 5001t
E MERoE ERFatal QR Zrt

Table 1. USA Minimum Safe Altitude

(FAA*, 2015)
Category Minimum safe altitude
High |- Up to 1,000 ft from the highest height
density | obstacle
area |- 2,000 feet from the aeroplane
- At least 500 feet above the surface
Low S . .
density | Maintaining a minimum distance of
Y| 500 ft from persons, vessels, vehicles and
area
coaches
All area | In case no danger.of people or asset on
an emergency landing

* Federal Aviation Administration, 14 CRF 91.119

Table 2. Austrian Drone Flight Zones
(National Assembly Library, 2016)

l. IIl. Non- |lIl. IV.
Category|Building- |residential |Residential [Populated
free area |area area areas
SKg A* A B** C***
below
25Kg A B C D****
below
25Kg
excess
B C D D
150Kg
below

* A No aircraft performance and structure restrictions

** B: It is possible to submit the form by inspecting and
checking the technical standard by the operator himself

*** C. Complicated adjustments can be made to ensure
safety and navigation can be installed

**** Dr It is possible to make complicated adjustments for
safety and it is necessary to equip with navigation and
automation function device
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Table 3. Drone Pilot Project(Ministry of Land,
Infrastructure and Transport, 2016)

Category Major fields of pilot project
Carrying cargo, delivering relief
Logistics ~ |goods and medical supplies to
disaster areas
Prevention of forest fires,
Forest . Lo . . .
. investigation of pollution, diagnosis
monitoring

of disease and disease

Safety diagnosis such as bridges,

Facility safety railways, buildings, high voltage

diagnosis S
transmission lines
Land survey [Survey, homeland survey, complaint
and patrol |and disaster site investigation
Border
Coastal and Border Management
management
UAV control - -
usin Communication capability, control
9 technology and video streaming,
communication| .. . e
collision avoidance, identification, etc.
network

Leisure sports

and Hobbies, entertainment, drone games,

. shooting, advertising, etc.
advertising 9 9
Agricultural |Diagnosis of insect pests, pesticide
support spraying, etc.
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Fié 1. Drones Road Construction Project
(Ministry of Land, Infrastructure and Transport, 2017)
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Fig 2. Vertical Separation of Aircraft
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o] H 27 Hog Variables Values Remarks
|Vl : 827 827 A4 S5 Domestic
_ Nz(opp) 054 Thesis Values
=9 gz euse gkl B H
= - ) 4Knot(7.4Km/h)
P Yy
25 WAEE ° ICAO Standard
Il : 59 sEe e wEme me X | 1S
M) SRSE
29 Y AURIRE & IHRA], =Y ALt
L 4710 OIXIE xlEo= wvisks 015
V. BE N |2 19 QIRE FAR R WHolslo] thelst
QACt ZF QR EF A WMle  Bd SEEA
25Knot(46.3Km/h), 40Knot(74.08Km/h) 2
1L E2 X 58 24
55Knot(101.86Km/h), T+ W= T=E0| HO|Z=A]
IM, 2M = 3M, Al Bifle 520 ZOo=A 2M,
HHS Qls) SRS 47 W] ofd 48
. . 5 3M H 4M, RS2 EE9] =0]24] 2M, 3M H
grozut Higl Reei, B8 710 55 Al &5 _ _
o e BERL SE U BR L ER vz 2 swsiol vilsck ool me S A
A 2 e |tk MRSt o= gdr]2 -
ol 28 Aie Qe WAIRIC ol BB Lo o oo
542 7Rl RS A9E0 T& QolE 48 B
sF HIg Z0] HIg, 7Y Sofl o8l Aleisog < - ,
18 0l Hig, 7l SOl ol [eEeR < Table 5. Drone Substituting Scenarios
AEOR olsde onlst, ol AolME vy
. Scenarios
A Hige 9t 41 72l2 2] gIgtolrt Variables

Table 4. Given Variables & Values

Variables Values Remarks
P,(0) 0.058 ICAO Standard
+ 100ft 9.43E-10
Domestic
£ 150t 351809 Thesis Values
+ 250ft 1.00E-08
h P(S,
=+ 300ft 2.00E-03
+ 500ft 3.50E-06 | ICAO Standard
+ 650ft 1.60E-07
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Actual path Table 7. Model Results
¥ P,(S;) : A Scenarios ICAO |Resu
—_— Pat
w:t‘ s #1 #2 #3 TLS Its
S — Collision 1
Risk Path- "
*\ Wi M +100ft |337E-11|3.21E-11|3.14E-11 0
S F 1 +150ft |1.25E-10|1.20E-10{1.17E-10 o)
Actual path Risk +250ft |3.57E-10|3.41E-10|3.33E-10| 2.50E-09| O
+300ft |7.14E-05|6.81E-05] 6.66E-05 X
Fig 3. Crash Risk and ICAO TLS + 500ft |1.25E-07|1.19E-07| 1.17E-07 X
Z= (8 6)a 20| Reich X0 thlst & A . Scenarios ICAO |Resu
U990 TLS Fol ICA0S] B3 49| TLS %t #4 | #5 #6 | TS | Its
O HEA @279 Rl 5338 S50, +100ft |3.50E-11|3.30E-113.20E-11 o)
Table 6. Acceptance Range of TLS +150ft |1.30E-10|1.23E-10|1.19E-10 o
Comparisons Results
+250ft |3.72E-10|3.50E-10|3.40E-10| 2.50E-09| O
Scenario TLS = ICAO TLS Accept
Scenario TLS > ICAO TLS Reject +300ft |7.43E-05|6.99E-05| 6.80E-05 X
+ 500ft |1.30E-07|1.22E-07 | 1.19E-07 X
SRl ICAO H =2 =Eg Sl AAE P.(S,)
B = EA h@E4 A B 7= 4 ! Scenarios ICAO [Resu
+100ftollA] +Z|th 650£tOIC}. 0] & BHTHojA] #7 #8 #9 | TLS | It
BAeH Max. Height(150m Ofsh) OISl =S & 4 100ft |357€-11|3346-11|324€-11 o
= +650ft(198.12mE AQIst 57 P(S)%E
7o 9ol T2 2ol AL ol 2 +150ft |1.33E-10|1.24E-10{1.20E-10 o)
T £100ft, £150ft H £250ft0] P.(S)EE A + 2501t |3.79E-10|3.54E-10|3.43E-10| 2.50E-09| O
&3t AlURIQ TLS Z3} o] ICAO TLSZ Hrh
e Aoz LFERTH + 3001t |7.58E-05 | 7.09E-05 | 6.86E-05 X
Ol TAl &7+ Ul =289] oFgd s
) ) ) + 500ft |1.33E-07|1.24E-07 | 1.20E-07 X
Plofir= Fa 4] 22l 7He £100ftollA FH
O* A t  X** Reject
+250ft7HKI 2 Shalsjor B ojmlsitt. P o
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Table 8. Fluctuations by Drone Speed

| V] TLS Hsle Bl
25 337E-11 TLs
= = - 462% declines as
40 3.21E-11 drone
s 2 - 219% speed
55 3.14E-11 increases

T R £E29] 37] Halo] ojE TLS ol ¥
SiE HH (& 91} Zrh =E29] o7t 1MoflA]
IMZ S7F6HA EH TLSE 9F 4.09% S7Vsil,
2MOlA M2 E7I6tA ©H TLS= 9F 1.97% &
7ISit). & E29] ot AZSE TLS 32 &5
SITh

Table 9. Fluctuation by Drone Sizes

A, LS Biote Bl
1 3.37E-11 TLS
g’ 3.50E-11 + 409% |increase as
B ' + 197% | drone size
3 3.57E-11 increases
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Table 10. Fluctuation by Drone P,(S,)

P.(S) LS wotg bl
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g + 27220% |increase as

+£150ft | 125E-10 drone
& +18490% | P.(S.)

+ 250ft 3.57E-10 increases
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