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ABSTRACT

According to the Korea Urban Air Mobility (K-UAM) Concept of Operation (ConOps), the Global Navigation Satellite
System (GNSS) is recommended as the primary navigation system and the performance specification will be implemented
considering the standard of Performance Based Navigation (PBN). However, by taking into account the characteristics of an
urban environment and the concurrent operations of multiple UAM aircraft, the current PBN standards for civil aviation seem
difficult to be directly applied to an UAM aircraft. Therefore, by referring to technical documents published in the literature,
this paper examines the feasibility of applying the proposed performance requirements to K-UAM, which follows the
recommendation of navigation performance requirements for K-UAM. In accordance with the UAM ConOps, the UAM aircraft
is anticipated to maintain low altitude during approach and landing phases. Subsequently, the navigation performance
degradation could occur in the urban environment, and the primary degradation factor is identified as multipath error. For
this reason, to ensure the safety and reliability of the K-UAM aircraft, it is necessary to analyze the degree of performance
degradation related to the urban environment and then propose an alternative aid to enhance the navigation performance.
To this end, the aim of this paper is to model the multipath effects of the GNSS in an urban environment and to carry out the
simulation studies using the real GNSS datasets. Finally, the initial navigation performance requirement is proposed based on
the results of the numerical simulation for the K-UAM.
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Fig. 1. UAM maturity levels scale (Goodrich & Theodore 2021).
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2. UAM NAVIGATION REQUIREMENTS

2.1 Concept of Operation for UAM
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Fig. 2. Operational planning according to the flight phases of UAM (Uber
2020).

System (UAS)S 913 ] %5 RT=S AT vt olek 53
Wl el 22 HHREE 15 m, AU A4ES 3 mE el
on] 42 Wl el BE ASES 30 m 3Y AHED
15 m2 ARk oLt o] Eg UAMe A4 Q) 8- Brlse}
t} (Bijjahalli et al. 2019).

UAM3} 71 & Q15715 2 A 7 2 Aol e 2419
Yol 4 288tk golck. UAMS] by 2758 g5 4
A= UAMO] 7} H|gTA| o] E43-& atotsto] 2Asfjof shit

K-UAM ConOpselli= o}4] olof thsh ejsa 91 ghet. whe
A ¥ = Boll A Fig. 20] LR 9l Uber AleflA] Ak UAM
of WIeA 8 &-§A2E Fasigick (Uber 2020)

Fig. 20141 % 4+ Q1 oY== UAMS] Wl @A L ) ol F
U AR, &, BT D S, AR BRT 4 ek Uber Al
Al A2k UAMS] £t == 2F 450 mZ 450 m £ 150 mZ A
€ KUMME) ERIROE Ao} T 18 A A
oA F 2FANIE 4=

St A 9 25 gAlolA] UAME B4 ol ¢F 90 me] 1=
& A5 S olufel 3 AlAH e U] dake
& A0 & A=Y o]of] thgh Il FALS o] XI3P=
QUSITh UAME B EXjol ohsll £-8317] Sl ol
2Tk EAZof o3k GNSS A5 ol thgh BAo] AAA o
= o|Rojxjo} it} (Stouffer et al. 2020).
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Table 1. UAM navigation requirements proposed by SAIC.

Lateral Vertical
Autonomy

Autonomy ILS Autonomy ILS
Availability (%) >99 95~98 >99 95~98

En-Route |y ision(m) | <100 | <100 ~38 -38
Availability (%) >99 95~98 >99 95~98

Approach Precision (m) 45 45 5 5

. Availability (%) >99 95~98 >99 95~98

Landing |5 ision (m) 15 15 03 03

Table 2. Navigation specification of RUNP.

RUNP-5m RUNP-50 m
Accuracy +5 meters +50 meters
Integrity Greater than 1-1x10”with a Time-to-Alert of less than 1 second
Availability Better than 99%
Continuity Atleast 1-10"/h

Functionality Managed: ATZ Declared: Sub-urban region
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Fig. 3. K-UAM demonstration route.

Fig.4. Corridor separation standards according to RNP by Uber.

Fig. 5. UAM operating environments (FAA 2020).
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Fig. 6. Dimensions of TLOF, FATO and SA.

Fig. 7. Approach/departure surfaces.
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Table 3. K-UAM navigation requirement recommendations.

Precision [m]

Phase Lateral Vertical

Continuity

Integrity Availability

En-route <100 76
Approach 7.5 15
Landing 1.5 0.3

1-8x10° per15s  1-2x10”7 inanyapproach ~ >0.99
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3. VALIDATION OF THE PERFORMANCE
REQUIREMENT
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Fig. 8. Geometrically-based multipath error model.

o]7)A, AE AE, o= A} offset© 2 Ab4ro|t}, DCE of7k-3

7F offseto 2 Arp2 13 715510 5 nseco|th
A2 AAL 7 el AR 7kA ojof HAyste, A of

FA A A 9219 oF 90%E AFA|FICE AR 291 AYs}
A SEE = e 5400 e el 58 A2 diFd W
57] mhel WSt 1 7jeims Ao Ha Aot
S0l o). tiFdollA st AT AL Az AAY
(SHD)} 5% A|99% (SWD)9| §e 2 Eq. (4)2F o] Lepd

Atk
diropo = SHD + SWD (4)

24 9xE £335)7] 9JslA] Hopfield =& (Hofmann-
Wellenhof et al. 2007)& A}&35t3 o0 1o @3t wlafu) g
L UNB3/UNB4 BE& A}23519it} (Collins & Langley 1997).
Hopfield &&-& o]-835F SHDO} SWD A4k a1 =7t gt g4
X Egs. (5-6)2. & e 4= 9tk

1076 77.64 P
(40136 + 148.72(T — 273.16)  (5)

SHD = —— ———
5 sinVEZ+6.25T
1076 (—12.96T + 3.718 X 10°) e
swp =1 )—211000 (6)
5 sinVEZ + 2.25 T
3.1.2 Multipath error modeling
AR E 949 457} $417] L] L2Fof BhAbE o
A #AEE SR Z o AHA T FAlol SAlEE S
SO OSAE oXF AL Q3 REH S 94 X9
H AE 3223 UAMY] £12]9] 7|51k 31 TAlo]| Z]¥tslgl o
] & Fig. 8ol UEFHIH
A, AEHE FAAsKL Yl o9 3 A prell thish o] =5t
I e HE olgsto] HA e 0 E Folgich Fojw A ¥
El = WAL A5 0] Zo] aot QJrF A4S o] o] BE ekt AFSE
o] WA S 2 o] AFSEIT) Eq. (DE ol&ste] 7+ 4= Qleh

https://doi.org/10.11003/JPNT.2023.12.4.379

Fig.9. NLOS detection.
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Fig. 10. Flow chart of the numerical simulation.

Fig. 11. Multipath in simulation.
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Fig. 12. UERE of each PRN in urban canyon.

Fig. 13. Estimated position including multipath error compared to ground
truth.
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Fig. 14. Number of visible satellites and PDOP.
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A B75k (Satellite Based Augmented System) = 2| AR 7ZF
SHH (Ground Based Augmentation System), T+ S AIA] 2.4
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