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FMS- Functional Block Diagram
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FMC Databases

• Software options database

– to activate optional functionality on the operation 

flight program (main program)

• Model and Engine Performance Database

– contains all the aircraft performance data which 

allows the FMC to compute fuel burn, optimum 

altitudes and airspeeds, etc. (see BADA OPF for 

example)

• Navigation Database (NDB)

– contains all the information required for building a 

flight plan and processing that plan when airborne
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From: Albert A. Herndon, FLIGHT MANAGEMENT COMPUTER (FMC) NAVIGATION DATABASE CAPACITY



Navigation Database (NDB)

• Contains:

– Terminal and route fixes;

– Waypoints and navigation reference system (NRS) grid points;

– Intersection;

– Airways including “jet” and “victor” airways, “T” routes, “Q” 

routes and oceanic routes;

– Navigation aids: DME, VOR, TACAN, ILS;

– Standard terminal arrival routes (STAR);

– Standard instrument departures (SID);

– Holding patterns;

– Instrument approaches VOR, non-directional beacon, RNAV, 

RNP, SBAS, GBAS.
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Navigation Database (NDB)
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NDB Providers

• Jeppesen Sanderson in Centennial, Colorado (owned 

by Boeing)

• Lido/FMS in Zurich (owned by Lufthansa)

• European Aeronautical Group (EAG)
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Compile, maintain and update a worldwide navigation database 

coded into ARINC 4244 format (standard). The data is obtained from 

the Aeronautical Information Publications (AIP) of all the 

International Civil Aviation Organization (ICAO) States.



NDB Update

• Current high-quality data in the FMC are essential for optimum and 

safe navigation. 

• Quality and integrity of the data in the United States is governed 

by Federal Aviation Administration (FAA) Advisory Circular (AC) 

20-153A, Acceptance of Aeronautical Data Processes and 

Associated Databases. 

– Refers to RTCA DO-200A, Standards for Processing Aeronautical Data

• The data is updated via the commercial 28 day single 

Aeronautical Information Regulation and Control (AIRAC) 

cycle detailed in ICAO Annex 15, Aeronautical Information 

Services (AIS) document which defines a series of common dates 

and an associated standard aeronautical information publication 

procedure for States.
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NDB and FMC Manufactures

• The master ARINC 424 file 

is sold to the flight 

management computer 

manufacturers:

– Typically pack the file in a 

proprietary format to function 

in their specific FMCs

– Honeywell, General Electric 

(formerly Smiths), Thales, 

Universal Avionics, Rockwell 

Collins International, CMC 

Electronics, Garmen, 

Avidyne.
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FMC NDB Capacity Examples
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FMC NDB Capacity Examples
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ARINC 424 History

• The requirement for on-board navigation data bases was identified 

in the 1970s with the development of the first Flight Management 

Systems (FMS). 

• ARINC 424  - first edition was published in May 1975 and adapted 

by the industry in July 1975. At this stage the ARINC 424 

document was developed to support conventional Navigation.  

• With the implementation of the area navigation methods, and the 

capability to use inputs from different sensors, the requirement to 

have access to a sophisticated on-board navigation data base 

became mandatory.

• ARINC 424 has been continuously improved and adjusted over the 

years in order to accommodate new navigational procedures, 

capabilities, standards and technical characteristics. 
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From: “Introduction to ARINC 424,” RNAV Procedure Coding Workshop, Amsterdam 2005. 



ARINC 424 – Record Organization

• Standard records before 

tailored records

• Standard (“S”) records:

– by area codes, alphabetically

• Tailored (“T”) records:

– By airline codes, alphabetically

• After that:

– Order by sections (VHF 

navaids, enroute, airport etc.) 

alphabetically
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ARINC 424 – Record Organization

• Individual records divided in sections/sub-sections of max. 132 

characters

• Record: 

– A single line of computer data made up of the fields necessary to 

define fully a single piece of information

• Field: 

– The collection of characters needed to define one item of information

• Each record uniquely defined and stored in the master user file
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Geographical Area Codes
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Master Airline User File
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TCR: tailored company route



ARINC 424 - Records

• VHF Navaid (VOR/DME)

• TACAN Navaid

• NDB Navaid

• Waypoints

• Holding Patterns
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ARINC 424 - Records

• Airports

• Airport gate

• Airport SIDs/STARs/Approaches

• Runway

• Airport localizer & glideslope

• Airport MLS

• Airport markers

• Airport communications

• Path point

• GLS

• Airport TAA
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ARINC 424 - Records
• Enroute airways

• Company routes

• Preferred routes

• Enroute airways restriction records

• Enroute communications

• Cruising tables

• Controlled airspace

• Geographical ref.

• Restricted airspace

• Flight planning arrival/departure

• Grid minimum off route altitude (MORA)

• Airport minimum sector altitude

• Preferred routes

• Etc.
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Data Record – VHF NAVAID

• Contents:

– customer/area code, 

– station identifier, 

– navaid name, 

– co-ordinates, 

– frequency, 

– elevation (DME), 

– variation, 

– datum code etc. 
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Data Record – WAYPOINT

• Contents:

– Waypoint ID

– Co-ordinates

– Type

• ENR or Terminal

• RNAV

• IAF/IF/FACF/FAF/MAP

• Stepdown (Terminal only)

• Arc centre (Terminal only)

• SID/STAR/APP/Multiple

– Usage

• RNAV airway

• Terminal
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Waypoint Description
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See: ARINC 424 standard



Waypoints - Example
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S = Standard

USA = Area

E = Enroute

A = Waypoints

ENRT = Enroute waypoints 



Waypoints – Example
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K2 = ICAO Code

1 = Part of record 

(if 2 this record is a continuation)

I D = Waypoint type

See your X-plane

‘earth_fix.dat’ file



Data Record – HOLDING

• Contents:

– Region Code

– Fix Identifier

– Inbound Course

– Turn Direction

– Leg Length

– Leg Time

– Holding Speed

– Min Altitude

– Max Altitude

– Cycle Date
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Data Record – AIRPORT

• Contents:

– Airport ICAO Identifier

– ATA/IATA Designator

– Longest Runway

– Magnetic Variation 

– Airport Elevation

– ARP

– Speed Limit

– Transition 

Level/Altitude

– Airport Name

– Datum Code etc.
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Data Record – GATE

• Contents:

– Airport Identifier

– Customer Area Code

– Gate Identifier

– Latitude

– Longitude

– Notes etc.
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ARINC 424 Path Terminator Concept

• The Path and Terminator concept is a means to 

permit coding of Terminal Area Procedures, 

SIDs, STARs and Approach Procedures

• Charted procedure are translated into a 

sequence of ARINC 424 legs in the Navigation 

Database

• Flight plans are entered into the FMS by using 

procedures from the navigation database and 

chaining them together
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ARINC 424 Path Terminator Concept

• 23 leg types have been created to translate 

into computer language (FMS), procedure 

designed for clock & compass manual flight

• It’s high time to implement RNAV, using only 

DO236* preferred leg types: IF, TF, RF which 

are fixed and without possible interpretation

• The leg type is specified at the end point : “path 

terminator concept”
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*DO236B, “Minimum Aviation System Performance Standards: Required Navigation Performance 

for Area Navigation,” October 2003. 



ARINC 424 Leg Types
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intermediate and final approach 

segments should always be TF 

routes



ARINC 424 Legs

30



ARINC 424 Legs
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ARINC 424 Legs
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ARINC 424 Legs
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ARINC 424 Legs
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ARINC 424 Legs
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ARINC 424 Legs
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Data Required
per ICAO
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“THETA” is defined as the 

magnetic bearing to the 

waypoint identified in the 

record’s “FIX Ident” field 

from the NAVAID in the 

“Recommended NAVAID” 

field

“RHO” is defined as the 

geodesic

distance in nautical miles 

to the waypoint identified 

in the record’s “Fix Ident” 

field from the NAVAID in 

the “Recommended 

NAVAID” field
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Data Required
per ARINC

“THETA” is defined as the 

magnetic bearing to the waypoint 

identified in the record’s “FIX 

Ident” field from the NAVAID in the 

“Recommended NAVAID” field

“RHO” is defined as the geodesic

distance in nautical miles to the 

waypoint identified in the record’s 

“Fix Ident” field from the NAVAID 

in the “Recommended NAVAID” 

field



Path Terminators
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Data Record – ARRIVAL
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Data Record – ARRIVAL

• Contents:

– Procedure Identifier

– Route Type

– SID/STAR

– Runway Transition, Enroute

Transition, Common Route

– App

– App Transition, GPS App, RNAV 

App, Primary MISAP, Secondary 

MISAP, Circling App, Straight-in 

App, Helo to RWY

– Transition Identifier

– Sequence Number

– Waypoint Identifier etc.
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Data Record – ARRIVAL
• Contents:

– Waypoint Descriptor
• Essential

• Fly-over waypoint

• Stepdown fix

• Pathpoint

• IAF/IF/FAF/FACF/MAP

• Holding

– Turn Direction

– Path and Termination

– Recommended Navaid

– Arc Radius

– Theta 

– Rho

– Magnetic Course

– Route/Holding Distance/Time

– Altitude1, Altitude 2, 

– Vertical Angle
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Data Record – Arrival
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Data Record – Arrival
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Data Record – Arrival
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Data Record – Arrival
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Two transitions from enroute:



Waypoints
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Data Record – Arrival
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Data Record – Arrival
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Data Record – Arrival
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Data Record - Departure
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Precision Approach Geometry
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From: DO245A

GPIP: Glide path interception point
From: ARINC 424



Data Record – PATH
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From: DO245A



Flight Plan Construction

• Charted procedure are translated into a 

sequence of ARINC 424 legs in the Navigation 

Database

• Flight plans are entered into the FMS by calling 

procedures from the navigation database

• Procedure segments are chained together (or 

melded) to form the FMS flight plan
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Flight Plan Procedure Melding
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Flight Plan Procedure Melding

• Procedures are chained together to form the FMS flight 

plan. Example :
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Arrival chart

Airways chart

Approach chart

Enroute

(airways)

STAR-enroute

transition

ApproachSTAR

STAR-approach

transition (VIA)


