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Learning Objectives 

✈ By the end of this presentation you should 
understand: 
§ Benefits of RNAV 

§ Considerations when designing airspace routes 

§ The basic principles behind route spacing 

§ The current nav specs and their phase of flight  

§ Matching fleet capabilities to operational requirements 
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Benefits of RNAV 
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Conventional SID 
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Limitations: 
§  Inflexible SID/STAR design: a constraint 

to airspace optimisation.     
§  Inconsistent track-keeping performance 
§  Requires use of VOR/DME and/or NDB  

 
Advantages: 
§   All aircraft operating under IFR are  

 suitably equipped 



The Benefits of RNAV 
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RNAV Departures at 
Atlanta USA 

Slide from ICAO PBN Seminar 

Four departure fixes 

KATL Before RNAV Departures 
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RNAV Departures at 
Atlanta USA 

Slide from ICAO PBN Seminar 

KATL After RNAV Departures 

Eight departure fixes 
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Kathmandu Arrival 



Design in context 
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Methodology 
STEPS 

Which equipage? 
How many aircraft ? 

Is there Radar? 

Which Runway(s)? 

Where does the traffic come from? 
And when? 

NAV 
SUR 

RWY 

TFC 



Design in context 
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Methodology 
STEPS 



Terminal Routes 
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Routes in Terminal Airspace link… 
§  Changing demand 

§  Runway in use 

§  ATS Routes 



Dependence on RWY (1) 
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§  RWY orientation is given 

§  Direction of RWY in use 
 depends on wind 



Dependence on RWY (2) 
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§  Different set of SIDs and 
STARs for different runway 
in use 



Seasonal Effect (1) 
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§  Demand  and route 
placement can vary for 
different seasons 

Summer 



Seasonal Effect (2) 
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§  Different set of SIDs 
and STARs per season 

Winter 



Selecting a Navigation 
Specification 
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What Navigation 
Specification is needed? 

✈ Which phase of flight? 
✈ How much confidence is needed in track 

keeping? 
✈ Various requirements identified by Airspace 

Concept  
§  Vertical 
§  Lateral 
§  Longitudinal 

✈ Is there a need for on-board performance 
monitoring and alerting? 
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 On Board Performance 
Monitoring and Alerting 

✈ The PBN concept uses the term “on-board 
performance monitoring and alerting (OPMA)”   
✈ The associated ICAO terms were previously 

containment area, contained airspace, 
containment value, containment distance, 
obstacle clearance containment  
✈ ‘Navigation accuracy’ now used instead of 
‘containment’ 
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Role of OPMA 

✈ Allows flight crew to determine whether the 
airborne system meets the navigation 
performance required 
✈ Relates to lateral and longitudinal 

performance but not vertical 
✈ Provides greater assurance of lateral track 

keeping 
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Doc 9613                      
Part /  Chapter 

Navigation 
Specification 

Flight phase 

En-route En-route 

Arrival 
 

Approach DEP 

oceanic/remote continental Initial Intermediat
e Final Missed1   

B Ch.1 RNAV 10 10               

B Ch.2 RNAV 52   5 5           

B Ch.3 RNAV 2   2 2         2 

B Ch.3 RNAV 1   1 1 1 1   1 1 

C Ch.1 RNP 4 4               

C Ch.2 RNP 2 2 2             

C Ch.3 RNP 13     1 1 1   1 1 

C Ch.4 
Advanced 

RNP4  25 2 or 1 1 1 1 0.3 1 1 

C Ch.5 RNP APCH6       1 1  0.37 1   

C Ch.6 
RNP AR 
APCH        1-0.1 1-0.1 0.3-0.1 1-0.1   

C Ch.7 RNP 0.38    0.3 0.3 0.3 0.3   0.3 0.3 

 Navigation Specification 
by Flight Phase 



Use and Scope of Navigation 
Specifications 

✈ Navigation specifications do not address all airspace 
requirements (e.g., comm, sur, ATM) necessary for 
operation in a particular airspace, route or area 
§  These will be listed in AIP and ICAO Regional Supplementary 

Procedures 

§  States must undertake a safety assessment in accordance with  
Annex 11 and PANS-ATM, Chapter 2 

✈ PBN Manual provides a standardized set of criteria, but 
is not a stand-alone certification document 
§  Examples:  RNP 4, RNAV 1, RNP AR APCH 
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What kind of Navigation 
Specification? 

✈ For Approach/Terminal/En-route/Oceanic? 
✈ RNAV or RNP 
✈ Influencing factors 

§  Airspace available 

§  Navigation infrastructure available 

§  Aircraft available 

§  Airspace requirements 
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Aircraft Types you cater for 
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Occasional older visitors – 
lack of functionality 

Heavy slow long-hauls 

Local fast regionals 



NAVAID Coverage 

✈ Geographical Distribution of Navaids 

✈ Accuracy 

✈ Continuity of Service 

✈ Availability 

✈ Redundancy 
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Designated Operational 
Coverage DME A 

Designated Operational 
Coverage DME B 

A B 

DME/DME VOR/DME 

VOR/DME1 

.

Nominal Track 

Geographical Distribution  
of Navaids 

30◦ 

150◦ 



DME/DME Geometry 

✈  For DME/DME systems using DME facility pairs, 
geometry solutions require two DMEs to be ≥ 
30°and ≤ 150° 

26 

Acceptable Angle 
70° 

Acceptable Angle 
60° 

Acceptable Angle 
90° 

Unacceptable Angle 
160° 

Unacceptable Angle 
180° 



RNAV GNSS: GPS  
(Global Positioning System) 

§  Position 
computed in 
WGS84 

 A 24 satellite constellation 

§  Accuracy of 
10 meters or 
better 

§  Worldwide 
coverage 

§  Database 
navigation 
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More GNSS 
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✈ BeiDou-2 (COMPASS) 
2020 with 35 satellites 

✈ Galileo 
2019 with 30 satellites 

✈  India 
Regional IRNSS 2014  

with 7 satellites 

✈ GLONASS 
2013 with 24 satellites. 



More GNSS 

29 



More GNSS – SBAS 
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More GNSS – SBAS / GBAS 
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GNSS – Uses / Continuity 
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Route Spacing 
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Route Spacing 

Communication Surveillance

ATC Procedures and Tools
Navigation 

Specification

Navigation 
Application 

Performance Based 
Concept

NAVIGATION INTERVENTIONEXPOSURE TO RISK

Route 
Configuration

Traffic 
Density

}Operational 
Error
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Generic model used to determine separation and ATS Route spacing  



Route Spacing 
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The spacing between ATS routes may be determined, 
in part, by the navigation performance of the aircraft 
that are expected to use them, by anticipated aircraft 
density, and by the communication and ATS 
surveillance services that are available to those 
aircraft.  



Route Spacing – ICAO 4444 
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5.4.1.2.1.3 By use of different navigation aids or methods. 
Lateral separation between aircraft using different 
navigation aids, or when one aircraft is using RNAV 
equipment, shall be established by ensuring that the 
derived protected airspaces for the navigation aid(s) or 
RNP do not overlap. 



Route Spacing – ICAO 4444 
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5.4.1.2.1.4 Lateral separation of aircraft on published 
adjacent instrument flight procedures for arrivals and 
Departures 
 
5.4.1.2.1.4.1 Lateral separation of departing and/or arriving 
aircraft, using instrument flight procedures, will exist: 
a) where the distance between RNAV 1, Basic RNP 1, RNP APCH 
and/or RNP AR APCH tracks is not less than 13 km ( 7 NM ); or 
b) where the protected areas of tracks designed using obstacle 
clearance criteria do not overlap and provided operational error is 
considered. 



Route Spacing – ICAO 4444 
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Note 1.— The 13 km (7 NM) value was determined by collision risk 
analysis using multiple navigation specifications.  Information on this 
analysis is contained in Circular 324, Guidelines for Lateral Separation of 
Arriving and Departing Aircraft on Published Adjacent Instrument Flight 
Procedures. 
Note 2.— Circular 324 also contains information on separation of arrival 
and departure tracks using non-overlapping protected areas based on 
obstacle clearance criteria, as provided for in the Procedures for Air 
Navigation Services — Aircraft Operations, Volume II — Construction of 
Visual and Instrument Flight Procedures (PANS-OPS, Doc 8168). 
Note 3.— Provisions concerning reductions in separation minima are 
contained in Chapter 2, ATS Safety Management, and Chapter 5, 
Separation Methods and Minima, Section 5.11. 
Note 4.— Guidance concerning the navigation specifications is contained 
in the Performance-based Navigation (PBN) Manual (Doc 9613). 



Route Spacing – ICAO 4444 
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5.4.1.2.1.5 RNAV operations where RNP is specified on 
parallel tracks or ATS routes.  
 
Within designated airspace or on designated routes, where 
RNP is specified, lateral separation between RNAV-equipped 
aircraft may be obtained by requiring aircraft to be 
established on the centre lines of parallel tracks or ATS 
routes spaced at a distance which ensures that the protected 
airspace of the tracks or ATS routes does not overlap. 



RNP Lateral Separation  
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✈  PANS OPS Doc 8168, Vol II, Part III, Section 7.5 
§  RNP area semi-width is determined by the formula: 2(XTT) + BV 

§  Where:  BV = buffer value (see Table III-1-7-1) 

✈  The calculation for a RNP 1 arrival is shown below: 

   XTT = 1.00 NM;      BV= 0.50 NM 

   area semi-width =  2(1.00) + 0.50 = 2.50 NM 



Route Spacing – Example 
EN ROUTE Continental Airspace  
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§  16.5 NM route spacing for straight unidirectional tracks operated with ATS 
radar surveillance, and;  

§  18 NM route spacing for straight bi-directional tracks operated with ATS 
radar surveillance, have been derived for European continental airspace 
by comparison to a reference system (VOR Spacing) 

 
Minimum ATS requirements:  
§  NAV —All aircraft need an RNAV 5 operational approval valid for the 

routes or tracks to be flown, and the NAVAID infrastructure must be 
sufficient to support RNAV 5 operations. 

§  COM — Direct VHF controller/pilot voice communications 
§  SUR — with radar surveillance 
Notes: 
1.  This spacing is not  applicable to remote or oceanic airspaces, which lack VOR infrastructure.  
2.  For general ECAC application, spacing of 16.5 NM for same-direction routes, and of 18 NM for opposite-direction routes, 

was shown to produce an acceptable intervention rate.  Moreover, route spacing could be safely reduced to as little as 10 
NM provided the resultant intervention rate was considered acceptable. In the event that ATS radar surveillance was not 
available, route spacing  needed to be increased, and could be as great as  30 NM in a high-traffic-density environment.  
(Also note that route spacing needs to be increased at turning points because of the variability of aircraft turn 
performance. The extent of the  increase depends on the turn angle). 

  



Route Spacing – Example 
European RNAV 
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Source: ICAO 12th ANC, Montreal, 19-30 NOV 2012 



Route Spacing – Example 
EN ROUTE Continental Airspace 
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§  Eight to nine nautical mile (8 to 9 NM) route spacing for straight tracks in 
a high-density continental en route system using ATS radar surveillance, 
has been derived by independent collision risk analyses undertaken 
separately by the Federal Aviation Administration of the United States of 
America 
 

Minimum ATS requirements: 
§  NAV — All aircraft need an RNAV-2 operational approval valid for the 

routes or tracks to be flown, and the NAVAID infrastructure must be 
sufficient to support RNAV-2 operations 

§  COM — Direct VHF controller/pilot voice communication 
§  SUR — Radar surveillance 



	
  

	
  

Thank You 
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