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• En-Route
– 1992: 3 RNAV En-Route for Trial Operation
– 1995: Shift to Operational Use for Evaluation
– 2002: Authorize Formal Operation

• Terminal
– 1999: FMS Arrival Route using FMS at Tokyo International 

Airport only for during the middle of night
– 2004: Increase RNAV STARs to support an additional 5 

domestic airports
Fukuoka 
Airport

Kagoshima 
Airport

Tokyo 
International 

Airport

Hakodate 
Airport

Osaka 
International

Airport

Takamatsu 
Airport

History of RNAV in Japan

TOKYO  FMS/LLZ RWY 34R 

PBN Manual
2007

En-Route Terminal 
(SID/STAR)

RNAV-5 RNAV-1
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RNAV ROADMAP (1)

• JCAB RNAV Roadmap (Initial Version)
– Short-term (FY 2005~ 2007)

Introduction and development on RNAV route for the purpose 
to improve operational efficiency mainly 

– Medium-term (FY 2008~ 2012)
Expansion of airspace capacity corresponding to the Phase 2 
Project at Kansai International Airport and the Further 
Expansion Project at Tokyo International Airport

– Long-term (FY 2013~)
Direction for future RNAV operations which Japan should aim 
at
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Foundation of RNAV Implementation Team

• Office of RNAV Implementation Team …
– In JCAB Headquarters Building
– Several desks in small room

• Consists of …
– Director for International policy

Coordination
– Air Traffic Controller
– Flight Procedure Designer
– ATS Engineer
– Airline representative
– Flight Standards
– Flight Inspector
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RNAV ROADMAP (2)

• JCAB RNAV Roadmap (Latest Version)
– Short-term (by the end of FY 2007)

Early achievement of improvements in operational efficiency by 
introducing RNAV that meets globally harmonized 

– Medium-term (FY 2008~ 2012)
Improvements in operational efficiency by increasing the 
airspace capacity step by step in response to the Phase 2 
Project at Kansai International Airport and Further      
Expansion Project at Tokyo International Airport

– Long-term (FY 2013~ 2018, and beyond)
Direction for future RNAV operations which Japan             
should aim at
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2005 2010 2015 2020

Outline of RNAV Roadmap

Enroute

Terminal

Approach

Enroute RNAV in1992 RNAV5

Segregate RNAV5
and VOR routes

RNP2

Mandate RNP2
above FL290

FMS Arrival in 1999
RNAV1 SID/STARs

at radar airports

RNP1 SID/STARs
at non-radar airports

Transition from
RNAV1 to RNP1

Mandate RNP1 at mid-high
density airport

RNAV(GNSS) Approach
with Baro-VNAV RNP AR Approaches

Expect to mandate RNP AR
Approaches at selected airports

Kansai New RWY Hanada New RWY
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Work Process for Transaction of RNAV Flight Procedure

• Step 1: Proposal of RNAV Route or 
Procedure including 
candidate DMEs proposed 
from Procedure Designer to 
Flight Inspection

• Step 2: Check DME/DME 
surroundings by Flight 
Inspection aircraft

• Step 3: Result of confirmed 
DME/DME reception from 
Flight Inspection to Procedure 
Designer

• Step 4: Screening DME/DME 
surroundings considering 
mutual angle (30~150) 
between DMEs by procedure 
design tool

• Step 5: Depending on Step 4, back to 
Step 1 or Publication of AIP

Sufficient 
Numbers of 

DMEs 
reception and 
Appropriate  
mutual angle

Flight 
Inspection

Result of 
DME/DM

E 
reception

AIP Publication 
of new Route or 

Procedure

Step 1

Step 2

Step 4

Proposal of 
RNAV Route 
or Procedure

yes

no

Flight Procedure Design Office
(Procedure Design Tool)

Flight Inspection Office
(AFIS)

Step 3

Step 5

Step 5

http://www.nxt-afis.com/jcab_saab_2000.htm
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Flight Inspection on RNAV Route

GNSS 
Inspection

DME/DME 
Inspection

How should we check?

RNAV Flight Inspection
World
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Different Points
Conventional NAV Aids Inspection

DME/DME RNAV Inspection
VOR routeFIX

DME

DME

DME

DME

VOR/DME FIX

DME/DME
RNAV route

DME/DME

Each DME Distance error?
Good DME/DME pair ?
Critical DME ??
DME gap ???
Assessment by Tool

and Simulator …..
Etc.

×△＃

±・・??

Course error, Distance error, etc. Simple!
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DME/DME pair

BBE
BBE

BBE station is 
Critical DME!

BBE
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Inspection System

VOR

#1 & #2

Aircraft System

Inspection System

MMR

MMR ; Gulfstream-IV only

#1 & #2 #1 & #2

SAAB 2000
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JCAB regime

Airspace Planner
at ATM center

Procedure designer
at JCAB headquarters

AIP

Request
Report

Flight Inspection

ATM center;
Air Traffic Management center
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Preparation before Flight

DME list file!!

Entering route information

Setting requirements

Creating DME list
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Requirements for creating DME list
☞ Aircraft position and topography data

※Candidate DMEs are selected within line of sight
☞ Creation of DME/DME combination based

on DMEs located within 160 NM
※First, the combinations are made in such a way that 

the relative angle between DMEs becomes
approximately 90 degree.
(30 degree ≦ related angle ≦ 150 degree)

☞ Exclusion of ILS DME, foreign DME, etc.
from DME/DME combination

☞ Extracting 5 DMEs in each segment from
the candidate DME/DME combinations as
considering distance between aircraft and
DME station

※Basically, 5 DMEs are selected from the nearest
DME station to aircraft in distance order.

※In the case of RNAV5, 5 DMEs operated for 24 hours
In the case of RNAV1, included the Terminal DME

☞ Calculation of position error based on the
best DME/DME combination

Creating DME list
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Flight Plan!!

Before Actual Flight

DME list file!!

Check DME list with FMS Flight Plan

Check RNAV route on FMS

OK!
OK!

Let’s start flying!!
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During Flight

DME

DME

DME
DME

DME

What’s 
this?
Ah, 

oh･･･.

Check! Check!
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Terminal RNAV Route

Receivable ?

Primarily AreaSecondary
Area

Secondary
Area
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JCAB criteria on RNAV route
Item Tolerance

Data Base Integrity Distance: within 0.1NM
Bearing: within 0.1°

※between WPs

for   
locked DME

DME/DME pair More than 1 pair
※ 30°≦inclusion     

angle≦150°

Critical DME If yes, report the range 
to Flight Procedure 
Designer

DME gap If yes, report the range 
to Flight Procedure 
Designer

Item Tolerance
Specific DMEs Report the DME to 

Flight Procedure 
Designer
※ Specific DMEs: degrade   

the navigation solution

Communication and 
RADAR

Within covergae
※ RADAR: if RADAR   

service required

Flyability Flyable

Other ・DME signal strength
・PEE & TSE
・VOR signal, if needed
・GNSS signal

PEE: Position Estimation Error
TSE: Total System Error

DME error Within 0.2NM
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Re-assessment after Flight
✔Revised the original DME list based on Flight

Inspection results
✔Re-assessment of the candidate RNAV route with

the modified DME list 

DME
DME?

DME?
DME

DME

Before Flight

After Flight
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Report to Flight Procedure Designer
Public announcement

OK!

☞ List of available DMEs on each segment
☞ Name of critical DME

and the area where it happened
☞ Area where DME gap happened
☞ Unsuitable DME station which might deteriorate

position solution
☞ Comments on flyability

AIP
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Confusion ??
✔ How should we deal with the confused case

in which we found the out of tolerance on DME
signal?

✔ Should we check DME coverage not only on
center course but also on edge of route?

✔ Every type of RNAV system is supposed to select
DME/DME pair from DMEs checked by Flight
Inspection or Simulation tool?

✔ Flyability checks of RNAV route can be judged
only by Flight Inspection aircraft?

✔ etc.
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Considerations (1)
✔ How should we deal with the confused case

in which we found the out of tolerance on DME
signal?

DME1

DME4

DME2

DME5

DME3

Error lines of each DME signal

DME4 No signal !

RNAV5 – OK
if.....
DME/DME pair without bad DME
VOR/DME available in the portion
GNSS
IRU

RNAV1 – OK
if.....
DME/DME pair without bad DME
DME/DME/IRU
GNSS
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Considerations (2)
✔ Should we check DME coverage not only on

center course but also on edge of route?
Receivable in protected airspace?

Primarily Area
Secondary

Area
Secondary

Area

Obstacles clearance OK?
GPWS or EGPWS, No warning?

EGPWS; Enhanced Ground Proximity Warning System
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Considerations (3)
✔ Every type of RNAV system is supposed to select

DME/DME pair from DMEs checked by Flight
Inspection or Simulation tool?

Check DME
where  RNAV systems do work properly!!

“Surrounding”

A DME & B DME
B DME & E DME

D DME
&

E DME

DME DME DME … ..
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Considerations (4)
✔ Flyability checks of RNAV route can be judged

only by Flight Inspection aircraft?
Various Tracks !

Different Aircraft !  Different Performance !

FMS-1, FMS-2 , FMS-3, FMS-4, FMS-5….

Flyability
Obstacle ??
Altitude ??
Climb/Descend rate ??
Turning angle ??
Speed limitation ??
Intercept ILS ??

etc…

Useful comments
for

Flight Validation
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Conclusion
Flight Inspector

Flight Inspection aircraft and system

✔ Complicated knowledge
✔ Flight procedure design criteria

Skill for Conventional Inspection and…

✔ Only check on signal ?
Depending on purpose…

✔ FMS ? Auto Pilot ?
✔ Flyability ?
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Future work

Airspace Planner
at ATM center

Procedure designer
at JCAB headquarters

Flight Inspector

Present Map Tool

On-line

Procedure Design Tool Procedure Design Tool

Procedure Design ToolTo prevent us from
making a mistake

in data exchange
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Thank you very much!

Thank you !
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