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Overview

Objective

This module will provide an insight in
the development of routes and holds Iin
support of the Operational
requirements
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Routes

‘Terminal Routes'

Airway  Advisory Un/ControIIed\ Arrival Departur
Route ; Route _J Route/ | Route
N : ‘Tactical’ Routein
/ FR Route% ,D esignated IFR -‘Direct-to’way-poir?t
FR C orri d 0 Arrival/Departure Routes - Radar Vectoring
VIR Cordors | Mo sheases | (Y

Key:

Terminal (Arrival/Departure
Routes discussed in Ch.5

- | ‘Other’ Routes mentioned

~ i Chapter 5.

Note: ‘Tactical’ Routeing relevant
to Chapter 6.

Strategically-designed, RNAV-based instrument
approach or departure procedure (IAP/DP);

these may be part of SID/STAR
and/or a substitute for Radar Vectoring
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Terminal Routes

»-Raw demand

2> Runway In use
>ATS Routes of the ARN-

/
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Different kinds of STARs

Open STAR Closed STAR

(En-Route) ATS Route (En-Route) ATS Route

A
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TAR ¥
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STAR ¥

- = = > Tactical Vectors provided by ATC
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£4¥s|D/STAR Dependence on RWY
(1)

»>>RWY orientation
IS given
~-Direction of RWY

In use depends on
wind




(2)

2 Different set of
SIDs and STARs
for different
Runway In use

rkshops for PBN Implementation
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%
»-Demand and \
route placement
can vary for



Seasonal Effect (2)

~-Different set of \
SIDs and STARs
per season




Good design practice

Segregate Arrivals from Departures
Both laterally and Vertically
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Good design practice

Ve

)

R1.1

ONM from Touchdown

Departure

7NM from Take-Off >

Segregation of
Routes and
Entry/EXxit point

Minimise the
number of
Crossing points

Plan for vertical
separation
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Good design practice

Fix the same Exit/Entry points for

different RWY configurations

(handoff between ACC and APP should not change with
RWY configuration)

R2.1 4—: R2.1

RWY27 RWY09

© T et
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Good design practice

@\’/

Gradually
converge
Inbound flows

Group similar
Inbound flows In
Entry Gates
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Conventional SID

S | Q] sanos
Gl ™ Limitations: |
o] «=Inflexible SIDISTAR design:
constrair Irspace gptimisation
. Tra%,a’g/ukry cy performance
_ gannot bg stlpulated
ﬂnconsst nt track keeping
/V =performance
o° “Require the use of VOR/DME and/or
- NDB [/ L

der IFR are
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The Benefits of RNAV

PATEON |. e @ (L RIEZ o | STANDARD INSTRUMENT DEPARTURES
RWY 20 | 6000 feet. CHI 106
Note: Some chart detalls have been amitted e o VORDME | Latitude  Longitude
Lo aid visual clarity,
- 000 ALMEFLS AIRIEZ  |WS47 01 EDO2% 031
) P.IItSIEIEIQSn;#mh A FLLOrE 1Dg|_-|2§gﬁ>l<_m ALMERUS |NS3% 48,9 EODIY 25,0
h, = 114,20 ML ATLANTD |MG39 14.3 EQD2° 34,8
A CH &3 EASPORT [MS3% 052 E0DI® 14.2°

MARLOWE([MNS3? 50.5' EODI? 01.2"
MIOTTA  [N537 277 EOD3I° 01.8"

Bearings and tracks are
magretic. Tracks in brackels are

= i 'Sh frue. Atlifudes in leel AMSL.
=
Wy 1000
,.Il-_g.:i’.‘lﬁ CERARTURES | ROUTEIMNG
i ALM 1E Climb on track 203, 81 150 MIC turn left 1o

intercept ESP BR300, At 250 MIC tumn lefl 1o
intercept ALM R202 1o ALK,

ALM 1M Climb on track 203, 81 150 MIS turn right 1o
intercept LWT ROAS.

» A 250 WIS turn right o intercapt MUY R205.
5 | MICTTA Intercept ALM R240 b ALM
_ 114, S0 MIC
— CH &5k 2 E3P1E Chimib on treck 203, at 150 MIC wrn left 10
r.::,'f intercept ESF RA0D ta ESF.
f-\ LMT 1% Climib on track 203, at 150 MIC urn right 1o
- imtercept LMT ROA5 ta LNT.
2465
ML 1M Climb on track 203, 81 150 MIC turn right 1o
intercept LNT ROA%, At 250 MIC turn night 1o
Intercept MUW R205 to MLW.
2500 g 085
1@4—— 385  p2s
ATLAMT
112, 50 LMT
/ CH 72 ¥
EASPORT
115,45 ESFP
CH 101 v
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Minimise
Crossing
Complexity

R1.1 <—D

R1.2: (Graph 5-1)

High
XCompIexity

R1.1
R1.2: (Graph 5-1)

D

R1.3 R1.3
R O
‘ %* \/
Managed
Complexity
R1.1 4—3

R1.2: (Graph 5-1)
R1.3
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Safety Assessment for Route
Spacing

GLOBAL ASSESSMENT (ICAO)
REGIONAL ASSESSMENT
_V//xfﬂ///’f///l—J

STATE ASSESSMENT
”ﬂffffﬁﬁ/ﬂﬁl—#

LOCAL IMPLEMENTATION ASSESSMENT |

)
Key
A hssassment Scope | j Portion of Assessment to be completed
< P ' at more detailed | evel (below).

on Airspace Concept Workshops for PBN Implementation
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Route Spacing

Navigation
Performance/

Collision
Risk

Qa1 Aviation Airspace Concept Workshops for PBN Implementation /‘
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Route Spacing

NAVIGATION — EXPOSURE TO RISK INTERVENTION
Performance Based
Concept
Navigation
Application
\ 4
Operational o .
Error Communlcatw/elllance
Navigation ][ NAVAID Route Traffic
Specification | [Infrastructure]  |Configuration Density ATC Procedures and Tools

Generic model used to determine separation and ATS Route spacing

iﬁ;ﬂ@;’{ﬂ?n Airspace Concept Workshops for PBN Implementation /‘
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Route Spacing

PBN

NAVIGATION s

Performance Based
Concept
Navigation
Application

Navigafion NAVAID
Specification

EXPOSURE TO RISKa=

Operational
Error

pem INTERVENTION ey

Communicate' n Supleillance

ATC Procedures and Tools

Determination of separation
minima (1) for tactical use
without ATC Surveillance

v

X

)
Determination of separation
minima (1) for tactical use
with ATC Surveillance x )& 3) V

Determination of
Route Spacing
without ATC Surveillance

v

v

X

Determination of
Route Spacing

with ATC Surveillance

v

v

v

v Relevant; Xlargely irrelevant; (1)In context, separation minima based on Navaid or Navigation Sensor or PBN; (2) traffic density = single aircraft pair; (3)
separation minima determined as a function of performance of ATC surveillance system.

Administration
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ECAC Route Spacing Summary
for Radar environment

Interpreted results of various EUROCONTROL route spacing studies. The route spacing
advantages of Advanced RNP are contrasted to those of P-RNAV and B-RNAV.

VParallel Routes Advanced RNP P-RNAV* B-RNAV
/ based on =»
En Route Terminal En Route Terminal | En Route
Same Direction 16.5 NM
Opposite 18 NM
Direction 7 NM 7 NM 9NM 8 NM
Other 10-15 NM with increased
ATC intervention rates
Spacing on As above Larger than  above | Larger than  above
turning segments because no FRT because no FRT

Assumption is that all aircraft in same ATC sector

* In 2000, a spacing of 7 NM was considered possible in a specific study undertaken for the Paris-London tracks south of CBA 1. This
finding does not suggest that 7 NM spacing is generally possible with P-RNAV. This particular spacing is to be seen in the context of the
Paris-London tracks and depends on the situation studied and associated assumptions viz. the specifics of the route configuration,

the navigation performance of the aircraft operating on those tracks at the time and the traffic characteristics, etc.

Federal Aviation
Administration
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PANS-ATM Route Spacing &
Procedural Terminal for PBN

Up to 400
Movements
Per day

SR iati p/
(@ A ederal Aviation Airspace Concept Workshops for PBN Implementation
y 047/‘\ ‘:;»',\\oe v
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H1

Good design practice

Holds

X

,’X“ Teminal Airspace
V& % Boundary

ool
H1 ¢"

H2

Teminal Airspace
Boundar,

<:> ”\
H1 \ ¢
Merging of routes at hotffhg
point may be too complex.

X

5 o " Teminal Airspace

&,’ Boundary
L

N
H.1 ——
R1.2 (Graph 5-1)

B4

Iy

oL
g

HZ Terminal Airspace
Boundary

I3

[
Lo | A,

<»

1\
g

7
@

l"
&

Terminal Airspace
Boundary ’

Federal Aviation
Administration

Airspace Concept Workshops for PBN Implementation

&

EUROCONTROL



Point Merge System (PMS)

Integrated sequence

Merge point ——*
\ € -—=--=-=-=- Envelope of
possible paths

Arrival flow | 7 =<

Sequencing legs
(at iso-distance from

the merge point)

&
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Scenario “talk-through” (5/5)
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13 \
\ A
\ \
: \
W/

: f : <«—— Merge point
]

Straight sequencing legs Segmented sequencing legs

e

Common point

<«—— Merge point

Dissociated sequencing legs

i ation Airspace Concept Workshops for PBN Implementation /‘v

Administration
EUROCONTROL




IAF 3

Airspace Concept Workshops for PBN Implementation

&

EUROCONTROL



.1.-‘
=, ,--‘ MAHLT2 E73

: 166G L 34
) [t
FZY25R  A320 T R

BRTZBLL  B734 ; 10% 1 33
100 33
1674 34

SWR3724 F-'.e..s‘
JALAGS BT &5 152 L 33

Example with 36 arrivals CINTTE 4320 120 2%

G657 ) 23 " LOT338A  E145 .
per hour on each runway 090, 25 -

o
CPAZEA B744 AFLT36 A0
41 L 23 L= 3L PR
SAS582 A3Za i
0 18 -
EINSES  AS20 BOYS8M1 Bab2 ‘-'
1 1 16 a8 1B %
I\'\.

%,

_ o o

e >

; | SAS1527 ASOEZVRAC AZ19BCSTB4B
; / 130 |26 130 2¢ 1ol 31

DLHS542 AF18. . .. _ DLH4368  A319 S 0

& 1§ CYPF3B& ﬁJJE,H e y r PR

14 L 16 =1 L 17 i 23 ¥ TCVE&D B752

o g .. o990 L 25 —— -
IBE15S B734 /
L8 213 /

LBT3B56 A320 i, ‘lrb{ﬁn.’thi A319
B33 1L 2% e 130 26

AIAIAE  AJZD
o8y L 25

AEA1007 B738 J
LT IBE2514 B738 J
164 29 AFRGOE  AS10 -
110 25 ICE624  B752 OAL103  AB42

R | 118 25 130 26
oA »




36
Lessons Learned '

Turn Anticipation:

variable for ambient conditions, altitude, angle of t urn, phase of flight,
avionics, and aircraft

’* Federal Aviation
78 Administration
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Impact of Turn Performance
RNAYV 5 in en route without FR

Assumptions:

2 FL340;

» 655kts ground speed (includes wind);

> ISA+10

= Minimum bank angle applied (59 within max turn ini tiation
distance of 20NM from waypoint

~» Assumes a 2.5 NM along track error (B-RNAV with GNSS)

= Assumes a fly-by turn at the waypoint (B-RNAYV also allows fly-
over although few aircraft systems expected to employ it)
~ This is just the nominal track and takes no account of across
track error.
= Suggest adding route spacing value and including VOR fly-over
figures for track on inside of turn
_ .'} ce_Concept Workshops for PBN Implementation 9
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Latest turn

Turm Angle 15°

Bank Angle 5°

Radius 72NM

Mominal track displacement < 2NM

Y Zﬁ;ﬂt’m%ﬁ?n Airspace Concept Workshops for PBN Implementation /‘
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o OACIo
%
(;?:1 AT~ TA

RNAV 5

Latest tum

Turm Angle 30°

Bank Angle 5°

Radius 72NM

Mominal track displacement <3NM inside tum, <2NM outside turn

rrcucial Aviauull

§ Administration Airspace Concept Workshops for PBN Implementation =
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° OACI o
o) %,

RNAV 5

Latest turn

Turn Angle 45°
Bank Angle 8°
Radius 46NM

Mominal track displacement <4 _5NM inside turn, <2NM outside tum

Alrspace concept VWOorkshops tor PBN Impiementation
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Sample Checklist: Routes and Holds

1. General

* |s there a general consensus on the “geographic” location of a STAR in the flight profile 1.e. what
is the general approach on where 3TARS begin and end in relation fo the Terminal Airspace?

o Are the STARS in the design to be considered Open or Closed?
2. Terminal Routes (ref. Part C 5.4.2)

»  Are all Armval and Departure routes as much as possible laterally segregated?

*  Are all Arrival and Departure routes as much as possible vertically segregated as a function of
aircraft performance?

» Are all Arrival and Departure routes as much as possible laterally segregated as soon as
possible after departure?

¢  Are the missed approach tracks segregated as much as possible from each other and of
terminal departure routes?

o Are all terminal routes consistently connected with the ATS route network?

* Are all terminal routes consistently connected with the ATS route network imespeciive of the
runway in use?

¢ Are all terminal routes compatible with routes in adjacent terminal airspaces (where applicable)?

o Are all terminal routes compatible with routes in adjacent terminal airspaces (where applicable)
irrespective of the runway in use?

¢ |5 the impact of a change of the runway in use on the operational complexity to the terminal
route structure as minimal as possible?

#  Are the terminal routes merged progressively as they approach the terminal airspace?

3. Holding Areas (ref. Part C 5.4.3)

* Are the holding patterns, serving a terminal airspace, located either at an entry point or outside
the terminal area?

o Are the locations of the holding patterns as such that they create minimum operational
complexity for both En-route and ferminal airspace and where applicable for adjacent terminal

. airspaces?
D\0\ Federal Aviati ¢ Do the locations of the holding patterns remain constant irrespective of the runway in use? p/
Administratiol »  Are the inbound tracks of the holding pattems closely aligned with the subsequent arnval

routes?
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QUESTIONS?

>Develop STARS/SIDs/HOLDs
>2 hrs

2-Both teams present results and provide
rationale




