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What is the “Perfect Flight?”
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Conventional Navigation [1920s
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Ground-based navigation aids (NAVAIDs)
< Aircraft Overfly NAVAID or Intersection
Display Accuracy is a Function of Distance:"‘-.,:

< Protected Area Grows (“Splayed”) |
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= Limited Design Flexibility



& Aircraft Fly Waypoints

Protected Area Constant (“Linear’)

@ Ground or Space Based NAVAIDs \

= Increased Design Flexibility



> Required Navigation Performance (RNP) [1990s]

& &

2 Adds to RNAV

< On Board Monitoring & Alerting

< May Incorporate Radius to Fix
Turns

= Optimized Use of Airspace



NEXT GEN Components: RNAV/RNP

Moving to Performance-Based Navigation

Conventional Routes RNAV

Today's airways connect Arga Nawgation (RNAY)

ground-based navigation aids routes lollow defined “waypoints”
Waypoints

Current Ground

+——NAVAIDs

Limited Design Increased Airspace
Flexibility Efficiency

Source: Federal Aviation Administration

RNP

Required Nawigation Perlormance
(RMNP) routes within specified
"contamnment area”

Optimize
Use of Airspace



“y, Evolution of Air Navigation

Conventional Navigation ] 1920s
r - R
Area Navigation (RNAV) 1970s

\ 4

Required Navigation Performance (RNP) | 1990s

K Performance Based Navigation (PBN) ZOOy




[ Conventional Navigation ]
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Alrspace €Concept.

Access - Improve airport and airspace access in all weather
conditions and the ability to meet limiting obstacle constraints
caused by challenging terrains or restricted area

/M P I
A7 K
N e

\ RNP AR approaches will increase /

Increase runway access, Increase safety, Reduce noise




Alr space €oncept
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What is the “Perfect Flight?”



Deriving Air space Concept

[ Safety? ][ Capacity? ] [ Efficiency?}[ Envi ronment?}[AcceSS?}

'AIRSPACE CONCEPT

Cowm Nav Sur ATM



Element of Alrspace Concept




Phases of Elight

Conventional Environment

1. Pre-Flight 2. Take off 3. Departure 4. En-route 6. En—route 6. Arrival 7. Appoach & Landing 8. Post-Flight
-

1




Phases of Elight

Performance based CNS/ATM Environment
3.Departure + 4 En-route + 5. En-route 6. Arrival /7. Approach&Landing: 8. Post-Flight

Uperation

Performance

Equipment

FERARERER AR

RCP-10 RCP-120 RCP-10
(Time critical) (Radar Separation) (Time critical)
. = - i
i RCP-240&RCP-400 RCP-60
(Non-time Critical) (30/30 Separation) (Non-time Critical)

c
2
=
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ILS, GLS

N W W/ 1| { ig
GINSS. GNSS, DME/DME/RU, GNSS, GNSS with ABAS

DME/DME/RIT IRLI, VOR/DMI DME/DM E/IR1

Barometric Altimeter

Navigation

RNAV | RNAV 5 RNAV |
e (Rarclar required) (Radar required) s— (Radar required)
RNP | RNP 4 RNP |
(No Radar required) (30/30 Separation) (No Radar required)

Precision Approach
APCH with
Vertical Guidance

SSR mode S

Surveillance

ADS-B
ADS-C




C = Parformance-Based Communication (PBC)

N = Performance-Based Navigation (PBN)
S = Performance-Based Surveillance (PBS)
ATM = Air Traffic Management






Introductionto PBN

Area Navigation based on‘ performance requirements
for arcraft operating along an route, on an
Instrument approach procedure or in a designated
alrspace.

Note: Performance reguirements are expressed In
navigation specifications In terms of accuracy,
integrity, continuity and functionality needed for
the proposed operation in the context of particular
alrspace concept. Availability of GNSS SIS or some
other NAVAID infrastructure in considered within the
airspace concept in order to enable the navigation
application.



| CAO PBN Strategies




|CAO Assembly Resolution:

State L etter on Issuance of ICAO PBN Manual (Doc 9613)

States and planning and implementation regional groups (PIRGS)
to complete a PBN implementation plan by 2009 to achieve

— Implementation of RNAV and RNP operations (where required) for en
route and terminal areas according to established timelines and
Intermediate milestones; and

— Implementation of approach procedureswith vertical guidance (APV)
(Baro-VNAV and/or augmented GNSS) for all instrument runway ends,
either as the primary approach or as a back-up for precision approaches.

e 30% by 2010; 70% by 2014, and 100% by 2016






Thailand WG on PBN& GNSS,

Since May 2007, Thailand National Working Group on PBN &
GNSS Implementation consists of representatives from:

- DCA Thailand

- Airlines

- Thal Pilots’ Association

- Airports of Thailand

- Aeronautical Radio of Thailand



rea 1. Policy & Implementation Planning

- Conduct feasibility, e.g. why should we implement PBN and GNSS?
How much would it cost?

- Defineroadmap, e.g. where and when should we implement?

KAddress regulatory issues, e.g. what regulations/legislations are needed? j

Area 2. Establishmentsof Standardsand Requirements

- Identify/Establish standards, e.g. how should we implement?
What actions are needed to be done? Who are responsible for doing what?

/A
- Notify stakeholders, e.g. et other people know what we have planned

and accomplished.

- Gather feedback, e.g. what do other stakeholders think? How can we
\_mprove what we have done? )

~

rea 3: Communication with Stakeholders




Thailand PBN Roadmap-

2005 2010 2015 2020

) |- |1 e

En-route | gaqycrav RNAV 5 Possible RNP 2 or RNAV 2

I B e

RNAV 10/RNP 4 for Some Oceanic Routes

Terminal | oo o——

RNAV (GNSS) SID/STAR
at Int’l Airports

I e | [ e

ii'\r'g\)/rtlss'D/STAR atInt’l RNAV 1to RNP 1 transition at some TMAS

o —— I N e

at Domestic Airports

10

RNP 1 SID/STAR at Non-Radar Airports

Approach 1 ——

RNPAPCH (with Baro-VNAV) at Domestic and Int’l Airports

ol
RNPAR APCH and/or GBAS at selected airports




PBN TMA Implementation
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Progress on PBN Approach | mplementation for
Phuket International Airport
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Navigation I nfrastructureat Phuket

= &

Existing Conventional Navigation Aids

1 Doppler VHF Omni-directional radio Range
(DVOR) for RWY 27 & RWY 09
e 1 Instrument Landing System (ILS) for RWY 27




DVOR @ Phuket !
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ILS @ Phuket :
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ILS @ Phuket
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ILS @ Phuket !

o L

[ Optimum L ocalizer Location = 0 Degree Offset ]

/

Not advisable due to environment impacts
and lack of construction site




Summary: Limitations of. Conventional-Navigation

2]
o L

Conventional
Runway 27 1.4-degree ILS offset
Runway 09 10-degree VOR offset

No vertical guidance

High OCA at 850 feet




Proceduresfor Phu ket09
e

Mai Khao 4™

Yellow — Current VOR Track
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Summary: Safety | mprovementswith PBN

2]
= L

Conventional PBN

Runway 27 | 1.4-degreelLSoffset | Straight-in approach

Runway 09 | 10-degree VOR offset | Straight-in approach

No vertical guidance | Vertical guidance

OCA at 850 feet OCA at 750 feet




Current;Progress

AIRAC
) I _} DEPARTMENT OF CIVIL AVIATION  AIP SUPPLEMENT
Fax: 66022874060 | Aeronautical Information Service A 11/08
AFTN: VTBAYOYX !
E-mail: aisthai@avlation.go.th Tung Mahamek, Bangkok 10120 22 May 2008
Thailand

Establishment of Operational Evaluation for RNAV(GNSS) Approach Charts

at Phuket International Airport

Effecting on 3 July 2008 - 3 October 2008, an operational evaluation for RNAV(GNSS)
Approach Charts at Phuket International Airport, namely RNAV(GNSS) Approach RWY27 and
RNAV(GNSS) Approach RWY09. The charts for the operational evaluation are attached herewith.
During this operational evaluation, the RNAV(GNSS) Approach Charts shall be used only under
VMC.




Current)Progress

_ MNETH
PHUKET § Phuket INTL [VTEF)

PPROACH

RAY [GNES) RWY 06 o

RAPP - MY, 354

TR TSET, PHE

M o
o Ly e S R
Al'_
o b
-
[}
iy
L) )
e EAF)
p HHTEF
s el
i [ sy -
il (APt a}
B [P Lo L]
[} o 17 11 REEY 1™ j- 4
A
r X g 2 5@ TE
oF 5 SENEA, oyt 1 e o ol =
0 ) D, B985 PUT N, —|= Wi 0 P
| e . 1 ALT 3000 "-a’-;ﬁ I ! LA
F - Y » il |
f L - \ |
| | ; \  mee f
o T L
- . b o RP
] L
A ITE ; r X
i e e
T f
M
AP i
eI
- n
- B | -
|
i (i ] ———
——— P 1 P TR
14 |
|
il ¥ i Bk T M _' LE b | o w AF
Ly Mgt b
v L (e .
| L e
"] d i | 4 |1 ¢
] 1 X G |
. | - " Y — = el 2 . 0 | 735 | 905 |t02a |41ns
¥ A : ] i
T o =t e - . ’ M - 2 di |t




| 3
Ly
bl--g- F P14
i
teld ’ [ NE] I
e L T T T
T oamE 4 | W WGRE
F4
#
"'h_.__,. YIDE
AR 1
ﬁ 1z N0

PO T RO N N T N NN T OO N T T T T O N NN AN N O A

RATRRENT AEPRIDARAE ELEY. 10 |
AFPROACH  HFGHTE RELATED TO AP 1AL, I

™AL 1LY, TR
CHART - GAD  THR R T ELEV. IO R ATH) HE2, W Iy LOMEE) FAY M

10 2rE 1 HrE

T :

BEEE Enond Ay ©
100 ] prase . AIRY A,
ChG L oz v o R B AT
e
T "
=TT i THRLIT
R E
E-'ﬂﬂ
oohH aln] =& [ T am T
LRy 0 mm A Tt wx 14
ceg | W00 | MO8 | gm | e | wo w |
F‘I:" i) (284 (200 | a1 e e
R ol camcard | ki D M 100




Safety and Efficiency | mprovemerntswith.PBN

= L

Phu TSP) Conventional PBN

Runway 27 1.4-degree | LS offset Straight-in approach

Runway 09 6-degree VOR offset Straight-in approach

OCA at 850 feet OCA at 750 feet

Samui (VTSM) Conventional PBN

Runway 17 Straight-in yet through Straight-in approach, yet ableto
unstable weather area side-step to avoid the unstable

weather area

Hat Yai (VTSS) Conventional PBN

Runway 08 Unavailable dueto Straight-in approach
mountainous terrain

ChiangMai (VTCC) Conventional PBN
Runway 18 VVOR circling approach with high Runway aligned approach
circling OCA/H




Thailand PBN Implementatlon (1)

Implementation | Terminal Areas Target Nav, Specifications Expected
Activities Starts Operation Date
Hﬂ- e . r 2008 VTSP Approach RNP APCH ENP APCH /
=™ (Phuket) {w/ Baro-VNAV) | since Feb 2009
i - 2008 VTSS Approach RNP APCH RNP APCH /
; . = {Hat Vai) {(w! Baro-VNAV) | since Dec 2009 w/o Baro-VNAV
2008 VTSM Approach RNP APCH ENP APCH
(Sanmii) {w! Baro-VINAV) | since Mav 2010 /W/O Baro-VNAV
2008 VIBS Approach ENP APCH 2012 n
( Suvarnabhums) {w/ Baro-VINAV)
Precision GLS CAT 1 2014
Approach
SID RNAV 1 2012
(D/DT or GINSS)
STAR RNAV 1 2012
(DD or GNSS) - 2015
2008 VIBD Approach RNP APCH 2012
{Don Mueang) {w/ Baro-VNAV)
SID RNAV 1 2012
(DD or GNSS)
STAR RNAV 1 2012
(DVDVT or GINSS) -
2009 VTCC Approach RNP APCH 2011 /
{Cliang Mai) {w/ Baro-VNAV) w/o Baro-VNAV
2009 VISG Approach RNP APCH 2011 v
(Krabi) (w/ Baro-VNAV) w/o Baro-VNAV
2010 VIUD Approach RNP APCH 2012 /
(Udornthani) {w Baro-WVINAW) w/o Baro-VNAV
2010 VICL Approach RNP APCH 2012
(Lum Pang) {w/ Baro-VNAV) /
SID RNAV 1 012 w/o Baro-VNAV
(DD or GNSS)
2010 VITK Approach RNP APCH 2012
(Fhon Kaen) {w' Baro-VINAW)
2010 VICT Approach RNP APCH 2012
{Chiang Rai) {w! Baro-VNAV) \/W/O Baro-VNAV




Thailand PBN Implementation (2)

%

B

2011 VTSF Approach RNP APCH 2012

(Makhon st (w/ Baro-VINAVY)
Thammarat)

2011 VISB Approach ENP APCH 2012
(Surat tham) (w/ Baro-VINAV)

2011 VIBO Approach ENP APCH 2012
( Trat) (w/ Baro-VINAY)

2011 VISC Approach RNP APCH 2012
(Narathiwat) (w/ Baro-VINAV)

2012 VIPD Approach ENP APCH 2013.
(Sukhothar) (w/ Baro-VNAV)

sID ENAV 1 2013
(D/DYT or GNSS)

2012 VTPP Approach ENP APCH 2013
(Phutsanulok) (w/ Baro-VINAV)

2012 VISE Approach ENP APCH 2013
(F.anong) (w/ Baro-VINAV)

2013 VIUU Approach RNP APCH 2013
{(Ubeon (w/ Baro-VINAY)

Fatchathani)
2013 VICH Approach ENFP APCH 2014

{lIae Hong Som)

(w/ Baro-VINAV)

v

‘/W/o Baro-VNAV

\/w/o Baro-VNAV

2015

2016
2015

2016



VTCP RNAV (GNSS) RWYO01
2013 Approach 2014
(Phrae) (w/ BARO-VNAV)
RNAV (GNSS) RWY15
VTUW
2013 Approach RNAV (GNSS) RWY33 2014
(Nakhon Panom)
(w/ BARO-VNAV)
RNAV (GNSS) RWY05
VTUI
2013 Approach RNAV (GNSS) RWY23 2014
(Sakon Nakhon)
(w/ BARO-VNAV)
VTPH RNAV (GNSS) RWY16
2013 Approach 2014
(Huahin) (LNAV)

‘/W/o Baro-VNAV

50% (18 Airports) by the end of 2014
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M502 connecting Suvarnabhumi with South Asia
Expect RNAV-5 Navigation Specification

M 752 connecting Suvarnabhumi with Australia

Expect RNAV-5 Navigation Specification 48
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Number of Flight Reduce Fuel Burn Reduce Carbon Emission
(Month) (Month) (Month)

Suvarnabhumi — Male 24 Flights ~1,488 Kg ~5,208 Kg

Fuel Saving from M502: Datafrom Bangkok Airways

49



RBN En-rqut%

e On-Going Initiatives : PBN Domestic En- rout\é - |
— Domestic Enroute: 2.2 mil kg of fuel save/ year ~ / N
estimated
« Bangkok — Phuket
Bangkok — Samui — Hat Y al /7
Bangkok — Chiang Mai / |
/

Bangkok — Udon Thani

Bangkok — Ubon Ratchathani .
| mplementation On-going

50



* On-going Initiatives: PBN International Routesvia |CAO
— Bay of Bengal — ICAO BOB Reduced Separation Minima
— South China Sea — ICAO South China Sea Route Review Task Force

51



