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ABSTRACT

In this paper, we developed a single frequency-based RRAIM to monitor integrity of the UAM landing vertically in urban area
with only low-cost single-frequency GPS receiver. Conventional dual-frequency RRAIM eliminates ionospheric delay through

a combination of frequencies. In this study, ionospheric delay was directly modeled. Drift error of residual ionospheric delay

is modeled using the previously studied result on ionospheric rates of change. To verify the performance of the proposed

RRAIM algorithm, a simulation of vertical landing UAM in urban area was conducted. It was assumed that the protection level

at the initial position was calculated through SBAS correction data. During vertical landing, integrity monitored by receiver

alone without external correction data. In the 60 sec simulation, the protection level of the proposed RRAIM compared to

the conventional RRAIM was calculated to be 140% due to the accumulated ionospheric delay error. Nevertheless, it was

confirmed that the final vertical protection level meeting the requirements of LPV-200, which cannot be achieved with single

frequency GPS receiver alone.
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2. POSITIONING

2.1 Initial Position
27| 9]x]= SBAS HAAHE 0| &5]o] SlE5IT} SBASE 9]

AP Z4E 2 apelch jA) QoINS i
= Al ()3} o] A ol=t} (Kaplan & Hegarty 2006).
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Table 1. Measurement simulation model.

Model Assumption
Orbit BRDC
Tonospheric delay IONEX data
GPS  Tropospheric delay Saastamoinen model
Receiver noise 1st order Markov process
Multipath 1st order Markov process
Residual orbit error 'WAAS performance analysis

BEAS Residual ionospheric delay report

Fig. 3. Urban environment modeling.
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4. SIMULATION

EAIEolA AQHE] Tl F}47]8k RRAIMS] B4 714
Hse slsl] 98] 2ol AYe WAk LUl A
| 243 4 27 Table 1o sk, oln) 15 W Fel
ol A5 Ao AEre BAPs) 9ol B4 8¢ 59d 8
Atk AR AEAWIA 44 st SRS THsich
25 2ol 7h $14o] 7] ol Bol w5 712 Fig 39} 2

http://www.ipnt.or.kr



322  JPNT 11(4), 317-325 (2022)

visible satellite
VDOP

visible satellite

5 10 15 20 25 30 35 40 45 50 655 60
Epoch [sec]
Fig. 4. Visible satellite and VDOP in time domain.

Obscured satellite

@ Visible satellite 330
—— Building :

300/

240\

S
Fig. 5. Skyplot at the landing site.
3D positioning
60 — e Proposed RRAIM
== Classic RAIM
9 True Trajectory

50

40 —

o 30

Up [m]

20 +

10 \_f
4 T T \-\. T T -Z

0
-3 -2 -1 0 1 2
North [m] < 3 East [m]

Fig. 6. 3D positioning result of residual based RAIM and proposed RRAIM.

o Agairk. Fig. 4 B0l sk B ATt A9
42} o] & <15} Vertical Dilution of Precision (VDOP) <7}& 9]

njgict. Fig. 5& 2FEA-A WY o2 Qs 71X GPS 94
& UERd skyploto]t. ofuf] 4H&- E29] |t} P& 571 3 m/s
2 AskE o] 2Rbsle] o) Al B SIS ES 1ms
2 stk S0 AA e H5AH oL 60 m Hoizl 4
BN 187 S50 2 sl AR FHgsic.

T O 11—
27] Aol SBAS B4 5 ol 4ol BabE 93]

l‘

https://doi.org/10.11003/JPNT.2022.11.4.317

Vertical Protection Level

250

VPL-SF RRAIM
VPL-RAIM
VPE-SF RRAIM
VPE-RAIM

200

VPL (m)

S

5 10 15 20 25 30 35 40 45 50 55 60
Epoch [sec]

Fig. 7. Vertical protection level of residual based RAIM and proposed
RRAIM.

Table 2. Vertical protection of RAIM and proposed RRAIM.

VPL RAIM Proposed RRAIM
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Fig. 8. Vertical protection level of dual frequency based RRAIM and
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Fig. 9. Vertical protection level corresponding to the measurement
components of the proposed RRAIM.
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Table 3. Vertical protection of dual frequency based RRAIM and proposed
RRAIM.

VPL Conventional RRAIM  Proposed RRAIM
Initial epoch 13.0m 13.0m
Final epoch 244m 344m
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