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=] whE A2 v PAE A Foll Atk PBN Y] 8- 2}ol| = GNSS (global navigation satellite systems), DME (distance
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[Abstraci]

Republic of Korea has established its performance-based navigation (PBN) implementation plan in 2010 for ensuring a smooth
transition to PBN operations and relevant new flight procedures are being developed in accordance with the roadmap. Various
Navigation aids (NAVAIDs) like global navigation satellite systems (GNSS), distance measuring equipment (DME), VHF
omnidirectional range (VOR), inertial navigation system (INS) are used to support PBN procedures. Among them, GNSS would
play a central role in PBN implementation. However, vulnerability of satellite navigation signals to artificial and natural
interferences has been discovered and various alternative positioning, navigation and timing (APNT) technologies are under
development in many countries. In this paper, we study whether continuous PBN operations can be achievable without GNSS

signals. As a result, it shows that some of the domestic airports require the construction of APNT in the approach area.

Key word : Aeronautical information publication, Alternative positioning, Navigation and timing, Global navigation satellite
systems, Navigation aid, Performance-based navigation.
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Table 1. PBN specification per flight phase [4].
Flight phase (NM)
PBN En route Approach
ification .| Enroute
specitication|oceanic . ARR|  Tinter-_. ) DEP
remote |CONtinental Initial med FinalMissed
RNP 10 10
RNAV 5 5 5
RNAV 2 2 2 2
RNAV 1 1 1 1 1 1 1
RNP 4 4
RNP 2 2 2
RNP 1 1 1 1 1 1
A-RNP 2 2 or1 1 1 1 0.3 1 1
RNP APCH 1 1 0.3 1
RNP AR 1 0.3
-0. 1-0.1
APCH 1-0.1 -0.1|-0.1 0
RNP 0.3 0.3 0.3/ 0.3 0.3 0.3 |0.3

E 2. PBN 1o w2 NAVAID[4]
Table 2. NAVAID infrastructures for PBN specification [4].

Specification NAVAID infrastructure
RNP 10 GNSS, INS or IRU, LRNS"
RNAV 5 VOR/DME, DME/DME, INS or IRS, GNSS
RNAV 1/2 GNSS, DME/DME, DME/DME/IRU, DME/VOR
RNP 4 GNSS, LRNS
RNP 2 GNSS*
RNP 1 GNSS+*, DME/DME
ATRNP (Mulﬁi\‘Sl\S/lE**)
GNSS(LNAV or LNAV/VNAV?)
RNP APCH GNSS(LP/LPV?)
Conventional NAVAID for missed approach
RNP AR APCH GNSS*(primary), DME/DME (alternative means)
RNP 0.3 GNSS*

1) Long—-Range Navigation Systems

2) Lateral Navigation/Vertical Navigation

3) Localizer Performance/Localizer Performance with Vertical
Guidance)

* |t shall not be used in areas of known GNSS signal interference.
** Multi—-DME is not required but may be provided based upon
the State requirements, operational requirements and available
services.
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Table 3. PBN specifications applicable to domestic flight 5 2 = @sto| PBN H|HH X} [7]
procedure [7]. Table 5. PBN flight procedures at Major domestic airports [7].
Flight procedure Specification Airport Flight
Airport |proce|Runway| Procedure name Notes
En Route RNAV 5, RNAV 2 - dure
SID RNAV 1 Incheon, Gimpo, Jeju, RNAV 1 Operation
Cheongju, Yangyang, RNAV BINIL 1K | GNSS OR DMEDME/IRU
STAR RNAV 1 Ulsan. Seoul, SID | 15L/R | aNav BOPTA 1K | required , ,
IAP RNAV 1, RNP 0.3 Jeongseok, Muan ATS Surveillance required
RNAV 1 Operation
) ) STAR| 15L/R | RNAV SEL2E | GNSS SR DMEDME/IRU
E 4 = RNAV @2 25 HE (7] quSUIrSer eillance required
urvellla ul
Table 4. Examples of domestic RNAV en route [7]. Incheon RNAV 1 Operation
GNSS OR DMEDME/IRU
En route | Specification NAVAID Service area 150 ILS or LOC required
DME/DME, CAT I &1l ATS Surveillance required
753 RNAV2 | DME/DME/IRU, | BITUX | BASEM AP DME requirement on an
ILS/LOC App
GNSS RNP 0.3 ired
.3 require
g’\OAE//B,,\\AAE 15L RNAV(GNSS) Baro—VNAV NA
763 RNAVS5 INS or IRS’ PILIT NOMEX below—20C
GNSS ’ RNAV KAMIT 1E, | RNAV1 Operation
INS or IRS SID 07 |RNAV MAKET 1E, | GNSS required
Y655 RNAV5 GErSS : GONAV | TOLIS RNAV TAMNA 1E | ATS Surveillance required
RNAV DOTOL 1P, .
DME/DME, RNAV MAKET 1P RNAV1 Operation
Y711 RNAV2 DME/DME/IRU, MONSI PANSI STAR| 07 RNAV TAMNA 1 P’ GNSS required
GNSS RNAV TOSAN 1P’ ATS Surveillance required
Y711 RNAV5 'NSG,?[S'SRS’ PANSI | ATOTI Jeju RNAV1 Operation
GNSS required
INS or IRS ILSZ or LOCZ ! .
Y722 RNAV5 , S0SDO ATOTI 07 CAT Il ATS Surveillance required
GNSS IAP DME requirment on an
DME/DME, ILS/LOC App'
781 RNAV2 DME/DME/IRU, SAMIS JEJU RNP 0.3 required
GNSS 07 RNAV(GNSS) Baro—VNAV NA
low-20C
755 RNAV5 INgNSISRS AGAVO | NONOS ANAVIGNSS)= below
or SID | 06L GNSS REQUIRED
DME/DME, Cheong BUKIL 1
Y782 RNAV2 DME/DME/IRU, ANYANG APELA ju GNSS REQUIRED
GNSS IAP | 06L RNAV(GNSS) DME/DME RNP—0.3 NA
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— Table 6. SIS performance requirements [9].
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Table 7. Pseudolite accuracy requirements (95%) in RNP
operations [10].

Position Range Derived

ETrTen e — accuracy [Time accuracy) signal
rouuirod’! required’ (estimated) | accuracy
a (HDOP 2.8) required”
RNP 0.3"| 307.2m 108.6 m 50ns (15m) | 107.5m
RNP 1" 1793 m 634.0 m 50ns (15m) | 633.8m

1) Position accuracy required

= NSE (navigation system error)

= (TSE (total system error) 2 — FTE (flight technical
error) %) /2
2) Range accuracy required = NSE / HDOP
3) Derived signal accuracy required

= (Range accuracy required ° - Time accuracy
* For FTE of 0.25 nm in RNP operations

Note

2) 1/2
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38 3. LDACS1 APNT 7ilE [16]
Fig. 3. LDACS1 APNT concept [16].
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Table 8. APNT-required en route or domestic airports.

-
= a8

En r'oute or| Flight Speqﬂc NAVAID APNT T
Airport |procedure| ation required
DME/DME,
ANAV 5 INS or IRS, %
RNAV GNSS
En-route en—route VOR/DME
DME/DME,
RNAV 2 DME/DME/IRU X
, GNSS
SID GNSS or
star |V ovepmesiru| <
Incheon IAP GNSS or
’ 1 X
Gimpo (ILS) RANAV DMEDME/IRU
IAP .
(LS) RNP 0.3 GNSS
SID DMEDME/IRU,
STAR RNAV GNSS O DME/DME
Jeju, IAP DMEDME/IRU,
1
Yeosu (ILS) RNAV GNSS O DME/DME
IAP .
(LS)) RNP 0.3 GNSS
SID DMEDME/IRU,
Yangyang STAR RNAV GNSS O DME/DME
’ IAP DMEDME/IRU,
Ulsan, (ILS) RNAV 1 GNSS O DME/DME
Muan AP
(RNAV) RNP 0.3 GNSS O
SID DMEDME/IRU,
STAR RNAVT GNSS O DME/DME
Jeongseok AP
(RNAV) RNP 0.3 GNSS O
DMEDME/IRU,
SID RNAV 1 GNSS O DME/DME
Cheongiju AP JRNP 0.3 GNSS =
M) '
IAP .
(RNAV) RNP 0.3 GNSS
DMEDME/IRU,
SID RNAV 1 GNSS O DME/DME
Seoul AP
(RNAV) RNP 0.3 GNSS O

* In the case of both direction precision approach procedures are
established airports like Incheon, Gimpo, Jeju, Cheongju and
Yeosu) , it may defer constructing APNTSs.




2 |ojof & Ao|t}). whbA, ILS$} & AL HZAx7} =3
H TR GNSSoll ofES gz FRiE el 941
2 © & APNT 75| I a3}tk
v.d B

B 5= 3= PBN H| A x}o] A} H 418 53 GNSS

9] oJEEE UolH I, GNSS AlS o]-go] Brlssk 7o =
24291 PBN H|HaLE o]33}7] 9]¢ APNT 4§ ek
A A3
o ok A 943 o7 913k GNSS AT A 71sA
31, g3 7)9 kg A5 A A =2 g
w7t @ 7E = A Aol A= GNSSoll ©]F3F PBN |32zt
7F R E o] Q7] wliel @r]H o2 Fak TR H A -
FAOZ APNT A|2H1S 94 F5sh= Alo] a3t Efzh
F71A o= b AR] St GNSSOll gk oE4 o] A
AA L, FAFG0l UAV 5 A2 v A 9] T3 2 4x}
A FA7E 8- 1T v UM E TS XY
T g A5421 7] W AJ 2~ G5o] a1
w|ojof & Flojt}. o] & Fale] FH A9 Y&t 33} b
" _

e FINAL S ﬁolt‘r
3]
[=]

o] Zg=3tar 3laL

)4

zi
ry
r
g
—LJ
19
g
5
>
s
M
i
offt

[1] The National Space-Based Positioning, Navigation, and Timing
(PNT) Advisory Board, “Jamming the global positioning system
- s national security threat: recent events and potential cures,” p.
6, 2010. [Internet]. Available: http://www.gps.gov/governance
/advisory/recommendations/2010-11-jammingwhitepaper.pdf

[2] C. D. Kee, “Alternative position, navigation, and timing,” CNS
TODAY, pp. 5260, Dec. 2014.

[3]1 S. H. Jo, S. E. Kang, J. Y. Kang, and S. H. Ko, “The GNSS
alternative PNT requirements and technology analyses,”
of the Korean Society for Aviation and Aeronautics, Vol. 20, No.

Journal

43

S PBN OIS 913t chel g &S wor

3, pp. 28-34,2012.

[4] ICAO Doc 9613, “Performance-based navigation manual,”
Advance fourth edition, 2013.

[5] EUROCONTROL “Introducing performance based navigation
(PBN) and advanced RNP (A-RNP),” p. 13, 2013.

[6] ICAO PBN/TE/9 - IP/03 “PBN implementation status and future
plan(presented by the republic of Korea),” Mar. 2012.

[7] Republic of Korea Aeronautical Information Publication, Oct.,
2015.

[8] MLIT Republic of Korea established rule no. 235 “PBN operation
guide”, 2012.

[9] ICAO Annex10, “Aeronautical telecommunications Vol. 17, pp.
1-3-3-70, 2006.

[10] S. Lo,
navigation, and timing (APNT),” FAA GNSS Library, pp. 9-13,
2012. [Internet]. Available: http:/www.faa.gov/about/office
_org/headquarters_offices/ato/service units/techops/navservices/
gnss/library/documents/ APNT/media/ APNT Pseudolite WhitePa
per_Final.pdf

[11] National Maritime PNT Office. [Internet]. Available: http:/
www.ndgps.go.kr/html/kr/gnsys/gnsys_050501.html

[12] National Maritime PNT Office. [Internet]. Available: http://
www.ndgps.go.kr/html/kr/gnsys/gnsys_050503.html

[13] S. Lo, Y. H. Chen, S. Zhang, and P. Enge, “Hybrid APNT:
terrestrial radionavigation to support future aviation needs,” in
The Institute of Navigation GNSS+ 2014 Conference, Tampa: FL,
pp- 3029-3033.

[14] L. Eldredge, P. Enge, M. Harrison, R. Kenagy, S. Lo, R. Loh, R.
Lilly, M. Narins, and R. Niles, “Alternative positioning,
navigation & timing (PNT) study,” ICAO Navigation System
Panel(NSP) Working Group Meeting, Montreal, Canada, 2010,
pp. 5-6. [Internet].  Available: http:/waas.stanford.edu/
papers/Eldredge ICAO 2010 NSP-Flimsy-May-2010-2.pdf

[15] S. H. Jo, J. Y. Kang, “Alternative positioning, navigation, and

“Pseudolite alternatives for alternate positioning,

timing using multilateration in a terminal area,” Journal of the
Korean Society for Aviation and Aeronautics, Vol. 23, No. 3, pp.
3541, 2015.

[16] Future Aeronautical Communications LDACSI. [Internet].
Available: http://www.ldacs.comyldacs 1-navigation/concept/

www.koni.or.kr



J. Adv. Navig. Technol. 20(1): 37-44, Feb. 2016

Zd 2 2 (Mu-Geun Kim)

2009 2% : olFTHEt W WE-ITSCHEHY WSS} (SE4AA}
2015 38 ~ &A@ Sh=Etsristn thaty sta2EtniE|stnt YAty

3 2
*EFAIEOL: CNS/ATM, AlBEIIIE, B8eg o Ba|

Z X} A (Ja-Young Kang)
19924 62 : 0|= Aubum Univ, AE/Ph.D.

19794 32 ~ 1984 8% : Ztn}stod A ol

199214 6¥ ~20021A 3¢ : ETRI el el

2002 38 ~ ®iA| : st=etsoistn stseetstnt mg
220k 1 CNS/ATM, HIdoM A 2 =8N, s3x A S8t

& X = (Jae-Ho Chang)
2003 12¢ : o|= Embry-Riddle Aeronautical Univ. Master of Aeronautical Science

A 20104 4% ~2011H 2% : SHA{CHEtm AT 2T
L & 2011 28 ~20151 8% : Aofjo] L&

http://dx.doi.org/10.12673/jant.2016.20.1.37 44



