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The anticipated proliferation of small Unmanned Aerial Vehicles (SUAVs) in urban areas has
garnered greater interest in capacity estimation of the low-altitude airspace. As a first step to
assess such capacity, we propose a topological analysis framework to identify free versus usable
airspace in a 3D environment filled with abundant geometric elements. To incorporate the un-
derlying geospatial complexity as well as vehicle operational requirements, two types of geofence
~ keep-out and keep-in ~ are utilized. The keep-out geofence defines a boundary around static
objects to keep sUAV out. The keep-in geofence is a 3-D sphere to keep a vehicle in. While the
keep-out mainly focuses on public assurance as a mitigation measure against collision and
privacy risk, the keep-in mainly concerns the operational feasibility of a vehicle. Three scenarios
of keep-out, keep-in, and dual geofencing were applied and compared in a hypothetical case
study as well as in the real 3-D environment of Seoul, South Korea. The results show that the
keep-in usability is an upperbound of the keep-out, due to its unique capability to identify cor-
ridor segments using the alpha shape method. The dual scenario demonstrated tradeoffs between
two types of geofence in a built-up environment, in which the keep-in exhibited more robust
behavior than the keep-out. It is evident that both geofencing methods need to be considered in
parallel in urban areas. In addition, decisions on the geofence parameters should be made in
accordance with the geospatial complexity and flight purposes, rather than relying on fixed
values. The proposed framework is not only capable of evaluating airspace availability in an
adaptive and intelligent manner, but also has the potentials to identify departure/arrival loca-
tions and design ascent/descent routes.

1. Introduction

The anticipated proliferation of small Unmanned Aerial Vehicles (sUAVs) in urban areas has garnered greater interest in capacity
estimation of the low-altitude airspace. Unlike the high-altitude controlled airspace with few obstacles, the low-altitude airspace
needs to take into account the geospatial complexity derived from geometric variability of existing static obstacles such as buildings
and terrain. Currently, several states have imposed sUAV operational restrictions based on proximity to population and man-made
structures. In Table 1, the UAV flight restrictions of eight countries are summarized: Australia, Canada, Hong Kong, Japan, Singapore,
South Korea, the United Kingdom, and the United States. Restrictions generally include (a) flight purpose and the UAV weight
category, (b) minimum distance from people, (c) minimum distance from a building or structure, and (d) altitude limit. Where

* Corresponding author at: Applied Engineering B/D (W1-2), KAIST, 291 Daehak-ro, Yuseong-gu, Daejeon 34141, Republic of Korea.

E-mail address: yoonjin@kaist.ac.kr (Y. Yoon).

https://doi.org/10.1016/j.trc.2018.05.001

Received 20 November 2017; Received in revised form 18 April 2018; Accepted 1 May 2018

Available online 08 May 2018
0968-090X/ © 2018 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/0968090X
https://www.elsevier.com/locate/trc
https://doi.org/10.1016/j.trc.2018.05.001
https://doi.org/10.1016/j.trc.2018.05.001
mailto:yoonjin@kaist.ac.kr
https://doi.org/10.1016/j.trc.2018.05.001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.trc.2018.05.001&domain=pdf

Transportation Research Part C 92 (2018) 137-149

J. Cho, Y. Yoon

*3ST [RIDIWWOD 10 8Y / I9A0 AY() J0j paxmbar st jtwred ANANOY
‘83 £ 19A0 AV 10j paxmbaz s jruRg

*9SN [BUONJBAIIAI-UOU 10§ paimbai st uonduexa ue 10 (sDOAS) seredynIa) suoneradQ 1ydipd reroads
*8Y ¢ 19A0 SYJY [eIoIoUIod 10 paimnbai are (DOY) 3edynia) sioreradQ vVdy pue (TdoYy) 9SuadIT J0[id 0wy

°
P

>

q

“(ISINV) 19A97T B9S UBSJAl 9A0qY {(IDY) [9ADT PUNOID 9A0qy ,

(910T ‘UOnEBNSIUTWPY SPIOIAY PUB SIAIYIIY [RUONEN 'S'M) TOV W Qg1 pagadsun payadsun s3] 10 3 GT [BIDISUIWOD /[RUOTIBIINY $9Je)S PajIuN
(9102 ‘wop3unyj pairun jo AJLIOYINY UONRIAY [IAID) TOV WwOg1 w Qs wOg s3] 10 8 0Z [RIIaUIIOD /[RUOIIBIIY wop3ury pajyun
(F10T ‘®210) jO
o11qnday jo uonelrodsuel], PUR 2INJONISEIJUT ‘PUBT JO ATISTUTIA) TOV WOST paymadsun payadsun ssa[ 10 8 GZ [BIDISUIWIOD /[RUOTIRIIIDY B2I0Y JINOS
(£102 ‘10dedurs jo AJLIOyINY UONBIAY [IAID) TSIV W 09 payradsun payadsun ,$S9] 10 3y £ 2IB9S91/[BUONBIIY a10dedurg
(stoz
»ENQNH jo COCNuHOQmEMhH pue aimjonaseiyuy .Uﬁmd Jjo %‘Emwc:\év TOV WwQST w0g wog Q10w 10 § 002 ﬁm_UhuEEOU\ﬁwﬁcﬁmwhuum Ewn—wﬁ
wog w Qg [erdIauIwo))
(4102 “Buoy Suoy jo Jusuntedsaq UOHRIAY [IAID) 1OV W06 payadsun payadsun LSS 10 3 £ [eUOIBAIDY 3uoy] Suoy
wosT woST 3y6g 03 dn 8y T
(9107 ‘epeue) 11odsuei]) wOg w0g 31 01dn 305z J[eRIRWWO)
payadsun we/ 3Mgg o dn 3y
(e£10Z ‘epeue) jrodsuer]) TOV W06 payadsun w Qg 31 01dn 805z [eUOTIBIIDY epeue)
paymadsun wOg H_m& Ggz0o1dn 8001 [eI2IaUIWIOD
(9102 ‘00T ‘elensnY jJo ALoyIny A19Jes UONEIAY [IAID) TOV WogT wog wog 35z 03 dn 3001 [eUONEBIINY erfensny
amyonas 1o Surpyng ardoad
ERlICIEIEN | Amuar spmnyy B WOJJ 9OUR)SIP WNWIUIA WOIJ 9DUR]SIP WNWIUTA £1039180 Y810\ asodmd 31 ajels

'$2IN3ONI)S dpew-uew pue d[doad WO} 2dULISIP WNWIUIW dY} UO Juswaimbar [euonerado asim-23els

I 2IqeL

138



Download English Version:

https://daneshyari.com/en/article/6935826

Download Persian Version:

https://daneshyari.com/article/6935826

Daneshyari.com


https://daneshyari.com/en/article/6935826
https://daneshyari.com/article/6935826
https://daneshyari.com/

