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Continuous Descent Operations (CDO)

» CDO is one of several tools available to operators and ANSPs to increase flight safety, trajectory predictability and
airspace capacity while reducing noise, fuel burn and direct controller-pilot comm (DCPC).

» CDO is not a Flight Procedure Design (FPD) criteria; it is an aircraft operating technique aided by airspace &
procedure design and appropriate ATC clearances enabling the execution of an optimized flight profile.

> ldeally, an optimum CDO starts from top of descent (TOD), continues through to the FAF/FAP and uses descent
profiles that reduce the communication and segments of level flight.

» CDO can be flown with or without FMS support for LNAV and VNAV functions, but the maximum benefit is
readily determined by the onboard FMS.



CCO-CDO Workshop ¢

-—_.# ICAO MID Workshop on the Continuous Climb Operations (CCO) / it T AT Y
Continuous Descent Operations (CDO) Implementafion

% |(CAOMD

CDO Design Options

» The optimum descent path is facilitated by the pilot and/or the FMS knowing the flight distance to the runway
threshold and the Top Of Descent (ToD).

» The CDO is optimized by using vertical navigation (VNAV) systems, however this system is not a prerequisite.

» Based on “laterally fixed” routes and requiring different methods for the distance to go, there are two (2) CDO
design methodology identified as:

=" Closed path design.
= Open path design.
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CDO: Closed Path Design

» Closed Path is a procedural design where the lateral flight is predefined up to FAF/FAP i.e., STAR is terminating at
a point that defines a part of an Instrument Approach Procedure (IAP).

» Closed Path permits very precise distance planning allowing FMS to automate optimized descents.

» Closed Path comprises a fixed route (STAR + Initial/Intermediate Approach) and a specific distance to the runway
that is known prior to the start of the continuous descent operation.
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CDO: Open Path Design

End of preplanned route and

» Open Path is a design where the procedure finishes before FAF/FAP. beginning of radar vectors wth

Issuance of estimated distance to fy.

There are two (2) main options for Open path design: PDORE S /

1. Open CDO to downwind i.e., combination of fixed route with vectoring segment. _*\

2. Vectored CDO i.e., the aircraft is entirely vector-ed and the pilot is given an estimate of Distance To Go to runway threshold.
Then the descent is at pilot discretion. L



CCO-CDO Workshop $

wainn gl i A sls NA_Lyai
GENERAL CHVIL AVIATION ALITHORITY

2= ICAOMIDD
% ICADQ MID Workshop on the Continuous Climb Operations (CCO) /

Confinuous Descent Operations (CDO) Implementation

CDO: Path Stretching Method

» Patch Stretching design is a planned vectoring path required during traffic peeks that has predetermined
waypoints stored in the FMS as well as known to the pilot and ATC.

» The procedure can be used to increase separation while allowing the FMS to fly aircraft on the CDO. Path
stretching may be used in addition to speed control methods.

e
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CDO: Point Merge Method

» Point Merge is an innovative sequencing technique developed by Eurocontrol Experimental Centre to allow
controllers to sequence and merge arrivals without vectoring, while enabling continuous descent operations

even under high traffic.

» After 15t implementations in Oslo (2011) and Dublin (2012), the new method spread not
only within the ECAC area, but also far beyond its borders (around 30 airports).

Norway - ENGM (2011) Russis - ULLI (2017)

ENVA, ENZV & ENBR (2014) ‘ Russle - UUEE (2018)
Ireland - EIDW (2012) L a
d [ ] Russis - USSS (2019)
UK - EGLC & EOKE (2016) - 5 o Japan - RITT (2019)
France - LFFF (2013) Marakhstan - UACC (2019) RJAA (2020)
® o
Portugal - LPPT Azerbaidjan - UBBS (2016) & o
Mexico - MMMX (2021) & Bty = LESE (o199 o
Spain - GCFV & GCRR (2014) DnlunalYPN S LIRS (2045 South Korea - RKSI (2012}
o China - ZSPD (2020) RKPC (2017)
o
Vietnam - VVTS (2019), VVNB (2020) (]
Colombia - SKBO (2017) o

o Nigeria - DNMM (2014) @
Malaysia - WMKK (2014)

Brazil - SBGR (2021)

* as of May 2021, ECTL “Quick Guide on Point Merge”

® Deployed

Planned / in progress
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CDO: Point Merge Method Explained

» Point Merge design uses a single point to merge arrivals which differs from current techniques
where traffic merges to the extended runway centerline.

» From the Merge Point (MP), aircraft join the final approach via a fixed path. Before merging, a portion of the
procedure (sequencing legs) is devoted to path stretching/delay absorption.

» The legs are designed in the form of segments forming “quasi arcs” with equidistance from MP.

¥+ Merge Point
n'
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CDO: Point Merge loaded in FMS

» Point Merge, as similarly to any arrival procedure that incorporates a path extension (e.g., trombones), the route
to be loaded in the FMS (used by default) is the extended one which includes the full length of sequencing legs.

» This induces a change of reference for fuel planning if taken as a basis for the trip fuel i.e., it would introduce an
un-justified penalty.

» Early Point Merge implementations have considered different ways to address this issue (1) using a short route
and/or (2) relying on statistics on the expected arrival delays depending on the time of the day.

» Doc. 9976 “FPFM Manual”: The practice of using a short STAR into FMS database for fuel forecast purposes and
accounting for linear holding along sequencing legs as part of contingency or extra fuel.
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CDO/CCO Database Coding Considerations

As CDO is not “procedure design” criteria, there are no specific ARINC 424 rules for CDO procedures

In FMS world, any terminal procedure must be inter-connected by common waypoints

Path/Terminator Concept (total of 23 legs) permits coding of all Terminal Procedures and includes a two-character codes

and data associated.

Path — logically describes how the aircraft gets thru air to the Termination (track, course, heading).

Termination — is the event or condition (fix, altitude, distance,
manual) that causes the system to switch to the next leg;

Twelve (12 legs) P/T acceptable for PBN procedure design.

There is no FMS coding (ARINC 424) used for enroute routes.

FMS & GPS systems always fly TO a Termination.

‘Ia Paii . .
Terminaior

I’m here! L I want to go
Q‘

here!

Now what?

Then to here
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RNAYV Path & Terminator for CDO/CCO (short-description)

Track to Fix (TF)

» Preferred leg for PBN terminal procedures.
> Easiest to implement, database requirements are minimal. TF Leg B

» The aircraft trajectory is repeatable and predictable (ATC friendly). A

» TF leg contains “leg distance” value, it facilitates an accurate FPL.

11
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RNAYV Path & Terminator for CDO/CCO (short-description)

RF Leg

RF (Constant Radius Arc)

ANE
$
O

A

Arc
centre

Previous
segment

» When procedure type designed with RF leg capability as a design

criteria;

» Does not require a ground navaid as the arc origin, but a center fix

» Single RF turn limited to turns between 2° and 358°.

» The aircraft trajectory is repeatable and predictable (ATC friendly).
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RNAYV Path & Terminator for CDO/CCO (short-description)

DF (Direct to Fix)

/ Unspecified position

Direct A\
\
1

. . . . . DF
» Its construction is essentially similar to the TF leg. e

» The aircraft trajectory is not repeatable and predictable (Not ATC friendly).

» Correct “leg distance” cannot be accurately calculated.

13
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RNAYV Path & Terminator for CDO/CCO (short-description)

CF (Course to Fix)

» Specifies an inbound course to location identified by its latitude and longitude.

» When starting from an undefined position, ‘recovers’ the defined course;

» The aircraft trajectory is not repeatable and predictable (Not ATC friendly). /

080° CF LEG

» Correct “leg distance” cannot be accurately calculated.

14
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RNAYV Path & Terminator for CDO/CCO (short-description)

FA/CA/VA (Fix/Course/Heading to Altitude)

» Altitude Termination is always ‘AT or ABOVE’ (command to climb). <_ - Unspecified

VA position

» Altitude Termination is still at an undefined position as

dependent of aircraft performance.

» The aircraft trajectory is not repeatable and
predictable.

Pilot engages | &
FMS (normally
400 ft AGL CA

VA

15
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RNAYV Path & Terminator for CDO/CCO (short-description)

Manual Termination (XM) Legs

They are included in RNAV primarily as ending leg of STAR’s & Missed Approach and in the definition of SID’s initial
climb-out with ATC intervention i.e., CDO and CCO procedures.

Course/Heading From A Fix to a Manual Termination (FM/VM)

Figure 8: From a Fix to a Manual
MANUAL ternunation or FM Leg. Defines a

FM /9:/ TERMINATION specified track over ground froma
08 FM LEG database fix until Manual

termunation of the leg

» Permits pilot to respond to course vectors while leaving the FMS displayed on the instrument and coupled to the
flight control system;
» AVM/FM leg may be coded wherever radar vectoring is provided at the end of a procedure.

16
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Fly-by (FB) and Fly-Over (FO)

» Fly-By = Turn prior to fix (default setting); Fly-over = Initiate turn after the fix.

INTAG ., . ~KOLTA
3 f S 16000, 9,7 :."f/‘
» Standard FMS behavior is to anticipate the turn and FB turn PACTO, ¢ GF S 19000
6000 V' ~J0g

are key characteristic of PBN.

NOT TO SCALE
D Bot ween BUVUL and Rwy threshold “9 OfLiao/
follow imsirecliions steictly dee
1o high teerain 1o the wes)

Design/Coding basic rules:

» All approach procedure fixes should be designed as Fly-By.
» Fixes on straight lines are FB and not FO waypoints.
» MAPt shall be defined as Fly-Over waypoint

17
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Speed Restrictions

> Speed restrictions are applied at the waypoint; general situation like ‘below FL100/IAS 250KT or “maintain
280kts until leaving 10,000ft” have no procedure coding solution.

» CCO (SIDs): Speed limit will apply to all legs up to and including the terminator of the leg on which the limit is
encoded from the beginning of the procedure.

» CDO (STARs): Speed limit will be applied forward to the end of arrival unless a second speed limit is encoded.

» CDO (IAPs): Speed limit in FMS will be applied forward throughout the procedure until superseded by another
speed limit.

» Speed limit depicted ‘somewhere’ during a turn shall be associated with a waypoint!

18
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Altitude Constraints

» Altitude constraints to be clearly associated to a fix; no appropriate coding solution for minimum segment
P SBLIDS

altitude or MEA’s: '
=
25 :
W L 1 BL408
'b_ ’ '
o = i
NERTI
{IAF) '
e L i LECAR, =
» Altitude constraints drive the FMS to calculate the vertical profile, o 3700 : 3 ¥
04O (IAF/IF e
if VNAV angle missing. O i MIGRA =
3700 S, MAX 190 KT ¢&
i = MHA 3700 —— )"/:;" '
i s B % "\ sOING
i MAX |x

> ‘Expect altitude’ is not code-able unless associated with a waypoint and ‘translated’ as ‘By ATC’

19
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Vertical Angle

Vertical Angle defines the vertical navigation path prescribed for the procedure. The vertical angle should cause the

aircraft to fly at the last coded altitude and then descend on the angle, projected back from the fix and altitude code
for that fix at which the angle is coded.

» Vertical Angle information is provided only for descending vertical navigation. The angle is preceded by a “—”
(minus sign) to indicate the descending flight.

» Vertical angle is always included within all straight-in non-precision (conventional and RNAV) approaches coding
(if not provided, it’s calculated) and STARs.

» Industry and database providers include VNAV function into FMS/RNAV system in support of Continuous Approact
operations.

» An FMS usually ‘builds’ a profile backwards from a point 50ft above the runway threshold to the initial constraints

> ‘Expect altitude’ is not code-able unless associated with a waypoint and ‘translated’ as ‘By ATC’

20
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CDO: Closed Path Coding

» Expertise in FMS performance and flight procedure coding
conventions (PANS-OPS, Vol. Il) should be included on the design
team as arrival procedures will be stored in a navigation

database.

» Specifically, there may be a need for prior consultation with
navigation database specialists (Data-house).

R\
-

s in @Vl ndlh el N& 1 &l
GENERAL CIVIL AVMATION ALITHORITY

LPPT/LIS ~w _JEPPESEN LISBON, PORTUGAL
HUMBERTO DELGADO 6 MAY 22 .0 2N) ST [ RNAV STAR |
Alt Set: hPa el: By ATC
D-ATIS Apt Ele 1 RNA 1 2 GC SS «r DME/DME o DA:’ DME/IRU roqx,‘:oc
! V 00O S'AV vertic le licit AT dn d I
]24'55 355 CG“ ; Nnn NA GACFY sha I: pdo rwa her ESP
l. S or IYV yd pect A Ci ructions for final approach.

BY ATC

UNPOT 6K [UNPO6K |
RWY 02 RNAV ARRIVAL
CONTINUOUS DESCENT OPERATIONS (CDO)

=

EKMAR
28.0 NJA 10 THR 02)
FL10

D310
MHA 3000

3000

V pra2 2

o MONT
Clearance limit [®)
PESEX

11.3 NM to THR 02

MAX 180 KT

/u,

16.2 NM 1o THR 02 ——

UNPOT

60.0 NM to THR 02
MAX 280 KT

| B
CDOS AR u

ccccc

UNPO 280-; FL230-; 50

21
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Database Coding:

> Use TF Iegs- h VITLE IOV LLLARLY D RIL

o 3 FROM WEST
UNOKO (o)
#50 27.5 €007 13.6 v\ ¢ SPEED RESTRICTION
> . @ 6, 18Vl o\ MAX 250 KT below FL100
Fly_ By Wayp0| nts- 15 v 7 2:: X Not :o:!:'a:ib-.’ 4.:T-Ca repace C

DF416
1 41 N%o'gtee
» RF legis encouraged (fleet capable). P LY
Drus €008 3 Oc /g',«) f& .
ora Lz S ey 1\ el
» Link STAR to IAP: Fly-By waypoint. ‘T—;— e Pgis ij Sy s S o

A v
- A NSO 1 /\ 200 »
N E008 457 4 0 9V DF623 £009 13 ' A0
N R o e MO NE T e M0 A
33y 7V 622 €009 07.4 A 2\°®)
Sl NSO 08.6 A/ i

N 009 016 A S” A
A
FAF RWY 25C <254 A A/ ) V
v REDGO 29 A}‘y’ A>Toré16)
7000 NSO 08 6 008 514 AN, LAy < NS0 09.4 |
Y chove = o "DFé21 N ,‘, Dfus €009 22.7
r 820V Yk 2 /y 08.0

A
A L8 A
AV K@, &Y\ Dre1s €009 218
A DF613 £oos 159
ALY w0083 o
A" DFé12 009 10,1

%l:l' 008 042
A0y 1009 042

> If CDO is made of STAR + Initial +
Intermediate to FAF is one procedure
with one & same Database Identifier.

&
'00 /

' ::.( 0 o "\ E008 53.4
» |APs are designed for a 3-degree M A S -

<>

descent path (320ft/NM), with a . et Fig ] .

O SCALE N50 03.2 ECOS 38.2

shallower segment in the Intermediate.

22
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AP AD 2 LFPO IAC RWY WEST INA RNAV ODILO 4§
AIP AD 2 LFPO STAR RWY20-24-25 RNAV NIMER AMB LUMAN BOBSA CAD FRANCE ket
FRANCE APPROCHE AUX INSTRUMENTS PARIS ORLY
PARIS ORLY Instrument approach
STAR RNAV (GNSS - DME/DME) Réacteurs et Hélices / Jets and Propellers n
RWY 20-24 - 25 CATABCD INA RNAV (GNsS owor DME/DME) ODILO 6W RWY 20-24-258
NIMER - AMB - LUMAN - BOBSA - CAD (9W) | VAR
(Protégées pour / Protected for CAT A, B, C, D) IAF : 0DILO 0 Vo e AD P0G e
ANS ORLY 126 505 (FR) - 131,355 (EN -— S sirucin - :_‘-\. ‘ ! o

Considerations: varea]

» Sample chart shows CDO made
of STAR and Approach Initial
terminating with vector-based
leg i.e., manual termination.

» Coding translate into FM _Eme 3 T N
(defined course 083°, hence 2 .
more ATC control) 3 E

MAX IAS 280 1t
FL280
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CDO: Open Path Coding Sample Open-Vectored CDO

(3]
SUBOX
N48 460EOCOTV41 8 ] e em =
f Sate D y N49 01.2 E002 30.0
° ° © Recommended

. Expect FL100 de t aradient on

CO“SlderatlonS. | then further dezcent | ;?,(ﬁnm{q‘ .1:{:: -?Y
([ Prop:z )

. Expect FL90O y
» VM leg (heading) tan further docont| 0G5
h‘;) Dsq 3 r)S o

» More flexibility for ATC due to
Heading (wind compensation)

éz

» VNAV Descent gradient

N48 37.5 E001 39.4

EPERNON
———ﬁ 15.65 EPR
L 138 5
K3 IAF

BALOD
: \N4§ 34.3 E001 29.9 o W M5 7 OMMS 97 LOST COMMS 97 LOST COMMS 97 ‘
Qb‘b ('\'boﬁ PGS R-241/D51.6 3 Comply with published procedure and continue
[ “F ‘.\.\‘*\ MAX 250 KT on PON R-215 inbound, when passing PGS R-256 X
‘tg}t'g’w descend to 4000°, intercept final approach

W " (otherwise ILS approach RWY 08R preferred) z
} A W A Wwod 1 A SWW 1507 A SWW | a

24
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CDO: Open Path Coding

Considerations:

» ‘Trombone’ concept i.e., more Downwind Termination
Waypoints (DTW) at Istanbul Apt.

» Coding is a common transition to last waypoint BA881, VM

leg contains Apt Ident as Waypoint ID field for reference.

Direct distance from BA881
to Ataturk Apt: 26 NM

BA88I %

N41 23.9 E028 55.6

BAg88
N41 20.9 E028 55.7

BAB79
N41 17.9 E028 55.8
BAB78
N41 14.9 E028 55.9
BA877 A
N&1 11.9 E028 56.0
7
N41 08.9 E028 56.1

OPERATIONAL
At 4000

o
B IS
LY
o

Naig

DEKEK 1B /DEKEIB] =
ERKAL 1B [ERKAIB] 3000’ 3:70-
PAZAR 1B /PAZAIB] ! w0}
PIMAV 1B /PIMAIB] 3
RWYS 17L/R 1S7 VOR
RNAV ARRIVALS
RNAV (GNSS) PAZ/;’:;?
FROM EAST £030 00.0

AYEM
N41 02.8 E029 37.8

OPERATIONAL
At FL150

o <>

4
BAG46 VIR
N41 07.9 Qﬁ‘
E029 45.2 ¥

» Arrival (STAR + Approach)

859 8.0 . 10.0 16.3
N41 02.2 E028 56.4 <——<> < RKAL 2
«264 900 B
(wax 220 k1 s el
A N41 02.3 r;g)gogdb] 09g° 78
£029 06.9 29 20.
sle ERKAL
4 oy N40 59.2
°1 BAO20 £029 58.8
{} N&0 53.3
£028 56.7
) s SPEED RESTRICTION
]]25 lST > - 200 KT on base leg/closing heading to
N40 57.8 E028 48.6 & final approach

BAB75
N40 41.8 E029 04.0

OPERATIONAL <>
At FL140 \

>
Cd

u-l
YALOVA <

® 1177 YAA
N40 28.5 E029 12.§

MAX 250 KT

- 180 KT on final approach course within

12 NM to touchdown
- 160 KT to 4 NM to touchdown
These speeds are for ATC purposes and are
mandatory and have to be flown as accurately
as possible. If unable to comply inform ATC
and state what speed to be used

15.6
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CDO: Point Merge COdlng CDO made of two (2) complementing STARs e.g., BIBAX9V + MOPROS8Y

e AP R AIP AD 2 LFPG IAC RWY26L INA RNAV MOPAR MOBRO NIGHT (§
— FRANCE 30 DEC 21
PARIS CHARLES DE GAULLE
APPROCHE AUX INSTRUMENTS PARIS CHARLES DE GAULLE
STAR RNAV (GNSS - DME/DME) Réacteurs et Hélices / Jets and Propellers'") Instrument approach
RWY 26L - 26R - 27L - 27R
BIBAX - LUKIP(9W - 9V@) X INA RNAV (GNSS owor DME/DME) NIGHT MOPAR 8Y RWY 26L
(Protégées pour / Protected for CAT A, B, C, D) |AF : MOPAR | CATABCD INA RNAV (GNSS owor DME/DME) NIGHT MOBRO 8Y RWY 26L
ne ne o da e o e SIS 2 ' FREQ : Voir / See AD 2 LFPG IAC COM 01
ATIS DE GAULLE : 128.225 (FR) - 127.130 (EN TF : Track to Fix 2) BIBAX 9V evand LUKIP 9V ol \iAs
- (20)
VAR 1°E (20) TG AR

T3

requss /| DME required

.

Restrictions d'utilisation
Restrictions for use
Voir/See AD 2 LFPG.22.4.2

T

FL 240
BIBAX 9V : MAX IAS 250 kt
BIBAX W : MAX IAS 300 kt

=

rocédure “NIGHT”
st strictement interdite en dehors du créneau 0030-0500 (heures locales),
heure de passage IAF, -
est utiisable uniquement s: tion ATC et dans le créneau 0030-0500 (heures

B R

1 ATC, le guidage radar des aéronels en procédure “Night'reste possible
T T t

This *NIGHT procedure ]
MAX 1AS 250 k s strictly forbidden out of the siot 0030-0500 (local time), time of IAF overflight,
xpsz0u is usable only on ATC instruction gnd during the siot 00; me
[ a0 FLOT0(H) J

H : hélices / propellers

N, 1
— |AF
MAX IAS 300 kt
FL120 d
- FL 110 i
[ RNAV HLDG 1
MOP) ]
— KOLIV [
FL260 %
LUKIP 9V : MAX IAS 250 kt 190
LUKIP SV et / and BIBAX 9V : MAX IAS 250 kt FL120 49 -
LUKIP SW : MAX IAS 300 kt LUKIP 9W et/ and BIBAX SW : MAX IAS 300kt FL110 oo e -
[ o tts IF
HLDG LUKIP HLDG MOPAR ILS/LOC 26L
Lo oASd MAX IAS 185 kt
B 00

26
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Table 1-3-5-1. Charted procedure altitudes/flight levels

CDO Charting (short-considerations)

. . . 7000 FL220
Altitude/Flight level “Window™ 17000 FL2

» Charting/Publication element of CDOs is a challenge: 10000 10000
“At or above” altitude/flight level 7000 FLO60
» There are two types of PBN charts may be involved in CDOs: “At or below” alitude/fight level 000 T

At” altitude/flight level P —

a. STAR and, "
b. Approach Chart (IAP) 3000 FLOI0

“Recommended” altitude/flight level 5000 FLO50

“Expected” altitude/flight level Expect 5 000 Expect FLO50

» May depict procedure alt/levels, any option — ref Table 1-3-5-1. e —————

. . - Field Content i n
» May depict speed constraints, any option — refer *Valuo | Description

ARINC 424 table field 5.261. @ (blank) g‘s:s:‘fixnspeed- Cross Fix AT speed specified in

Minimum Speed, Cross Fix AT or ABOVE speed
specified in Speed Limit

Maximum Speed, Cross Fix AT or BELOW speed
specified in Speed Limit

y— N

+ (plus)

- (minus)

27



CCO-CDO Workshop $

“i@F | ICAOMID
LN\ ; Vgl gl & el il A_lyan

ICAO MID Workshop on the Continuous Climb Operations (CCO) / GENERAL CIVIL AVIATION AUTHORITY
Continuous Descent Operations (CDO) Implementation

~wJEPPESEN [ [SBON, PORTUGAL
(i0-2m)

LPPT/LIS
HUMBERTO DELGADO s mar 22 (10-2M) IEINEETTE

R [ 3429 Alt Set: hPa  Trans lavel: By ATC
o , XAMAX :“‘1 .-'\\-_*7; 1. RNAY 1,
MAX 280 KT |3 N liP:TiQSS 2. GNSS or DME/DME or DME/DME/1RU
FL290 h 5 . reguired,
a | I n N INBOM 3. Whan planning CDO STARs vertical
MAX 280 KT prafile, an explicit ATC descend
e clearance is always required
MONTE REAL-AR FL250 4. Mon-RNAY ACFT shall proceed on air-
LEME Apt Eley was to &ither ESP, LIS ar FTM and
355 axpact ATC instructions For final
appraach.

(short-considerations)

INBOM 8K [INBOBK]
(Fly-aver| XAMAX BK [XAMAE-K]

Tt RWY 02 RNAV ARRIVALS

R | Bl AT
» Charting/Publication procedure
elements (altitudes, speeds)
» CDO technique applicable (start to clearance T e
iy sreutbeeesise. %
peSex

e LISBON—

o . . .
» CDO may be indicated (appropriate text or o —{ig i o P B
& b
b dure desi ' "
iy
£y
y procedure designation) ) / ) 4
7 o <5 !
] (Clear Bnee limit |
] Lo rlﬁgEN’:n 1o THR ;.‘C-‘.'--"'I’C'I " son TR
1 26.2 NM ta THR 02) v INBOM BK | INSOM (K280-; FL290-) - FTM (K280~
] : "9 100~ F & MAX 180 KT FL250.1 - PT405 (FL200-. FL13S+) - ODLIX
] — A ;\‘ 4000 (FLT10-; FLOBO]| - PT401 (9100-; FODO+) -
. 7000 oV BT402 (7700-; 6300+) - PT422 |5700-;
=] PT482 V“ o.‘q}‘s‘ 5000+ - PESEX {K 180-; 4000,
] = g PT422 XAMAX 8K | XAMANX [K280-; FL290-| - FTM |K280-;
E (22.2 NM 10 THR 02) = f"’ "fr‘{.’ ..... EL250-) - PT405 (FL200-: EL135+) - ODLIX
o 7700 L. 5700 s [FL110-; FLOBO+| - PT4D1 (100-; 7000+ -
L 6300 PT402 (T700-; 6300+ - PT422 (5700~
£ 9.0 s000 5000+ - PESEX |K180-; 4000

CHAMGES: RMAY STARs renumbared: BWY redesigrated; track vpdate B EPPESEN, 2017, 2073 ALL RIGHTS BESERVED,
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» Application of CDO is a cross coverage of enroute and terminal operations i.e., STAR that may continue with
Approach transition (3-phases).

» Therefore, Charting/Publication is the key element to help in “orientation” for data-house/coding and end-user
(pilots, ATCOs)

(4 220 KT DUB R322/D15.8 AAIN
MAX 230 KT MAX 230 KT 2400
2 Y L8 BAGSO
DW865 «:(:>‘<—i—°272—°'~‘-,‘;> ‘o\:(s]:l\"\z _p  (DUB R071/D30.8
MAX 230 KT A/h\° 2 3o MAX“230 ‘KT N
FLBO i s e
L 3 Jod A cl o
<> Yo, 4> IS
5
Issues: /e %
14 Ty 2 <
U; % '
rpshprd 1 ASDER > ~
) ] MAX 230 KT[ /N X ®
> IAPs: Ve rt|Ca| prOflle. FL8 « i 2{9}? AP VERTICAL PLANNING INFORMATION

» STARs: Abbreviated text
or tabular description

> All Procedure IDs

4000 L
. STAR ROUTING ]
uploaded |nt0 FMS BAGSO IR BAGSO - EKREN - ELBON - ASDER (K230-; FL80) - AKIVA (K230-; FLBO) - ADNAL (K230-; FL80) - APRUT (K230-; FL8B0) - DWB65 (K230-; FLBO) - DWB66 (K230-; FLBO) - NEKIL (4000
BAMU IR | BAMLI - EPIDU (K230-| - ADNAL (K230-; FLBO) - APRUT (K230-: FLBO) - DW86S (K230-; FLBO) - DWES (K230-: FLEO) - NEKIL (4000+

(correct selection should

. 7R

WARNING
GWPS Terrain alert may encounter for
ACFT which are exceeding the standard
spoed rostrictions, while at or below 5000
n the vicinity of terrain south of Dublin Airport

\ 1

Pilots must inform ATC if unable to
comply with any level or speed constraint.

ACTUAL DESCENT CLEARANCE WILL
BE AS DIRECTED BY ATC.

/

BOYNE IR

NIMAT 1R
OLAPO IR

BOYNE - EXREN - ELBON - ASDER (K230-; FL8O) - AKIVA (K230-; FLBO) - ADNAL (K230-; FLBO) - APRUT (K230-; FL80| - DW86S5 (K230-; FL8O

| NIMAT - EKREN - ELBON - ASDER (K230-; FLBO) - AKIVA (K230-; FLBO) - ADNAL (K230-; FLBO) - APRUT (K230-; FLBO) - DW86S (K230-; FL80)
OLAPO (FL170-) - EPIDU (K230-) - ADNAL (K230-; FL80) - APRUT (K230-; FL80) - DW865 (K230-; FLBO| - DWB66 (K230-; FLBO) - NEKIL (4000+

- DW806 (K230-; FLBO) - NEKIL (4000

- DW866 (K230-; FL8O| - NEKIL (4000+ ).

CHANGES: Beerings

formations. rwy de

© EPPESEN, 2017, 2020, ALL RIGHTS RESERVED

be “guided” by charts,
especially by main airports)
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CDO: Point Merge Publication

As any terminal airspace procedure, Point Merge procedures are expected to be published in the form of a PBN STAR or approach
transition, and detailed in an official aeronautical publication (AIP) including tabular description.
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_—

(Utilisable uniquement sur instruction du contréle pour les réacteurs et les hélices / Use on ATC instruction only for jets and propellers )

IF BIBAX FL240 250 RNAV 1
TF BIBA1 179.1 123 RNAV 1
TF BIBA2 2337 7.0 RNAV 1
TF BIBA3 2192 10.0 RNAV 1
TF BIBA4 2047 10.0 RNAV 1
TF BIBAS 190.3 10.0 L RNAV 1
TF KOLIV 093.0 40.0 FL130 RNAV 1
MOPAR

F MOBRO FLO70 (H) (1) | FLO7O (H) (1) 250 : RNAV 1
TF 092 0929 214 . . : . : RNAV 1
INA NIGHT = P - = = T
MOBRO 8Y TF PGS28 106 1072 56 RNAV
TF PG50 118 1188 195 FLO70 : RNAV 1
TF IF ILSLOC 26L 8 1823 13 4000 185 RNAV 1
FNA ILS CAT | ou/or CAT Il et/and CAT lll ou/or LOC RWY 26L
RMK API / Missed approach : RNAV 1 requis / required MAGVAR2020 1.1°E REF NAVAID : -
: i* 1 2
Leg sequence Path Waypoint Fiy Over Dxrecb‘on MAG]| Direc Kf“ True| Distance i s MNM Altitude | MAX Almude‘ MAX 1AS (kt) | Vertical angie NAV Spec
Terminator | Identification (°) () (NM) (FL or AMSL ft) | (FL or AMSL ft) (°)/ TCH (m)
See chart FNA ILS CAT | ou/or CAT Il et/and CAT Ill ou/or LOC RWY 26L
PG442 RNAV1
APCH
TF PG433 315 316.4 33 4000 4000 RNAV1
30
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FL 240
BIBAX 9V : MAX IAS 250 kt
BIBAX 9W : MAX IAS 300 kt

CDO: Point Merge Publication

Where noise considerations prevail, the merge point itself
shall be positioned at a sufficiently high FL/altitude (typically
at, or higher than, 6500ft above ground level).

For this purpose, a vertical restriction may be published
at the merge point e.g., in the form of
an FL/altitude window.

LUKIP 9V : MAX IAS 250 kt
LUKIP 9W : MAX IAS 300 kt

Fi rm———
LUKIP 9V et/ and BIBAX 9V : MAX IAS 250kt ~ FL 120
LUKIP 9W et/ and BIBAX 9W : MAXIAS 300kt  FL110
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Continuous Climb Operations (CCO)

» CCO is not a Flight Procedure Design (FPD) criteria; it’s an aircraft operating technique made possible by suitable

airspace and instrument procedure design and proper ATC clearances enabling the execution of an optimized
flight profile.

» There is a difference in design philosophy between CCO and CDO:

= CCO design should consider that tactical changes to the flight path, initiated by ATC, may be desirable.

= CDO aircraft should be left on the designed route and not given a vector “shortcut” because a CDO aircraft
is already descending at flight idle power preventing unstable approach due to steeper angle.

" |n contrast, ATC tactical “shortcutting” of a CCO departure based on aircraft climb performance is desirable
because it saves both flight mileage and time.

= Therefore, the potential for tactical “shortcutting” should be considered in any CCO design.
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CCO Design Consideration

» CCO should be codified as part of a SID so that both flight crews and controllers have a consistent procedure to refer to.

» ldeally, it is desirable that CCO will provide:

= Shortest track distance to be flown. =

= A path to the destination/airspace exit point that ﬂ
supports the most optimized vertical profile. ?’-éiér;.}i(;{{,{': 9

= An unrestricted climb to cruise flight level with no - opersfions |
speed restrictions. -

» Factors such as other traffic flows, terrain, restricted airspace, aircraft performance, and noise abatement will all serve to
modify the design of the (theoretical) most efficient path.

» The instrument procedure design must balance all these factors to determine an optimal design.

» Departure procedures optimally designed for CCO should be according to the guidelines as set out in PANS-OPS (Doc 8168)
and for additional information in CCO Manual (Doc. 9993).
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CCO Design Options

» The following depictions provide some basic CCO

design examples. Each airspace situation must be
. N
evaluated on its own. o

Basic CCO: It allows for unrestricted climb rates for all
aircraft.

It requires that a significant amount of vertical

airspace be set aside to protect the climb (between
3.3% and 16%) )- Take-off roll

um climd gradient

Minim
0 UNM (200 ft/NM))

(Usually no less than 3

Runway

Fiﬂure 1-1. Basic CCO
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CCO Design Options
Enhanced CCO design with multiple climb gradients:

> Due to terrain or airspace limitations, it may be
necessary to increase the climb gradient for portion or
all (entire) SID.

> This can enable design of a shorter route length for
those aircraft that are capable of higher climb rates.

> In such cases, one solution is to design two SIDs that
both proceed to the same exit point; one for better
performing aircraft and one for aircraft that require
extra distance to gain altitude.

Runway

> Another alternative is to develop different SIDs to
different exit points based on aircraft performance.

Figure 1-2. _Multiple CCO SID design — profile view
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CCO Design Considerations

» A design of CCO-based procedures and any airspace changes that may be required needs to be a collaborative
process involving the stakeholders (ANSP, aircraft operators, airport operators, the aviation regulator, and
environmental entities), as necessary.

» Expertise in FMS performance and flight procedure coding conventions (PANS-OPS (Doc 8168), Volume Il) should
be included on the design team as the departure procedures will be stored in a navigation database.

» As with all instrument flight procedures, the design should be standardized and conform to accepted charting
and database conventions in order to support the standardization of cockpit procedures.

36



CCO-CDO Workshop ¢

<iF | ICAOMID
e el g, 4 _sl sl I
T g GENERAL CIVIL AVLATION ALTHORITY

syl ICAO MID Workshop on the Continuous Climb Operations (CCO) /
Confinuous Descent Operations (CDO) Implementation

CCO Coding Considerations

» CCO procedures should use Track to Fix (TF) legs. Direct to Fix (DF) and Course to Fix (CF) legs are also used to a
more limited extent and may provide operational flexibility in situations where a TF leg does not meet ops
requirements.

» Where the expected fleet has sufficient capability, the use of the Radius to Fix (RF) leg will provide a controlled
turn performance.

» However, the need for an RF leg capability will necessitate that an RNP navigation specification (AR DEP) be
applied to the procedure.

» The flight crew has the flexibility to manage the aircraft’s speed and rate of climb within the constraints of the
procedure.

» For aircraft equipped with FMS and VNAV capabilities, an optimum climb can be planned and executed with a
fixed lateral flight path stored in the navigation database.
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CCO Charting Considerations

» It is recommended that specific information relating to the CCO be published through established channels i.e.,
AlS to ensure stakeholder awareness.

» Unless specifically required as a part of the instrument procedure design, there is no need to provide specific
level windows or speed restrictions for CCO on charts.

» Any speed and level restrictions should be clearly depicted on the chart.

» Level restrictions should be expressed using level windows (with minimum and maximum levels), or by “at or
above” or “at or below” constraints.
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