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Abstract

Urban Air Mobility (UAM) is emerging as an alternative transportation method to solve
urban ground traffic jams, but due to constraints such as infrastructure expansion and safety,
Jeju Island is being considered as an early commercialization region. However, considering the
regional characteristics of Jeju Island and the characteristics of UAM aircraft, the operation of
UAMs in Jeju Island is expected to be highly constrained by weather requirements, especially
wind. Therefore, it is necessary to consider the weather constraints in the operation planning,
and this study tried to design a route for seasonal tourism UAM with wind speed as the main
factor. The routes were set as Jeju International Airport - Seongsan and Jeju International
Airport - Jungmun Tourist Complex, and the vertiport locations were assumed as departure and
arrival points based on several key requirements such as obstacle separation and site
availability. For route design, we analyzed the seasonal and spatial wind speed impact on Jeju
Island based on meteorological data at the expected flight altitude of the UAM, converted the
constraints such as ground obstacles and tourist attractions into a total cost, and derived
seasonal routes with the minimum cost by also considering the distance. As a result, it was
found that the flight paths for each route were selected differently by season. This study is
expected to contribute to the initial demonstration and actual operation of UAMs by presenting
a route planning method and results considering weather, which is a major constraint in UAM
operations.

Keywords: geographic information system, route selection, urban air mobility, weather, wind
speed impact
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:LEM AT oA 9] UAM #-8oll= B5-A o= vejofof & = A|efaslo] Slth. Figure 12 SHlgo] H]g)
A 271 9 Lo whet 233 AR ] v) 2= G UE L QT oS 2 A v A= HIAIZE @2t
7} Z7Vol= T ko] u A= F7Fe] 545 AAl= &4% 4= AtHCampbell et al., 2017). UAM 7|A4l& 49

H| 4| = 7gro] X1f Z-o] I g 571 ek 5 2 4 9lew, 6] A1k & H|gYs)
7| == UAM O] 23 £/ aheh2 obdol k& nd & %L 33| T8 8Rlow A8 Aol o] = 714
H3}7E 2o v E5] U152} ] wsto] 73k vigho] 245 K= EA0] Qle AlFEolA £36] Aeslof & Alefx1io]
g 4 Qirh

w2 ATE 714 0918 Telgt UAM A2 A4 Mg AXstnzt sfe, E5] 2 A 2 A5
2 3 1

ﬁ

o = = e
= A%, v e A g 71045122 Qb
70
DJI Phantom Assumptions
60 B < + Plannedflight is direct route between

. origin and destination
_‘ i i + Flighttime = Distance/ Ground Speed
gty GroundSpeed= Cruise Speed— Headwind

- 4 « Constantheadwind, no crosswind
. . == 10 knot headwind

e 5 knot headwind
\
| 1 | Scan Eagle
! I
: -
) ~=RGr
! . Reaper
3 ! Fa Global Hawk
3 I E— i
1 ! ¥'=i
10 ! ; e F—
£ i

0 | 5ID ! 100 150 ! 260 250 300’ 350 400

-]
o

IS
S

Flight Time Error (%)
©w
o

]
(=]

Cruise Speed(knots)

Figure 1. Effect of a headwind on flight time for various UAM (Campbell et al., 2017)
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Table 1. Impact scores for each weather condition from METAR (Reiche et al., 2021)

Weather condition Score Weather condition Score
Drizzle 1 Wind 20-25kts 7
Rain 1 Smoke (<{3sm) 7
MVFR ceiling 1 LIFR ceiling 7
Haze 1 Non-VFR visibility 7
Ice crystals 1 Wind > 25kts 8
Sand whirls 1 Sleet 8
Sand 2 Squalls 8
Snow grains 2 Fog 8.5
Temp <32°F 3 Freezing fog 8.5
Temp > 100°F 3 Freezing drizzle 9
Non-VFR ceiling 4 Thunderstorms 9
Dust 5 Dust storm 10
Snow 5 Funnel cloud/Tornado 10
Sandstorm 5 Freezing rain 10
Wind 15-20kts 5 Hail 10
Mist (vis >= 5/8sm) 6 Volcanic ash 10
Snow pellets 6
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2 of ZA| ARl (Korea Analysis and Prediction System, ©]5F KLAPS) AEA 2tz2-& AHg-oto] UAM oA &
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Figure 2. Selection of vertiport location
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Table 2. Cost and color code for terrain elevation

Terrain elevation range Color code Cost
Less than 150m 0
150 to 450m 100
450m or more Null
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) B4

2 AP M= BY gz 2i7] 7R 2 g ESA AR (Korea Analysis and Prediction System, ©]a}
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A5t 0™, 11 A3k= Figure 49} 2t

WIND SPEED(KNOT) m Surface m 950hPa
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Figure 4. 5-year seasonal average wind speed at surface and 950hPa altitude of Jeju Island
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5) Automatic Weather Station, =7 |[AZ2AIARIOM 4aEls 7|4 22212
6) Automated Meteorological Data Acquisition System, U2 7|AZOIA JHErE 2|4 J|8E B2 A|AG
7) Aircraft Meteorological Data Relay, 217t &57|S 0|83t CHY| D280l 7|4 &= 44 2=
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Table 3. UAM Impact scores for wind speed

Wind speed Impact score
< 10knots 0
10—15knots 4
15-20knots 5
20-25knots 7
>25knots 8
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Table 4. Color code of impact scores and cost for wind speed

Impact scores for wind speed Color code Cost
<0.5 <50

0.5-1.0 50-100

1.0-1.5 100-150

1.5-2.0 150-200

2.0-2.5 200-250

2.5-3.0 250-300

> 3.0 > 300

Fall Winter

Figure 5. Distribution of wind speed impact scores for each season
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Figure 6. Major tourism location

Table 5. Seasonal flowers and tourism locations in Jeju Island

Season Flower Blooming month Tourism location
Spring Rape flower Mar to May  Sanbangsan, Seopjikoji, Noksan-ro
Hydrangea Apr to Aug  Camellia hill botanical garden, Hueree nature life park, Boromwat,

Jongdal-ri flower road, Wimi—ri flower road
Cherry blossoms ~ Mar to Apr  Noksan—ro, Jeju national university, Samseonghyeol, Jeonnong—ro

Summer Sunflower Jun to Jul Hamdeok seoubong peak trail, Let’s run park
Lavender Jun to Jul Boromwat, Jeju herb garden
Fall Pink Mully Sep to Nov  Hueree nature life park
Buckwheat flower  Sep to Oct  Boromwat, Ora—Dong green barley — buckwheat field
Flame grass Oct to Nov  Sangumburi , Saebyeol oreum
Winter Camellia Dec to Apr  Camellia hill botanical garden, Camellia forest, Jeju camellia arboretum
Apricot blossom Feb Geolmae eco park, Hueree nature life park, Seogwipo chilsipnisi park
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Tourism location

Cost Color Legend

Total cost

Figure 7. Raster of Wind speed, obstacle, tourism location, and total cost (winter)

3. 42 M3 du

ArzE 753 UAM 7 2= Figure 874 2t 2| 4H]8 929 o}
H]-§] 2to7t 22 B 7% AR E e{ste] =7t A E]
A& Zfrobe A& ULt 9] 5421 ¥ UAMeO]

ofd

>y 0O
PRYANIY S i
e 1

Winter

Figure 8. Seasonal UAM route with total cost
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Table 6. Tour spot for each seasonal UAM route

Season Jeju Airport — Jungmun Jeju Airport — Sungsan
Spring Let's run park Jeju, Saebyeol oreum, Camellia hill* Samseonghyeol*, Bijarim forest
Summer Let's run park Jeju®, Saebyeol oreum, Camellia hil Bijarim forest
Fall Let's run park Jeju, Saebyeol oreum™, Camellia hill Bijarim forest
Winter Saebyeol oreum, Camellia hill* Hamdeok seoubong beach, Manjanggul, Bijarim forest

*: Seasonal Tourism locations

A, w4 UAM®| =S v msha Figure 99 20, AEHE Hol/t ZATS £ 4 et

1131
'_ M

A r--"\_,_,_/-""

Figure 9. Seasonal UAM route
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Figure 10. Jeju tourism UAM chart
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