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Objective of the Course

» Define the conceptual path according to data collected
— Know how to calculate minimum length of a segment
— Know how to calculate the descent gradient
— Know the different constraints associated to each segment
« Speed
* Turn angle
 Bank angle
« MOC
— Define procedure altitude at a Waypoint
— Know how to calculate MOCA ( Minimum Obstacle Clearance Altitude)
— Know the « draft » coding associated with the path
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Objective the Course

1.Standard Instrument Arrival Routes (STARS)

2.Non-precision Approach Procedure (NPA)

3.Approach Procedure with Vertical
Guidance(APV) —Baro-VNAV

4. Standard Instrument Departure Procedures (SIDs)
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Requlatory Reference

— |ICAQO Regulation
— DOC 8168 — OPS- Volume I

— Procedures for Air Navigation Services — Aircraft Doc 8168

Operations (Construction of Visual and Instrument IS

Flight Procedures) Aircraft Operations

Volume Il — Construction of Visual and Instrument Flight Procedures

_ D OC 81 68 Seventh Edition, 2020
— Vol Il part | section 4 ~
— Vol Il part Ill section 2 chapters 1,3,5 ,, Ny ,\ /
— ARINC code 424 .

INTERNATIONAL CIVIL AVIATION ORGANIZATION
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PANS-OPS Structure

Part | General
—m— Conventional Procedures

- Part Il PBN Procedures

n
—
q
c
0O
-
c
1
()
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Historical Background

First Edition Third Edition Fifth Edition Seventh Edition
1979 1986 2006 2020
? ? ? ?
| ' !
& b é
Second Edition Fourth Edition Sixth Edition
1982 1993 2014
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Historical Background

Doc $168-0PS/611
Fes Edin
PROCEDURES
: for
AIR NAVIGATION SERVICES
AIRCRAFT OPERATIONS

VOLUME 1l
CONSTRUCTION OF VISUAL AND INSTRUMENT
FLIGHT PROCEDURES

FIRST EDITION - 1979

o0 25 Nonmber 1982, v s of
PANSOPS (Doc S1650PS/611)

INTERNATIONAL CIVIL AVIATION ORGANIZATION

Doc 8168-OPS/611
Volume [T
Second Edition

PROCEDURES
for
AIR NAVIGATION SERVICES

AIRCRAFT OPERATIONS

VOLUME II

CONSTRUCTION OF VISUAL AND INSTRUMENT

FLIGHT PROCEDURES

SECOND EDITION — 1982

This edition incorporates all amendments approved by
the Couseil prior to 9 February 1952 and supersedes,
n 25 November 1982, all previous editions of
PANS-OPS (Doc 8168-0PS/611), Volume 1T

Tioe STR-T

elume 1 Doc 8168-0PS/S11
—_.  —————————
PROCEDURES PROCEDURES
FOR FOR
AIR NAVIGATION SERVICES AIR NAVIGATION SERVICES
AIRCRAFT OPERATIONS AIRCRAFT OPERATIONS
VOLUME It VOLUME |
CONSTRUCTION OF VISUAL AND INSTRUMENT FLIGHT PROCEDURES.
FLIGHT PROCEDURES

THIRD EDITION — 1986

Thi edten imcorporsis il smeahorats sppered by
the Councl prir 12§ May 1985 sad segersede.
58 0 November 198, o previons o of

PANS-OFS Doc BHEI, Vobume 1|

INTERNATIONAL CIVIL AVIATION ORGANIZATION

“This edion incerprsis ot smeadments spproved by
the Council prioe a4 March 1993 and supersedes,
"o 11 November 1993, i previoes i of
PANS-OPS (Doc S168), Vome £

INTERNATIONAL CIVIL AVIATION ORGANIZATION

Dec 8168
oPS/E11

Procedures for
Air Navigation Services

Aircraft Operations

Volume Il
Construction of Visual and
Instrument Flight Procedures

Fifth adition - 2008

International Civil Aviation Organization

Doc 8168
0PSIBT1

Aircraft Operations

Sixth edton - 2014

International Civil Aviation Organization

Doc 8168

Aircraft Operations

Volume Il - Construction of Visual and Instrument Flight Procedures
Seventh Edition, 2020

INTERNATIONAL CIVIL AVIATION ORGANIZATION
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Conceptual Design

B
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\

Yes § \

—p Collect and validate all data
—p

e ik—

ﬁate conceptual de%

Apply critena I Conduct safety activities

Document and store | Determine level of e l —
; ]‘ ...... : szfetylmoaa . 4
—— | P— Review by stakeholders

; /

| s
e = A conceptual design is drafted with
Here we are [ ——— the key elements considering the
wa overall strategy.

I Obtain feedback from stakeholders }1

I Conduct continuous maintenance I
=

Y dionrequred? =
No i
| Conduct pericdic review l‘
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Waypoint

- A path is defined by fixes called waypoints or by specific condition as
altitude

* Waypoints Coordinates are expressed in WGS84

+ Fly-over waypoint
+ Legend : @

+ Fly-by waypoint
+ Legend : <©>

© Fly-by waypoint is preferred
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WP1 : Fly-Over WP2 : Fly-by
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B AT
Type of Waypoints

The acronyms IAWP, IWP , FAWP MAWP have been
IAFE V4 v deleted since amendment 12
IF v Y
FAF / ‘/ MAHWP : Missed Approach Holding Waypoint
MAP# v HWP : Holding Waypoint
MAHWP v AWP : Arrival Waypoint
HWP v DWP : Departure waypoint
AWP v4 V4
DWP v4 v
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Waypoints

« Waypoint are defined to express
— function e.g. IAF, IF,FAF, MAPT, beginning of a STAR...
— turning point
— speed or altitude constraint
— reporting point for ATC purpose

* Number of waypoints should be limited to a minimum

— within a straight segment no more than 2 additional waypoints . These
additional waypoints are fly-by waypoints.
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Minimum Length

« Segment shall be long enough

— To allow aircraft to perform turn and stabilization
« Turn stabilization distance

— Where no turn is required, to achieve the constraint at the waypoint .

Minimum Distance is needed to prevent waypoints being placed so close that

RNAV systems are forced to bypass them, a minimum distance between
successive waypoints must be taken into account.
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Minimum Length

Two types of waypoints are considered:
a)fly-by waypoint
b)Flyover waypoint

Four sequences are possible for a segment limited by two waypoints:
1.Two fly-by waypoints;

2.fly-by waypoint, then flyover waypoint;

3.Two flyover waypoints

4.Flyover waypoint, then fly-by waypoint.

o

In addition, the particular case of the segment “DER-first waypoint’ must also be considered.
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Minimum Length

The aim of the method is not to determine a protection area, but to
determine a minimum distance between two waypoints on a nominal
trajectory. For this reason, wind effect and waypoint tolerances are not
taken into account in the theoretical calculations. When it is necessary,
greater values may be chosen.

For each waypoint a minimum stabilization distance is determined.

MSD-the distance between the waypoint and the point where the
trajectory joins tangentially with the nominal track.
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WP1 : Fly-over WP2 : Fly-by

i Stabilization distances are necessary
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Turn Initiation Distance

Ll=rtan ( | /2)
2= 5.TAS/3600
L=L1+L2
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I WA
Fly-by Bank : 25°

Table I-M-9. Minimum stabilization_distance betwe€n fly-by way-points >
on-SI unifs bank e*
™ 25 hank angle?) TAS
True airspeed ( kj/
Course change®** < or =
(Degrees) 130 140 _ 150 160 170 180 190 200 210 220 240 260 280 300 340
50 05 05 06 06 07 ©07 08 |09| 09 10 12 13 15 7
55 05 06 06 07 07 08 09 -|o9| 10 11 13 15 17
60 05 06 07 07 08 08 09 |10]| 1.1 12 14 16 1. \
65 05 07 07 08 08 09 1.0 12 13 15 17 1 8
70 06 07 08 08 09 10 1.1 41.2! 13 14 16 18 3.0
n/ 75 06 08 08 09 09 10 1.1 |I. 13 15 17 2 6 32
Tur 80 07 08 09 09 10 11 12 [13]| 14 16 1 N 28 35
angle 85 07 09 09 10 11 12 13 |[14| 1.6 17 2 6" 30 338
90 07 09 10 1.1 11 13 14 |15] 17 1 28 32 41
95 08 1.0 11 11 12 14 15 |16] 1.8 2 7 31. 35 44
100 08 1.1 12 12 13 15 16 |1.8]| 1.9 21 29 33 38 48
105 09 1.2 12 13 14 16 17 |19] 21 23 31 36 41 52
110 10 13 13 14 15 17 19 |21 23 25 29 34 39 44 56
115 1.1 14 1.5 16 17 18 20 |22]| 25 27 32 37 42 48 6.1
120 12 15 1.6 17 18 20 22 24| 27 29 35 40 46 53 6.7

*25° or 3°/s

—**{se the value of 50° for course changes lower than 50°.

4 September 202¢ IéAO‘APAC FPP Page 19




Turn Stabilization Distance

Li1=rl.sin '
L2=rl.cos ' .tan30°
L3 =r1 (1/sin30° -2cos ' /sin60° )

L4 =r2. tanl5° y

L5 =10 . TAS / 3600 S

1

L=L1+L2+L3+L4+L5 iy
/
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Fly-over

Bank : 25°

L b

(Non-SI uniank angle*)

Table III-M-12. Minimum stabilization distance betwee@er way-pointD

TA

(N
D

P AR N
True airspeed (kt) /

Course change** < or =

(Degrees) 130 140 150 160 170 180 190 200 210 220 240 260 280 300 340
50 17 19 21 22 24 26 29 32| 35 38 45 52
55 19 20 22 24 25 28 31 |34]| 37 41 48 56
60 20 22 23 25 27 30 33 |36| 40 43 51 59
65 21 23 25 27 29 32 35 |39| 42 46 54 63 7.
/J 70 22 24 26 28 30 33 37(|a1[fas 49 57 67
75 23 25 27 30 32 35 39 |43 47 51 6.0 7.
Turng, 25 27 29 31 33 37 41 |45]| 49 54 63 D\ :
anglegs 26 28 30 32 35 39 43 [47]| 51 56 9 101 129
90 27 29 31 34 36 40 44 |49 54 59 93 106 13.5
95 28 30 32 35 37 42 46 |51 56 6. 96 110 140
100 29 31 34 36 39 43 48 |52 58 63 86 100 114 145
105 30 32 35 37 40 44 49 |54 59 65 ¥ 89 103 117 150
110 30 33 36 38 41 45 50 |56 61 67 19 92 106 121 154
115 31 34 s2 |57] 62 68 81 94 108 124 158
120 32 34 s3 |s58]| 64 70 82 96 11.1 126 161

*25° or 3°/s

I *+{Jse the value of 50° for course changes lower than 50°.
4 September

CAO APAC FPP
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Fly-Over

A L o
Bank : 15°

Table 111-2-1-10.

Minimum stabilizati
(Non-S1 uni

ey
e ™

Trwe airspeed (ki)

(Degrees) 140 IT0 180 190

50 2.4 31 35 39 43

55 2.6 34 38 42 46

60 2.8 36 40 45 50

65 30 38 43 48 53

0 32 41 46 51 57

Tue 75 34 13 48 54 60
o 80 35 46 51 57 63
angle g5 3.7 48 54 60 66
9 19 S0 56 63 6.9

95 4.0 52 5.8 .5 7.2

100 42 54 61 68 75

105 4.3 a6 .3 FRA 7.8

110 4.4 57 64 72 80

11> 46 59 &6 74 ]2

120 4.7 SR .8 7.5 2.4

4 September 2026

“ Use the value of 207 Tor course changes lower than 507,
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WP1: Fly-by WP2 : Fly-by

Minimum length of segment is D1+D2
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WP1 : Fly-by WP2 : Fly-by

D1

P—

/

— e e
\ 4
— e o - —

7(_
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WP1 : Fly-over WP2 : Fly-by

B

D1 D2

Stabilization distances are necessary

Minimum length of segmentis D1+D2

4 September 2026

ICAO APAC FPP

Page 25



WP1:Fly-over WP2 : Fly-over

— e . . o o
A

Minimum length of segmentis D1
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MSD-DER-First Waypoint

fly-by waypoint

A1

ATT

Minimum 3.5 km
(1.9 NM).
When the PDG is

higher than 3.3 per cent y

see Part |, Section 3,
Chapter 3, 3.3.2.4

DER

Minimum 3.5 km

(1.9 NM).

When the PDG is
higher than 3.3 per cent
see Part |, Section 3,
Chapter 3, 3.3.2.4

flyover waypoint

Y DER

4 September 2026
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INIMUM LENGTH OF AN RNAV SEGMENT

LIMITED BY AT LEAST ONE WAYPOINT
WHICH IS NOT A TURNING WAYPOINT

When the stabilization
distance is greater than
D, D is equal to the
stabilization distance.

Phase of Flight

D: minimum distance
to waypoint *

En-route
More than 56 km ( 30NM)from
departure or destination ARP

9.3 km (5.0 Nm)

STARSs, Initial within 56 km
(30NM) of the ARP

5.6 km (3.0 Nm)

SID within 28 km (15 Nm) ARP
and Final Approach

2.8 km (1.5 Nm)

Missed Approaches and SIDs
within 56 km (30NM) of the
ARP

5.6 km (3.0 Nm)

4 September 2026

ICAO APAC FPP

Page 28



r Ny A
escent Gradient Calculation
Track Resultant Distance (TRD)

Aircrafts are descending

ABEAM the waypoint IAF

—”
-

—’f’ \I/

D \
N \ :
B !.%Ig z_\_\\.\\, r1 l

; r2
V
é} FAF

TRD =D - (ryxtanA/2) - (r, xtanB/2) + (r, x n/180 x A/2) + (r, x ©/180 x B/2)

Descent gradient = Ah/ TRD

_— = =

A and B expressed in degree
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Exercise-1

IAF=1500m

r1=5km r2=5km |

v! |
O FAF .

TRD =D - (rixtanA/2) - (r, xtanB/2) + (r, x n/180 x A/2) + (r, x /180 x B/2)

Descent gradient = Ah/ TRD
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Key Point 1

Limit the NUMBER of waypoints to a MINIMUM

FLY-BY waypoint are PREFERRED

Minimum length depends on STABILIZATION DISTANCE or a constant
value

Aircraft start to descend ABEAM the waypoint.

For descent gradient calculation use TRD
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Path Terminator Concept

« Transform procedures into coded flight path
« Set of two alphabetic characters
* PT instructs to navigate from a starting point
—to a specific point
— or terminating condition
 ONLY ONE path terminator associated with a WP
— BUT possible additional constraints (altitude or speed)
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ARINC 424 Path Terminators

Initial Fix
TF Track between fix
RF Radius to fix
DF Direct to fix
FA Fix to an altitude
CF Course to fix Table I11-2-5-App-1. Initial and final path terminators
HF Hold to fix
HA Hold to altitude
HM Hold for clearance RNAV procedure Initial leg Final leg
Pl Procedure turn to
intrecept SID CA, CF, VA, VI CF, DF, FM, RF, TF, VM

CA Course to altitude
— Sourss to Teroept STAR IF CF, DF, FM, HM, RF, TF, VM

ourse to dme arc
CR Course to VOR radial
FC Course from fix Approach IF CF, TF, RF
FD Fix to DME arc
FM Vectors from fix Missed approach | CA, CF, DF, FA, HM, RF, VI, VM CF, DF, FM, HM, RF, TF, VM
AF DME Arc to fix
VD Heading to DME Arc

\"4 Heading to intercept

VR | Heading to VOR Radial

4 September 2026 ICAO APAC FPP Page 34



TF : Track Between Eixes

X

<

Navigate towards the ending waypoint on the
track between the two waypoints

4 September 2026

ICAO APAC FPP

Page 35



TF : Track Between Fixes

/ Navigate towards the ending waypoint on the track

i between the two waypoints
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DF : Direct TO Fix

From the actual position navigate direct to the
ending waypoint whatever the track is.

4 September 2026
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CF : Corse TO Fix

/ Navigate towards the ending waypoint on a
specified track.

4 September 2026 ICAO APAC FPP Page 38
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Path Terminators

FA
TF
CA
CF
““Tf““@ """""" CF DF
FA | L_________ @ ____________
CF
CA DF
TF
TF
e O S >
cr vl I SRR Yo S
DF CA TF : Track between fixes
CF : course to fix
Altitude DF : Direct to fix
FA DF FA : Fix to an altitude
CA CF CA : Course to an altitude

4 September 2026 ICAO APAC FPP Page 40



ENDING WAYPOINT

SEQUENCE

PREDICTABLE

PATH TERMINATOR

4 September 2026 ICAO APAC FPP Page 41



I W ATTE—
Key Point

Type of waypoint

|Iq Nominal trajectory
PATH Terminator

Be aware of coding influence \

Real need of COMMUNICATION
with coding suppliers

Coding instructions are provided
2h the procedure chart

4 September 2026 ICAO APAC FPP Page 42
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Initial Approach Constraints

Length Descent
NM gradient

Maximum | No limit
Minimum (1)
Optimum | 5 Nm

Depends on the minimum stabilization distances necessary on the segment
|AS-speed table

4 September 2026 ICAO APAC FPP Page 43
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Intermediate Approach Constraints

Length | Turnat | Turnat | Bank | Descent | MOC
NM IF ° FAF ° | angle | gradient % m
Maximum | 15 Nm 90 30 2.2 300
28 Km
Minimum | 2 Nm 0 0) 25 - 150
+ init
dist
Optimum [ 10 Nm 70 0] Flat -
19 Km

The minimum length must guarantee the stabilization distances

necessary along the segment

|IAS - speed table

4 September 2026
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Final Approach Constraints

Axis Length |Turn at Bank Descent Turn at
° NM FAF ° Angle °| Gradient % MAPt °
Maximum (1) 10 Nm 30 6.5 A/B No limit
19 Km 6.1 C/D/E
Minimum (2) 0 25 5.2 -
Optimum | QFU 5 Nm 0 5.2 -
9.3 Km

(1) Direct approach axis criteria
(2) MAPt position / OCH

IAS cf speed table

MOC : General criteria
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Missed Approach Constraints

Bank
angle °| gradient
%

(1) The length necessary to reach the minimum holding altitude and to
guarantee minimum stabilization distances

(2) No limit when turn is followed by DF

IAS cf speed table

MOC : General criteria
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Procedure Altitude Concept
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Depiction of Different Type of Altitudes

Always Respect MOC

Sometimes Respect Airspace constraint
Respect Radionavigation constraint
Respect Environmental constraint
Avoid CFIT(stabilized approach)

Needitordetinertwortypesioiaitittides
— MOCA: Minimum Obstacle Clearance Altitude

— Procedure altitude

6%
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Obstacle Clearance

Secondary Area Primary Area Secondary Area

300m for normal

150m for intermediate approach

75m (90m if not Annex 14 airport)for final
approach of NPA

Upto 100% adjustment if mountainous area
0.8% for SID
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MOCA-Example

TRANSITIONAL ALTITUDE 2400

MISSED APPROACH:
Climb direct to DD604. Turn Left to DD605.

Turn Left to DUCLU climbing to 1200 and hold.

THR ELEV 20

(THR RWY 27L)

TCH 15¢9 5 10 15 20 25

D600
=

3.6 Km to THR :
205 Procedure Altitude

MOCA
1T

o

ot T

MOCA < Procedure Altitude!!!!

4 September 2026
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Depiction of Different Type of Altitudes

Operational Altitude
PROCEDURE ALTITUDE

Associated with a WAYPOINT

S a e

Minimum Obstacle Clearance Altitude IOCA
Associated witha SEGMENT
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Proedure Altitude / MOCA in Approach Chart

» Procedure altitude is provided in the profile view (ref 8 11.10.6.3
annex 4)

» Minimum altitude (MOCA) or a ground profile is RECOMMENDED to
be depicted (ref § 11.10.6.5 annex 4)

» MOCA in intermediate and final segment are depicted with SHADED
BLOCKS
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MOCA-Example

TRANSITIONAL ALTITUDE 2400

MISSED APPROACH:
Climb direct to DD604. Turn Left to DD605.

Turn Left to DUCLU climbing to 1200 and hold.

THR ELEV 20

(THR RWY 27L)

TCH 15¢9 5 10 15 20 25

D600
=

3.6 Km to THR :
205 Procedure Altitude

MOCA
1T

o

ot T

MOCA < Procedure Altitude!!!!

4 September 2026
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North American South American ICAO Western and European and Middle East Eastern and Asia and Pacific

Central American  (SAM) Office Headquarter  Central African Morth Atlantic (MID) Office  Southern African  (APAC) Office
and Caribbean Lima Montreal (WACAF) Office  (EUR/MAT) Office  Cairo (ESAF) Office Bangkok
(NACC) Office \ ' Daka Paris Mairoh

MexicoCity ! /

ICAO Asia Pacific Flight Procedure
Programme (APAC FPP)

“+._ Corlocated with ICAO APAC Regional
ub Office(RSO) in Beijing China

Together .
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