FEDERATION AERONAUTIQUE INTERNATIONALE

INTERNATIONAL GLIDING COMMISSION

FAL e

TECHNICAL SPECIFICATION
FOR
|IGC-APPROVED
GNSS FLIGHT RECORDERS

Second Edition
with Amendment 9
3 Deember 2024



LATEST VERSION

For the latest version of this document, geeFAI/IGC web page, as follows:

FAI/IGC web: via:www.fai.org/igecdocuments

AMENDMENT LIST (AL) RECORD

Amendments may be proposed to the Chairman of the IGC ANDS or GFA Committees
ANDS = The IGC Air tréfic, Navigation and Display Systems Committee

GFAC = The IGC GNSS Flight Recorder Approval Committee
for current contact data and more information, see page (iv)

Proposals should include reasons, and a form of words for direct incorporation in thigdbcum

Original Issue
of
Second Edition

14 March 2001

Amendment Action Date
List
AL1 31 May 2011
AL2 31 December 2013
AL3 30 June 2014
AL4 10 September 2015
AlL4a 10 April 2016
AL5 30 October 2019
AL6 25 November 2020
AL7 31 Jauary 2022
AL8 1 February 2023
AL9 3 Decenmber 2024 Incorporated in this edition
AL10
AL11
AL12

IGC GNSS FR Telenical Specification

2nd Edition with AL9


http://www.fai.org/igc-documents

#1 1 OA1 OO

AMENDMENT LIST (AL) RECORD  ...ooiiiiiiiieeiiiiee ettt ettt sttt e e enbe e s s nne e e e anneeeeen i
PRELIMINARY REMARKS ..ottt ettt e sttt e e e e s s taaea e e e e s s ssaae e e e e e e asnnsbaaeaaeeeesnnssnnnaeneeaans V.
GLOSSARY OF TERMS AND ABBREVIATIONS ...ooiiiiiiiiiiiiiiieee et snnee e Vil
CHAPTER 1 IGC-APPROVAL AND RELATED PROCEDU RES.......c.ccooiiiiiiiiieeeiiieecee e 1
1.1 IGC FLIGHT RECORDERS - POLICY AND GENERAL .....cccttiiiiieeiiiiiiiee e 1
1.2 IGC GNSS FLIGHT RECORDER APPROVAL COMMITTEE (GFAC) ....oooviiiiiiiiiiee 4
1.3  NOTIFICATION BY MANUFACTURERS .....coiiiiiiiieeiiee e ene B
1.4 TEST AND EVALUATION FOR IGC -APPROVAL ....cccoiiiitiiiiiee ettt 5
1.6  APPLICANT'S AGREEMENT . ittt st e e 7
1.7 USE OF IGC FLIGHT RECORDERS. .......ccoititiiiitiie ittt 8
1.8 NOTIFICATION AND ISSUE OF IGC -APPROVAL DOCUMENTS. . ......ccooiiiieeieee e, 8
1.9 PRODUCTION STANDARDS. ...ttt e e s s s e e e e e e s nbbeeeeeeeeanns 8
1.10 COMMENTS OR QUESTIONS . ... .ttt s e e e s nnnaeeeeeeas 8
CHAPTER 2 GENERAL PRINCIPLES AND REQUIREMENTS ......oooiiiiiiiiiiiiie e 9
2. 11GC RESPONSIDIITY. ..eeeeiiiieiiiii ettt e e e e e e s e e e e e e e e ennrne s 9
2.2PrinCiples fOr IGC -aPPrOVAL........uuueeieeeieiiieiieee et 9
CHAPTER 3 IGC FLIGHT DATA FILES T PRINCIPLES .......oooiiiiiiiiiiieee e 12
0 =T 1 1 o T [ PP SUPPRPRR 12
I 1110 [ PP PR TP PR 12
3.3GNSS Receiver and Satellite Capability............coooiuiiiiiiiiiii e 12
R 0O PERT S 12
3.5Start of an IGC flight data file. ..o i 12
I [T @ 11T D I - | - VS S 12
B T4 =1 o o ) =T T LT O 1 U 12
GRS ] o YA o] | = Vo [OOSR 12
e B I T, Qo [T = = T 1 LSRR 12
3.10First lines of IGC files - Serial and Version NUMDBEIS.............uuuuiiiiiiiiiiiiiiiieeeeee e 13
3.11Download, Conversion, and Validation of Flight Data..............ccccuveiiieiiiiiiiiiiieeeeiiiieeeee e 13
3.12Fix Accuracy - Averaging AlgOrithimsS. .........ooiiiiiii e 13
CHAPTER 4 PRESSURE ALTITUDE RECORDING .......ccuttiiiiiiiiiiiieee e 14
4.1 0ther uses of pressure altitude data..............ceeeiiiiiiiiiiiiii e 14
4.2Baselines for Takeoff and Landing.........ccuueeiiiiiiiiiiiiiee e 14
4.3 Cockpit or INStrumMENt STALIC SOUICES......civiiiiiiiiiiee e eeeeees 14
A APTESSUIE AlTITUTE.......eeeiiieeiiiiee ettt e ettt e e e e s s bbb et e e e e s sab b et e e e e e s snbbbeeeaeesann 14
SR =1 o] = 1o o SRR 15

IGC GNSS FR Telnical Specification -ii - 2nd Edition with AL9



CHAPTER S5 ENGINE RECORDING .....coiiiiiiiiii e e e e e e e e e e 17

B.LGENERAL . oottt ettt ettt e e et — e e e R e e et aa e e e e na e e e e e nae e e e nnreeeanrreeeaas 17
L D (= o7 o 1oV PP EEREPEPRRRRR 17
5.3Environmental NoiSe Level (ENL) SYStEIMS........uuiiiiiiiiiiiiieeeeeeiiie et e e 17
5.4 Sensors in addition to ENL- the MOP three-letter code ............covveeiiiiiiiieee 17
5.5 Critical ENL and MOP RecCording Cases...........cooiiiiiiiiiiiiiciciiiiiitrvrsvrrevee e ere e e e e e e s e aaaaaaaaaeens 18
5.6 ProduCtioN STANGAITAS .......viiiiiiieiiiiiie e e e s e e e e e e s e e e e e s e s snsbb e e e e e e e e nnnnnees 18
CHAPTER 6 SECURITY OF RECORDERS AND DATA ...ttt enaeee e 19
6.11GC SECUNLY = GENEIAL ... ..ttt e e e e s e e e e e e e b e e e e e e e anes 19
B.2PNYSICAI SEAL........eeiiiiiiiii et a e e e e e 19
6.3Wires passing through the FR CaSE..........uuuiiiiiiiiiiiiieiieeeeeeeeee et 19
6.4 Connectas and Fittings for downloading Flight Data...............ccccccuiiiiiiiiiiieiiiireeeeeeeeee e, 19
APPENDIX A THE IGC DATA FILE FORMAT oottt a e Al
AL INTRODUCTION ....eiiiiiiiiiie ettt e e e e et e e e et e e e e bt e e e e aste e e e s sssaaaeesnseeeesansaeaeennseeas Al
A ] = | A PRSP RRR Al
A3 SINGLE INSTANCE DATA RECORDS .....cciiiiie ittt eiee st e e stee e siee e e st aa s e snnaeesannneeeeans A6
A4. MULTIPLE INSTANCE DATA RECORDS .....coiiiiiiieeiiiiee e ciee st stee et A-13
AS. DEFINITIONS ..ottt e et e e e et e e e e st e e e e st e e e s atae e e e sataeeessteeeeesraaeesnnaeeas A-16
AB. VALID CHARACTERS . ettt e e e e e e e et e e e e et s e e e eata e eeeeees A-16
A7. THREE-LETTER CODES (TLC) ..uttiieiiiiieeiiiiie e steee e siee e e stee e sttee e sataa e e s nntee e e e nnaaeesnnneeas A7
A8. GNSS GEODETIC DATUM AND EARTH MODEL . ...ooveiiiiiie e A-21
A9. EXAMPLE IGC -FORMAT FILE ..oeiiie ittt e naaa e A-21
APPENDIX B GFAC TEST AND EVALUATION ..t e B1
B1 GENERAL REQUIREMENTS ...ttt e e et e e e e e e e e et e e e e e e e B-1
B2 EVALUATIO N AND ANALYSIS ...ttt ee et a e e a e e e s e e e nnnanaeennnnes B-1
B3 PHYSICAL INSPECTION OF THE EQUIPMENT ...iiiiiiie et eiiee e e neeee e B-1
B4 SYSTEM ACCURACY AND RECORDING CAPABILITY e, B-1
B5 ANTI-TAMPER PROTECTION ...ttt e e e e et e e e e e et e e e eeaaaeeneeens B-1
BE POWER SOURGCE .......coiiiiiiii ettt a et e e e st e e e e sste e e e e st e e e asaeaaeansaeeeeannsaeeeanneeees B-2
B7 ELECTROMAGNETIC INTERFERENCE .....ocoiiiiii et e e B-2
BB FLIGHT TESTS . oot iiiiie e et e et e et e et e e e et e e e et ae e e e snsaeeeesnteeeeaansanaeeansaaeeannsneeennnseeeend B-2
APPENDIX C WINDOWS-BASED IGC SHELL PROGRAM .....ccviiiiiiiiiieieeeieeeeeieeeeeennnn . GL
CL.INTRODUCTION oottt e e e e e e e e e e ettt e e e e eata s e e eeattseeeeatanaeesesanaeaeees Gl
C2.APPLICATION PROGRAMMING | NTERFACE (APlI) FOR MANUEBACTURE
C3API SUB-ROUTINE DESCRIPTIONS. ....uttiiiiiiiiie e cieee e etee e ste e see e s saee e e s nnsaeeesnnnaaeeannneees c1
C4.PROGRAMMING FRAMEWORK FOR CONTROL PROGRAMS .....ooiiiiiiieeiiiee e G5

IGC GNSS FR Telnical Specification -iii - 2nd Edition with AL9



APPENDIX D DATA, CONV and VALI short program files .........ccccccoiimiiiiiiiiiiiiiiieiiieeeeeeeee e D1

D1. Short Program Files for Download and Conversion to the IGC File Format........................] D1
D2. Data download from FR t0 PC- DATA Program . .......ccooeeiiiiiii i eeeee e D1
D3. The VALI program file - Digital Signature (DS) ChecCK...........covveeiiiiiiiiiiieeeee e D1
D4. Parameters (SWItCNES)........uueiiieeeiiiiiiiie e e et e st e e e e s r e e e e e e b e e e e e e e e annrneeeeaeeanes D2
D5. Multip le Program Files- File NamMINgG. ... e D-2
APPENDIX E - CHANGES OF IGC-APPROVAL LEVEL ....ocoiiiiiiiiiiiiiiee e El
E1 Lowering Of apProVal IQVEL..........ccoo oo e e e e e e e e e e e e e e e e E1
E2 Factors in Lowering APProval LEVELS............oociiiiiiiiiiiieeee e E1
E3 Appeal against a lowering or removal of Ka@proval [evel.............ccccoiiiiiii El
APPENDIX F STANDARD IGC CONNECTORS ....ocoiiiiieeiiiiee et e e e aa e F1
F1 Connectors and Fittings for downloading Flight Data.................coooeiiiiiiiiiiiiiiiiieeeeeeee e, F1
F2 Stanaalone MEMOIY DEVICES........uuiiiiiiiiiiiiiiiieee ettt et e e e st e e e e e e e e e e s snnnneeeesd F1
F3 8PIN RIAS5 COMNECTION-.... . uiiiiieeei ittt e ettt e e et e e e e e e e e e e e s ann b e e e e e e e e annnees F1
U S S N ofe] g1 = Tox (0] = PP F1
F5 9Pin RS232 CONNECIAL........coiiiieiiee e e e e e e e e eeeeeeeeeaaaaaaaaaaaaeaneeees] 1
F6 Connectors for Other fUNCLIOMS..........ocuiiiiiie e ee e e e F2
F7 "Grandfather Rightsor RJ}11 telephone connector with 6 Pins...........ccccevviiiiieeeeeeiiniiineeee 2
F8 Other PlUgQS @nd SOCKELS. ........ciiiiiiiiiiiiiiiee ettt e e e e e e e s a e e e e e st rereeeeeeans 2
APPENDIX G PRINCIPLES AND PROCEDURES FOR IGC SECURITY ....cccoviiieeiiieee e G1
(€ 1= = - | PP SO PRRPPN G1
G2 Digital Signature and IGC Electronic Validation System ...............ooooiiiiiiiiiiiiiiiiiiiiinereereeee G1
G3.Checking the Integrity Of the IGC File. .........ooiiiiiiii e G2
G4. Operation of the Security MECNANISIM............uiiiiiie e G2
G5 USE Of COMPULETS...ceeiiiiiiiiiiiieeeee e r e e e e e e e e e e e e e e e aaaaaeeenennnnnenn e PO
G6 Changes and Upgrades Maintenance of SECUNtY.........uuvveeeeeeieeiiiiiiieeeieeeeeeeeeeeeeseeeeee G3
APPENDIX H SPECIMEN FIRST PAGE OF AN IGC-APPROVAL DOCUMENT ........c......... H-1
BT =T - | USSP UURPURRRR - -1
[ P2 ToTo] o1 TP PTPPTPTTR H1
1 T o o = =SSP H-1
APPENDIX J 7 IGC FORMAT FOR PRESSURE CORRECTION FILES .......cccocvveiiiiee e, J1
S Yoo o[ T TP PPPPPPPPPPP J1
o 1§ [ (ot I T - VPSR J1
T ol od U | - (o YT PPT PP R TP SUPPPPP J1
I @ | (o] 1 ] =1 o =TS J1
J5. DALA FIEIAS. ....eeeiee ettt e et e e e e e e e e s J1
J6. Electronic Versions and Field Boundary SYStEIMS........cuvviiiiiiiiiiieieieieeeeeee e J2
J7. Filenames and Units Needed for Calibration and Correction Database. Entry....................... J2

IGC GNSS FR Telnical Specification -iv- 2nd Edition with AL9



J8. Labels and Data Format.

......................................................................................................... 13
JL0. PrIVIIEOES.. . ettt ettt a e e e e aaaaaaaaaaaans J4
J11. JSON fOrmat EREPIES.......ccooi i e e e e e e e e e e e aaaaaaaaeaaeeeeeaseeassaaaaaaans J5
J12. Flight Recorders Unsuitable for Single Point COrrections.............ooovvvieereeiiniiiiieieee e J7

PRELIMINARY REMARKS

. Title_and Status. This document contains the rules, procedures and specifications applying to Flight
Recorders (FRs) that are to be Kaproved for validation of flight perforances to IGC criteria. Such
FRs mayalso be used by other FAI Airsports under their own rules and procedures. This document is
published on th&AI/IGC web paget the web references given at the top of page (i).

2. Target Audience This document is inteled for Flight Recorder manufacturers, potential manufacturers,
and any other organisation or individual interested in the detailed specification of GNSS Flight Recorders
andtheir outputs in the IGC flight data file format. This includes technical expericerned with GNSS
recordingin IGC and other FAI airsports, NACs, members of #&C ANDS and GFA committees and
their advisors, alsproducers of analysis programs for the IGC flight data farmat

2.1 Other DocumentsOther IGC documents concernedhwvalidation of flights include the FAI Sporting Code Section 3 for
Gliders and Motor Gliders and its four annexes, availablerat.fai.org/gilding These are:
FAIl Sporting Code Section 3 (Gliders and Motordslis)- SC3
Annex A (SC3A) on gliding championships;
Annex B (SC3B) on equipment used for flight validation, including GNSS Flight Recorders;
Annex C (SC3C) guide for Official Observers and Pilots, amplifying the main volume of SC3;
Annex D (SC3D) rules fothe IGC Ranking List.

2.2 Recorder types not for IGE&pproval Where a type of recording device is not to be submitted ford@foval, the details
in this document need not apply, and any differences are the responsibility of the Authority thatigetievthe flights
concernedsuch as another FAI Air Sport). However, the output data should be as close as possible to the IGC file structure
so that analysiprograms designed to work with the IGC file format can also be used. Where such recontherstiareed

in this document, theerm "NonIGC FR" is used. IGC and its agents have no responsibility or liability for the use of such
devices.

3. Amendments Proposals for amendments should be sent to the Chairman of th&FAGnd ANDS
Committees, prefably in the form of exact wording for direct insertion, with reasons for the proposed
changesor additions. Amendments may be issued at any time with the agreement of tligFKsand
ANDS Committees, and the IGC Sporting Code (SC) Committee will be copi@formation and to give
them theopportunity to propose inputs to this document.

3.1 GFAC = The IGC GNSS Flight Recorder Approval Committee,
Chairman at the time of publication of this documé&ter Purdigfac@fa.org
ANDS = The IGC Air traffic, Navigation and Display Systems Committee,
Chairman at the time of publication of this document: Rick Shepp@sover.net

3.2FAl Office. FAI Secretariat, Fédération Aéronautginternationale,
Avenue de Rhodanie 54, GH)07 Lausanne, Switzerland
Tel: +41 21 345 1070 Fax: +41 21 345 1077
Email: sec@fai.org Web:www.fai.org

4. Meaning of key words In this document the words "must”, "shall", and "may not" indicate mandatory

requirements; "should" indicates a recommendation; "may" indicates what is permitted; and "will"* indicates
whatis intended to happen. Where the context is appropriate, words of thgendier should be taken as
genericand include the feminine gender. Advisory notes and guidance igédrscript.
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5. Legal Entity. FAI is the legal entity and Swiss law applies. FAI Commissions such as IGC are agents of

FAI. 1IGC committees such &S8FAC and ANDS and their members and advisors are agents of IGC and
therefore alsof FAI, the legal entity.

. Confidentiality of proprietary data. The evaluation of equipment on behalf of IGC will require that
manufacturers reveal some proprietary and régcdata so that compliance with this specification can be

assessed. Such data will be kept in confidence by memb&BAE and ANDS and any technical experts
andadvisors who may be consulted on specialised subject areas.
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GLOSSARY OF TERMS AND ABBREVIATIONS

This expands the glossaries in the main volume of the Sporting Code for Gliding (SC3) including its Annexes, in
particular Annex B (SC3B) on equipment used for flight Validatidmis Glossary includes specialised termaaaned

with positionrecording using GNS SystemsSee also the terms and abbreviations listed in Appendix A to this document
(the IGC filestructure), particularly para A5 (Definitions), and para A7 for the Thire¢ter Codes (TLC) used in IGC

files Deaailed explanations of technical terms are also available on the web from sources such as Wikipedia

Numerical

2D Position- A navigational position giving horizontal data (lat/long) but not vertical (altitude). In GNS Systems, at least three
positionlines (ie correct data from three satellites) are needed for a 2D fix.

3D Position- A navigational position giving both horizontal and vertical data (lat/long and altitude). In GNS Systems, a position from
at least four position lines (ie correct data friomar satellites) is needed for a 3D fix. The geometry of the-afgmsition between the
satellites and the surface of the earth is such that errors in recorded GNSS altitude are between 1.8 and 2.2 tinfe#tudesznich
longitude, depending onehexact geometry of the position lines used in a particular fix. In addition, furthettestmrinaccuracies in
GNSS altitudes have been recorded in IGC files, including GNSS altitude unlocks anteshorariations compared to pressure
altitude.This is probably because of the use of lomst GNSS receivers which are designed primarily for output in lat/long rather than
altitude.

4D Position- A navigational position including Time as well as 3D position. Since highly accurate time is an integl thart
principleof operation of a GNS System, it is available with every 3D GNSS fix.

Alphabetical

Accuracy- this term refers to how close different measurements are to the correct value, compared to the term "precision”
which is the closeness of measments to each other. It is therefore possible to have a set of close measurements (high
precision) that have a systematic error and so have low accuracy. The preferred situation is to have both high accuracy
andhigh precision of data points. Sdwtps://en.wikipedia.org/wiki/Accuracy _and_precisi@l6)

ADS-B - Automatic Dependent SurveillaneceBroadcast. The ADB system uses Global Navigation Satellite System
(GNSS) position datanal relatively simple broadcast communications links to transmit the lat/long and altitude of aircraft
that are equipped with it to other aircraft and to Air Traffic Management (ATM) systems. It has the GNSS accuracy,
much better than radapased systemst Is Automatic, in that it is always live and requires no operator action. It is
Dependentjn that it depends on a GNS System for position data. Surveillance, in that it provides 4D position data to
ground controllersand other aircraft. Broadcast, in thabroadcasts data on pset radio frequencies to any AEES
equipped aircraft oground station that is receiving. The GB&ed ADSB system is the basis for the U.S. NextGen Air
Traffic ManagementATM) system and other future ATM systems. For furttietails, see:
https://en.wikipedia.org/wiki/Automatic_Dependent_Surveillance%E2%80%93Broatwhst
https://www.skybrary.aero/index.php/Automatic_Dependent_Surveillance_BroadcastBADS

ANDS - The Air traffic, Navigation and Display Systems committee of IGC.

ARINC - Aeronautical Radio Incorporated, a compathat, amongst other things, develops standards for avionic

equipment.When such a standard is accepted by bodies such as ICAO or the US FAA, they aresisauabered

documents, sucas ARINC 510 for avionic interfaces with simides. For further deils, see:
https://en.wikipedia.org/wiki/ARINC

Augmentation systems, for GNSSThe term for systems that apply corrections to data from GNSS receivers over a
specifiedarea, using ground receivers atarately known positions. The generic term is Satelidsed Augmentation
SystemgqSBAS), and examples include the European EGNOS and US WAAS. More detail is under SBAS below.

Authentication- see under Validation.

Calibration The formal definition ofcalibration by thdnternational Bureau of Weights and Measy@®M) is the

following: "Operation that, under spiéied conditions, in a first step, establishes a relation between the quantity values
with measurement uncertainties provided by measurement standards and corresponding indications with associatec
measurement uncertainties (of the calibrated instrumenseoondary standard) and, in a second step, uses this
information to establish a relation for obtaining a measurement result from an indicathas definition states that the
calibration process is purely a comparison. In the context of this Sp#oificthe second step is the creation of a
Calibration Chart which can be applied to the Pressure Altitude figures in the IGC File to give a more accurate
measurement. Séetps://en.wikipedia.org/d/Calibration(AL9)
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CAS - these initials can mean Calibrated Air Speed, Controlled Air Space, or Chief of the Air Staff, depending on the
context in which the initials are used. Calibrated Air Speed is the Indicated Airspeed (IAS) on a cockpit airspeed
indicator,corrected for instrument and position error. (AL6)

CEP- Circular Error Probable. A distance within which a proportion of fixes will lie with respect to the accurate position.
Normally to a 50% level of probability unless stated otherwise.

Constellation- In GNSS systems, the constellation is the set of orbiting satellites from which transmissions of those in
rangeare used in a GNSS fix of ground position. Where details of the received constellation are recorded in an IGC file,
this canbe ugd to verify the validity of flight data. These details appear in the IGC file F Record (see Appendix A under
F-record).

CRLEF - Carriage Return followed by a Line Feed. These characters, represented by the hex symbols OD and OA, are usec
to denote the endf a field in the IGC file.

Data Analyst A person familiar with electronic flight data and authorised by an NAC to carry out analysis of such data.
Datum- Where relevant to GNSS, the Geodetic Datum (see page vii).

Declaration- The preflight recordng of pilot name(s), glider type and identification, and any waypoint coordinates
requiredto certify a soaring performance in accordance with SC3 procedures for that type of performance. The date and
time whenthe latest declaration was received by tRedfter action by the pilot or a system used by the pilot, is recorded

in the firstline of the GRecord at the beginning of of the IGC file. (AL6)

Digital Signature (DS) see under Security

DLL - DynamicLink Library. A DLL is a small program contairgnfunctions that other programs or resources can call
or use. DLLs are used in Microsoft Windows, in Distributed Interactive Simulation (DIS) links, and other processing. In
IGC FRs a DLL from the FR manufacturer is used to Validate the integrity of ligia flata files, see later under DLL.

DOP - Dilution of Precision The reduction of precision in a GNSS fix due to the geometry of the satellites, computed by
a GNSS receiver for each fix. See also Estimated Position Error (EPE). DOP can be estinaieddrways, including
HDOP (Horizontal position), GDOP (Geometric), PDOP (Position, overall), TDOP (Time) and VDOP (Vertical
position). EPE also varies with satellite position. Some definitions from RTCA sources are given below (for RTCA, see
below).

GDOP- Geometric Dilution of Position The ratio of position error of a multilateration system (see definitidviudtilateration) to measurement
error. More precisely, it is the ratio of the Standard Deviation (SD) of the positiontertioe SD of the masurement errors, assuming all
measurement errors are statistically independent, have a zero(@weeage) and the same standard distribution. GDOP is the measure of the
quality (sometimes, "goodness") of theometry of the multilateration sources asnsby the observer. A low GDOP is desirable, a high GDOP
undesirable.

HDOP - Horizontal Dilution of Position The ratio of usereferenced horizontal position error to the measurement efrarmultilateration
system. (See GDOP for a more detailed dgson.)

PDOP- Position Dilution of Position The ratio of usereferenced 3D position error to the measurement erronafl@ateration system. PDOP
is the rootsumsquare of HDOP and VDOP.

VDOP - Vertical Dilution of Position The ratio of usereferenced vertical position error to the measurement errarrofiltilateration system
(see GDOP for a more detailed description).

Download- In an IGC FR, this is the transfer of data from the FR to a PC or to a memory device attached to the recorder.
This terminology follows normal avionics terminology where "download" refers to data being transferred from an aircraft
module such as a flight recorder to a separate storage device for later analysis. The term "upload” is the reverse proces
where data isransferred into a flight recorder from a PC or other system.

DSA - Digital Signature Algorithman asymmetric system of Public/Private Key Cryptography (PKC) used in the US
National Institute of Standards and Technology Digital Signature Standard (D&Sgomparable in performance and
strength to an RSA (qv) signature with the same key length, and uses a protocol callddaSHiAe message digest
algorithm. Signing a message takes about half of the computation of RSA, reducing download times fsdrCFRd

some computation can be done "on the fly" while the recorder is operating. However, DSA takes more computation than
RSA to verify a signature, so the IGC VALI process takes longer than RSA but the VALI process is ruoitibale

whereas downlad from FR to PC may be, for instance in competitions with many entrants.

ECC - Elliptic Curve Cryptography A patented secorgeneration Public/Private Kedyased Cryptographic (PKC)
system.It has a smaller private key length compared to systems suBt8Asand DSA for the equivalent level of
electronic securityand is therefore preferred compared to systems with longer key lengths. For IGC FR purposes, ECC
with a 256 bit privatkey (ECC256) is accepted by GFAC as equivalent to RSA with a 3072 bitegpkieg, 224 ECC
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with 2048 RSA, 192 EC@ith 1536 RSA, 160 ECC with 1024 RSA, 106 ECC with 512 RSA. For more detail on Private
keys, see G2.1.1.2FR manufacturers using ECC should note that it is a patented system subject to license agreements.
FAIl and IGC arenot responsible for such agreements which are the responsibility of the FR manufacturer concerned. See
also in this Glossarynder DSA, PKC, RSA and also:

https://en.wikipedia.m/wiki/Elliptic -curve cryptography

EGM - Earth Gravitational Model a complex worldwide surface calculated to have equal gravatyu{potentidl) rather
than a simple geometric Earth Model such as an Ellipsoid (see below). Examples include EGM&§ &GIMEGM
2008,as defined by the US National Geospatial Agency (NGA). See below under "Geoid".

More detail is ahttps://en.wikipedia.org/wiki/Earth_Gravitational Model

EGNOS- European Geostationary Navigation Overlay Servitke SatelliteBased Augmentation System (SBAS) for

the European area, similar to WAAS in North America. It reduces position errors to about one quarter those of un
augmentedsPS systems. EGNOS has a serieRanging and Integrity Monitoring Stations (RIMS) which receive GPS
signals. MasteControl Centres (MCC) process RIMS data and calculate corrections based on the exact positions of the
RIMS stations. Theorrection data is then sent to three EGNOS datelthat are geostationary over the equator. GPS
users on the grounieh the area of EGNOS cover can receive data from the EGNOS satellites so that corrections can be
applied to initial GP$ositions. EGNOS became operational in July 2005.

Ellipse and Elpsoid- An ellipse is a simple twdimensional smoothly curved figure with two diameters, a "major axis"

and a "minor axis". An Ellipsoid is a threlgmensional version, its surface being formed by the rotation of the ellipse
aboutits minor axis (sedttps://en.wikipedia.org/wiki/Ellipsoid. When an ellipsoid is used to model the shape of the
earth, thesemimajor axis is the radius at the equator and the -seimir axis is the radius at the pol&@he WGS84
Ellipsoid is usedy ICAO, FAI and IGC for location and measurement purposes, see later under "WGS84".

EMI - ElectroMagnetic Interference. Interference with the working of equipment (hardware, software or firmware) due
to ElectroMagnetic radiatin external to the equipment. In Flight Recorders EMI may be due to Radio Frequency (RF)
radiationfrom radios or other sources in the aircraft or glider, or from RF sources outside the aircraft such as radar and
otherequipment transmitting in the RF band

Enhancement systems, for GNSSee above under Augmentation

ENL - Environmental Noise Levela threeletter code used in an IGC file, referring to three numbers between 000 and
999in the fix record that indicate the acoustic noise level at therBecat peak frequencies between 100 and 200 Hz.
This isintended to differentiate between engime and engin®ff flight, particularly with 2strokeengines See Chapter

5 for details.

EPE - Estimated Position Erroran estimate by a GNSS receiver ¢ tprobability of position error in each fix, taking

into account the geometry factors of DOP (see above) with the addition of other factors such as received signal strength.
The probability used in the calculation should be stated so that the significdnite size of the resulting shape
(frequently acircular error) is known. Probabilities are normally calculated tesgya (95.45%) level, implying that

there is about 85% (19 out of 20) probability that the accurate position is inside the shapermecThis probability

figure applies t@ single fix in isolation and is increased by taking into account adjacent fixes and with knowledge of how
gliders are flownThe EPE value appears in the IGC file as a three number group in metres under thelEXA co

EUROCAE - EURopean Organisation for Civil Aviation Equipmentwww.eurocae.net a nonprofit organisation
including manufacturers of aircraft, airborne equipment, Air Traffic Management (ATM) systems, serviddeps,

national andinternational aviation authorities and users (EASA, NACs, airlines, airports, operators) from Europe and
elsewhere. EUROCAE develops performance specifications and other documents that are referenced as a means of
compliance td&european Technical Standard Orders (ETSOs) and other regulatory documents. EUROCAE works with US
standardisatiorbodies, including RTCA (see later) and the SAE (US Society of Automotive Engineers) to produce
harmonised specificationshere possible. EUROCAE doments also take account of ICAO standards and ARINC
specifications.

FES- Front Electric System an electric engine mounted in the nose of a glider, driving propeller blades that fold back
flush with the fuselage when not in use. Originally the let®t Stood for Sustainer but with improvements in battery
technologymany FES systems are capable of-kaihching.

Eix - For IGC flight analysis of FR data, a fix is a sample of redaultaneous data from GNSS satellites that includes
horizontal and veital position (lat/long, GNSS altitude), time (UTC). This is recorded in eadtérd line in IGC files.

Other variables are recorded with each fix record, including fix accuracy (EPE/FXA), satellites in viefneduency
acoustic noise (ENL), Pressutdtitude, and other variables recorded by the FR in a format specified by IGC. See above
for 2D, 3D, 4D, EPE, Constellation, and below for spurious and valid fixes.

Fix, Spurious- A GNSS fix with a significant error in time or tadimensional positionL@t/long). Determined by analysing the fix concerned
andadjacent fixes; the spurious fix will generally show an anomalous position ¢atsjaé 2D position or in altitude, or both) and involve an
unlikely groundspeed between it and adjacent corrgesfilt may or may not have a high EPE or DOP (see above). For flight analysis purposes
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such asndicating presence in an Observation Zone, spurious fixes must be rejected. Early GNSS recorders showed a numbeffigéspurious
their IGCfiles but thisis less common with more modern FR systems.

Fix, Valid - For IGC flight analysis, this is a fix that successfully records the minimum parameters required by IGC for the anadysisd;onc
andis not assessed as Spurious (see above). It is marked in(filkgrBcord of the IGC file by a letter A in the appropriate place, see A4.2. For
the purpose of assessing presence in an Observation Zone, the geographical position shall be taken as the centreliobithe oba valid fix,
ignoringany error cires.

FR - Flight Recorderin this document, a device recording GNSS fix and other data for the purpose of flight validation to
IGC/FAI criteria. An IGGapproved GNSS FR is capable of producing a flight data file in the IGC format, and for which
there isa current IGGapproval document. It includes a GNSS receiver, pressure altitude sensor, data storage, input of
Waypoints and prdlight declarations, detection of motor glider engine running, plus physical and electronic security to
protect the validity oflight data in its IGC files. See also Hd&C FR.

FR Serial Identification (S/ID) For an IGC FR, a set of three or more alphanumeric characters allocated by the
manufactureand unique to that manufacturer, identifying an individual FR and IGC fies it. The S/ID appears in the

file name andhlso in the first line of the IGC file. If precise identification of an individual FR is required, the S/ID should
be prefixed bythe manufacturer's name followed by the FR model and type.

GD - Geodetic Datupsee the next item

Geodetic Datum (GD) When a mathematical model of the earth's shape is fixed at a particular orientation and position
with respect to the Earth, it constitutes acstled "Geodetic Datum®”, over which a grid of latitude and longitdele
constructed. WGS84 includes a thiimensional ellipse model of the earth ("the WGS84 ellipsoid”), see later under
WGS84. The WGS84 ellipsoid is the earth model used by the US GPS system, by worldwide civil aviation (ICAO), and
by FAI, for definingexact Lat/Longs, and measuring flight distances. In and@foved FR the WGS 84 ellipsoid (see
page xii) must be used as the reference for all lat/lorgrdimates and GNSS altitudes.

Geoid- Sometimes used loosely to mean an Earth Model, in the WGB8dification document it has a more precise
meaning. The WGS84 Geoid is the shape of a theoretical equipotential (equal gravity) surface, shaped by the earth's
massmount ai ns, seas, an-termteffeets sach astwimds sand tidesraeincluded, see:;s hor t
https://en.wikipedia.org/wiki/Geoid The WGS84 Geoid is therefore an irregular surface close to local sea levels. The
maximum difference between the WGS84 Geoid and the WGS84 Hilisai65metres at 60N 030W (S of Iceland,
geoidabove the ellipsoid) and.02metres on the equator at 080E (S of India, geoid below the ellipsoid). The variation
depend®n the gravity effects of mountains, ocean trenches, crustal thickness and dees#iyrfabe of an equipotential

Geoid isirregular and therefore, unlike an Ellipsoid (qv), can not be defined by a simple formula. Such Geoids include
various EarthGravitational Models, see above under "EGM". Several Geoid definitions exist with diffeliertbe exact

shape andesolution of the Geoid surface, unlike the WGS84 ellipsoid which is a smooth surface based solely on an
equatorial and golar diameter. For these reasons, IGC FR files use the WGS84 Ellipsoid as the GNSS altitude zero
datum rathethan oneof several different Geoids of differing complexity.

GFAC - The GNSS FR Approval Committee, of IGEee IGC Approval on the next page, and Chapter 1.
GLONASS- GLObal NAvigation Satellite Systenthe Russian GNS System, hoampatiblewith theUS GPS system.

GNSS- Global Navigation Satellite SysterA general term for a system based on a constellation of satellites and ground
receivers in which signals from the satellites ase pr
include the US GPS, Russian GLONASS, European Galileo, and Chinese BeiDou 2. Ground receivers calculate time
delaysbetween signals from different satellites and, by knowing the exact position of the satellites and accurate time,
together withan assum# mathematical model of the earth's shape, position on the earth's surface can be calculated. See
above under D, Ellipsoid, Geodetic Datum and WGS84.

GNSS Altitude- altitude calculated from GNSS position lines. In IGC files, GNSS altitude must beneder to the
surfaceof the WGS84 ellipsoid. In a fix, sometimes GNSS altitude is not available leading to 2D fixes, and in this case
the figuresfor GNSS altitude in the IGC file ecord shall be recorded as 000 so that altitude-dubgan be identifig

during postflightanalysis. Note that in commercial GPS Systems, GNSS altitude may be set to show approximate
altitudes above localea level rather than above the ellipsoid.

GPS- Global Positioning SystenThe term "GPS" is sometimes used as a geteralfor satellitebased navigation

systems, where the more precise general term should be "GNSS" (see above). In its more exact meaning, the term "GPS
applies to the US GNS System administered jointly by the Department of Defense (DoD) and the Departmen
Transportation (DoT). In the US system, signals are normally available from 27 out of over 30 satellites in six orbital
planesat 55 degrees to the equator at an altitude of 20, 2
first comnonly-available GNS System and became operational in January 1980.
Seehttp://en.wikipedia.org/wiki/Global_Positioning_System

GPS system time and Leap Secondise highly accurate timused by the US GPS system is from the GPS Master Clock at Schrieven AFB
Colorado and is continuously monitored by the US Naval Observatory (USNO) in Washington DC. It began as UTC for midnightL68%
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when the GPS system first became operatjerad maintains that time frame. This is so that it does not have to change with eacectapy
that is added to UTC to allow for the slowing down of the Earth's rotation (see under UTC). In 2020, UTC was 18 sectirats188ér GPS
System Time. Moern GPS receivers incorporate leap second corrections so that they automatically output UTC rathergizste G RiSe.

Grandfather rightsThis term is used for a situation where the approval or certification of a type of equipment is
continuedunalterel, although the Specification conditions have changed with time (generally, increased). The term is
used inCommercial Aircraft certification, and its application to I@@proved GNSS Flight Recorders is in para 1.1.4.

GS - The General Section of the FAporting code, containing the principles to which other Sporting Codes must
conform See:www.fai.org/sites/default/files/documents/fai_sporting_code gs_2a20.pdf

HAFR - High Altitude Flight Recorder, a special type of I@&@proved Flight Recorder for the recording of GNSS
altitudesabove 15,000 metres with respect to the WGS84 Ellipsoid, which is the IGC file datum for zero GNSS altitude.
At and abovel5,000 metres, the rate of change of pressure with altitude has fallen but the resolution of GNSS altitude
with altitudechange is relatively constant. See para 2.2.4.1.

Hard/Soft Data/StorageHard data or storage is that which is retained when theconiterned is switched off or its
batteryfails or is removed. Soft data is lost when the unit is switched off and/or its battery fails.

Horizontal fix accuracy Where this is included in the IGC data file in the B (fix) record through the FXA-tbtee
code,this is the best prediction for the horizontadigma (95.45% probability) error of the overall position error.

ICAO - International Civil Aviation Organisation, with its headquarters in Montreal, Canadav®eeicao.int

IGC-approval- Where this applies to IGC Flight Recorders, it refers to one of the Approval levels that are listed in para
1.1.4of this Specification and Annex B to the IGC Sporting Code (SC3B). The IGC GNSS Flight Recorder Approval
Commitee(GFAC) tests and evaluates GNSS FRs and issuesafipébval Documents.

igc-info The mailing list to distributdGC information, including updates to thgpecification, Sporting Code and its
Annexes and neWwlight RecorderApprovals To subscribe selttps://www.fai.org/page/igmailing-list

International Standard Atmosphere (ISAyor FAl flight performances, the ICAO ISA must be used for pressure
altitudes.See ICAO Document 7488 tables 3 and 4 laityls://en.wikipedia.org/wiki/International_Standard_Atmasegh

At sea level, the ICAO ISA defines a temperature of 15 degrees Centigrade and a pressure exfui¢dig@shPa (mbap). Above Sea Level
(ASL), it assumes a constant temperature lapse rate of 6.5C per 1000 m rise in height (1.98C/3.56FRtpend @®an altitude of 11km

(-56.5C). 11km is assumed to be the Tropopause (the top of the "Atmosphere"), above which is the Strateggbbreonstant temperature
(-56.5C) is assumed until 20km, thereafter increasing by about 1 degree per kilogeatmatiitudePressures from the ICAO ISA are used in
calibrating aircraft pressure altimeters so that aviation worldwide has a common standard of peggisuire the cockpit. This allows aircraft
flying at different Flight Levels to maintain the saseparation. Although the real atmospheseies from day to day, internationally agreed
figures are needed so that all use the same s&aemilar principle is used in of pressure altitude sensors in Flight Recorders because the
ICAO ISA is the FAI stadard.

ISA - International Standard Atmosphere, see above

ISO - Internaticnal Standards Organisation, see
http://en.wikipedia.org/wiki/International Organizationr fStandardization

JPEG- Joint Photographic Experts Grauphis Group developed a system for compressing digital data for pictures and
diagrams so that the byte size is smaller than theoumpressed version. It is abbraeid JPG which is also usedasle
suffix such as image.jpg. (AL6)

Key - see later under Public/Private Key.

Latitude- In an IGC file, this is a seven number group with two figures for degrees, two figures for minutes and three
figures for tenths, hundredths and thousandths ofuteis followed by the N or S character. For more precision and
accuracy, th& AT code (Para A7) may be used.

Leap Second see under GPS System Time and UTC. Alp://en.wikipedia.org/wiki/Leap_second

Longitude- In an IGC file, this is an eight chatac numeric group expressed as three figures for degrees, two figures for
minutes and three figures for tenths, hundredths and thousandths of minutes followed by the E or W character For more
precision and accuracy, the LON code (Para A7) may be used.

mba. mb- Millibar. A unit of pressure, one thousandth of a Bar (one million dynes per square centimetre), the same as a
hectoPascal (hPa). The ICAO International Standard Atmosphere (ISA) defines sea level pressure as exactly 1013.25mb
hPa. The reason fdhis irregular number (compared to exactly 1010 or 1000mb), is that it is equivalent to the previous
international standard which w@80 mm of a mercury column at 15°€rrected for local gravity. (AL6)
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MoP - Means of Propulsignan FAI term for an enge capable of producing forward thrust, such as a piston, jet or
electricmotor. A engine recording system is part of a IGC Flight Recorder and produces three numbers in each fix line in
an IGCfile under the ENL code, and in some FRs also under the M@&. See under ENL and MOP.

MOP - A threeletter code referring to three humbers between 000 and 999 in each fix line of an IGC file, designed to
indicate engine running where the ENL system inside the Flight Recorder does not produce high enougtduemadjngs

useof engine. The type of MOP sensor is described in an extra MOP line in the IGC file header record, and may sense
acousticsound at high or low frequencies, current flow to electric engines, fuel flow to piston or jet engines, or any other
varigble tested and approved by GFAC for the engine type. The MOP sensor is designed to be placed so as to receive ¢
high signalwhenever the engine is developing forward thrust, and may be external to the FR close to the engine, or inside
the FR buusing a diferent frequency to the ENL sensor. See Chapter 5 for more details.

Multilateration - literally, having many sides, the shape of such a geometric figure. In navigation systems, a fix from
multiple lines of position which, if plotted out on a map, wowdri a multisided figure (sometimes called a "cocked
hat"), the centre of which is the "Most Probable Position" or MPP.

NAC - National Airsport ControlThe authority in a nation recognised by FAI for the supervision of Sporting aspects of

Air Sports in he nation concerned. Normally this will be the National Aero Club and matters specific to an individual Air
Sport may be delegated to the National organisation for that Sport. This includes compliance with rules and procedures
givenin Sporting Codes andleer documents published by FAI and its Sporting Commissions.

NMEA - National Marine Electronics AssociatioNMEA is an international bodynvvw.nmea.ory that publishes data
and interface standards for marine and other electronic devices. GNSS waspddv@o the marine as well as the

aviationmarket, and most GNSS manufacturers use NMEA standards to interface GNSS to peripheral devices.
NMEA data is divided into groups called "sentences" identified by leteer codes, the details being given in doeats such as NMEA 0813
https://en.wikipedia.org/wiki/NMEA_0183For instance, the sentence GGA gives GPS fix data, the sentence GNS gives fix data for all GNS
SystemqUS GPS, Russian GLONASS, European Galileo and other systems), the sentence GS gatedliths in view at any one time. Some
GNSSreceiver boards output NMEA data directly and others use other output formats. In the latter case, the FR manufachoer thmatstata
that isacceptable to GFAC is recorded on the IGC data file.

NortIGC FR. A recording device that records GNSS fixes in the form of the basic IGC file structure but is not designed
for, or has, IGGapproval. However, it is recommended that the output be as close as possible to the IGC file structure so
thatanalysis prograsidesigned to work with IGC files will work with the ndBC Recorder. Such devices could be, for
example, a flight instrument with a recording function, part of a sédowe GNSS unit, or a portable device that receives

and stores GNSS data. Where otRéd Airsports are concerned, the type of device, the method of data storage and
securityconsiderations must be approved by the appropriate FAI Air Sport Commission for flights within its jurisdiction.

OZ - Observation ZoneA volume of airspace within vith a GNSS fix is required to validate an IGC event such as a
Start,reaching a Turn Point, and the Finish of a flight performance. The Sporting Code for Gliding (SC3) defines the
shape othese Observation Zones. For a turn point this is a 90 degreetsraniddle of which is opposite the middle

angle of thewo legs making up the turn point. For start and finish points, the 90 degree OZ is opposite to the first course
leg for a startand the last course leg for a finish. Straight lines for officiaftStad Finish are also permitted as well as

the 90 degreangle. In gliding competitions, Circular OZ may also be used, but for IGC distance calculations the radius
of each circula©Z must be subtracted from the distance via the Waypoints themselves.

Pagd - The International Standard (SI) unit of pressure, defined as a pressure of one Newton of force per square metre
(oneNewton is the force needed to accelerate 1 Kg mass at 1 metre/sec/sec, equivalent to 0.225 Ib force or 4.45 Newton:
per pound force).One hundred Pascals are a hectoPascal, abbreviated hPa (the same as a millibar (mb), see above)
named aftethe French mathematician Blaise Pascal, and was adopted as the Sl pressure unitin 1971. (AL6)

Pilot Event (PEV Code) A mandatory facility initated by an easily accessible event button or switch that initiates a
GNSSfix marked in the IGC file with the PEV code, followed by a series of fixes at one second intervals (tfig"'fast
facility).

PKC - Public/private Key Cryptography system wherehe recipient of a message has an encryption system that is not
secret (the Public Key) and is used by people sending messages. However, the mathematical factors that make up th
PublicKey are only held by the recipient (the Private Key), and are ndefere the message can beodeled. The first

public application of PKC was the RSA system by Rivest, Shamir and Adelman (see under RSA), first published in 1983
(https://en.wikipedia.org/wiki/RSA _(cryptosystem]t was later revealed that the principle"aon-secret encryption”

was the subject of a 1970 paper by James Elis of the UK GCHQ organisation
(https://en.wikipedia.org/wiki/James H._E}lalthough this paper was Classified and onlyeeded in the Public Domain

after the RSA system had been announcednieoe detail on Private keys, see G2.1.1.2.

Precision see above under "Accuracy"
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Pressure Altitude In an IGC FR file, this is a group of five numerals giving the pressure alfitudketres with respect

to the ICAO International Standard Atmosphere (ISA). The FR may derive pressure altitude either from "cockpit static"
(pressure within the FR box), or be connected to spaissure tubing used in the instrument panel ("instrustatic").

More detail is under Inteational Standard Atmosphere (ISA) above. See also para 1.1.4 and Chapter 4.

PressureReferenceAn instrument with traceable accuracy to a standard with better uncertainty than 0.1 hPa, used for
comparison with an Appk@d Flight Recorder for calibration purposésL9)

Proof Drive or Flight These are methods of checking that a Flight Recorder produces a correct IGC flight data file. In a
proof drive under the control of an OO or other official, the FR is drivenviehicle over a course on the ground that
includes Waypoints with accurately knowncalinates. A proof drive in hilly terrain can be used to check FR altitude. A
proof drive including a sharp turn at a surveyed point is used to check GNSS fix accumaopfAlight can check
altitudedata and other figures such as the use of engine in a motor glider.

Pseudorange / Pseufkange- a distance based on the time recorded in a receiver when a signal from a GNSS satellite is
received. The recorded time is mageof two parts, the time of travel from the satellite and an additional time due to the
different clock times in the satellite and the receiver. When translated into distance this is true distance plus aspurious
called"clock offset distance". For éhreceiver to calculate the clock offset, four Pseudorange values are required, and
position accuracy is improved with data from additional satellites over the basic four. An individual value is called
"Pseudo'Range because the time difference needs fourel before True Range can be calculated with any accuracy.

Public/Private KeySee above under PKC, Public/private Key Cryptography. (AL6)

av - quod vide Latin for "which see", followed by a reference, which the reader is invited to look up.

RAIM - Receiver Autonomous Integrity Monitoring\ system inside a GNSS receiver that automatically compares the
positionline obtained from each satellite with other posiiimies being received at any one time. Any anomalous
("rogue”)position lines are thenigtarded for the purpose of calculating the fix. A numeric code is used which indicates 0
if RAIM is satisfied and 5 when not. RAIM calculations need six satellite podiies are needed for the system to
operate properlyWith a 12 or 16Channel receier and the antenna in a good position, this is not normally a problem.

Reach, Reachingwhen this refers to a Turn Point (TP), it refers to complying V@@ criteria for "reaching the gint".
Unlike activitiessuch as air racing at low level where thircraft must fly round a ground feature such as a pylon, IGC
requirethat there must be proof that a glider has entered the Observation Zone (OZ) relevant to the TP. (AL6)

RJ - Registered Jackor instanceRJ45, also described as an 8P8C connectbe iumber before P is the number of
pinsavailable, and the number before C is the number of pins in use.

RSA - A system of Public/Private Key Cryptography (PKC) with an asymmetric system for key exchange. The initials
are from the names of the three déygers Ronald Rivest, Adi Shamir and Leonard Adelman of the Massachusetts
Institute of Technology (MIT).

Details of the FIPS 180 Secure Hash Standard assvim.itl.nist.gov/fipspubs/fip18d.him.

Cryptographic libraries with source code in C and C++ arenatv.cs.auckland.ac.nz/~pgut001/cryptlib

RTCA Inc- a U.S. noffor-profit corporation concerned with aviation and aviatieetabnic systems, se@w.rtca.org

It functions as a US Federal Advisory Committee and develops recommendations on aviation issues based on consensu:
Some 300 organizations are members, aboutqometer being notwS, including FAI. The initials RTCA aoginally

stoodfor Radio Technical Commission for Aeronautics, a previous US government body. The RTCA letter pages have
the words!"Requirements, Technology and Concepts for Aviation ", which also abbreviates to RTCA.

SBAS - SatelliteBased AugmentationyStem A system that increases GNSS accuracy by monitoring position errors at
ground stations in the area concerned, and making corrections available to compatible receivers. The exact positions of
the SBAS ground stations are known, therefore the poséioor of data from a GNSS receiver at each ground station is
alsoknown. This data is cordinated and corrections are transmitted to GNSS receivers in the area of SBAS cover,
normally via a Geostationary satellite over the equator. SBAS that enhaneedinacy of the US GPS system include
BeiDou 1 (China), EGNOS (Europe), GAGAN (India), MSAS & QZSS,(Japan), and WAAS (North America). A
GroundBasedAugmentation System (GBAS) called SmartPath is used in Australia. More detail is under EGNOS &
WAAS.

SC3- Section 3 of the FAI Sporting Code which applies to FAI Class D (gliders) including FAI DMsémotor
gliders) The SC3 series is administered by IGC, including its annexBs Fhese are SC3A (championships), SC3B
(recordingequipment, including GNSShd FRs), SC3C (OO Guide), and SC3D (pilot ranking list). For the full list of
FAI SportingCodes, see Chapter 1 of the General Section of the FAI Sporting Codewalsfai.org/igecdocuments

Security - Digital Signature (DS)} A Digital Signature (DS) is a set of encrypted data generated by an FR and
downloadedwith the flight data. The DS corresponds with (matches) the flight data in such a way that any subsequent
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alteration of anypart of the flight datalestroys the data match and so the alteration can be detected. See para 6.1 and
Appendix G.

Serial ID (S/ID)i The Alphanumeric identifier for an individual IGC Flight Recorder, see A2.5 on file naming. This
appearsas a group in the IGC file name andaais the first line of the IGC file. No#GC recorders may have different
S/ID systems, for which IGC has no responsibility.

SHA - Secure Hash Algorithm. A set of cryptographic hash functions such as238A256,-384,-512, SHA512/224,

and SHA512/256 The SHA system was designed by the US National Security Agency (NSA) and published in 2001 as
a U.S. Federal Information Processing Standar8ee: https://csrc.nist.gov/projects/haiimctions and
https://en.wikipedia.org/wiki/Secure_Hash_Algorithms

Soft/Hard Data See under Hard Data.

Spheroid- A threedimensional oblate (flattened) sphere in the form tfraedimensiamal ellipse (an "ellipsoid"). The
termellipsoid is preferred to spheroid because it is mathematically unambiguous, whereas "flattening" of a sphere could
imply shapes other than an ellipse with a smooth surface based on the two radii.

Spurious Fix seeunder Fix

Start- in IGC terminology, the beginning of a task, ie the point from which measurement of the flight performance
commences. Usually involves crossing a start line or exiting the Observation Zone (OZ) for the start point.

TLC - ThreeLetter Cale. This refers to one of the Codes listed in para A7 of this document and used in the IGC file as a
prefix for the information relevant to the TLC and its description in A7.

Traceabilityi Measurement The termmeasurement traceabilifg used to refer t@an unbroken chain of comparisons
relating annstrumens measurement® a knownstandardCalibrationto a traceable standard can be used to determine
an instrument's biapyecision andaccuracy In many countries, national standards for weights and measwes ar
maintained by a National Metrological Institute (NMI) which provides the highest level of standards dalitihetion/
measurement traceability infrastructure in that courEsamples of government agencies includeNh&onal Physical
Laboratory, UK theNational Institute of Standards and Technologythe USA, thePhysikalischTechnische
Bundesanstaih Germany, and the Instituto Nazionale di Ricerca Metrologica in Italy. As defined by NIST, "Traceability
of measurement requires the establishment of an unbroken chain of comparisons tefetatedes each with a stated
uncertainty.” See also Calibration amitps://en.wikipedia.org/wiki/Traceability (AL9)

Track - The joinedup sequence of a series of 2D positions on the growmdh @s GNSS fixes) over which the aircraft
hasflown or a vehicle has driven.

Turn Point or Waypoint ConfirmationThis is the indication that the glider has "reached" the Point to the criteria of the
IGC Sporting Code. For instance by demonstratinggares in the Observation Zone for a T&uwint;this is "reaching”
thepoint, and there is no obligation to actually fly round the point itself.

Upload- The opposite of Download, see under Download.

UTC - Universal Time Ceordinated A world standard tira datum based on the Greenwich meridian for zero longitude,
north/south line at the historic Observatory at Greenwich (pronouncedl@ng¢mon the East side of London, UKJTC

is very similar to the older term Greenwich Mean Time (GMT) and is also kra®n'Z time" or "Zulu Time" because

UTC times carry the suffix "Z" whereas other time zones have other suffix letters. The UTC system is maintained by the
Bureaulnternational des Poids et Mesures (BIPMww.bipm.org, headquartered in Sevres, France.allow for the

slowing downof the Earth's rotation, by international agreement-eadied "leap second" is added at midnight on dates
such as the endf June or December and changes UTC by a whole second at a time. The period between the addition of
the next leap seconid agreed internationally and may be one year, or several years. The IGC flight data file requirement
(Appendix A) requiresimes to be in UTC. See above under GLONASS, GNSS, GPS, Leap second.

Validation, VALI check The IGC electronic Malation system is used to check an IGC file at any time and ensures that
the flight data in the file has the integrity to be used for approving a flight performance to IGC standards. The IGC
validationsystem checks that the file has originated corrdotiyn a serviceable IG@pproved recorder and ensures that

the flight datain the file is identical to that originally downloaded. For more detail, see para 1.1.10.1 and para G2 in
Annex G. TheValidation programs for different types of IGpproved records are available on the IGC/GNSS web
pages.

Vertical fix accuracy The geometry of the linesf-position between GNSS satellites and the surface of the earth is such
that errors in recorded GNSS altitude are generally between 1.8 and 2.2 times thaigerigr depending on the exact
geometry of the position lines used in a fix. When Vertical Fix Accuracy is included in an IGC data file, it is through the
VXA three-letter code, and uses thes@ma (95.45%) probability for vertical position error.
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WAAS - Wide-Area Augmentation Systenthe SatelliteBased Augmentation System (SBAS) for the US GPS system in
North America, based on the actual position of grebasked monitoring stations in the region. It consists of a monitoring
network, processing, andedicated geostationary satellites orbiting above the equator. Reference stations receive data
from GPS satellites and measure GPS position with respect to the known position of each monitoring station. These
measurementare sent to Data Processing sites dalculation of corrections for that area of WAAS cover. This data is
broadcast to usefsom the WAAS geostationary satellites and the resulting GPS/WAAS fixes are more accurate than
those using GPS alon8ee also EGNOS, RAIM and SBAS.

Waypoint, way pint (WP).Either (a) a precisely specified point or point feature on the surface of the earth using a word
description and/or a set of coordinates, or (b) a set of precise coordinates not represented by any spetéatuzarth

An IGC Waypoint may be Start point, a Turn point, or a Finish point and has a defined Observation Zone (0Z). A
waypointmay also be used as a reference point for defining an area that is to be reached as part of an area task.

WGS 84- World Geodetic System 1984eehttps://en.wikipedia.org/wiki/World_Geodetic_Systerfhis is a Geodetic
Datum and ceprdinate system based on an Ellipsoid earth model and including variables such as gravity constants and
coeffidents, formulas for angular velocity, other constants, conversion factessdicmte systems, a WGS84 ellipsoid
and a WGS84 Geoid (an irregular eeubtential surface approximating to local sea levels, see below). The original
WGS84System definition dasment was Technical Report 8350 by the National Imagery and Mapping Agency (NIMA)
of the USNational Geospatial Agency (NGA). In 1989, ICAO adopted \AWB3Sas the standard geodetic reference for
world aviation.The complexity of defining an eqypiotential sirface is why IGC uses the relatively simple WGS84
Ellipsoid as a datum fdrat/long and GPS altitude figures in IGC files, rather than more complex Earth Models such as
one of several Geoids thapproximate to local sea levels. See under WGS84 in Anrigxexl C to SC3 (SC3B and
SC3C), and in the Gener&kction of the FAI Sporting Codellipsoid. An ellipsoid is a simple mathematical model and
can be used to model the earth's shape. For instance,litstdobal Positioning System (GPS), all Lat/Ldihgdata is
referenced to the WGS84 ellipsoid whose dimensiongjiaen below. In the past there were over 200 other ellipsoids
(local Geodetic Datums) in use, but the WGS84 ellips@isl become thde factostandard Earth Model. The General
Section of te FAI Sporting Code (FAI GS) states that &mcurate measurements on the earth's surface, the earth model
for FAI purposes is the WGS84 ellipsoid. Seew.fai.org/documents

WGS 84 EllipsoidThe dimensions ahe WGS84 Ellipsoid are as follows:

The Major axis is the diameter at the Equator.
The semimajor axis is the Equatorial radius = 6,378,137.00 metres

The Minor axis is the distance between the Poles.
The semiminor axis is the Polar radius = 6,38562.314245 metres

Orientation: the semi minor axis is between the Earth's centre of mass and the Terrestiaefokd by the International Earth
Rotation and Reference Systems Service (IER®w.iers.org. Thisapproximates to the Earth's spin axis.

For other ellipsoids with radii within 1 metre of WGS84, see para A8

WGS84 GeoidThe WGS84 Geoid is an equipotential (equal gravity) surface approximately equivalent to loc&ddean

level. The maximum differensebetween the WGS84 Geoid and the WGS84 Ellipsoid are +65metres at 60N 930W
Iceland, geoid above the ellipsoid) arid2metres on the equator at 080E (S of India, geoid below the ellipSeiral

Geoid definitions exist with differences in the ekahape and resolution of the Geoid surface, unlike the WGS84
ellipsoid which is a smooth surface based solely on an equatorial and a polar diameter. (see above under WGS84
Ellipsoid) For these reasons, IGC FR files use the WGS84 Ellipsoid as the GN&&alero datum rather than ook

several different Geoids of differing complexity. See also under Geoid in this Glossary and
https://en.wikipedia.org/wiki/Geoid

Words, meaningin this document thevords "must", "shall", and "may not" indicate mandatory requirements; "should"
indicates a recommendation; "may" indicates what is permitted; "will" indicates what is going to happen. Where the
contextis appropriate, words of the male gender should bentals generic and include persons of the feminine gender.
Advisory notes and guidance areifalic script.

IGC GNSS FR Telnical Specification -XV- 2nd Edition with AL9


https://en.wikipedia.org/wiki/World_Geodetic_System
http://www.fai.org/documents
http://www.iers.org/
https://en.wikipedia.org/wiki/Geoid

CHAPTER 1 IGC-APPROVAL AND RELATED PROCEDURES
Based on Chapter 1 of Annex B to the FAI Spor@inge Section 3 Gliders and Motor Gliders (SC3B)

1.1 IGC FLIGHT RECORDERS - POLICY AND GENERAL .
IGC-approval of a particular type of GNSS FligRecorder follows Test and Evaluation (T&E) by the IGC GNSS
Flight Recorder Approval Committee (GFAC), whose temhgeference are given below. GFAC members and
advisors are agents of IGC; FAl Commissions such as IGC are afémasg the legal entity is FAI, headquartered in
Lausanne, Switzerland; and Swiss law applies. When a Flight Recordesy§®in is submittetbr IGC-approval,
GFAC examines it for compliance with IGC rules and procedures. This inchaidsare, firmware inside the FR,
software external to the FR where relevant to flight recording, output from the FR i@@hdata file format, and
physical &ad electronic security of the Flight Recorder and its output data. Other capabilitfd®scfre matters
between customers and FR manufacturers, including cockpit displays, navigational features, pruaimiitg
devices, and other characteristics notjecibto IGC FR rules and procedures. See para 1.1.4 forafip@vallevels
that apply to different types of flights such as world records, IGC diplomas & badges, and competitions.

1.1.1FAIl and IGC Liability . FAI and IGC have no liability for the consemces of the use of Flight Recorders covered

by this document for purposes other than validation of flights to IGC standards. Such other purposes include, but are ne
limited to, navigation, airspace avoidance, traffic alert, proxiwiyning and/or arttollision functions, terrain
avoidanceany other matters concerning flight safety; and uses of FRs outside IGC such as by other Air Sports and Gener:
Aviation.

1.1.21GC Flight Recorder Operating Procedures Operating procedures and limitations for eggie of Flight Recorder
are specified by GFAC in its IG&pproval document. One objective is to make procedures on the day of flight asasmple
possible, and his is particularly important before flight when the time available for carrying out exprenitelet checks
may be short. Also, after flight it must be quick and easy to download secure flight data in the IGC data format.

1.1.2.1 GFAC will specify procedures that minimise the possibility that either one Flight Recorder could be suipstiiated
glider by another that was not carried on the flight, or that the data in the Flight Recorder that was in tlveujtidee
interfered with without this being detected. Unless the FR is part of a permanent and secure fit in the InBtmehetitis
may require either continuous observation of the glider before takeoff and/or after landing, or the pbgdiivglof the Flight
Recorder to the glider by an OO at any time or date beforehand, to avoid the need fGethiservation before takeoff.
Sucha seal must be applied and marked in a manner such that there is incontrovertiblftprabe flight that it has not
been broken, and it should be marked with the glider registration, the date, time, OO'sigaatare, and identification
number.

1.1.2.2 Other procedures specific to the type of Flight Recorder may be required, such as stowage of certaiouhoflules
reach of the flight crew, or limitations on the types of flight for which the recorder may be used. Such proaedures
limitations will be part of the IGEapproval document, and will depend on the Flight Recorder design and @&sSA&nd
evaluation

1.1.31GC-Approval Documents for Flight Recorders The definitive version of the IG@pproval document for a
particular type of flight reorder is the document that is currently available on the IGC web page, and is phogGiealC

on behalf of IGC. Before an Approval document is finalised, it is circulated in successive drafts tont&ritiers and
their technical advisors, other relevantperts, and the manufacturer concerned. When finally issueddabement
includes IGCGapproved procedures for checking the recorder before flight, installation in the glider, and oderation
flights that are to be validated to IGC criteria.

1.1.3.1 Fomat of IGGapproval documents. These have a standard format which consists of an introduction (inegaling
disclaimers agreed by FAI on subjects such as flight safety and intellectual property); manufacturer detailgf details
hardware (including thaype of GNSS receiver and pressure transducer); internal firmware and external software;
connections; installation; security; engine recording; and other advice that might be useful to pilots, OOs and NASCs. This
followed by two annexes.

Annex A contais notes and recommendations for owners and pilots, including procedures and checks befoemdiafieg
flight, and other advice that should be followed by pilots.

Annex B contains notes, recommendations and advice for Official Observers and bbdamgdlight performances such
as National Airsport Control authorities (NACs). Annex B includesfligat proceduresncluding checking installation and
the recorder ID; afteflight procedures including ensuring that the installatias not been chged; how to download IGC
files; checking validity of data in IGC files; and pressure altitud&enex B also contains details of Environmental Noise
Level (ENL) figures recorded during GFAC testing, thosbedaxpected in flight; also figures from ardatnal Meansof-
Propulsion (MOP) sensor if such a system is fitted.

1.1.3.1.1Checks on individual recordet$.is the responsibility of owners and pilots to check that the characteristics of the
recorder correspond to those in the K@@proval documdnlf the characteristics do not correspond, the FR should-be re
set bythe manufacturer or his authorised agent to the characteristics given in HagpGwal. This particularly applies to

the IGC Shell program for checking the electronic validity ofloaded IGC files (see para 1.1.10.1), the ENL and MOP
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figures recorded in IGC files must be similar to those given in Annex B in theaffp@val document, and to pressure
altitude s which must be with respect to the ICAO International Standard AtmegpB&AO ISA). For the critical cases

in ENL and MOP recording, see 1.4.2 and 5.5. OOs inspect recorder installations in accordance with Annex B to the IGC
approval document for the particular type of recorder. Where the FR uses static pressure frocheghe glis i nstr
system (rather than pressure at the recorder case, "cockpit static"), the tubing and the pressure connection to the FR sho
also be checked to ensure that they areobueach of pilots so that no unauthorised changes to static pressulee
made in flight.

1.1.3.21GC-approval document kept with the Flight Recordiris recommended that an -tgpdate copy of the
approval document including its annexes is made available to users of the FR, so that it can be consulted by pilots ar
OOs as required. A copy of the current [a@proval document in printed or electronic format should also be included
with each recorder sold or updated.

1.1.3.3Validation of data in IGC files IGC Shell ProgramThe latest versions of the FR Manufactdrer DL L f i | e
use with the IGC Shell program are posted on the IGC and GFAC web sites. Only these versions are valid for use wit
claims under IGC procedures. This is to ensure that when an IGC file is used to Validate a flight performance, the FF
from which the file originated has not been altered in an unauthorised way or has incurred damage that could caus
errorsin flight data, and data in the IGC file used for Validation of a flight is the same as the data initially downloaded
from a serviceable ahsecure FR. In the event of damage or alteration, causing a breach of security, the FR should
continueto produce an IGC file if possible but this and future files must fail the IGC Validation process, and the
HFFRS recordn the IGC file must be changdd read 'SECURITY SUSPECT" (or other relevant words such as
SECURITY MICROSWITCH OPERATED, etc)See A 3.2.4 and A 3.2.5 for required data in IGC files Appendix

C for the IGCShell program. (AL7)

1.1.4 Levels of IGCapproval. The IGGapproval documdnfor individual types of Flight Recorders will specify
procedures to be used and any limitations on types of flights for which the approval is valid. Reduced levels of approva
apply to types of Flight Recorders that do not meet the requirements for1 éatelflights) approval at the time that the
approval is given, as determined by GFAC. Reduced levels also apply where the security of a type of recorder is below tt
requirements of the current Specification, or where other features do not meet éné $pecification. The three levels of
IGC-approval are listed below:

1.1.4.1Level 1- IGC-approval for all flightsThis applies to Flight Recorders that may be used for evidence for all flights up
to and including IGC world records. For new types aforders, compliance with the current Specification is required. For
types with existing IG&pprovals at this level, "Grandfather Rights" (1.1.5.2 below) apply unless there are major differences
compared to the current Specification, as assessed by GFAC.

1.1.4.2Level 2- IGC-approval for IGC/FAI badge and Diploma flighf&his applies to Flight Recorders that may be used for
evidence for all IGC/FAI badge and distance Diploma flights, but is not valid for evidence for IGC/FAI world records. For
competition flights, see 1.1.5.3. This level may be used for new types of recorders that do not meet the current Specification ir
relatively small areas. For types of FR that are alreadyd@@oved, this level may be used for those which are now below
thecurrentSpecificationstandardas assessed by GFAC.

1.1.4.3Level 3- IGC-approval for badge flights up to Diamondkhis applies to Flight Recorders that may be used for
evidencefor FAI/IGC Silver, Gold and Diamond badge flights but not for higher badges iphuhds, and records. For
competitionflights, seel.1.5.3. This level may be used for recorders that have significantly lower standards of security and
other characteristics comparexdthose for higher levels of approval, as assessed by GFAC.

1.1.50ther approval-related aspects

1.1.5.1Recorders not IG@pproved.This applies to types of Flight Recorders that have either not been tested bya®B8AC
approved to IGC standards, or to recorders that were previoustap@@ved but where a security or atpeoblemhas been
found that could compromise the integrity of flight data. It also includes FRs used in other FAI Air Spartettied basic
IGC file format but do not have an IG&pproval document.

1.1.5.2Grandfather rights and approval levelhe term "Grandfather Rights" is used where the conditions obraginal
IGC-approval are continued with time, even though the provisions of the IGC Specification or Sportinga@eddanged,
generally being increased. Continuity of the original appravabithat owners and manufacturersrareconstantly required

to carry out updates unless major differences exist in the type of FR compared to theSpecéidation or Sporting Code.

A similar "Grandfather Rights" policy is adopted in civil aviationother aviatiororganisations such as the FAA and EASA
for designs that are alreadgrtificated. However, GFAC reserves the righthange an approval level where it considers that
the current Specification or Sporting Code is sufficiently differenthtisse under which the original approval was issued,
particularly on matters of security. For more detail on chang&s@fapproval levels, see Annex E, particularly para2E2

1.1.5.3 Competitions. For IGC competition flights, the types of recordersriia be accepted are at the discretion of the
competitionorganisers, subject to ammgherlevel rules and procedures under which the competition operates. For instance,
Regional or Nationatompetition rules or Sporting Code Annex A procedures for Wanidl other Championships that use
Annex A rules.
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1.1.5.4 Changes of approval level. If GFAC proposes to lower the approval level of a typeafp€@ed recorder, this will
be discussed in confidence with the manufacturer and then with the IGC ANDSitteenand, if necessarwith the IGC
Bureau.(approval levels, para 1.1.4). Further procedures, Appendix E.

1.1.5.5 Compliance with IG@pproval standards. If after IG&pproval of a type of FR, it is found that provisions of the
Approval are not beinglfilled by productionstandard FRs, the Approval may be withdrawn pending compliance with the
standards agredsyy GFAC for IGGapproval to be issued.

1.1.6World Records. Evidence must be from a type of FR that is {&iproved for World Record flights ével 1). See
1.1.4 on approval levels and 2.2.4.1 on High Altitude Flight Recorders (HAFRs) for altitude records above 15,000 metres.

1.1.7 Cockpit displays. Some IGGapproved FRs with cockpit displays have options for display of Blind Flying
InstrumentgBFI) such as Artificial Horizon or Turn Indicators. The operation of such instruments is recorded in the IGC
file under the BFI code and more detail is given in the Technical Specification document for IGC FRs. For some gliding
competitions, cloud flyings prohibited and BFI systems must either be disabled or proved not to be used.

1.1.7.1Proximity Warning Systemsn some gliding competitions the fitting of proximity warning systems such as Flarm may be
required. These can be in the form of a sepdftten module within the overall FR or in the form of Flarm primary firmware in a
case by Flarm or in a case by another manufacturer.

1.1.8Antenna Positioning If the GNSS antenna is accessible to the crew in flight, no attempt must be made to inject any
data that would alter that from the GNS System concerned. Any abuse of this may lead to a future IGC requirement t
placethe antenna out of reach of the flight crew.

1.1.9Sealing of data ports and plugsWherever possible, IG@pproval will not involvesealing of ports and plugs before
flight, but no attempt must be made by users to pass unauthorised data into the Flight Recorder. Any abuse of this may le
to a requirement for sealing.

1.1.10IGC Standard of Security for the Flight Recorder and the IGCFlight Data File. For IGGapproval to be given,

the type of Flight Recorder must be protected by both physical and electronic security. Unless the FR is an integral part
the instrument panel and can not be removed without showing evidence of suclalremmanufacturer's physical seal
mustbe fitted to the recorder case in such a way that it will be broken if the case is opened and it must not be possible 1
peel offthe seal intact so that it could beinstalled without evidence that it had been oged. In any case, a system must

also befitted that operates if the recorder case is opened, for instance based on a security microswitch or microswitche
inside thecase. Other systems may be considered if they can be shown to give the same levetyoftedabe satisfaction

of GFAC, and for more detail see Appendix G on Security. For microswitches, the switch or switches must be shielded sc
that theycannot be prevented from operating as the case is opened, such as by inserting asiegoéallyobto hold

down theoperating arm of the switch. Flights after security is breached may continue to produce IGC files, but such files
must beclearly marked as insecure and must fail the IGC Validate check (see 1.1.10.1 bel®e&).dRa recorder to a

sealre statamust only be made by the manufacturer or his authorised agent, and the knowledge of confidential details tha
are part ofany reset procedure (such as Private Keys) must be restricted to the absolute minimum number of people. Se
para G2.1.1.X%or more detail on Private keys, and para G4 on requirements for security systems with and without
microswitches.

1.1.10.1Electronic Validation of IGC Flight Data FileShe IGC electronic Validation system checks the securityafidity

of data in an®C file, and can be used at any time to check a file. To use the IGC Shell programatmeu f a d@Car er 6
XXX.DLL file must be in the IGC Shell directory (XXX = manufacturer thietter code allocatethy GFAC). Having
executed IGEShell.exe, scroll dowto the FR manufacturer in the box at the top of the display, prése di spl ay o s
button, highlight the IGC file to be checked and click "Open". The result of the validationwhiettien be shown in a box

in the middle of the display. Older @clers for which the manufacturer has not provideBLL file for the IGC Shell
program have a VALXXX.EXE program file instead. The IGC Shell program, DLL avLlI files, are available on the
FAI/IGC and GFAC web sites, and more detail is in Appendix C.

1.1.10.1.1Validation - Pass.If an IGC file passes the IGC electronic validation check, it shows (1) that the IGC filripasted
correctly from a serviceable FR that has not been opened or maodified in an unauthorised way, and (Zjghat#t in the IGC file
is identical to that in the FR when the flight file was ended and downloaded immediately after flight.

1.1.10.1.2validation - Fail. This indicates that the IGC fileannotbe used for validation of flights to IGC standardsecurity,and the
FR should be returned to the manufacturer of his designated agent for investigation and a sesmiriffhee IGC Shelalidation
program is designed to reject an IGC file if only one character in the flight data is not the same as whey ddginimiéded. This can
be checked by copying an IGC file that passes the Validation check, and, on the copied file, usiaditotértchange one character
(such as one figure in a Lat/long, ENL or other flight data). The resulting IGC file shouldaihéime IGC validation check. Then,
restore the original character and the file should cemg=En pass the IGC Validation program.

1.1.11 Proof of presence of the Flight Recorder in the aircraft There must be incontrovertible proof that the Flight
Reorder that provides the evidence for the flight was present and recording in the particular aircraft for the flight
concerned. The procedures given in the 1gproval document shall ensure this as far as possible. This is particularly
important because nlike other elements in the verification process, the IGC file contains virtually all the evidenke for
flight. There is little problem for FRs that are part of a permanent and secure fit in an Instrument Panel, taft proof
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presence is particularly imptant with small types of FR that can easily be transferred from one aircraft to afndider.
are two methods: (1) OO inspection of the FR installation, and (2) independent evideakeddf, landing andother
evidence for the claimed flight, for cgrarison with data in the IGC file for the flight. This is amplified below:

1.1.11.100 inspection and/or sealing to the glidéran OO is not present to witness and to check the Figudorder
installation atakeoff or landing (or immediately befor@nd after these times), the FR used for flighlidation must either
be a permanent fit in the instrument panel, or, if a separate unit, be sealed to the glider syumu€0O. Sealing may be
carried out at any time or date before flight as long asstual is clearly marked with thiene, date and with the OO's
identification, so that the OO can identify it later.

1.1.11.2Check oftakeoff, landing,and other data, independent of the Flight Recorfiee. times and points aékeoff and
landing shdlbe recorded either by an OO, other reliable witnesses independent of the pilot, or byezthersuch as an Air
Traffic Control or official Club log otakeoffs and landings. This shall be compared to Flight Recorder data for starting

the takeoff roll and finishing the landing run. This is intended as a sirmlependent check of these parts of the FR data.
Following this, the rest of the data may be accepted as galidtence for the claim, subject to (1) any anomalies being
satisfactorily explaied, (2) compatibility of the data withdependentiknown conditions for the flight and (3) the IGC file
for the claim passing the IGC Electronic Validatieeck (1.1.10.1 above). Known conditions that can be independently
checked include: (1) Wind obsetions atrelevant altitudes (including those recorded officially by local meteorological
offices and airfields) can be compareddrift in thermals in the IGC file data. (2) conditions found by other aircraft and
gliders in the same area at a simtiane, including those from other IGC files for comparison, and (3) direct observation of
the aircraft by other pilotsr witnesses.

1.1.12Anomalies in evidence Any anomalies in evidence for a claim under IGC rules from a Flight Recorder df®uld
referredto the GFAC Chairman for further investigation and, if necessary, to obtain an opinion from GFAC and its
technical experts on whether the flight data can be accepted for an IGC claim. This should be do@®byahesrnedr

by the body that will validat the flight (such as the NAC) as soon as an anomaly is discovered, so thaupguating
evidence is not lost due to the passage of time. It is vital that the FR is kept in its original state andasaranoalified

until the investigation is conhgted.

1.2 IGC GNSS FLIGHT RECORDER APPROVAL COMMITTEE (GFAC)
This is a committee of at least fiy@rsons, created by IGC to test, evaluate, and approve individual types of GNSS
Flight Recorders (see para 1.4.1)aldition to the GFAC members, technicdligsors may be used to give specialist
advice and receive relevambrrespondence. GFAC may also delegate specialist work to other experts but is
responsible for cordinating the work andor producing IGGapproval documents and other recommendations. The
detail of the work and any opinions expresse@GHAC discussion are confidential to GFAC, their advisors and other
IGC officials who may be involved.

1.2.1Appointment of GFAC Member§he GFAC Chairman and members are confirmed at the annual IGCyPleseting.

1.2.2Working LanguageThe English language shall be used for communications to and from GFAC, and within GFAC.

1.3 NOTIFICATION BY MANUFACTURERS .
Manufacturers who wish to apply for IG&pproval for their equipmeshould contact the GFAC Chaian as early as
possible during the design process. In the manufacturer's own intereshahid be before any desifi, and before
any commitment to largsecale purchase of specialised components. Thigdgause initial discussion with GFAC on
the intended design may reveal that changaesst be made before 1G@pprovalcan be considered. The GFAC
Chairman will notify the applicant of current procedures for the approval process, incdaiagthat must be
provided, the fee to FAI/IGC, and documerdatrequirements.

1.3.1Correspondence with GFAC Manufacturers applying for IG@pproval must correspond with GFAC throuigh
chairman who will inform other members and technical advisors, ammdinate any responses to the manufacturer.

cases wherespecialist matters are being discussed, the Chairman may authorise direct correspondence between
manufacturer and a specialist GFAC advisor (such as on the detail of GNS Systems, electronic security, or recordin
technology), but the GFAC Chairman mus&t copied with all correspondence so that he is aware of progress and of the
issues involved and can inform GFAC members as appropriate.

1.3.2 Submission of a new model of Flight RecorderDetails of the intended design should be sent to the GFAC
Chairmanas soon as information is availahléfhese should include a brief specification, drawings, draft manual (if it
exists at this stage), commonality with existing models, etc. Manufacturers should not wait until these documents are fina
the latest documestincluding drafts should be sent as soon as they are available. The GFAC Chairman will circulate such
details to GFAC members and technical advisors, andrdinate comments to be sent to the manufacturer. For
communication, use email with attached filasstandard formats such as MS Word for text and JPG for diagrams and
pictures. Details from the manufacturer will be treated as confidential to GFAC and its advisors.

1.3.2.1.IGC flight data files As soon as IG@ormat files are available from earljight Recorder hardware, copiskould be
emailed to the GFAC chairman so that the exact format can be checked for compliance with the |atestd&G.
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1.3.2.2. FR hardware for IGC testingRecorders should not be sent untii GFAC comments have bede ora the
specification for the type of FR, and IGC files have been sent. When a complete or Beta Test version is avaitefteeand
the fixof-design stage is reachedhotify the GFAC Chairman. When the Chairman requests, send an examile
equipmet for initial evaluation. GFAC will test the hardware and the Chairman will keep the manuféoforered of
comments and any required changes befored@@oval can beonsidered.

1.3.2.3 Fee to FAI. When hardware is sent for testing, the FR mamafaotust fill in the IGC FR application fornand
should pay the appropriate fee to FAI for the IGC/GFAC-aatount. IGCapproval will not be issued until treppropriate
fee is paid. See also para 1.3.5.

1.3.3Re-approval after changes For reapprovalor continued approval of a type of Flight Recorder after changes have
been made, the provisions of 1.3.2 apply that are relevant to the changes.

1.3.4 Documentation The recorder manufacturer or applicant for Kg@proval must provide information to GFAG
how the particular type of Flight Recorder meets the IGC Specification.

1.3.4.1 Security ProtectionA detailed description of security protection must be provided, including the design features
that prevent deliberate or inadvertent misuse, or pramtucf false data. GFAC members and their advisors will lsee
information confidential.

1.3.4.2Altitudes and ChecksThe pressure altitude figures in the IGC file must be calibrated with respect to thd S8A0
using the procedures in Annex C to Byorting Code. A table listing ISA and IGC file figures and the IGCfifden which
the figures were obtained, must be forwarded to GFAC when an FR is sent for testing. After an FR hasdeae,
later Pressure Altitudes by the FR manufacturer (agamt authorised by the manufacturer to make shehks, retaining
FR security), should include #setting FR Pressure Altitudes to figures to those that are as clpsssilsle to minimum
error values. The original error figures before theset mustalso be preserved and made availdahlehe form of a
Correction Table for use with flights made before thege The updated Correction Table must be freflights after the
re-set. (ALS).

1.3.4.2.1HAFRs. An IGGapproved High Altitude Flight Recoed (HAFR) must be used for altitude claims above 15,000
metres. For IG&pproval of a HAFR, an independent check of GPS altitude figures above the WGS84 Ellipsoid in its IGC
files is required using digh-quality GPS signal generator at an NAfpproved faility that also uses figures above the
WGS34 Ellipsoid that is the GPS altitude zeattitude datum. The signal generator injects signals that include precise GPS
altitudes intothe FR's antenna. Differences between the signal generator figures andittB&sah IGC files are then used

to make a tabl¢hat is sent to GFAC together with the IGC file on which it is based, similar to a pressure altitude table. A
pressure altitude tat least the same altitude as the GPS altitude check must also be préwidadre detail, see para 2.2.4.1
which includes apecimen table and GPS altitude graph, also Appendix 6 to Annex C to the Sporting Code (SC3C).

1.3.5Fees and expenses for IG@pproval. The appropriate fee must be deposited by the applicant in thadealnt

for the IGC Sukaccount, marked for GFAC and the name of the Manufacturer and type of FR, befempp@alcan be

given. This should normally be done when hardware is sent to the Gaman for evaluation. Expenses such as
customs duties and national taxes for postage of recorder hardware must be paid by the applicant and not be an expense
GFAC members, on IGC or FAl. If the receipt of payment is delayed;d@oval will not begiven until the fee is
received and all expenses attributable to the manufacturer have been paid. The fee is adjusted by IGC from time to time a
details are available from the Chairmen of the IGC ANDS and GFA Committees.

1.3.5.1 At thedate of this doament (31 Novenber 2024 the fee is 200 Swiss Francs (CHffor an application for testing a

new type of Flight Recorddor IGC-approval. Where an FR is closely related to one that is already approved, a reduced fee
will be charged, at the discretion the GFAC Chairman, depending on the amount of testing and other work involved. If FAI
does not receive the appropriate fee,|@g-approval may not be issued or an existing 1&fproval may be withdrawn
pending receipt of the fee by FAL.

1.4 TEST AND EVALUATION FOR IGC-APPROVAL .

GFAC will complete Test and Evaluation (T&E) as soorpeecticable on receipt of all of the appropriate material,
normally within 120 days unless there are unforeseen difficullies.testing carried out by GFAC is intended to be
nondestructive, but GFAC, IGC or FAI are not liable for any damagertdgss of, any equipment. See Appendix B
on GFAC Test and Evaluation. If other GFAC members wish to test equiphegnselves, the equipment sent to the
Chairman will be sent on from persdo person unless the manufacturer can sspdrate equipment to each. Any
excess expenses incurred by individuals (such as post, excise and tax), shall be predFhight Recorder
manufacturer into the FAI account (for the IGC/GFAC-slbount) so tht individuals can be reimbursedd do not
have to pay these expenses themselves.

1.4.1 GFAC Testing and the IGC FR Technical Specification Tests by GFAC will include drives in vehicles over
knownroutes and exact points, and flights in gliders, moliolegs and/or powered aircraft. These are sometimes known as
Proof Drives and Proof Flights (see the Glossary under "Proof ...") . Comparisons will be made with FRs #hagady

IGC approvedand the IGC file structure of the FR under test will be kbddor compliance with the current IGC FR
Technical Specification. Checks will include functions such as-Hight Declarations (see the Glossary under
Declaration), accuraoyf fixes, recording of correct pressure and GNSS altitudes, and the requinbdrmf preflight and
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afterflight fixes to establish where theakeoff roll started and the landing run finished, and other Specification
requirements. (AL6)

1.4.2 Engine Recording- ENL & MOP_Systems. Engine recording is by systems that are desigoedifferentiate
between conditions of forward engine thrust, and gliding flight without the use of engine. Theedoency
EnvironmentaNoise Level (ENL) system inside the FR is most sensitive to acoustic noise between 100 and 200 Hz. It was
originally designed to record the operation of tatooke engines, but, subject to testing, may also record high ENL
numbers withForward Electric Systems (FES) if the FR is installed just behind the engine aattadttablepropeller.

Where the ENLsystem in theacorder does not produce high enough readings with particular types of engine and FR
installations, aradditional sensor under the MOP code must be fitted so that a high engine signal can be recorded as thre
MOP numbers ireach fix line in the IGC file,n addition to the three ENL numbers. Critical cases are in 1-4.Beow,

more detail is irChapter 5 and SC3 Annex C (SC3C) Chapter 11.

1.4.2.1High Engine PowerA combination of engine and propellor noise at high power should give ENL figure8@veut
of 999. Most twestroke engine systems produce ENL values over 900 at high power and may give the maki®®am
Fourstroke and Wankel (rotary) engines give lower figures which may be enough to differentiate hetweean and
poweroff flight, depending on where the FR is mounted. Somemeamted electric and jet engineshagh power have also
been shown to give moderate ENL values, depending on where the FR is mounted. Howeenwhbigis not the critical
case, see below.

1.4.2.2Critical ENL Cases

1.4.2.2.1Poweron. The critical powern case that is used for testing ENL is not full power, it is when any positive forward thrust is
generatedby the engine. Under such conditions, recorded ENL must be high enough to differentiate foromeheff cases below. If it

is not, such awvith electric and small jet engines unless the FR is mounted close to the engine, a separate sensor under the MOP coc
must be fitted (see 1.4.2ahd chapter 5).

1.4.2.2.2Poweroff. The critical ENL poweoff case is not a quiet, wedlealed cockpit, it is a noisy cockpit, typically thermalling with

air ventsand cockpit panels open, because this can be mistaken for running the engine. This can produce ENL figures up to 300, more |
sideslip is preserdand 400has been seen. Another highise case is high speed flight with the cockpit panel(s) open, but this is not as
confusing as thermalling withanels open because when thermalling, the glider will be climbing and the ENL could be more easily be
mistaken foruse of engine. For the ENdaseline for zero noise, see para 5.3.1.

1.4.2.3ENL numbers The three ENL numbers as recorded in IGC files must differentiate between the "quiet andittes
"noisy cockpit" cases. This is done by the FR manufacturertsejabe frequency and gain at which the Edlistem is most
sensitive. The ENL system is then tested by GFAC in a range of gliders, gliders with engingawaneld aircraft.
Experience has shown that peak sensitivity between about 100 and 200Hz ittal'bell curve'(in statistics, the "normal
distribution") for sensitivity either side of the peak frequency, gives a good ENL respopstoto engine and propeller
noise, and less response to cockpit noises in soaring flight.

1.4.2.4Low-ENL installations- additional engine sensor using the MOP code. Where an engine dndt&Rtion produces
ENL values that make it difficult to differentiate between poewaerand powenff flight (using the criteria inl.4.2.2), an
additional engine recording sgst shall be provided that produces three extra numbers in the IGC filethadbareedetter
code "MOP", standing for "Means of Propulsion”. The type of sensor is described in an extra linéGe tlile header
starting with HF MOP, and may sense acmusbund at high or low frequencies, current flow to ele@rigines, fuel flow to
piston or jet engines, or any other variable tested and approved by GFAC for the engine tyg@PTkensor can be either
inside the FR (in addition to ENL) or connectedttby cable, and must be capabldraficating any forward thrust from the
engine. This applies to relatively quiet engines such as those with electrical podesthers such as jets for which the
frequency response or direction of noise does notteggisghly enough on ENIsystems in cockpitnounted recorders,
unless the FR itself is placed close to the engine and/or propeller where FiRgiMIs can be shown to comply with the
critical cases in 1.4.2.2. See 1.4.2.5 & Chapter 5.

1.4.2.4.1 Approval of individual type installations An approval for use of an acousic ENL system on electric of jet equipped giders
may be issued if flight tests demonstrate that the flight recorder clearly differentiates the use of the engine at Ilewvgbav&urch an
approval shall be for a specific RigRecorderand Glider Type. The approval shall by added as an Appendix to the Flight Recorder
approval giving details of the Glider Type and full installation details. Testing for compliance with para. 1.4.2.%2 parsied out
before issuing such an approval.

1.4.2.5Engine Recording.IGC files produced by individual recorder installations, particularly for ENL (and MOP where
fitted), must indicate a clear difference between engffilight and any flight wih the engine developing posititlerust. See
also Chapter 11 of Annex C to the Sporting Code (SC3C) for more information and diagrams oneeogifieg.

1.4.2.5.1ENL and MOP figuresThe three ENL figures (and the three extra MOP figures where a@ilabéachiGC file fix line,
should be similar to those found in GFAC tests and listed in theal@@oval document for the tyjpé FR and engine sensor concerned.
The figure with engin®ff must not exceed 300 (generally, much less) andiginee when he engine produces forward thrust should
not be less than 700. If either ENL or MOP figures are outkielse margins, there is a risk that glide performances may not be able to
be validated, see 1.4.2.5.3. below.

1.4.2.5.2 Checking Individual Glider Im@dfations. Flight Validations have been lost in the past where installatib®dR engine
recording systems in individual gliders fail to differentiate clearly between epgim@d engin®ff conditions. This may be either (1)
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because use of engine doed produce high enough ENL/MOP figures in the IGE, or (2) because the particular installation allows
unwanted high figures to be recorded in gliding flight which ctéldonfused with use of engine. Some specific conditions follow.

1.4.2.52.1 Cockgt-mounted ENL systems&Vith cockpitmounted ENL systems, flight conditions that prodbigh ENL figures in
gliding flight should be avoided. Such conditions may include flight with DV panels qgeticularly with sideslip when
thermalling, and at higspeed. In some gliders, flight with DV panels opesahe speeds can produce acaied "organ pipe"
noise that records as high ENL, and opening DV panels atspagis should be avoided. High ENL can also occur with operation
of airbrakes and undercage, but as thiss normally when descending before landing this can normally be distinguished from
engine running.

1.4.2.5.22 MOP sensor placementn some MOP systems that record hfggquency sound, high MOP has bdeand in gliding

flight becausehe sensor has inadvertently been placed where high frequency sound is prebably due to vibration at certain
airspeeds of the structure on which the sensor has been mounted. taseekthe sensor must be moved to another position so that
low MOP values are always recorded in gliding flight the sensor continues to record high values with forward engine thrust.

1.4.2.5.3Actions if IGC files do not clearly show use of engitleENL, MOP and other figures in IGC files makedifficult to
distinguish between enginaff flight and flight with forward engine thrust, action must be taken béfat&lations of important flights

are compromised. Possible actions include moving the engine sensor tofavoarable position to record use of engiiiehe sensor

is separate from the main FR), moving the whole FRrtmee favourable position (where this is possible with a small FR), returning the
recorder and/or the engine sensothi® manufacturer or his authorised agent for the ENL and/or MOBnsysb be reset, or using a
type of FR that haan external sensor that can be placed close to the engine

1.4.3Laboratory Testing. GFAC may decide that a report on the Flight Recorder (or a particular aspect of ainel/BR

its attachments) is needém an independent testing laboratory. In this case, the applicant will be responsible for the
expense of this report in addition to the application fee. The applicant will be given the opportunity to withdraw the
application before incurring this expensch requirements may arise if test or evaluation is required that is outside the

expertise or facilities available to GFAC members and their advisers.

1.5 IGC-APPROVAL.
GFAC shall either approve or require modifications to the applicant's unit beforag@@valto the appropriate level
can be given (see 1.1.4 for levels). Drafts of approval documents will be circulated tor@dAlaers and its technical
advisors, and to the FR manufacturer. The final version of theai@Toval document is thesponsibity of GFAC,
in its capacity as an agent of IGC and FAI (see para 1.1).

1.5.1 Limitations before IGC -approval. If GFAC decides that IG@pproval cannot be given to the appropriate level
without changes being made (see 1.1.4 for-Ep@roval levels), the amufacturer will be informed of what is required
ordertogainlGeappr oval . This may be where approval cannawt be
could involve an approval with limitations, such as an approval level other than 1 €aklflights), or an approvakith
limitations pending improvement of systems such as ENL and/or MOP.

1.5.1.1 If the manufacturer notifies GFAC within one calendar month that the approval process should continue, the
manufacturewill be expected to refbmit a modified Flight Recorder for further review by GFAC within the next six months.
GFAC will aim to complete this review within three months, subject to not meeting any unforeseen difficulties. If this
procedure is followed, nextra fee will be paydb but the initial fee will continue to be held. An example might be where the
engine sensor system (ENand/or MOP) either was not included, or was assessed by GFAC as not being adequate. In this
case an IG&pproval might beissued without the engine rsor, pending a development which satisfies the IGC
Specification, after which the sensor would tiheradded to the Approval document by amendment.

1.6 APPLICANT'S AGREEMENT .
When an IGGapproval is issued, the applicant agrees to the following conditions:

1.6.1Changes to an IGGapproved Flight Recorder. Notification of any intended change to hardware, internal firmware
or external software must be made by the manufacturer or applicant to the Chairman of GFAC so that a decision can t
made on any furthgesting which may be required. This includes changes of any sort, large or small.

1.6.1.2Action on Changes GFAC may decide to note the changes, or that a formal evaluation of such changed features is
required and an updated FR sent to GFAC for testfrthe changes are extensive, GFAC may decide that another approval
process is required

1.6.2Changes in IGGapprovals. An existing IGGapproval document may be modified or removed at any time after a
decision by GFAC.

163Manuf act ur eAndGCagpmvalais forghe named product or products manufactured by (or under the
control of) the Organisation whose details are given in the approval document in the paragraph headed "Manufacturer
Any changes to these details shall be sent to GFAC wittelay so that the approval document can be updated.

1.6.3.1Transfer to another Manufacturémn IGC-approval will only be transferred to another Manufacturer after
consultation by GFAC with both the previous and future Organisations, followed by ameradrienapproval
document.
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1.6.3.2Significant changes in Manufacturer detalfssignificant changes have been made in the Organisatiomed in the
IGC-approval document under "Manufacturer”, GFAC reserves the right to require a neapp@Walprocess for the types

of flight recorder concerned. In this case, a signature-sigreature may be required on approval application, certifying
that the new Organisation will comply with current IGC procedures, and GFACegaye to test Recorders proeulchy the
changed Organisation. What changes are considered significant wilsdmssed by GFAC and include: transfer of
manufacturing to a different Organisation, acquisition of a namanioyher Organisation, or a change of structure or key
personnel wthin the current Organisation.

1.6.3.3Cease of Manufacture and/or Suppbvhere a manufacturer ceases to make a particular type of red®F¥ReC, shall
be informed. The manufacturer must state whether support for the type will continue such asangéatespairs to existing
recorders by the manufacturer or another organisation approved by the manufacthisrsitmation, GFAC may consider
lowering the IGCapproval level of such FRs

1.6.3.3.1Pilot aspects Validation of Flights.Pilots shouldbe aware that if they are using a recorder for which there is no
manufacturer support, if there are anomalies in IGC files it may not be possible to validate such flights.

1.6.3.4Exclusions FAI, and their agents IGC and GFAC have no responsibilityriatters related to:
(1) Intellectual Property (IP) and Intellectual Property Rights (IPR) or,

(2) the relations of the Manufacturer with aother organisations except with FAI and its agents or as they affect FAl, its
agents and the IGC approval antleysissued by IGC Air Sport Commissions.

1.7 USE OF IGC FLIGHT RECORDERS.
A IGC-approved GNSS Flight Recorder operated in accordance with its IGCapproval document shall be used for all
flights that require validation to IGC criteria (except Silver and Gxaldge flights which may also use a less secure
IGC Position Recorder (PR)). Flights in gliding championships that use IGC rules must also comply with Annex A to
the IGC Sporting Code (SC3A). For the different levels of &proval from world records to bges, see para 1.1.4.
IGC-approved FRs must be used by NACs for flights under their jurisdiction where IGC standards are specified, suct
as for IGC badges and diplomas, national and regional records. Where validation is not required to IGC standards
evidence is at the discretion of the organisation responsible for validating the flight.

1.7.11GC File Format. For the format of the IGC Flight Data file, see Chapter 3 and the detail in Appendix A. For a
performance to be validated to IGC standards, thenfilest pass the IGC electronic Validation check (see para
1.1.10.1). See the Glossary under ENL, Fix, Missed Fixes, and MOP.

1.7.2Non-IGC FRs. Where flight validation is not required to IGC standards, the choice of criteria is at the discretion
of those esponsible for validating the flight, such as the NAC, competition officials or, fet@GrFRs, other FAI Air
Sport Commissions or General Aviation organisations.

1.8 NOTIFICATION AND ISSUE OF IGC -APPROVAL DOCUMENTS .
Notification of issue of a new or amemtldGC-approval document will be posted dhe IGGinfo mailing
list. The complete IG@pproval document will be posted on the FAI/IGC web site, together with the FR
Manufacturerds DLL file for validating the integrity

1.8.1Valid Approval Da&ument.Only the latest published IG&pproval document for a given type of FR is valid for
IGC purposes. (AL6)

1.9 PRODUCTION STANDARDS.
IGC reserves the right to inspect and test examples of products covered bpp@@als, for the purpose of checking
conpliance with the standards and conditions of theird&@proval.

1.9.1Testing production equipment Such testing may be carried out by GFAC at any time and without prior notice to
the FR manufacturer. GFAC may obtain recorder units under its own arrangesuch as from owners or sales
outlets, but, if requested by GFAC, the Organisation listed in thed@€oval document under "Manufacturer" shall
supply an FR for testing.

1.9.2 Results _of testing If any problems are found or questions are raisedAGHvill correspond with the
manufacturer. If this cannot be done to the satisfaction of GFAC, the terms of thappBaval document may be
altered or the approval removed.

1.10 COMMENTS OR QUESTIONS.
If any comments, questions, or problems arise durgggof an IGGpproved Flight Recorder, the GFAC Chairman
gfac@fai.orgshould be notified in the first instance. See also para 1.1.12 on Anomalies in Evidence.
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CHAPTER 2 GENERAL PRINCIPL ES AND REQUIREMENTS

2.11GC Responsibility.

IGC has a duty to ensure that checks and design requirements are used to preserve the integrity of evidence, including tl
from GNSS Flight Recorders. This includes taking appropriate action to prevent actdadet®alies, loose practice, poor
supervision, malpractice, even deliberate cheating, and also to ensure the use of common standards and data form
wherever possible.

2.1.1IGC disclaimer. Where modules and stdystems are used by a recorder manufactiara particular design and

do not originate from that manufacturer, it is the responsibility of the manufacturer to ensure that any Intellectual
Property Rights (IPR) are properly covered where they relate to the module-sys¢eim concerned. This indes
compliance with patent and similar requirements. Such modules esystdms may consist of hardware, firmware,
software, a mixture, or intellectual ideas and principles. FAI and IGC have no responsibility for such rights and
agreements as part ofethGCapproval process, and recorder manufacturers are required to have obtained them for the
international use of the recorder.

2.1.2Réle of the IGC GNSS FR Approval Committee (GFAC) The IGC GFA Committee will evaluate GNSS FR
equipment on behalf of IG in accordance with procedures given in Chapter 1 of this document, which is based on
Chapter 1 of Annex B to the Sporting Code for Gliding (SC3B).

2.1.2.1Factors to beevaluated These include simplicity of operation for pilots, OOs and others dunitiglisetup,
during recording in flight, and downloading and validation of data after flight. Also security of flighthdateyisation of
opportunities for errors, malpractice or cheating; compliance with the IGC data file format; aniGahequirenents.

2.2 Principles for IGC -approval

2.2.10perating Procedures IGC-approvals apply not only to the equipment itself but also include the downloaded
IGC flight data file and operating procedures both recommended and mandatory. These include baftmeftgiot
checks by OOs or others, sealing, stowage in the glider, etc., where these relate to the integrity and security of
downloaded IGC files.

2.2.2Downloaded Data This must be in the IGC text format, see Annex A for the detail. It should kd tfzdt some
early IGGapproved FRs download in an intermediate format such as binary which is then converted to the IGC format
for flight analysis, see also para 3.11.

2.2.3References for GNSS Data in the IGC fileFor IGGapproval, the Earth Model tohich recorded latitudes,
longitudes and GNSS altitudes are referenced, must be the WGS84 ellipsoid. The time datum is UTC. For more detai
see the Glossary under UTC and WGS84.

2.2.3.14D Position dataWithin the FR it must not be possible to changetjos altitude, time, and other data tlveitl

be used in the IGC file that is downloaded after flight other than by movement itself in flight. See 1.1.$mctioa of
false data through the antenna. As long as the data in the IGC file is notahathge data may bgresented on cockpit
displays, such as to show altitude above ground level (AGL) rather than above the hPEZ@S level pressure altitude
datum of the ICAO International Standard Atmosphere (ISA), or above the W&Si@&bid for GNSS altitude. Also,
controls, switches or buttons may be used in flight to change fix intervalssetettt geographic points as navigational
targets (for instance Waypoints or other points of interest to the pilot).

2.2.3.2Loss of GNSS fixing Continuity of Time DataDuring any periods where GNSS data is not available, finest
continue with other data including pressure altitude and an accurate timebase. This may be achieveal Realigime
Clock (RTC) function to maintain accurate time if G8ltime is temporarily lost.

2.2.4 Altitude Recording. In addition to recording GNSS altitude, an IGC FR shall include a sensor producing an
outputof pressure altitude that can be calibrated to the ICAO ISA under IGC Sporting Code procedures. The pressur
altitudesystem must be compensated for temperature changes at the FR and the sensor must be of a type acceptabl
GFAC. If the GNSS is inoperative for all or part of the flight, fixes including pressure altitude must continue to be
recorded andGNSSaltitude must be recorded in the IGC file as zero so that it can be clearly seen that an unlock has
occurred. Theressure altitude system will be tesbsdGFAC for accuracy and compliance with this Specification. For
further details on pressure altitudee chapter 4.

2.2.4.1High Altitude FRs (HAFRs)An IGC High Altitude Flight Recorder (HAFR) is a Flight Recorder thalG€-
approved at "all flights" level and also for the validation of altitude performances above an altitude g¥25kt3ft)
with respect to the WGS84 Ellipsoid. The I&@proval of a HAFR will be up to the altitude for whigdtisfactory checks
on pressure and WGS84 GPS altitude figures in its IGC files have been provided to GFABA®-aand IGGapproved
instrument laboratory. Fmther references, see SC3 para 4.5.3, SC3B para 2.2.2, andAp&@lix 6.
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2.2.4.1.1GNSS ReceiverThe GNSS receiver in an 1G&pproved HAFR must belagh-quality system with at least 16 channels,
designed for aircraft use, and I&pproved for usin a HAFR. It should be noted that some types of GNSS receivers are prohibited
from producing fixes at very high altitudes (such as above 50,000ft) and aglglewspeeds, anchnnotbe used in a HAFR unless
such altitude/speed limits can be showbéaemoved byesting with a GNSS Signal Generator.

2.2.4.1.2. GNSS Altitude DataGNSS altitude data must be with respect to the WGS84 Ellipsoid which is th&NSS altitude

zero datum. Processing of GNSS and pressure altitude data within the HAlS® farthe IGC filanust be to a resolution of better
than 10m for GNSS and 1f&ctoPascal for pressure altitude (for the latter,44€l.1). In testing for IG@pproval, the GNSS
altitude data in the IGC file will be analysed to check that the gnd®@NSS altitude with time is smooth and without sHertn
"spikes" that in the case of a record flight would catiffeculty in establishing the exact altitude or gain of height of a claim. GNSS
altitudes above the WGS84 Ellipsaidthe IGC file from theHAFR used for an altitude claim above 15,000 metres must have been
independently checkezhd documented before the claim for accuracy and freedom from anomalies. They must also baftbecked
an altitude claim above 15,000m to ensure that processil@NSS altitude by the FR has not changed, for instanceéodather
updates, changes, or faults in the FR that have occurred since the initial check, which could be up teefoyedne claim flight.
These checks must be carried out at an N#g@rovedmstrument laboratory, at whichhégh-quality GPS signal generator is used
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HAFR Type ABC, Serial XYZ r \ - Metres r -’U\_
1GC file name: - )
20000 ! -
1500 =1 - IGC file |20
= 4 GPS alt
10000 o = correction
il | | - to obtain
- Height 5
01— T t - above
- WGS84 GPS heights, Metres
945 = = Ellipsoid ' 3090 5000 18000 24000 30000
&t} 07:30:30 03:00:00 08:40:00 -t A ‘
Yoo | At oy P : x 0 10 20 30 20 50
Pressure Altitude Calibration to ICAQ ISA 035541 | 31012m

P Adstiads Oragh - Sample HATW chiock e O abetiale with GI'S sgnal pmseati FATR e ABC. St s XVZ test , 08

2.2.4.1.3Preflight check- this is required up to the maximum altitude f@hich
the HAFR is to be approved for record claims. Differences betweenGC file gt
figures andhose from the signal generator are then listedtaibbe that is used tc | [ S d i intarte s
correct figures for the altitude claim in a simular way crrecting IGC file
pressure altitudes to the ICAO ISA. The diagrams shawexample of a GNS¢

altitude check made as paft IGC-approval of aHAFR and are from Appendix ¢
of SC3C. (AL6)

SizGen Cortificats of Parformance, Rel
[ 584 Ellipso

2.2.4.1.4Time periods for these checkghese are the same as S@8uirements
for pressure altitude That is, within 5 years before and tmonths after the flight,
except that if the laim flight is made from a siteemote from GNSS altitude
checking facilities, the aftdtight period startswhen the FR is returned to

location at which GNSS checks can be carded at a facility approved by thi
NAC dealing with the claim. (AL6)

2.24.1.5Minimum requirement for the postflight GNSS altitude checthisis for
check points to be recorded above and below (and close to) the chliihetes. A
check over the complete altitude range is not essential, but poaldde the
official pre-flight check for a later claim. (AL6)

2.2.41.6 Pressurailtitude- this is also required within 5 years before the claim up to at least the altitudelsonbed, but there is

no requirement for a pesiight pressure altitude for altitude clairabove 15,000 metrdzecause GNSS altitude will be used for the
claim. (AL6)

2.2.5Motor Glider Engine Recording. For gliders with an engine capable of producing forward thrust, aralgioved

system that records its operation is required. See Chapterrbdie detail. The IGC Environmental Noise Level (ENL)
system operates within the recorder case and is mandatory for use in any glider witlaanekihg or selsustaining

engine system. For installations for which ENL does not differentiate enotighdyeengine running and gliding flight (as
judged by GFAC, bearing in mind the critical cases given in para 1.4.2.2 and 5.5), an additional sensor operating under tt
three letter MOP code must be used, see para 5.4 later. Tests with@mgind glide onditions will be carried out by

GFAC and details on the use of ENL and MOP systems will be given in thep@val document, which will include
typical numbers between 000 and 999 that were found in GFAC tests.

2.2.5.1Production standard6R manufaairers must ensure that production standards and settings for ENL and MOP
detection systems are the same as those in the FR that was tested and approved by GFAC. Individual recorders must

tested before sale to ensure that the engine detection systeouig}gs results similar to those in Annex B of the IGC
approval document for the FR concerned.

2.2.6The Recorder caseThe connections between GNSS receiver and the flight data memory module of an IGC FR must

be entirely within a secure case. Securitylafa must be demonstrated, particularly resistance to the injection of spurious
or false data. For further details on security, see chapter 6.
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2.2.6.1dentification Markings The case of an IGC recorder must be permanently marked with the name of the
recorder manufacturer, the type and version and the alphanumeric Serial ID (S/ID) of the individual r&esw gera.

A2.5.3 for the format of the S/IDWhere a display is available, on powsgy it must show for at least 10 seconds the FR
type and manufactar, S/ID, hardware and firmware versions, before the display changes to another presentation, so
that this data can easily be written down by an OO before flight, and after flight this data can be confirmed in the
downloaded IGC file. Other details on tHésplay are optional. Where a recorder is designed to be mounted in an
instrument panel, the above data must be easy to see and record from the cockpit without having to access the back
the panel.

2.2.7Memory for flight data . The memory used for stage of the flight data must be of a type and design so that it cannot
be accessed, altered, corrupted, or combined in a way that could compromise security of flight and other data (such as ir
storage device with software partitions). When the memomyllisflight data shall continue to be recorded, for instance by
overwriting the earliest data first recorded.

2.2.7.1Preservation of memory dat@he design shall preserve flight data so that it can be downloaded after flight and
also at later dates. €hdesign should take into account conditions of impact (for instance, accidental dropping of the
recorder), damage, and crash. Wherever possibleyvaiatile memory should be used that does not depend on a
sustainer battery for retention of data. If ataumer battery is used, its position and wiring to the memory unit should be
made as secure as possible with respect to impact or other damage. An individual recorder must have a system f
maintaining its internal security for at least one year withoutliegtion of external power and be-charged on
application of external power.

2.2.8 Recorder functions within an _Overall System Where the flight recorder is part of a larger system with other
functions as well as the recording of flight data, the meofunctions and their security devices must be kept separate (in
design terms) from other, wider functions of the design. This also applies to a recorder design that includes modules insic
it that have functions other than the recording of flight dke manufacturer must be able to show that the design is such
that there can be no interference with the recording functions, the security of their output, the download of data, and th
structure and integrity of IGC files used for flight validation.

2.29 Units and Conversion FactorsWhere conversions are made, the following shall be used, and are in accordance with
international agreements. Other conversions must also follow international standards, if in doubt refer to GFAC:

Feet to metric distances: 1 inch = 1/12 foot = 2.54 centimetres exactly by International definition

Miles: International Statute Mile = 5280 feet exactly by International definition
International Nautical Mile = 185@etres exactlyby International definition

Speed: Knots are Nautical Miles per hour
"mph" refers to Statute Miles per hour

ICAO ISA Sea Level: 1013.2500 HectoPascals (the same as Millibars) exactly, by International definition
(Based on a Pressure equivalent t@® #tin of Mercury at 15 degrees &hd sandard
gravitational acceleration of 9.80665 /s
= 29.92B inches based on exactly 2.54 cm to the inch, as above

2.2.10Changes in IGC Rules or Procedureshere changes in IGC rules or procedures are made which affect a type
of GNSS FR, the followinggplies:

2.2.10.1FRs not yet submitted to GFAC or under evaluation for IGC apprétial. change must be incorporated before
IGC-approval ca be given.

2.2.10.2FRs already having IGC approv&hanges involving internal alterations to FR units will notmally be
required, except for units returned to the manufacturers or agents for other reasons (such as firmware or hardwal
updates), when changes must be incorporated at the same time (in the case of hardware changes, where this
physically possible)in case of doubt, refer to GFAC.

2.2.11Approval level changes If GFAC proposes to change the approval level of a type of IGC FR, generalyeothe

level, or to remove the approval, this will first be discussed with the FR manufacturer. The charufaill be given the
opportunity of offering an upgrade that will retain the existing approval level for modified recorders. The IGC ANDS
Committee will be informed, and the IGC Bureau may also be informed if considered appropriate at this stage.

Further detail on changes of IG&pproval Level is in Appendix A to SC3B (the IGC Sporting Code Annex B on
equipment requirements for Validation of flights). (AL6)
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CHAPTER 3 IGC FLIGHT DATA FILES T PRINCIPLES

Detail on the format of the IGC file is in Appendix A, this chapter contains the main principles

3.1Earth Model.
Lat/long and GNSS altitude figures must be with respect to the WGS 84 ellipsoid (see WGS84 in the Glossary).

3.2 Altitude .
Both GNSS altitude above the WGS8Mpsoid and pressure altitude to the ICAO ISA, must be recorded.

3.3GNSS Receiver and Satellite capability
For IGCGapproval, the type of GNSS receiver must be of a type that is acceptable to GFAC, and must be able to proces
data from at least 12 gdlites at one time.

3.4Time.

The time datum is UTC. For fixes in the IGC file the UTC time must be derived from the same data package in which the
lat/long and other material in the fix was derived, or, if GNSS is not locked on, from th&iRealClock(RTC) in the
recorder that gives continuity of time data. For GNSS systems whersdeapd corrections need to be applied to obtain
current UTC, the correction must be applied in the FR so that accurate UTC is always shown in times in IGC filgs. For lea
seconds in the US GPS system, see page viii under GPS Syistem

3.5 Start of an IGC flight data file.

After switching on the FR, fixes may either be recorded in the IGC file as soon as GNS# Ibak occurred, or the
recorder may be configured taaiv until movement or pressure altitude change is detected. Recommended thresholds for
movement detection are a speed of 15 kph or a pressure altitude change of 1 metre per second for 5 seconds. Starting
IGC file when pressure change is detected is mamb where pressure altitudes are made in a sealed chamber in which
GNSS lockon is not possible. Recording should always begin when the FR is swidchadd horizontal or vertical
movement is detected, and no special switching should be required.

3.5.1 Pretakeoff Baseline.To establish an accuratekeoff position and pressure altitude, a baseline of at least 30
valid fixes must be provided at not less than 1 second intervals in the minute th&Bo# movement is detected. See
Appendix Apara Al1.1 for more detail.

3.6IGC file - Fix Data.

3.6.1 Fix_Intervals. The choice of fix intervals for normal flight must include 1 second (required for world
championships). A 5 second or longer interval should also be provided to allow for very long (ighte record

flights have been over 14 hours). 1 second fix intervals should be automatic when near to declared Start, Turn an
Finish points. After a Pilot Event (PEV) has been selected, a fix must be made immediately to which the PEV code is
attachedn thelGC file, followed by at least 30 seconds at a 1 second fix interval. The Pilot Event must be easy to
select and not requimaore than one switch action or buttpress, after which the pilot must receive a positive alert, for
instance, an audio toniashing light, or a clear indication on a display.

3.6.20ther dataFor IGGapproval, the following are required: recording of fix validity; error circle; and IDs of
satellites used in position calculations. Signals marked "unhealthy" must not ke fised included in IGC files.

3.7End of an IGC file.
The IGC file must not be ended until one of the following conditions apply:

(1) if no horizontalor vertical movement has been detected for at least 5 minutes with no change of exact position
(thresholds as in 3.5 abovi®) allow for being static for a short time in ridge or wave lift;

(2) after the recorder is switched off by deliberate action,

(3) if power is lost in flight for more than one minute (the minute is to allow for battery ckamydn flight or other
shortterm power loss). Also, for FRs with displays, when power igs@blished, the previous display mode shall
continue, or;

(4) if the recorder is still powered after the flight, when the user establishes a connection ritwadiing from the
recorder.

3.8Low Voltage.
For IGGapproval of recorders working at a nominal 12 Volts DC, correct data recardisgcontinuen the range 1416

volts. If recording fails due to lower voltage, data up to that point must not be éesApendix A par&7 for use of the
Three Letter Code LOV for low voltage.

3.9 Task declarations

IGC GNSS FR Telnical Specification -12- 2nd Edition with AL9



3.9.1Preflight Declarations The Grecord in an IGC file is for a prifight declaration. For IG&@pproval, an electronic
declaration facility is mandatg.

3.9.2 Electronic declarations in IGC file§he FR manufacturer must include setup software that allows the user to
create the declaration data required by the Sporting Code (SC3). The most recent declared start, finish and turn poin
appear in the €ecord of the IGC file together with the date and time that the FR received the declaration. The software
must be easy to use and must allow inputs of the data required by SC3 to appear-redbe Cfor Waypoint co
ordinates) and the 4rbcord (for pibt, glider etc). There must be an option to input lat/long in degrees and decimal
minutes, to three decimal places of minutes. The software should allow declared Points to be extracted from Waypoin
lists in at least one of the common formats that ardahlaiinternationally through web sites as the Worldwide Soaring
Turnpoint Exchangehftp://soaringweb.org/TP

3.9.3Post Flight Declarationg-or "Free Flights" under SC3 rules, a pilot may select waypointsflagterbased on where the glider
is recorded to have flown and the type of flight to be claimed. If these are to be added to the l@&ddd ptbeing nominated
separately)aLogbook Record (LRecord) may be used, see A4.5.2.

3.10First lines of IGC files - Serial and Version Numbers

The first line of the IGC file contains a manufacturer identification and a-traecteor six digitalphanumeric Serial 1D
(S/ID) unigue to that Recorder. The theader) record of thisC file must also includehe version number of hardware,
firmware, and details of the GNSS receiver and Pressure Alsenlsors (see Appendix A paras 3.1 and 3.2).

3.11Download, Conversion, and Validation of Flight Data

For new types of recorder for IG&pproval, manufactureraust produce the appropriate DLL file that works with the IGC
Shell system (see Appendix C) to electronically validatesthecture of IGC files. For some recorders, IGC Shell is also
used for download, and in some early FRs for conversion frimary tothe IGC format. See C1 and C2 later in this

document.

Software is made available by IGC as freeware on the FAI/IGC welthsitegh: www.fai.org/igcdocuments look for
IGC Shell program

FR manufacturers must check that their DLL and other files iedwh these web references are up to date, ardd ifp
todat e, advise the GFAC Chairman so that a ¢ tustamers to eheck b e
the web site above for the latest versions.

Before the IGC Shell system was duzed, seHexecuting DOSased program files DATA, CONV and VALI were
used but these now only apply to some old types of recorders. FehBe8 files, see Appendix D.

3.11.1 Format of downloaded data from the FR. In accordance with para 2.2.2, tHevdatzaded from the FR must

be in the IGC file format described in this Chapter and in more detail in Appendix A. For some old FR designs, initial
download was in a manufacturer's format such as binary. In the IGC file format, whether obtained atowmitiahd

or on later conversion from binary, the source of thgg8curity) record must be from the FR itself and not originate
from the program external from the FR that is used for downloading or conversion. In all cases,-fbari@&dile

shall be alte to be checked by the Validation part of IGC Shell program (or the earlier VALI short program file for
some oldFR designs) by the NAC before a flight performance may be validated to the standards of IGC.

3.11.1.1 Retention of Originally Downloaded fi®here the data initially downloaded is in a different format such as binary,
the original file must be retained so that the conversion may be repeated later if required.

3.12Fix Accuracy - Averaging Algorithms.

All fixes recorded on the IGC data fileust be based on the processingesl positionlines from GNSS satellites. Some
GNSS receivers used in FRs include averaging algorithms that reHodgerm variations of fix position and produce
straighter series of fixes which correspond more clogelseal positiondhan a "zigzag" track that might be produced
without a small amount of averaging. FR manufacturers must ensure thawveraging programs still allow all real
manoeuvres to be shown when the IGC file is analysed.

3.12.1 Throwforward d fixes. Some GNSS receiver modules designed for use in ground vehicles have a-foedarion system
(sometimes called "DEDuced" or "deadeckoning", in other words, Predicted fixes). This is where "fixes" are not based on GNSS
lines-of-position butjif GNSS lock is temporarily lost, fixes are predicted based on past speed and heading. If this system is enabled,
a glider approaching a Turn Point and losing GNSS lock could "throw forward" a series of predicted fixes so that fizeslate re

in an Observation Zone when the glider has not reached the Ztirie was seen in early GPS recorder systems tested by GFAC. For
IGC-approval, any such predicted fix systems must be disabled, and the test described later in B4.1.1 should be carriedrBut by th
manufacturer before submitting a new model to GFAC for evaluation.
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CHAPTER 4 PRESSURE ALTITUDE RECORDING

This chapter amplifies the basic requirement of 2.2.4

4, PRESSUREALTITUDE RECORDING T BASIC PRINCIPLES. An IGC FR shall include a sensor producing an
output of pressure altitude. The FR must be calibrbyetthe manufacturer in accordance with para 4&the ICAO ISA
Subsequent Pressure Correction Charts may be produceshe of themethodsin para. 45. If GNSS recording is
inoperative for all or part of the flight, fixes must continue to be recorded including pressure altitude. References: pare
2.2.4, also 2.2.9 on conversions between columns of Mercury and HectoPascals/Millibars. The duratidityobfval
calibration is 5 years, whether carried out by a manufacturer or another facility approved by an NAC. A calibration carried
out within a 2 month period following a soaring performance may also be used as supporting evidence

If pressure errorsra adjustedduring calibration by a manufacturer or other organisation approved by the manufacturer,
two calibration charts should be provided, the first before making changes marked "Valid only for flights before calibration
date" and the second after mmtions marked "Valid only for flights after the calibration date". (AL8)

Manufacturers calibrations must include a point at zero altitude ISA (1013.25hPa) and should comply with the IGC Forma
(see appendi®). Theymay also be supplied as a hard copgnpliant with para. 4.5.1.4.

4.1 0ther uses of pressure altitude data

FR pressure altitude data may be used for other purposes such as cockpit displays, and in these cases another zero de
such as Sea Level or Ground Levdlhe ICAO ISA1013.25 hPa.ero datummust always be usefdr pressure altitudes
recordedn the IGC file.

4.2 Baselines forTake-off and Landing.
In accordance with 3.5.1, a baseline of fixes must be recorded beforefftdke comparison with any independent
measurement of aigid pressure, andrsilarly for landing undepara.3.7.

4.3 Cockpit or Instrument static sources

FRs designed to be mounted in an instrument panel should have an exdgenabnnected to the static pressure sensor
inside the FR, the tube to be conmettto the instrument panel static presssystem. FRs without this tuksgatic
connection will record the pressure inside the FR casealéed "cockpit static".

4.4 Pressure Altitude

4.4.1 Sensor_adjustment&lectronic pressure sensors have settiigs can be adjusted by the FR manufacturer or his
authorised agentsThis is normally a pressure offset The output from the sensis a digitised pressure measurement
which is converted into ISA Pressure Altitude by software in the recofideresoldion of the Ato-D converter (1€bit,
16-bit, etc) will govern the size of any steps (altitude resolution) in the pressure altitude mutpetiGC file, for which a
limiting value is in 4.4.1.1 below.

4.4.1.1Resolution.The maximum permissible step digital recording of pressure altitude in the IGC fil@.is hPa (mbjhroughout
the height range of the FR. On the ICAO ISA at Sea Level, one hPa is 27.0 ft (8.23m) in altitude and 1/3 hPa is ab8uie2iyAm (
and the height difference for 1/3 hipareases with altitude in accordance with the ICAO ISA table of pressure against altitude.

4.4.2 Start of recording and switchingor FR pressure altitudes in an pressure chamber it must be possible to produce an
IGC file of the pressurehanges withouthe need for any special switching of the FR except to switch it on before starting
the . For FRs that do not record continuously afteitching on, this must be achieved by ensuring that a rate of change of
pressure altitude of about 1 metre per secfomdS seconds starts the FRcording fixes.Pressurealtitude fixesmust
continue to be produced in flight if GNSS data fails, see para 2.2.3.2.

4.4.3 Correction tolerancesThe pressure altitude sensor adjustments must be set by the manufactureautindrised
agent so that the output fhe IGC file corresponds as clbg@s possible to the ICAO International Standard Atmosphere
(ICAO Document7488 tables 3 and 4)f large correctiongre founddue to drift over timethey should be correctda
returning the FR either to the manufactureraorauthorised agent. Such agent must also be qualifiedgetrgecurity on
re-sealing the FR. The tolerandes4.4.3.1.belovare copied from Chaptertd Annex B to the Sporting Code for Gliding
(SC3B), and pply to setup and before or immediately after initial sale:

4.43.1 For all FRs before or immediately after initial sale, onugeind calibration of their pressure altitude system, the sea level
setting should correspond to 1013/8a 6.5 hPa/mb, andhe error in pressureo more than 1.5 hPa/mip to the maximum
altitude specified in the FR IGC Approval document

4.4.3.2 For all FRs, the correction error at any altitude may not exceed 99 metres. If such iarfemaithen the FR shall be
returred to the Manufacturer or authorised agent for adjustment or repair. Any such agent must also be autthesisesetmurity
on resealing the FRJntil the maximum error is brought within limits, such FRs may be accepted as Position RecorderNBiEct t
approval.
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4.5 Calibration
The purpose of calibration is to produce a pressure altitude correction file to determine the altitudes used for flight
performance. It should be the format defined in Appendix J, and may also be output as a hard®Bdpgtart.

4.5.1Pressure ChambéralibrationThis is the only method thatay be usedfoMa nuf act ur er 6s cal i br
be used for calibration by other facilities approved by an NAC.

4.5.1.1 Pressure reference The pressure referertceniesit used for measuring chamber pressure during calibration
must itself have been calibrated to International Standards within the previous 2 years unless another validity iptaifildsrs

the instrument test certificate, in which case theltsiratory date will apply. The pressure reference instument calibration must
cover the full range of the FR calibration.

4.51.2 Fix_interval during calibrationThe fix interval during calibration must be set to a maximum of 2 seconds (1 second fix
interval is recommended) sbat theduration of a stable chamber pressure is reasonably short, but at least 10 altitudes are recorded.
The operator may note the interval set before calibration and reset the recorder after calibration.

4.5.1.3PressuréAltitude IntervalsPressure steps may be in feet or metres. A point must be recorded at 1013.25 hPa (Zero ISA
Pressure Altitude)If in metres, altitude steps of 500 metres up to 2,000 metres and then 1,000 metre steps to the maximum altitude
of the recoder approval should be recordddin feet, altitude steps of 1000 ft up to 6,000 ft and tBe®DO ft steps to the maximum

altitude of the recorder approval should be recordeat. HAFRs the presssure steps above 15,000 metres shoudd b®re than

2,500 metres or 5,000 ft.

45.1.4Recording of calibration datéfter the calibration, the IGC file containing the pressure steps is downloaded to a computer in
the same way as flight data. The stabilised pressure immediately before the altitudgesl @iaach pressure step shall be taken as
the value of the step unless the calibrator certifies otherwise. The IGC file will then be analysed, compared to tion gatissatre

steps, and a correction table produced and certified by the calibraioothier NACapproved personOnly the pressure recorded in

the IGC file may be used, and not any other indication that may be displayed on the récoopgrof the IGC file must be retained

by the calibration facility.

4.5.1.4.1. The correction tabhaust list the Recorder type and serial identity (S/ID), date of calibration, pressure reference
details, laboratory ambient conditions, name and address of calibration facility and accurate ISA against indicatedAatitudes
example of such a table is stmo.

|GC Flight Recorder calibration certificate

Device under test:
Type: GARRECHT INGEMNIEURGESELLSCHAFT VOLKSLOGGER 1.0
Serial number: GCS000ELE
IGC file name: 491 A2LK1. | GC

has been calibrated on29Jun 2024 by:

GER-007 A.M.Other
1600 Pennsyhania Avenue, Washington DC

Correction Table:
15A altitude (ft) Device reads (ft) Correction (ft)

o -T6 76
1000 927 73
2000 1912 a8
3000 2831 69
4000 37 83
5000 4812 88
6000 BB05 ab
8000 7909 o1

10000 8685 115
12000 11865 135
14000 13855 145
16000 15816 184
18000 17823 177
20000 18815 185
22000 21767 233
24000 23721 279
26000 25743 257
28000 27715 285
30000 28698 302

This calibration is walid from 28 Jun 2024 forthe period specified in FA| Sporting Code.
As this is a FAINIGC approved flight recorder, the . 1GC calibration file is held on record at this facility.

Reference manometer:
Type: acme
Seralnumber: 1234
Manometer ealibration dete: 28 Feb 2018 Manometer
certificate number: abc
Test conditions: QFE: 1013.87 hPa, temperature: 17°C

Calibrator's stampisioremre

Dot prexueyed with FR-cal w.7.0. Cerfficae prined with FR-cal w0.7.0
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4.5.2 Single point pressure correctionThe major contribution to sensor drift is a pressure offset which is constant
throughout the measurement range. Accurate measurement of pressure offset at one point may be appliatettheal
equivalent pressure altitude offset at other altitudes. For this method to be used, it is necessary for the pressere referer
used to determine the offset to also be accurate to within £0.1 hPa.

4.5.2.1 Singlgpoint correction using a prage reference instrumenfn instrument measuring pressure to a precision
equal to or better than 0.1 hPa with a valid calibration certified to International Standards must be used. The pressui
indicated by the instrument (after any correction in @bbcation is applied) which is positioned at the altitudeaof
Recorderrecording an IGC file is noted together with the UTC time. The IGC file Pressure Altitude averaged over 10
records is converted to a pressure and the pressure error compared terémeeds used to calculate the equivalent
altitude correction over the range of the Recorder Approval. The progROAL locatedon the FAI website

at https://igcfrcal.fai.ora/ and must be used dr the calculation. The helpfile is recomeded and can be found at
https://www.fai.org/sites/default/files/correction_chart frcal helpfile.pdf An exampe correction table is given below:

IGC Flight Recorder single point correction

Device under test:
Type: LXNAVIGATION,LX7007F
Serial number: LXNOOOGGC
IGC file name: 46 TLGGC1.igc

has been checked on 29 Jun 2024 by:

GBR-007 A.M.Other
1600 Pennsylvania Avenue, Washington DC

=>2> Single point correction <<<
FR pressure correction: -0.64 hPa

Correction Table:
ISA altitude (m) Device reads (m) Correction (m)

0 5 -5
500 506 -6
1000 1006 -b
1500 1506 -6
2000 2006 -6
3000 3007 -7
4000 4008 -8
5000 5009 -9
6000 6010 -10
7000 7011 -11
8000 8012 -12
9000 9014 -14
10000 10016 -16

Mote: values in table above are not valid outside altitude range of tested device.
These values are valid from 29 Jun 2024 for the period specified in FAI Sporting
Code.

Reference manometer:
Type: acme
Serial number: 1234
Manometer calibration date: 28 Feb 2023
Manometer certificate number: abc
Test conditions: QFE: 1013.85 hPa, temperature: 17°C

Calibrator's stamp/signature

Data prepared with FR-cal v0.7.0. Certificate printed with FR-cal v0.7.0.
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CHAPTER 5 ENGINE RECORDING

This chapter amplifies the general provisions of 2.2.5

5.1GENERAL.

The Environmental Noise Level (ENL) system operates completely withirettweder case, and msandatory for all IGC
FRs. It is fundamental for gliders with engines and is sometimes vital in gliders without eingirmegdent and incident
situations. For types of engine installations in which ENL does not differentiate enetigeebengine running and
gliding flight (as judged by GFAC, bearing in mind the critical cases given in para 5.5), an addidénsal under the
MOP code must be used (See also 2.2.5). The baseline figure with a serviceable ENL and MOBmsystersigal is
010; a figure of 000 indicates that the system is unserviceable.

5.2 Fix recording.
When any forward thrust is generated, a fix must be recorded immediately irrespective ok#tarigfor fix sample rate.

In the case of systems under the ENL M@P codes, a fix must be recorded immediately the ENMOP value exceeds
500 (out of the maximum of 999) for the first time, subsequent fixes being at the selected fix interval.

5.3Environmental Noise Level (ENL) systems

For all IGGapproved FRs, a avking ENL system is mandatory (sparas 2.5 and 5.1). This is where acoustic noise is
recorded using a microphone and been shown to record the runmmgjosf engines, particularly twstrokes. However,
careful processing of the raw noise signal isunegl (using frequencifitering and multiplication at critical frequencies) so
that a high ENL value is always recorded in the IGC file whenfamyard thrust is generated by such engines. ENL values
associated with gliding flight must be significantbwler, see 5.3.1Where an ENL sensor is fitted it must not be possible
to be disabled and must always give significant positive readings mdiem is detected.

5.3.1Recorded ENL valuessigures at or close to the maximum ENL value of 999 should bededadn the IGC file as a result of

loud noises suchs the running of-8troke engines under high power and with the FR in a glider cockpit. Less noisy engines such as
4-stroke and Wankel (rotaryngines, may not produce such high figures, but shouldrestult in ENL values over 700 when
forward thrust is being produced, so that any engmdor propeller running can be clearly identified. At the other end of the scale,
quiet gliding flight must result in low but positive ENL readingdfsat the sysm is seen to be sathecking with each fix. Periods

of time showing 000 are not acceptable because this could mean that the ENLisystenvorking. When the ENL system is
serviceable, a base figure of 010 should be shown undeoise conditions. Figres between 011 and 08Bould be achieved in a
well-sealed cockpit during quiet slow speed flight. Other cockpit noise levels such as in gliding flight with cockpit veatilation
other panels open (with and without sideslip) must be recorded at extfficiow values so that they cannot be mistaken for use of
engine. Inthe case of sideslip with cockpit panels open at thermalling speeds, ENL should be less than 300 and preferably 200. Se
also 5.5 on critical ENIconditions and Appendix B para B8.5 fight testing.

5.3.2Covering the FRThe FR should be mounted in the cockpit without any objects placed closely around it. However, if FR is
covered withmaterial that may be noisesulating, the design must ensure that ENL levels are maintainedassgdassible, such as
by using an Automatic Gai@ontrol (AGC) system in the ENL circuit.

5.3.3GFAC ENL system testingn the case of a type of ENL system that is not yet-Bp@roved, it is recommended that the
recorder that is serfior initial GFAC testing has special adjustment facilities so that the frequency of peak sensitivity and also the
ENL gain settings (and any other variablefevant to the ENL system), can be adjusted by the GFAC tester. This is so that recorders
for which the initial ENL sttings are found unsatisfactofgr IGC-approval, do not have to be returned to the manufacturer for
adjustments that could have been made during testing. Experience haglsftoavpeak frequency sensitivity between 100 and 200
Hz discriminates betweedhe noise of Atroke, 4stroke and Rotary (Wankel) engines, aodkpit noise during gliding flight. Tests

will also be made with quieter motor glider engines and in glide conditions of high cockpit noise sutthasopy panels open.
GFAC tests on ENIsystems may include using an acoustic generator to produce ENL numbers as they vary with frétpsncy;
tests typically produce a "bell curve" (the "normal distribution"). For more detail on ENL tests, see Appendix B para B8.5.

5.4 Sensors in additionto ENL - the MOP three-letter code

For types of engine installations where GFAC assesseSRhENL values as being too low to differentiate between
engineon and engin®ff flight, an additional system using thOP (Means Of Propulsion) code shall beguieed. The
MOP sensor may be external to the FR and connected to iséclae way approved by GFAC, or be inside the FR in
addition to the ENL system. In either case, this should enabM @t sensor to be placed to receive a high signal from the
engire type for which it is designed, whenever forward thrudeigeloped. Guidelines for the positioning of the sensor for
different types of engines will be given in the I@@provaldocument for the type of FR. It applies to reasunted
electric and jet egines and some relatively quietstroke enginénstallations, except where the FR itself can be mounted
very close to the engine such as in a roseinted Forward ElectriBystem (FES) with the FR in the instrument panel just
behind the engine. Asthe MGPy st em i s i n antemohal ENL eystent, tbe sigraldroni-wighscan be used as
a check on the functioning of the MOP system.

5.4.1 Acoustic MOP sensoiThis must be placed close to the engine and/or propeller, or in the case of a jetaoging the jet
pipe, unless it can be shown that other positions give high enough MOP values when the engine generates positive thrust. Tt
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sensitivity of the sensor should be matched to the frequency of sound produced by the engine or propelbasdrofran electric

engine using a propeller, sound is produced in the plane of the propeller at frequencies related toridwe bfaxtéet engines, RPM
and the acoustic frequency produced is much higher than the piston engines for which ENL sestsigiaed, and high sound
values are produced near and to the rear of the jet pipe. The sensor position must also be free from other noise thiaviboattbn
occur in gliding flight and could be mistaken for use of engine.

5.4.2MOP sensor separatiem the FR. Its characteristics may be similar to the FR internal ENL sensor, but $egiagatesanbe
positioned close to the engine/propeller/jet pipe (as appropriate), if it can be shown that the required MOP numbeirsedre obta
when the engine iqun. If appropriate MOP numbers cannot be demonstrated, a different type of sensor must be used.

5.4.3 Jet enginesFR acoustic sensors designed for jet engines have a higher frequency response than those designed for pistc
engines or propellers and sltdnot be used to detect running of propeller systems because the frequency respoasenattth

5.4.4Sensors of electrical currefthese should be able to be clamped round the main power cable to the electric engine unless the
engine system providea cable with this data.

5.4.5Sensors of other engine functioBefore an FR is sent with such a sensor for-lpproval these must be assesseGBAC.

5.4.600 Seal of MOP sensors external to the FRall cases, the design must make it easy pdyagn OO seal so that the sensor
position cannot be changed without breaking the seal. In addition, a system must be able to show that any breaknoeinténfere
the cable from the FR to the MOP sensor will be detected and shown in the IGC file.

5.4.7 Engine powerAt maximum engine power, a MOP value over 900 is required, and at power for level flight, a values®Oover
See also under MOP in Appendix A (the IGC file structure), particularly A3.2.4 (Header Record). A5 (Definitions) @role&7
Letter Codes).

5.4.8 Type of Sensor and IGC file Header Recadrte nature of the sensor and how its signal is processed shall be approved by
GFAC and will be tested before IG&pproval. In the IGC file, a short description of the type of MOP sensortehglien in theH
(Header) record in the form HF MOP Text String, see A3.2.4. If more than one type of MOP system is fitted, the letterth®IOP in
IGC file are followed by a number so that each system can be described separately in the header eacbriix IfB) recordine,

the first MOP system is to use the three letters MOP, other systems use MP&cMP3

5.4.9 Integrity of the system. When the system is not sensing any signal an MOP value of 010 shall be used:to indicate
(1) continuityof anywire leading to the sensor or supplying the signal, and

(2) serviceability of the sensor or sigiitakelf whereD00 wouldotherwise be recorded). One solution is for the Recorder to generate
a coded pulse that is sent at regular intervals down thethvregturn of which indicates the two conditions above and causes the
number 010 to be placed on the IGC file for the fix concerned. 8tsthms will be assessed by GFAC during testing before IGC
approval.

5.5Critical ENL and MOP Recording Cases
Amplifies para 1.4.2.

5.5.1Poweron. The critical poweion case that is used for testing ENL and MOP systems is power for positive engine thrisst, that
just sufficient power for level flight in still air. At this condition, recorded ENL must be high erntoutjfferentiate from th@ower

off cases in 5.5.2 below. If ENL is not high enough under such engine power, the extra MOP system must be fittedgibly toay
electric and small jet engines; unless the FR is fitted close to the engine, such assdtruheent panel close torse mounted
electric engine if the ENL signal can be shown to be high enough in the particular installation.

5.5.2Poweroff. The critical powetoff case for ENL and MOP is not a quiet, wedlaled cockpit in which ENL figuseshould be
low in gliding flight. It is a noisy cockpit, typically thermalling with air vents and cockpit panels open. This can pedtluéigures

up to 300, more if sideslip is present and 400 has been seen in some IGC files. Anotheiseigiase iBigh speed with cockpit
panels open, but this is not as critical as thermalling with panels open because when thermalling the glider will bectincbing

be more easily be mistaken for use of engine. In some installations, unexpected high neis@levbeen found, probably due to
aerodynamic vibration on or near the component on which the sensor is mounted. dasksefiee sensor must be moved to a place
that is free of unwanted recorded noise or vibration in gliding flight.

5.5.3ENL and MOPnumbers The three ENL and MOP numbers recorded in IGC files must differentiate between the "quiet
engineon'and "noisy cockpit" cases. This is done by using the frequency and gain at which the ENL system is most sensitive, and ir
thecase of MOP systemtgsting the sensor provided by the FR manufacturer, which could be acoustic, RPM, fuel flow, temperature
(for instance Jet Pipe Temperature). The ENL and MOP system is then tested by GFAC in motor gliders, gliders and powerec
aircraft.

5.5.4 Approval ofindividual type installations An approval for use of an acousic ENL system on electric of jet equipped giders may be
issued if flight tests demonstrate that the flight recorder clearly differentiates the use of the engine at low powSudvals.aproval
shall be for a specific Flight Recorder and Glider Type. (see para. 1.4.2.4.1.)

5.6 Production standards

FR manufacturers must ensure that, on initial operational use, the engine detection system of an iredividieal produces figures
resultssimilar to those described in Annex B of the la@proval document for the type of recorder. The desigst be able to allow
for updates required by amendments to IGC FR documents.
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CHAPTER 6 SECURITY OF RECORDERS AND DATA

This chapter gives the broad principles, detail is in Appendix G

6.11GC Security - General

Security procedures must be used to protect hardware, firmware and software so that no alteration of flight data in IGC file
may occur without sut alteration being detectable. This is achieved by a digital signature (DS) system in the FR. This
system creates the-@ecurity) record at the end of the file, which enables the flight data to be checked for validity by the
IGC electronic validation pgram. More detail is in this chapter and in Appendix G. The DS system must enable detection
of any alteration of data in an IGC file from the version initially downloaded from the FR and from the same IGC file at
any time afterwards.

6.1.1Security Keysindividual FRs must not have the same security keys as those for other recorders from that manufacturer, so tha
if the key for one FR is broken, the rest of the product range will still be secure. For the number of different Privatpukegs
see G21.1.2. (AL6)

6.1.2 Levels of IGGapproval.Security aspects are important factors in the types of flights for which a recorder is given IGC
approval, the highest approval level being for "all flights". The list of different approval levels is in pdrafitis Specification,
also in Annex B to the Sporting Code for Gliding (SC3B).

6.2 Physical Seal
Unless the construction of the recorder case is permanently sealed to the satisfaction of GFAC, the case must haygomftamper

physical seal across kgast two joints or screws, so that the seal will be broken if the case is opened. The type of seal must be approvec
by GFAC and must have markings unique to the recorder that are difficult to replicate. Seals with holographiasgmbefisred. The

seal material must be such that it breaks when it is peeled offaléed "nepeel Labels" or "nomemovable Stickers'and it must not be
possible to remove intact using heat or solvents so that it couldfitiedewithout this being detected.

6.3 Wires passing through the FR Case
Only the following wires may pass through the boundaries of the recorder case, or theesmrder module within the
case of a system with wider capabilities.

6.3.1 Electrical power Wires carrying electrical power to tl@@&NSS receiver and FR. Unless the recorder has an internal battery
capable of runningvith normal recording for at least 10 hours, it must be designed for use with an external 12V DC battery system.
For input voltage tolerance, see par8. Recorders wititernal batteries should also be able to operate on external power, to allow
for very long flights and also for a flight starting widw charge on the internal battery.

6.3.2GNSS antenna cabl&he antenna, its wiring and connection to the FR argariparts of the system without which GNSS

fixes will not beobtained. In case of a defect, the components external to the FR case must be easy to replace with serviceable one
Therefore, for FRs with externaintenna connections, any antenna conneaiothe FR case must be a type that is commonly
available worldwide, be separate from other conneavrihe recorder case, and be designed and specified for low energy antenna
signals, including GPS frequencies around 1.5 GHz. An exception is WRedesjins have antennas inside the recorder case where

an external connector does not apply.

6.3.2.1Antenna connectorsThe IGC preferred external antenna connectors on the FR case include the 9mm BNC bayonet, and,
where a smalleconnector is desired, the SMSub-Miniature type C) screw fitting with 4mm female and 3.5mm male components.
Where ascrew fitting is usedit is recommended that it is prevented fromagnewing by the use of locking agent that will hold it

firm but allow it to be unscrewed later iEquired. Pusipull antenna connectors are discouraged because they can become
disconnected in a glider installation if the wire is inadvertemtiyunder tension.

6.3.3Cable to cockpit navigation displa# cable for transmitting data to a cockpitplasy for approved navigation information, may
include controldor switching the display to different modes. The cable must be buffered by the manufacturer such that no alteration
to GNSS fixes or the geodetiatum/earth model used for IGC files is poksihrough this cable.

6.3.4Cables for approved functionSable for other functions may be approved by GFAC, provided that no alteration to GNSS fixes
or the geodetidatum/earth model used for IGC files is possible. Such functions external to thel&feia Pilot Event (PEV)
button for FRs that are not mountigdthe instrument panel, and an external Motor Glider engine sensor operating under the MOP
code.

6.3.5Connectors and fittings for datieansfer The types of IG&pproved connectors or fitis on the FR case for download of
flight data are specified in Appendix F.

6.4 Connectors and Fittings for downloading Flight Data

IGC-approved types of connectors for downloading flight data are listétppendix F. Where a PC is used for downloadihgs
recommended that either the RJ45 or USB connector is recommended ksaadaed wiring to these types includes both power and
data download facilities. It is recommended that USB connections areetnational and IGC standards for the RJ45,Aqg@endix E.

For panelmounted recorders, it is recommended that an indgsarydardnemory fitting (such as anCscard socket or USB connector)
is on the front face. f the connector for downloading is elsewheregatension cable should be suppliedisat there is no need to gain
access to the back of the instrument for routine downloading.
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APPENDIX A THE IGC DATA FILE FORMAT
Al. INTRODUCTION

Al.1The IGC File. The IGC Data File Standduwas initially developed by a group consisting of representatives of IGC,
glider FR manufacturers, and a number of independent software developers who were mainly concerned with analys
programs for flight data . It was approved by the IGC Plenary incMa®95 for use with the new concept of IGC
approved Flight Recorders, and has been refined and developed through regular amendments. It provides a common wo

data format for the verification of flights to IGC criteria, and several other FAI sportsvéatiba bodies also use the
format.

Al1.1.1 Production of Flight Data Fildt must be possible to produce a separate and complete IGC flight data file for
each flight including all record types relevant to the flight such as header records, flighttabexldibees, security
record,etc (see para A2.2 for list of record types in an IGC file). Position fixes in the IGC file arecitoBlI lines in

the formof lat/longs and altitude before, during and after flight. Unless the type of FR employs confirueasrding

after switching on, the thresholds for starting fix recording after initial switichare a speed of 15 kph or a pressure
altitudechange of 1 metre per second for 5 seconds.

Al.1.1.1Pretakeoff Baseline For types of FRs that start recorg fixes in the IGC file after movement is detecedmpared
to types of FRs that record fixes in the IGC file after swaal, a pretakeoff baseline must be providezbnsisting of a
continuous series of at least 30 valid fixes at a steady fix radeighout the minute beforakeoff movement is detected
(Chapter 3 para 3.5.1 also refers). For this, when movement is detected -tdleeiifé baseline fixes are placed in the first B
record lines in the IGC file (in current IG&proved FRs this is hievedthrough a memoryoop that continuously stores the
correct number of fixes ready for insertion into the B reearithe appropriate time).

A1.1.1.2Ending recordingUnder flight conditions of little horizontal or vertical movement such as whge ddwave soaring,

the IGC file must continue to record data and must not be ended while flight continues. Fdetadresee para 3.7 earlier on
how IGC files are ended.

Al.1.1.3Data for Different FlightsWhere the data for several flights is heldie FR memory, it must be ensutkdt when the
data is downloaded, all record types in IGC files after the first file in the memory are those releaxtit tater flight. If any

record types are changed between flights (such as declaration, pilgtetaéhe changasust be included in the later flight
data files, but not in earlier files.

Al.2 Revision Control. The IGC flight data file format is revised through the normal amendment process for this
document. See amendment procedures and lishehdments on page (i).

A2. GENERAL

A2.1 File Structure. An IGC-format file consists of fields of characters, in some cases all on one line, each givimg a set
data such as for a GNSS fix and other information. Each field starts with anagseelette denoting one of th&ecord

types listed in para A2.2., and ends with CRLF (Carriage Return Line Feed). Generally, the B, I, J, L and K recards have
maximum of 99 characters, excluding CRLF which is hidden and does not appear in text form. SomeyRes@edn

only one line, others can be on several lines. The HeadgiRgtord includes separate lines for GNSS FR type, ¢ype
GNSS receiver and Pressure altitude sensor, pilot name, glider identification, etc, and the Flight Declaration (C) Recor
includes lines for the eordinates of each Waypoint. The order of Record types within an IGC file is given in A2.3. Some

Record types occur only in only one place in the file ("single instance Records"), others such asditces as time
progresses ("nitiple instance Records").

A2.1.1 CharactersOnly characters listed as valid in para A6 shall be used in the file. If others such as accented
characters (acutes, hatcheks, umlauts, etc) in names of airfields and turn points, are used such as inwemngnufac
proprietary file format, such characters shall be changed to a valid character when converting to the IGT liisisat.

so that analysis programs designed for the IGC format are not confused-standard characters.

A2.1.2 ExamplesDescriptons and examples in this document may have spaces between various elements and the
CRLF characters at the end of each line may be omitted, so that the elements may be more clearly seen on the page.
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A2.2 Record Types Each record type is identified by appercaseletter that appears in the IGC file as the falsaracter
of the field concerned:

IGC DATA FILE FORMAT - RECORD TYPE IDENTIFICATION LETTERS

A - FR manufacturer and FR serial no. | - List of additional information after the basierBcord data
B - Fix J- List of informationin K-record datdSecurity signed)

C - Task/declaration K i Multiple instancedata,security signed.

D - Differential GNSS L - Logbook/comments

E - Event M - Listof informationin N-record data (Noisecurity signed)
F - Satellite constellation Ni Multiple instance data, (Nesecurity signed.)

G Security O, P,etc.i Spare

H - File header

A2.3 Record Order. The A-Record is always the first in the file, and the last that is relevant to the data recordét in flig

the Security (G) Record that allows the validity of fix data to be checked at any time through the IGC VALI system. After

the singleline A record is the muHiine Header (H) Record, followed by the | and J Records that identify data included in

B and K record lines later in the file. These are followed by other Record types including the task declaration (C) Record,
and the Satellite Constellation (F) used for the fixes (B) that follow. -Bipeeific Record lines are placed in the file in

time orderusing either GNSSfit i me i f the GNSS is | ocked on, ot her wi s e
Clock (RTC); these are B (fix), E (event), F (constellation change) & K (additional data). The logbook/comments (L)

Record data may be placed amake after the H, | and J Records and there may be sevezabtd lines in the file.

A2.3.1After-flight Data In some FRs, extra data is calculagdgkr flight such as statistics for the flight. This must be
placed athe end of the IGC file after th® record in the form of another L record, litus essential thathe integrity

of fix data before th& record and the VALI system for checking the flight data, are not affected by such additions. In
particular, no Brecord fix linesmust appear aftehé Grecord because this could be false data added after the flight. If
any Brecord data is detected after the&gord,this must cause Validation of the IGC file to fail. (AL8)

A2.3.2 Sequence of Record Types. The following sequence of Record typeisad, although in a real IGC file there
will be manymore fix (B) record lines than shown here:

TYPICAL ORDER OF RECORD TYPES IN AN IGC FILE

A - FR manufacturer and identification (always first)
H - File header (always after theracord)

| - List of other data added at end of each B record

J- List of other data added at end of each K record

B - Fix plus any additional data listed in | Record
B - Fix plus any additional data listed in | Record
F - Constellation change

B - Fix plus any additional data listed in | Record

AODMmwWwTNoOoOrOZ

- List of other data in each N record

- Task/declaration (if used)

- Logbook/comments (if used)

- Differential GNSS (if used)

- Initial Satellite Constllation

- Fix plus any additional data listed in | Record
- Fix plus any additional data listed in | Record
- Pilot Event (PEV)

- Fix plus any additional data listed in | Record
- Additional data as listed in J Record

K - Additional dateas defined in J Record

N1 Additional unsigned data

B - Fix plus any additional data listed in | Record
E - Pilot Event (PEV)

B - Fix plus any additional data listed in | Record
B - Fix plus any additional data listed in | Record
B - Fix plus any additioal data listed in | Record
K - Additional data as defined in J Record

N i Additional unsigned data

L - Logbook/comments (if used)

N1 Additional unsigned dat
B - Fix plus any additional data listed in | Record

G - Security record
L - Data added after the flight is completed

A2.4 Units. Data in the IGC file uses the following unitssem. For international conversion factors to be used, see
para 2.2.9 in the main body of this document.

Date (of the first line in the H record) DDMMYY (day, month, year, with respecttidC).

Time - HHMMSS (hours, minutes, seconds) UTC, for souseg, para 3.4 in the main body in this documiote that
UTC is not the same as the internal system time in the U.S. GPS system beezlsel Sbeapseconds" must be
applied to GPSystem time to obtain UTC, see under "GPS system time" in the Glossary.

Latitude and Longitude Degrees, minutes and decimal minutes to three decimal places, with N,S,E,W designators

Altitude - Metres, separate records for (CAO ISA pressure altitudg and(2) GNSS altitude above the WGS84
ellipsoid

Pressure Settingsvhere used) HectoPascals (the same as millibars) to two decimal plaeegin the next page under
Pressure Settings and PPPPpp
and, where calculations (optional) are made based on successive fixes:

Direction- degrees True, clockwise from 000 (North)
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Distance- Kilometres and decimal kilometres. For conversions from feet and miles, see para 2.2.9
A2.4.1The previous items shall be recorded as follows:

Date- DDMMYY

DD - number of the day in the month, fixed to 2 digits with leading O where necessary
MM - number of the month in year, fixed to 2 digits with leading 0 where necessary
YY - number of the year, fixed to 2 digits with leading 0 where necessary

Time - HHMMSS (UTC)- for optional decimal seconds see "s" below

HH - Hours fixed to 2 digits wit leading O where necessary

MM - Minutes fixed to 2 digits with leading O where necessary

SS- Seconds fixed to 2 digits with leading O where necessary

S - number of decimal seconds (if used), placed after seconds (SS above). If the recorder usegafi @fitlrss than one
second, the extra number(s) are added in thecBrd line, their position on the line being identified in #medord under the
Three Letter Code TDS (Time Decimal Seconds, see the codes in para AT)..LOmeb €' indicétes tenthef seconds and
"ss" is tenths and hundredths, and so forth. If tenths are usediastéorce, characteumber 49 in the Becord (after other
mandatorycodes such as FXA, SIU, ENL), this is indicated in the | record as: "4949TDS".

Lat/Long-DDMMmMmmMNDDDMMmmmE

DD - Latitude degrees with leading O where necessary

DDD - Longitude degrees with leading 0 or 00 where necessary

MMmmmNSEW - Lat/Long minutes with leading O where necessary, 3 decimal places of minutes are mandatory,
followed by N, S, E or W as appropriate. If additional digits are used, for the fractional minutes define the
positionsthrough codes LAD and LOF in the | record.

Altitude - AAAAAaaa there are 2 altitude figur@s metres (1) GNSS altitude above the WGS84 ellipsaidg
(2) Pressure Altitude to the ICAO ISA
AAAAA -fixed to 5 digits of metres with leading zero and if necessary with leading minus sign
aaa- where used, the number of altitude decimals (the number of fields recorded are those available foinaltitude
the record concerned, lefiglds already used for AAAAA)

GNSS altitude drojput. Where GNSS altitude is not recorded such as in the case of a 2D fix (altitudeudy,oft
must be recorded in the IGile as Zero so that the lack of valid GNSS altéuzhn be clearly seen during post
flight analysis.

Pressure Settings (where recorded)

PPPPpp- Pressure in hPa (mbar / mb) with two decimal places, PPPPpp fixed at 6 digits with leading zero for
settings in the 900 range). For altimesaibscale settingd,013.25 mb (ICAO ISA Sea Level) has an PPPPpp
code of 101325, and 980.75 mb has a code of 098075. An altimeter settiagyactthnge to it may be recorded
(threeletter code ATS), for instance where the FR feeds a cockpit display. However, the préfisaie a
recordedin the IGC file must always be in metres with respect to the ICAO ISA with its sea level datum of
1013.25 mb.

and, where calculations (optional) are based on successive fixes:
Direction(calculated from successive fixedpDDddd.

DDD - fixed to 3 digits with leading O where necessary
ddd - where used, the number of direction decimals (the number of fields recorded are those avaittigetifom
in the Record concerned, less fields already used for DDD)

Distance(calculated from su@ssive fixes) DDDDddd, kilometres up to 9999 with leading zeros as requiret!
then three decimal places (the last figure will therefore be metres)

Speedcalculated from successive fixes3SSsss. SSHixed to 3 digits with leading 0

sss- numberof speed decimals (the number of fields recorded are those available for speed in the Record concernec
less fields already used for SSS)

Temperature TTTttt. TTT with leading zeros (and leading minutes if required). TTT fixed to 3 characters. ttt
numter of temperaturedecimals. The number of fields recorded are those available for temperature in the
Recordconcerned, less 3 already used for TTT. (AL7)
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A2.5FR FILE NAME (FILE ID) New types of FRs must use the IGC long File MAD format as defineth A2.5.3

A2.5.1Long file name styleThis uses a full set of characters in each field, a hyphen separating each field, therdietd
being the same as in the short file name which was the original IGC FR name format. For instance:

Long file name gample 202105 15-MMM -XXXXXX -01.1GC
2021-05-15 = date
MMM = manufacturer's threketter IGC identifier (see table on next page)
XXXXXX = unigue FR Serial ID (S/ID); 6 alphanumeric characters (see the note below)
01 = second flight of the day, 02 for seddtight, etc.

Note: The XXXXXX field has écharacters, with hyphens at the start and end, with leading zeros if necessary tgpmake
the 6 characters. It can also be used by a manufacturer to differentiate between different FR types, such afinssing the
characters to indicate each FR type. (AL7)

A2.5.2Short file name styleYMDCXXXF.IGC
This was the first IGC system and for recent and new types ofRRyibereplaced by the long name style above
Y = Year; value 0 to 9, cycling every 10 years
M = Month; value 1 to 9 then A for 10, B=11, C=12.
D = Day; value 1 to 9 then A=10, B=11, C=12, D=13, E=14, F=15, G=16, H=17, =18, J=19,
K=20, L=21, M=22, N=23, 0=24, P=25, Q=26, R=27, S=28, T=29, U=30, V=31.
C = manufacturer's singletter IGC identifier (se table on next page)
XXX = unique FR Serial ID (S/ID); 3 alphanumeric characters
F = Flight number of the day; 1 to 9 then, if needed, A=10, B=11, etc

A2.5.3FR Serial ID (S/ID)This is the identifier for an individual IGC Flight Recordeor an indivilual IGC FR, its S/ID must be

used in the Arecord and be imprinted on the case of the recorder unless the case includes a display which includes the S/ID. F
older recorders it is a¢haracter Alphanumeric text string. For all new types of recordesitloe a &haracter string of which the

first character is Upper Case Alphareiio (omitting | and Qto avoid confusion with numbers Zero and One) and the remainder
characters numericlhe use of the first character to designate an individual modetadmreder i n the manuf
recommended.

A2.5.4.Date of flight- the date used in the file name and in theeklord (DTE code) is the UTC date of the first valid fix
in the Brecord of the IGC file downloaded after flight. In time zones wleefight starts close to midnight UTC, this is
not necessarily the local date.

A2.5.5. Security of file hameThe file name outside the contents of the file is not protected by the electronic security
system. The IGC electronic security system applidbdgiot data within the file itself. File names may therefore be changed

for purposes such as competitions, where it may be more convenient to use glider competition number or pilot name. The
is no loss of data or security, since all data in the oridileahame is in the file A and H records.

A2.5.6 Manufacturer codesSingle and threecharacter codes are tabulated below. Manufacturers applying for
IGCapprovalwho are not listed should apply to the Chairman of GFAC for allocation of codes. Manufacisirey the
IGC file format but not applying for IG@pproval should use the X and XYY codes, see note 2 at the end of the table.

A2.5.6.1Name of Intermediate Format filéf a manufacturer chooses a system where data is download from the
recorder in anntermediate format such as binary, the file name for the intermediate format shall behad @

file but with the Manufacturer's three letter code used instead of "IGC" after the dot. It shall then be possible to
convert theintermediate format tohe IGC format through the Conversion utility that is part of the IGC Shell
program (seéppendix C) when used with the manufacturer's #&CX.DLL file (see Appendix D).
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IGC-APPROVED FLIGHT RECORDERS- MANUFACTURER CODES
Manufacturer Name ThreeCharacte | Single Character Remarks
Code Code

1 Aircotec ACT I
2 Avionix AVX n/a Full file name used, no need for single character code
3 Cambridge Aero Instrument] CAM C No longer making IGC FRs
4 ClearNav Instruments CNI n/a Full file name used, no need fsingle character code
5 Data Swan/DSX DSX D No longer making IGC FRs
6 EW Avionics EWA E No longer making IGC FRs
7 Filser FIL F Transferred to LX Navigation 2006
8 FLARM (Flight Alarm) FLA G
9 Flytech FLY n/a Full file name used, no need for singlearacter code
10 Garrecht GCS A
11 IMI Gliding Equipment IMI M
12 Logstream LGS n/a Full file name used, no need for single character code
13 LX Navigation LXN L
14 LXNAV d.o.o. LXV \%
15 Naviter NAV n/a Full file name used, no need for singlecicter code
16 New Technologies s.r.l. NTE N No longer making IGC FRs
17 Nielsen Kellerman NKL K now Clearnav Instruments (one FR under NKL name)
18 Peschges PES P No longer making IGC FRs
19 PressFinish Electronics PFE n/a Full file name used, no nedor single character code
20 Print Technik PRT R No longer making IGC FRs
21 RC Electronics RCE n/a Full file name used, no need for single character code
22 Scheffel SCH H No longer making IGC FRs
23 | Streamline Data Instrument SDI S No longer makig IGC FRs
24 Triadis Engineering GmbH TRI T
25 Zander ZAN Z No longer making IGC FRs

Other ma_nufacturers using X For norIGC-approved devices, see notes below table

the IGC file format

Note 1.New types of IGC FR must use the long file nameatt i ncl udes t helettaneodeu(dlsocdeu r e

A2.5.1 and A3.L Manufacturersnaking only such FRs have no need for a shogigracter code and this is listed as "n/a"
(not applicable) above.

Note 2.X and XYY are general designations forQGiles for devices where IG@pproval does not apply. The use of the
prefix X designates that the device is not Kagproved, and the letters YY may be replaced by characters that identify the
manufacturer of thdevice. Such devices will not have beealaated by GFAC and may not comply with some aspects of
the IGC Specification such agcurity protection, recording of pressure altitude, ENL, MOP or other variables. There is no
guarantee that the file will conform exactty the IGC format, although spienen files will be checked if emailed to the
GFAC chairman for evaluation. It should be noted #ititough the file name will not contain the information, the details

of the manufacturer and the recorder model concerned willdmtifiable (if the fileconforms to the IGC standard)
because they will be included in the H (Header) record, see below under forRaedid line (with extra spaces for
clarity):

HF FTY FR TYPE : ManufacturerBhree letter CodeFR Model Name CRLF.

Some other FAI air sports Y@ their own systems for netGC recorders; dr example for Hang Gliding (FAI
Commission CIVL), seéttp://vali.fatcivl.org/supported.html

Note 3. The codes PFC, PLT and OOI must not be used leettayscould cause confusion in the L record.

IGC GNSS FR Technical Specificatiot A-5 2nd Edition with AL9


http://vali.fai-civl.org/supported.html

A2.5.7Mandatory Records he following records are mandatory for an IGC file from an {&proved FR:

Mandatory .
Record type Ag;g?edr:)é? Remarks
in file order
A 31 Manufacturer code and
' unique IDfor the individual FR
H 3.2 Header record
Additions to Brecord FXA (fix accuracy),
I 3.3 ENL (Environmental Noise Level) for motor glider
MOP for motors with low ENL figures
B 4.1 Fix records (lat/long/alt etc.)
F 4.2 Satellites used in Becord fixes
G 3.6 Security record

A3 SINGLE INSTANCE DATA RECORDS.
These records only occur once in each {f8fnat data file, but each record type may contain several lines prefixed with
its type letter. The order below is the sequence in whighrtbemally appear in the IGC file.

A3.1THE "A" RECORD - FR IDENTIFICATION (ID) . The A Record must be the first record in an IGC FR Data File,
and includes the FR manufacturerés code, the Gttty FR S
The format of the A Record is as follows, with extra spaces for clarity:

A MMM XXX TEXT STRING CR LFor A MMM XXXXXX TEXT STRING CR LF

A record -

- Size Element Remarks

Description

Manufacturer ID | 3 bytes MMM Alphanumeric, see para A26.For NonrlGC FRs this will be
XYY (see 2.5.6 table). The full manufacturer name will be g
later in the Header record in the form:
HFFTYFRTYPE:MANUFACTURERSNAME,FRMODEL

Unique FR ID 3or6 XXX The FR Serial ID, valid chartars alphanumeric. New types

(S/ID) bytes or FR must use the IGC long File Name/ID forraat 6characte

XXXXXX S/IDs see A2.5 for IGC file names. If data follows the FR 10
hyphen must be used to separate the file nhame from dat
follows, see under Additional Data lbw. Note that noAGC
FRs may not conform and use different ID systems

Additional data Optional Text String | Valid characters alphanumeric. If used, start with a hyg
separator to distinguish it from the earlier characters for Un
ID (because l@r FRs have S/IDs of more than 3 charactg
Short extra data may be added unless this is already cove|
the Header record under FRTYPE.
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A3.2H RECORD - FILE HEADER

TheH ( Header) Record includes t he rdiarn the typeof FRousdl stypenad GNSS g |
receiver and pressure altitudensor amongst other things. There are several different subtypes offRexdtd which are
recorded on separate lines prefixed H. All Three Letter Codes listed in section 7 th#hdai/flag are possible subtypes

of the HRecord.

A3.2.1Source CodesThe line entries in the dkcord are created by the FR (source code F). In recent types of FR, they
may also be created after flight under Source Code O by the OO or others. Bee"thata Source" in the table in
3.2.5.

A3.2.2General formatThe general format of #Record lines is: H, data source (F=FR, O=other source), the three letter
code for the subject of the line, the long name for the subject of the line, colon, theeriptie text string. The
long name and text string are intended to make it easier for people reading the file to see what data is recorded.

A3.2.3 Earth Model The U.S. GPS system uses the WGS84 ellipsoid, and forajip@oval the FR must record
lat/longs and GPS altitudes with respect to the WGS84 Ellipsoid.

A3.2.4Required recordsThe following H records are required. In what follows, extra spaces between items are added
so that it is easier to see the items; these spaces are not present in &files ghen viewed in text format:

H F DTE DATE: DD MM YY, NN CRLF

H F PLT PILOT IN CHARGE: TEXT STRING CRLF

H F CM2 CREW 2: TEXT STRING CRLF

HF GTY GLIDER TYPE: TEXT STRING CRLF

H F GID GLIDER ID: TEXT STRING CRLF

HF DTM GPS DATUM: WGS84 CRLF

H F RFWFIRMWARE VERSION: TEXT STRING CRLF

H F RHW HARDWARE VERSION: TEXT STRING CRLF

HF FTY FR TYPEHARDWARE MANUFACTURERSTHREE LETTER CODE FR MODEL NAME CRLF
H F GPS RECEIVER: MANUFACTURERS NAME, MODEL NAME, CHANNELS, MAX ALT CRLF

H F PRS PRESS ALT SENSORANUFACTURERS NAME, MODEL NAME, MAXALT CR LF

H F FRSSECURITY OK or SECURITY SUSPECT / SECURITY MS OPERATED (as relevant): TEXTSTRING CRLF

Notes:
DATE line: NN is the flight number on the day, prefixed by a comma to separate it from the date group.

FIRMWARE line: In the text string after the Firmware version number, where a type of FR has been updated so that
GPS altitude is recorded as height above the WGS84 Ellipsoid (where this was not the situation before), to make thi
clear to pilots, OOs, and NAGsing a text editor to read the header records, the following words shall be added: "with
WGS84 Ellipsoid GPS altitude datum™. This update shall also have a new Firmware edition number. In this situation,
the updated H record line for new firmware editk will be:

"HFRFWFIRMWAREVERSION: XX with WGS84 Ellipsoid GPS altitude datum"

FRTYPE | i ne: Both Manufacturerob6és name and FR model N a

GPS DATUM line- In FRs before Amendment4 the IGC number 100 reteted WGS84 datum.
See also para A8 on Earth Models that have radii close to WGS84.

GPS RECEIVER LINE If a GNSS other than the US GPS system is used, the three lettefoctitke GNS System is
added after MAX ALT, preceded by a comma. Codes are lintéd and include GLJor Russian GLONASS, GAL
for European Galileo, BEI for Chinese BeiDou 2. For receivers processing data from mooedrsystem, use all of
the appropriate codes after at the end of the line, such as ... MAX ALT, GPS, GAL fonaresaigthe US GPS and
European Galileo systems.

FRS SECURITY line see next page in the A3.2.5 table under HF FRS (AL6)

MOP line. Where FR firmware includes provision for an MOP sensor, an additional line is required that déseribes
type of sensoas follows:
H F MOP SENSOR: Maker, ON/OFF, type and model of sensor + what it records, CRLF
If more than one type of MOP system is fitted, these must be numbered MOP2, MOP3 etc in theekeadler
followed by the details of each system as given abaovthd trecord line for additional data theaee identified as
MP2, MP3, etc. For more detail see the MOP entry in the table that follows.
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A3.2.5 A table follows with more detail on Header records:

H record 1

- Size Element Remarks
Description
Data sairce 1 byte F Placed after a leading H letter: F=FR for data downloaded from the FR incl
pilot inputs before flight such as task, etc. Data entered before flight is pro
or by the security system and if it is changed after flight, the i&Gwill fail the
VALI check.,
o O=other source entered after flight (such the OO) as allowed by
Specification Data entered after flight is NOT protected by the security systg
Record subtype 3 bytes CCC Alphanumeric, placed after data soyrsee para A7 for TLCs
UTC Date 6 bytes DDMMYY | Valid characters-®
Lines on Glider At least 30 | Text After relevant TLC. PLT for name of Pilot in Charge,
Pilot in Charge and| characters | String CM2 for name of Crew Member 2, if gn

Crew Member 2

GNSS Datum 5 bytes GGGG GGGG = Geodetic Datum/Earth Model used.
or as WGSB84 is the default, see A3.2.3 and A8
required

Lines on FR name,| As Text After relevant TLC é.g.RHW for FR Hardware version)

firmware, hardware| required String

FR Type line As F IncludesHardware Manufacturers 3 letter code, amablel data including sub
required types. For instance, not only Model XXX 1 but 1a,1b, etc

HFGPS line As Text Gives the GNSS receiver manufacturer and type, nunfldramnels, and the
required String maximum GNSS altitude in metres that could be recorded in the IGC file. U

comma separators between each piece of information. Where a GNS Syste
other than the US GPS is used, see the note headed "GPS Receiver Line"
on the pevious page.

HFPRS line As Text Gives the pressure altitude sensor Manufacturer and type, and the maximu
required String pressure altitude in metres that could be recorded in the IGC file. Use comr
separators between each element.

HF FRS line As Text Format: HF FRS SECURITY OK, or

required String HF FRS SECURITY SUSPECT: Text String with reason CRLF
Line 2 above is used where security is suspect, for instance if FR firmware
changed iran unauthorised way or if the securitycroswitchhas operated
The text string should ke description of the likely fault and recommended
action, such as: "internal firmwachanged FR rset neededdr "Security
Micro Operated FR rset needed" (AL6)

HFMOP line Required Text H F MOP SENSOR: Maker, ON/OFF, type and model of sensor/brief descr
V’\;fgg String of what it records, CRLF
facility is Under "what it records”, some alternatives are: Acoustic + peak frequency
included sensitivity Hz/KHz; or Ecurrenffor electric engines); or Engine Management
inthe FR System data (describe what is recorded); or other system.
firmware

The sensor model namadhits characteristics is described in the FR1G(
approval document, see para 5.4 on the MOP Code.

The ON/OFF field allows forraFR with the MOP facility in its internal
firmware, but its external MOP sensor is not connected, for instance
the FR is used to record a pis
system gives high enough readings. When the external MOPrsgnso
OFF or Inoperative, the MOP number in fix records shall be 000.

For nonIGC FRs, see extra-records in the table in para A3.2.7.5
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A3.2.6 Additional H recordsThese are optional and use the Three Letter Codes given in para A7. Additional data may
follow after the mandatory records. Two additional records (Competition ID and class) are shown below, with extra spaces
for clarity.

H S CID COMPETITION ID : TEXT STRING CR LF
H S CCL COMPETITION CLASS : TEXT STRING CR LF

A3.2.7Names and identifications.

A3.2.7.1Similar namesWhere there may be people with names which are similar or the same (Smith/Schmidt), full
initials or other names should be used. In addition, a TLC of DOB for&ieBérth is available, and if used, this should
be in the line fobbwing the pilot's name in the format DDMMYY (as date of flight in the H record).

A3.2.7.2Name of Crew Member Zhis is under code CM2, with family name first then other names or initials without
punctuation but separated by spaces (for instance, SMIBHB SMITH BERNALD).

A3.2.7.3Long namesSufficient characters should be made available to allow for long names and identifications. Such
as, for glider registration, allow for a registration such as XXXXAA (where XXXX is the designator of the Natio

or National Airsport Body), requiring at least 9 characters to be available in this field. Manufacturers should provide for
more characters in these fields so that flight declarations are easily made in full.

A3.2.7.4 Country, Club or organisation from which flown or operated (code CLB), with nation (for instance
LASHAM UK, ELMIRA US). Where there is not space to put the Nation in full, the-latter codes from the 1SO
3166list of National designators should be used (these are also used for Natiotesnet addresses). Some 1SO 3166
two letterNational Codes are in the following table:

ISO 3166 TWO-LETTER NATIONAL CODES - EXTRACT
for the full table, see:www.iso.org

AR = Argentina FI = Finland NL = Netherlands
AT = Austria FR = France NO = Norway
AU = Australia GR = Greece NZ = New Zealand
BE = Belgium HR = Croatia (HR = Hrvatsl PL = Poland
BR = Brazil HU = Hungary PT = Portugal
CA = Canada ID = Indonesia RU = Russia
CH = Switzerland IE = Ireland SE = Sweden
CL = Chile IL = Israel S| = Slovenia
CN = China (PRC) IN = India SK = Slovakia
CO = Colombia IS = Iceland TR = Turkey
CZ = Czech Republic IT = Italy TW = Taiwan
DE = Germany JP = Japan UK = United Kingdom
DK = Denmark KR = Korea (S) US = United States
EC = Ecuador LT = Lithuania UY = Uruguay
EE = Estonia LV = Latvia VE = Venezuela
EG = Egypt MX = Mexico ZA = South Africa
ES = Spain MY = Malaysia
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A3.2.7.5NonIGC FRs.For NorlGC FRs, the following Hecords apply :

Non-IGC-FRs:

TLC & Descripti on Size Element Remarks

HO SOF Asrequired. To | Textstring | This is download software external to the Recor
describe software other than the IGC Shell program or the earlier |
name, version anc DATA short program file The text string gives th
date/ time of program name, program version and the date/tim
download the download

(Format: DDMMYYHHMM).

Use comma separators between each piece
information. The date/time uses ther&ord format
up to minutes of time (no need for secondspr
example: GpsDump,4.53,1907102039

HF FSP (Variant on the| Up to Text string Forinstance CIMA 1a, GAC 2b together with
IGC File Specification). | 30 characters other useful details

Or, if not embedded in
the Recorder, HO FSP

HF ALG Three characters | TLC ELL for WGS84 Ellipsoid (mandatory zedatum for
(GNSS Alitude) in IGC FRs)
cRc()aIumrir: ks GEO for WGS84 Geoidapprox.Sea Level datum)
NKN = GNSS altitude datum not known
NIL = GNSS altitude not recorded,
In which case B recordsaust have V for the fix
validity and 00000 for GNSS altitude
HF ALP Three characters | TLC ISA = ICAO ISA (mandatory setting for IGC FRs)
(Pressure Altitude) in MSL = Above Mean Sea Level
Remarks .
column NKN = Pressure altitude datum not known

NIL = Pressure Alt not recorded,
and 00000 must appear in IGC file

A3.31 RECORD - ADDITIONS TO THE FIX (B) RECORD . The | record defines any additions to the fix (B) Record

in the form of a list of the appropriate Threetter Codes (CCC)lata for which will appear in subsequent B Records.
Only onel-Record line is included in each file, located after the H record and before the first B Record. For IGC FRs, Fix
Accuracy (FXA) must be included, in the form of the Estimated Position Errorefi(see Glossary under EPE). Also,
Environmental Noise Level (ENL) is mandatory, and FXA must be followed by SIU, ENL and MOP (if MOP is recorded
in the FR). The F Record (satellite constellation used) is mandatory, see para A4.3. The format of the: Witeeatra

spaces for clarity, is:

I NN SS FF CCC SS FF CCC CR LF

| Record i Description Size Element Remarks

Number of additions 2 bytes NN Valid characters-®

Start byte number 2 bytes SS Valid characters-®, start byte orach Brecord line
Finish byte number 2 bytes FF Valid characters®, finish byte on each-#Becord line
3-letter Code 3 bytes CCC Alphanumeric subject, see para A7 for list of codes

The byte count starts from the beginning of thed®®td, taking the first B in the line as byte one.
Example: 1 01 36 38 FXA CR LF

The above line shows that the three numbers for Fix Accuracy (FXA) are recorded between bytes 36 and 38-on each |
record line
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For a device that also records Satellites beYSIU), Environmental Noise Level (ENL) inside the FR, and the external
MOP sensor: | 04 3638 FXA 3940 SIU 4143 ENL 4446 MOP CR LF

The above line shows that on eachieBord line, Fix Accuracy (FXA) is recorded between bytes 36 and 38, Satellites In
Use(SIU) between bytes 39 and 40, Environmental Noise Level (ENL) between bytes 41 and 43 and MOP between byte
44 and 46. To aid clarity, some spaces have been inserted in the example line.

A3.4 J RECORD - ADDITIONS TO THE K RECORD . The J record is a sifgline that defines what data will be in
subsequent Kecord lines, the K record being used for data that is updated during the flight but is not required as often as
the regular fix (B) Records. The data stored in theedord is to be signed (see A6 signing and the G record). The J
record fulfils the same function for the K Record as the | Record (3.3 above) does for the fix (B) record, and opezates in th
same way. It is placed in the file immediately after the | record line, before the first@dR&he format of the J Record

with extra spaces for clarity, is:

JNN SS FF CCC SS FF CCC CR LF

Description Size Element Remarks

Number of additions 2 bytes NN Valid characters-@

Start byte number 2 bytes SS Valid character§-9 (from start of K Record)
Finish byte number 2 bytes FF Valid characters-®

3-letter Code 3 bytes CCcC Alphanumeric, see para A7

A3.5 C RECORD - TASK (Pre-flight Declaration) The C Record is used to make {ilight declarations, ad a
declaration continues to be valid until it is replaced by a new one. It is placed in the IGC file before the firjtrégdil

and after the Header, | and J records. The C Record group has at least 5 lines, 6 or more if there are Turn RGihis. The
a header line with the declaration date and time, followed by lines with coordinates for the wayadietsff, Start, Turn
Points (if any), Finish and Landing. The lines Takeoff and Landing are for information and are not part of the iaffic
IGC Declaration which runs from the declared Start via Turn Points to the declared Finish.

A3.5.1Lines in the C Recordrlhe first line contains the UT-@ate and time at which the declaration was made, the
number of Turn Points in the task (excludithg Start and Finish points), and a text strimglescribe the task ("500k
triangle", etc). The other lines contain the WGS84 lat/long coordinates and a text string describing the point. The3akeditfde

Start Point, Turn Points, Finish Point ananding. The text describing the type of point (see below) is so that the nature of the points
can be clearly seen by viewing the IGC file.

A3.5.2|GC terminology- Waypoint/Turn Point. In IGC terminology, "Waypoint" refers to a either a start pointptimt or finish

point. The term "Turn Point" (TP) refers to a peafitturn between a start and finish point. The points that must be specified exactly
in an official IGC flight declaration are the staturn- and finishpoints either declared before thight, or, for IGC "Free Flights",
selected after flight. The number of TPs will be nil for a straight goal flight, one for eanduéturn, two for a triangle, three for 3

TP distance, more for competition polygon tasks.

A3.5.3Takeoff and LandingTwo lines in the IGC file @ecord are fotakeoff and landing. They are for general information rather
than being part of an |1 GC Flight Dec | ar wmkeoffeand laadind. Theyacan bee  t |
entered approximatgbr, if co-ordinates are difficult to obtain, 00000000NO00000000E should be entered.

A3.5.4C-record formatin the examples below, spaces have been added between data fields to aid clarity.

Line 1.DD MM YY is the UTC date on which the declaration waade; followed by the time of declaration in hours, minutes,
seconds UTC in the format HH MM SS. This can be before the day of flight, unless a later declaration is received by the FR
which replaces the earlier one. For the characters used in Flight@&¢X, and TT, see theight-handcolumn below.

C DD MM YY HH MM SS DD MM YY XXXX TT TEXT STRING CR LF

Other lines. DD = degrees latitude, MM = minutes; mmm = decimal minutes: DDD = degrees longitude; The Text String is for
the name and short descriptiontloé Point. The first and last lines are for theotdinates of the intended airfieldstake off

and landing (or the intendeake off and landing points), but the official IGC declaration is from the Start Point to the Finish
Point

via any Turn Pointfn the declared order, in the example below a triangle with 2 TPs with N latitude and E longitude.

C DD MM mmm N DDD MM mmm E TAKEOFF TEXT STRING CR LF

C DD MM mmm N DDD MM mmm E START TEXT STRING CR LF
C DD MM mmm N DDD MM mmm E TURNTEXT STRING CR IF

C DD MM mmm N DDD MM mmm E TURNTEXT STRING CR LF

C DD MM mmm N DDD MM mmm E FINISH TEXT STRING CR LF
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C DD MM mmm N DDD MM mmm E LANDING TEXT STRING CR LF

C record i Description Size Element Remarks
(bytes)

Declaration date UTC 6 DDMMYY

Declaration Time UTC 6 HHMMSS

Flight date 6 DDMMYY

Task number 4 XXXX

for the flight date

Number of Turn Points 2 TT

T.O. or A/F LatLon The exact declared point is defined by the WGS84 latitude and longitudg
text string may include local waypoint code numbers, letters, nam

Start LatLon DDMMmmmN description.

as DDDMMmmmE ) ) ) o )
T/P LatL . The declared start point, turn points (if any), and the finish point are manq
atLon required to the WGS84 for a valid IGC preflight declaration.

T/P LatLon Geodetic Datum Takeoff and landing data are not part of an IGC-flight declaration and
including Lat/Long data in these lines is optional. It may be useful, for insf

Finish LatLon where remote starts or finishes are used. If exact dauat iavailable, théake
off and landing data should be set to zero, such as 0000000N 00000000E

Land or A/F LatLon

A3.5.4.1 The following is a example of a declaration fo0@ km triangle to be flown from Lasham Gliding Centre
in the UK, with spaces between elements added to make it easier to read:

C 21 08 15 09 38 41 000000 0000 02 500K Triangle

C 51 11 359N 001 01 899W TAKEOFF Lasham Clubhouse
C 51 10 179N 001 02 644W STAR.asham Start S

C 52 09 092N 002 55 227W TURN Sarnesfield

C 5230 147N 000 17 612W TURN Norman Cross

C 5110 179N 001 02 644W FINISH Lasham Start S

C 51 11 359N 001 01 899W LANDING Lasham Clubhouse

A3.5.5 Area TasksThese are set in some gliding competis but are not relevant to the flight declaration section of
IGC files. Competition scoring is based on the fix record in IGC files and does not need a Declaration in the file.

A3.6 G RECORD - SECURITY. The G record is the digital security signaturatia form of a coded sequence of characters. It is
used to verify that flight data recorded inside the FR is identical to the flight data in the IGC file that is being difeckéeghature is
generated using a system described in Appendix G. The FR actumeir must provide a method to check via this signature that the
flight data in the IGC file is identical to that recorded in the FR. Thred®rd checks all of the Records required to be seepirttected,

as specified in the definition of each Recordhis Appendix. Grecords may consist of several lines, larger character counts generally
implying higher security.

Formatof GRecord: GSSSSSSSSSSSSSSSSSSSSSSSSSSSSSCRLF
GSSSSSSSSSSSSSSSSSSSSESSESSSSCRLF  etc

G record - Description | Size Element Remarks
Security code As required for the SSSSS Valid characters alphanumeric, see Annex G para G2.1.2
appropriate security level. security key length.

The G Record mugtot use any neprinting character, because whitespace is often removed when ASCII files are transmitted across
data communication networks.
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A3.7 M _RECORD - ADDITIONS TO THE N RECORD . The M record is a single line that defines what data will be in
subequent Nrecord lines, the Necord being used for data that is updated during the flight but may not require as often as the
regular fix (B) Records, and is not to be signed (see A3.6 on signing and the G record)-réberdli(para. A4.7) fulfils the sae
function for the N Record as the J Record (3.3 above) does for the K record, and operates in the same way. It is pléileed in th
immediately after the J record line, or the | record if the J record is not present before the first B Record. Thed themidt
Record with extra spaces for clarity, isM NN SS FF CCC SS FF CCC CR LF

Description Size Element Remarks

Number of additions 2 bytes NN Valid characters-®

Start byte number 2 bytes SS Valid characters-® (from start oK Record)
Finish byte number 2 bytes FF Valid characters-®

3-letter Code 3 bytes CcCcC Alphanumeric, see para A7

A4. MULTIPLE INSTANCE DATA RECORDS .
These are record types that caroceur at different times in the course of the IG€, unlike single instance records that occur
only in one place.

A4.1 B RECORD - FIXES. The data stored in the-Ecord is part of the data to be signed (see A3.6 on signing and the G
record).Not counting the last CRLF, a B record line includes 35 bytedbdsic fix data, plus mandatory characters that are
defined in the | Record including Environmental Noise Level (ENL), Fix Accuracy (FXA) in the form of the figure for Estimated
Position Error (see the Glossary under EPE), MOP (Means of Propulsion), etieSdh Use (SIU) (AL8).

A4.1.1. The required basic data is: UTC, WGS84latitude, WGS84 longitude, fix validity, predsude, GNSS altitude with
respect to the WGS84 Ellipsoid. All of the information within eache@rd must have a data issuedimithin 0.1 seconds of the

time given in the Brecord. Where NMEA data is used within the FR, fix data should be taken either from the GGA or GNS
sentences. GGA is specific to the US GPS system. GNS is intended for all GNS Systems (GPS, GLONAS Bd&Habled and

other GNS Systems), and should be used if it is available from the GNSS receiver.

A4.1.2 In the B Record FXA shall be recorded as a tfigege group in metres and SIU adveo-group number. Leading zeros
should be included as necessary. Beeaearlier IGCapproved GNSS FRs may not have FXA and SIU in theieddrds, the
position of this data in each B record line must be indicated (for instance to analysis programs) by including themeaottie |
which designates the positions of addiabfields in the B record. FXA should be placed after the two groups for altitude, followed
by SIU and ENL. In each{ecord line, FXA would therefore normally occupy bytes 36, 37 and 38, SIU bytes 39 and 40, ENL 41
43.

A4.1.3 The format of the basic datith extra spaces for clarity, is:
B HHMMSS DDMMmmmN DDDMMmmmE V PPPPP GGGGG CR LF

A4.1.4 In tabular form, with notes:

B record Size Element Remarks
Description
Time UTC 6 bytes HHMMSS Valid characters-®. The leapsecond correction mube applied to all recorded fixes so that UTC always appea|

the Brecord. When a GNSS system initially locks on, in the short period before the curresedeap data ig
available from the ephemeris data of the GNSS system, thaséeand correctiothat was used when that recordg
was last locked on should be used

Latitude 8 bytes DMMmmmN/S Valid characters®. The leapsecond correction must be applied to all recorded fixes so that UTC always app
the Brecord. When a GNSS systenitialy locks on, in the short period before the current ieapond data ig
available from thephemeris dataf the GNSS system, the leapcond correction that was used when that recor
was last locked on should be used

Longitude 9 bytes DDDMMmmmE/W Valid characters N, S,-9. Obtained directly from the same GNSS data package that was the source of the U]
that is recorded in the samer&cord line. If no latitude is obtained from satellite data, pressure altitude fixing
continue, usig times from the RTC. In this case, in B record lines must repeat the last latitude that was obtai
from satellite data, until GNSS fixing is regained

Fix validity 1 bytes AorV Use A for a 3D fix and V for a 2D fix (no GNSS altitude) or for®NSS data. Note that pressure altitude data n
continue to be recorded using UTC times from the RTC

Press Alt. 5 bytes PPPPP Altitude in metres relative to the ICAO ISA 1013.25 HPa datum, valid charact®rar@ negative sign-".
Negative vales to have negative sign instead of leading zero

GNSS Alt. 5 bytes GGGGG Altitude in metres above the WGS84 ellipsoid, valid characte¥safid negative sign": Negative values to hav
negative sign instead of leading zero
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A4.1.4 Other data inFix lines. To append the Fix Accuracy (FXA, mandatory), Satellites in Use (SIU, mandatory), internal
Environmental Noise Level (ENL, mandatory), signal from the external MOP sensor (see para 5.4), or any other varialfie in each
line, these must be dagd earlier in the IGC file | Record (so that the data will be recognised by analysis programs). For instance,
with extra spaces for clarity:

| 04 3638FXA 3940SIU 4143ENL 4446MOP CRLF

This shows that on each-iBcord line, Fix Accuracy (FXA) is recorde@tiveen bytes 36 and 38, Satellites In Use (SIU) between

bytes 39 and 40, ENL between bytes 41 and 43, and MOP between bytes 44 and 46. The resulting B Record becomes (with ext

spaces for clarity):
B HHMMSS DDMMmmmN DDDMMmmmE V PPPPP GGGGG AAA SS EEE MMBRLF

B record - .

Description Code Size Element Remarks

Fix Accuracy FXA 3bytes | AAA Valid characters-®, metres

Satellites in Use SIU 2bytes | SS Valid characters®, metres

Environmental Noise | ENL 3 bytes | EEE Valid charaters 09

inside FR

Propulsion Sensor MOP | 3bytes | MMM Valid character§-9, for FRs with MOP sensor system in FR firmwarg
external to FR

A4.2 E RECORD - EVENTS. The data stored in the-feécord is part of the data to be signed (see A3.6 on signinthar@

record). The Hecord is used to record specific events in the IGC file that occur at irregular intervals. Suclnelretgsa

pilot-initiated event (PEV code), switching a Blind Flying instrument on or off (BFION or BFIOFF), aedorders fitted
with proximity sensing devices with respect to other aircraft (for traffic avoidance purposes), a prexenityising one
of the appropriate Threleetter Codes as defined in para A7. The E Record is placed before the indiwdi&)l Record

for the samdime that shows where and when the event occurred. Events must have a Three Let(@tLCpflem the

list in section 7. More than one event record may be used at the same time, but Events initiated Wikhifconepared to
those made by the pilot sues PEV) are only expected to be occasional in the-tistery of the flightfile and should not
be used for an Event record after every fixr@@ord line), so that the IGC file does not becameecessarily large.

A4.2.1 If a manufacturer wants to addew type of event, a new Three Letter Code (para A7) should be requestgaFA®n The
manufacturer must provide an exact definition of the event and a proposed coding. GFAC may ddtie@tbpbsal should not be
treated as an event but that the infation should be incorporated into the & K-record inthe normal way for these records by
listing in the | and J records.

A4.2.2 The form of the fRecord is recordentifier, time, TLC,text string Examples follow, with extra spaces to
show the diférent elements in the line:
E 104533 PEV CR LF
B 104533 49 45 333 N 011 32 444 E A 01357 01501 CR LF
This indicates ailot-initiated event (PEV) at 10:45:33 UTC, and the associated B record shows the lot@#@n333 N
11:32.444 E, at the pressure altie 1357 metres and GNSS altitude 1501 metres.

Some events require more than just the Three Letter Code for interpretation, for instance, with extra spargs 1104544
ATS 102312 CR.F. This shows that the altimeter setting in a display dewvicmected tdhe FR was changed to 1023.12 hPa at
the time 10:45:44

A4.3 F RECORD - SATELLITE CONSTELLATION . For IGC FRs, this is a mandatory record. However, there isquirement to
update the fecord at intervals of less than 5 minutes, so thatisahshanges of satellites received due to changigies of bank,
flying in valleys, etc do not lead to unnecessaing€ord lines.

In the US GPS system, SVN is the Space Vehicle Number of each satellite, and PRNs areRBsdadoNoise" sequences,®old
codes, that each satellite transmits to differentiate itself from other satellites (SV Numbers are not transmitted).

For other GNS Systems such as the Russian GLONASS , European Galileo or Chinese BeiDou 2 the ID is the nearest\éqerealent.
NMEA data is used within the FR, the ID should be taken from the GSA sentence that lists the IDs of those satellites ds&s in the
which are recorded in the B recoithe F Record is not recorded continuously but at the start of fixing and then onlyawhangen
satellitesin use is detected.

Format of F Record (with extra spaces for clarity): F HH MM SS AA BB CC DD EE FF GG CR LF

Description Size Element Remarks

Time UTC 6 bytes HHMMSS Valid characters-@

Satellite ID 2 bytes for ach AABBCC Valid characters alphanumeri
satellite used Or 01, 02 etc
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A4.4 K RECORD - DATA NEEDED LESS FREQUENTLY THAN FIXES . The K record is for data that is needed fesguently

thanfix (B) records. The K record should have a default interv@Co$econds. As an example, if thedgord records every 2 seconds,

the K-record could be set to record every 20 seconds. The contents of the K record are listed in the J record. The followthg J Reco
specifies the information in the K Record in the rigmé (with extra spaces for clarity):

J08 12 HDT CR LF
K HHMMSS 00090 CR LF (This K Record shows that the true heading (TLC = HDT) is 090 (East)).

A4.5L RECORD - LOG BOOK / COMMENTS . Logbook Records are comments that can be placed anywhere in thiefilél, |

andJ records and the term "comment record" may be a better description. In the IGC file they may either be before they)G (securit
recordat the end of the iflight data, or after the @ecord. If before the Gecord,it is essentiathatthe security of then-

flight data and its afteilight Validation check is not affected. See A2.3 on Record Order within the filaand how new

TLCs are to be notified to GFAC. TheRecord allows fredormat text lines to be added, although this recerdadt timestamped. It

can be initiated by a program in the FR, by pilots or official observers. If the data is not from the FR (source lett&iéent field in

the table below will also be three characters, initiated by the pilot (code PLT),aD8ioserver Input (code OOQI), or by other sources
allowed by this Specification such as external Download Software (code SOF).

A4.5.1Validation checkL-r ecords with the Manufacturerds | D ( MM&drdsinamsthersdueesi nc | u
mustnot be. The data stored in theécord which has the manufacturers TLC as the first 3 characters after the letter L is part of the data to be signed
(see A3.6 on signing and the G record).

A4.5.2 Free Flights Post Flight Declarationsdn the case of Free Flights where waypoints are claimed after flight by the pilot, the PREligftast
Claim) code may be used as a Logbook Record line starting LPFC followed by Waypoints in the same format as the C Rigltrd¢Plaration).
The PFC data may be inserted after initial download of the flight data either manually or by a sepftwgaesm,so that it can be recognisey
analysisprograms designed to read PFC data and show the flight on screen together with the Post Flight Clavay®#a@s.Since it is added
after download of the flight it is nguart of the data to be signed (see A3.6 on signing and the G record).

A4.5.3 Length. This record in the IGC file should not be taken as encouragement or permission to include loaglergcierd data should be
restricted to data that is best placed inside the IGC file itself and is difficult to cover elsewhere. To reduce thé lenggtbrd entries, where
appropriate, a brief crogeference should be included (to web, other docusnetie) rather than be included in full inside the {BE€itself.

A454FRswithFlarm For FRs that use the FR manufacturer6s own firmware an
Flarm state must be recorded in theelord in the same way as FRs that use Flarm firmware as primary firnilveng form part of the data to be
signed (see A3.6 on signing and the G record).
In particular:
For Stealth mode, the following format must be used:LFLAnnnnnn STEALTH OFF/ON
For theFlarm ID, the following format must be used: LFLAnnnnnnID 2 XXXXXX
Where nnnnnn is the time and XXXXXX is the six Heégcimal Flarm ID, replacing 'FLA' with the manufacturer's tHet#er code as required.

A4.5.5Format.The general format of the L Re is as follows (with extra spaces for clarity):
L MMM TEXTSTRING CR LF
L PLT TEXTSTRING CR LF
L PFC TEXT FORMAT AS C RECORD CR LF

Description Size Element Remarks Included in data signed by the Grecord?
Manufacturer input 3 bytes MMM Manufacturer's code, see para A2.5 Yes

Pilot input 3 bytes PLT Text string after PLT No

OO input 3 bytes (e]0]} Text string after OOI No

After flight pilot input 3 bytes PFC For free flight afteiflight choice of course| No

Examples of pot inputs: L PLT This was my second 1000km attempt L PLT from Eagle Field

A4.6 D RECORD - DIFFERENTIAL GNSS . This indicates that differential GNSS is being used and can be a multiple
instance record if, during the flight, more than one differential treécused. The data stored in thedaord is part of the
data to be signed (see A3.6 on signing and the G record). It is placed in the IGC file before the first fix (B) redbed after
H, I, J and C records. The format of the D Record is (with extreesffar clarity):

D Q SSSS CRLF

Description Size Element Remarks
GPS Qualifier 1 byte Q Use 1=GPS, 2=DGPS
DGPS Station ID 4 bytes SSSS

These parameters correspond to the NMEA GGA GPS quality indication. The absence of a D Recatek itiokt
differential GPS was not used. The facility to use DGPS is subject to GFAC approval, and it must be shown that it
preserves the integrity of basic lat/long and other flight data.
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A4.7 N RECORD - DATA NOT SIGNED BY THE SECURITY SIGNATURE  TheN record is for data that may be
recorded less frequently than fix (B) records, and is not included in the data signed byettmds The Necordwill record at 20
second intervals or at a significant change in data to be recorded, whichever igtérepsimd. The following M Record specifies the
information in the N Record in the next line (with extra spaces for clarity):

M 020810 HRT 11 13 OXY CR LF
N HHMMSS 112 098 CR LF (This N Record shows that the pilots Heart Rate was 112 bpmxyaged Qaturation 98%)

A5. DEFINITIONS

These relate to use in the IGC file. Also see the Glossary of Terms at the start of this Specification.

Airspeed- The true airspeed of the aircraft in kph, for systems with air data input.

Alphanumeric- Valid alphatetical and/or numeric character from the list of valid characters (para A6).

Calibrationi the creation of a table of pressure altitude correction values

Competition Class The IGC/FAI competition class of the aircraft, such as Open, 15metre, 20 ma®ta@lub etc.

Constellation The precise satellite IDs from which data was used to determine the GNSS fix, see A4.3 for IDs

Course- The direction between two lat/long points expressed as degrees magnetic or true.

Datum, Geodetie see below under Gedatite Datum

Engine Down The engine and/or propeller is stowed and cannot generate forward thrust.

Environmental Noise Level (ENL)low frequency acoustic noise at the FR in three numbers, maximum 999.

Engine Off- The engine is in a condition where thraahnot be generated.

Engine On- The engine is in a condition when thrust could be generated.

Engine RPM- Covered under the MOP code, see below

Engine Up- The propulsion unit pylon is extended or the engine or propeller doors are open.

Equipment Events These are events generated solely by the FR (such as dete&tyaff), as opposed to events generated after flight by the
analysis of the FR flight dafguch as establishing presence in a Turn Point Observation Zone or crossing a start or finish line

Finish - The formal end of a task, such as crossing a finish line, entering a finish observation zone, or (for some distan@ndigbtsiror
definitions see the Sportingode (SC3) main volume.

Fix Accuracy- The accuracy of a fix expressed asrated Position Error (EPE) in metres, normally tesigina (95.45%jprobability.

FR Serial ID (S/ID} a multicharacter alphanumeric whidatkentifiesan individual FR. It is used in the first (A) record (para A3.1) and in the IGC
file name (para A2.5).

Geodetic Datum The GNSS datum (earth model) used for Lat/long and GPS altitude figures in IGC files, fapp@ival this must be the WGS84
Ellipsoid

Glider ID - The unique registration alphanumeric of the individual aircraft.

Glider Type- The manufactrer and precise model number of the aircraft.

GNSS Altitude- A five numeric character group indicating the GNSS altitude in metres above the WGS84 ellipsoid.

Ground Speed Speed over the ground in kph.

Heading- The direction in which the aircraft is imbed (the longitudinal axis) in degrees true or magnetic (which should be stated as T or M).

Latitude- A sevencharactemlphanumeric group referenced to the WGS84 ellipsoid and expressed as two figures for the degrees, two figures for the
minutes and ttreefigures representing tenths, hundredths and thousandths of minutes followed by the N or S character. Where this used in a FF
as part of a flight declaration, the N¢Baracter must be capable of being entered in either upper or lower case.

Longitude- An eightcharactemlphanumeric group referenced to the WGS84 ellipsoid and expressed as three figures for the degrees, two figures for
the minutes anthree figures representing tenths, hundredths and thousandths of minutes followed by the E or W. 8hhegetéhis is used in
a FR as part of a flight declaration, K character must be capable of being entered in either upper or lower case.

MOP - Means of Propulsionwhen used in an IGC file, this refers to an engine function in addition to ENh,dreeparate sensor either inside the
FR or separate frothe FR and positioned close to the engine and/or propeller. See para 2.2.5 and 5.4.

On Task- The pilot is attempting a Task.

OO ID - A series ofalphanumeri¢hat may be entered by an OO into ttielbefore flight, with a minimum of four characters.

Pilot Event (PEV code) A fix in an IGC file where the pilot has pressed a button or switch to mark a particular time and place. PEV may record
events such as crossiagstart line or arriving at a pagtilar point. After a PEV event, a sequence of fast fixes follows (see para 3.6).

Pressure Altitude A five number group indicating the pressure altitude in metres above the 1013.25 HPa sea level datum of the ICAO ISA.

PressurdreferenceAn instrument withtraceable accuracy to a standard with better uncertainty than 0.1 hPa, used for comparison with an Approved
Flight Recorder for calibration purposes

RAIM - Receiver Autonomous Integrity Monitoring (when useif)dicates the quality of GNSS navigationalatee the Glossary.

Record Addition This allows extra information to be added to the fix (B) and extra data (K) records.

Security data (Digital SignatureA security system to verify that the flight data has not be altered since the flight wasllgrigit@rded.

Start- A point marking the start of an official soaring performance. For definitions, see the Sporting Code (SC3).

Task- The main points of flight intended or declared by the pilot. Includes start, turn points and finish.

Total Energy Alitude-The combi nati on of an aircraftoés potenti al and kinetic e

Traceabilityi the establishment of an unbroken chain of comparisons to stated references each with a stated uncertainty

Track- The true tracKflight path) over the ground that the aircraft has achieved.

Turn point Validation Proof of presence (such as a valid GNSS fix) in the relevant Observation Zone for the point concerned.

A6. VALID CHARACTERS .

These consist of all printable ASCII chakxrs from Hex 20 to Hex 7D, except those tabulated below as reserved. The IGC file must not use characters
outside this range, except the CRLF line ending. A text string is a sequence of valid characters. The following taliie shaveter first andtién the
hexadecimal code, and the second table has the same information in hex order:

LETTERS SYMBOLS RESERVED
NUMBERS _
Upper Case Lower Case Res = reserved CHARACTERS
0 =Hex 30 A = Hex N =4E a=Hex 61 n=6E Space= Hex .=2E CR=0D
1=31 41 O =4F b =62 0=6F 20 /=2F LF =0A
2=32 B =42 P =50 c=63 p=70 Res =21 :=3A $=24
3=33 C=43 Q=51 d=64 q=71 "=22 ;=3B *=2A
4=34 D=44 R =52 e =65 r=72 #=23 <=3C 1=21
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5=35 E =45 S=53 f=66 s=73 Res =24 ==3D \=5C
6 =36 F=46 T=54 g =67 t=74 % =25 >=3E N=5E
7=37 G=47 U=55 h =68 u=75 & =26 ?=3F ~=7E
8=38 H =148 V =56 i=69 v=76 =27 [=5B
9=39 I =49 W =57 j=6A w= 77 (=28 Res = 5C lp:fgservcggf(i%tftfc
J=4A X =58 k=6B X=78 )=29 ]1=5D be used) becaus
K=4B Y =59 I=6C y=79 @ =40 Res = 5E they could be
L=4C Z=5A m = 6D z=7A =60 _=5F confusiry if used in
M =4D Res = 2A {=7B a text string, for
+=2B |=7C instance due tg
,=2C }=7D other meanings o
-=2D Res = 7E keystrokes
The same information in hex order:
VALID CHARACTERS IN HEX ORDER RESERVED
Res = reserved CHARACTERS
20 = space 33=3 46=F 50=Y 6C =1 0D =CR
21 =Res 34=4 47 =G 5A=Z 6D=m OA=LF
22=" 35=5 48 =H 5B = 6E =n 24=$%
23=+# 36=6 49 = 5C = Res 6F=0 2A=*
24 = Res 37=7 4A =] 5D= 70 =p 21=1
25=% 38=8 4B =K 5E = Res 71=q 5C =\
26=¢& 39=9 4C = 5F=_ 72=r 5E=~
27=" 3A= 4D=M 60 =" 73=s TE =~
28 =( 3B =; 4E =N 6l=a 74 =t
29 =) 3C=< 4F =0 62=Db 75=u These characters are reservi
2A = Res 3D== 50=P 63=c 76 =v (not to be used) because th
2B=+ 3E=> 51=Q 64 =d 77=w could be confusing if used in
2C=, 3F=7 52=R 65=e 78 =x text string, for instance due t
2D =- 0=@ 53=S 66 = 9=y other meanings or alternative
2E = 41=A 54=T 67=g9 TA=1z keystrokes
2F =/ 42=B 55=U 68=h 7B ={
30=0 43=C 56 =V 69 =i 7C=
31=1 44=D 57=W BA =] 7D =}
32=2 45=E 58 =X 6B =k 7E = Res

A7. THREE-LETTER CODES (TLC)

These are shown as CCC in the formats earlier in this appendix. Their meargngded below together with the first
letter of the fields in the IGAI& where they may be used, such as B for a fix, Eef@nt, etc. If a manufacturer proposes
to use a TLC not listed below, they should inform GFAC giving its proposed initiglgeneral purpose, a definition
suitable for publication in this documentymber of bytes, units to be used, etc. If agieeGFAC, the new TLC will be
added to the list below at the next Specification update. Meanwhile, this system afaidation will enable GFAC to
inform manufacturers if another manufacturer has direubmitted a TLC for the sanfenction, or there is already a
proposed TLC that uses the same code letters but for a different function.

IGC File
TLC Records Three Letter Code- meaning- notes on how it is to be used
used with
the TLC
ACX I B Linear accelerations in X, Y and Z axes, for aerobatic aircraft equipped with appropriate sens
2?2( ' feeding to the recorder and IGC file. X = longitudinal, Y = lateral, Z = verticaté&ed "G")
ANX - . . . ) .
. B Angular accelerationi® X, Y and Z axes, for aerobatic aircraft equipped with appropriate sensors feeding to the recor
ANY ! and IGC file. Pitch = X, roll = Y, yaw = Z in degrees per second
ANZ
AOA 1,B,J,K Angle of attack is in tenths of degrees. Four signed digits in range %99 to 9999,
(eg.: AOA=13.4 is encoded as 0134, AGAS is encoded af75).
282 I, B Attitude Pitch Angle, Attitude Bank/Roll Angle in degrees (for nose down or left bank angle, start"y{tl_8)
Altimeter pressure settg in hectoPascals (the same as Millibars) as a 6 digit number PPPPpp including 2 decimal pl
ATS H, E A2.4 under Pressure Settings. For instance, ICAO ISA Sea Level (1013.25 mbar) has an PPPPpp code of 101325,
mb has a code of 098075. Although @timeter pressure setting may be recorded (for instance where the FR feeds a
display), it must not be used to change the pressure altitude recorded with each fix, which must remain with resgt
sea level datum of 1013.25 mb at alleésn
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BEI H Bei Dou 2 GNS System from the Peoplebs Rep

BFI E Blind Flying Instrument. Recorded as ON or OFF in the format BFION or BFIOFF, followed by a space and tf
(Artificial Horizon) for an instrument displaying the horizaor, TI (Turn Indicator) for one giving rate of turn, change
heading, or similar. If the ON/OFF status is uncertain, use the format BFIUN (for Status Unknown). A Text String (g
may follow to give more detail of the instrument and its status.ifiitial state shall be reported in an E record at the tim
the first B record in the IGC file with the Fix Validity byte set to A (3D Fix, see A4.1.2 table under Fix Validity).

CCL H Competition class

CGD E Change of geodetic datum

CID H Competition ID
Club or organisation, and country, from which flown or operated (eg Elmira US, Lasham UK). For Nation, use the I

CLB H two-lettercodes, some of which are given in A3.3.3

H Second Crew Member's Name, family namstfihen given name(s) as required (same format as

CM2 PLT for pilotin-charge). For aircraft with more than two crew, use CM3 and so forth if required.

CoT J, K Controller temperature (for instance for FES) in degreds\(%)

CUR I, B,J,K Electrical current, AmperegAL9 |, B allowed)

Cul J, K Electrical Current, Amperes, of the first propulsion battery where 2 batteries are installed (AL8)

Ccu2 J, K Electrical Current, Amperes, of the second propulsion battery where 2 batteries desli(sLS8)

DAE I, B, J, K | Displacement east, metres. For West use negative sign

DAN I, B, J, K | Displacement north, metres. For South use negative sign

DB1 H Date of Birth of the pilein-charge (aircraft commander) in the previous line efthrecord (DDMMYY)

DB2 H Date of Birth of second crew member in format DDMMYY. For more than two crew, use DB3, DB4

DTE H Date UTC, expressed as DDMMYY

DTM H Geodetic Datum in use for lat/long records (for IGC purposes this must toe\8&S84)

EGT J, K Exhaust gas temperature in degrees C (for jet engines) AL5

ENL I B Environmental Noise Level. The ENL system is inside the FR and is intended to record when arise

' running in three numbers between 000 and 999 in thediords of the IGC file. See para 2.2.5

FIN E Finish

FLE J, K Fuel level, centilitres. AL5

FFL J, K Fuel flow, litres per minute (AL8)
Flap position, three characters such as FLP060 for 60 degrees of positive flap. If negativeegative sigr

FLP E ;
before the numbers, such as F2®for minus 20 degrees flap.

FRS H Flight Recorder Security. To be used where a security fault has been detected such as theirmeroed
security system (microswitch) having operated.

FTY H FR Type (Manufacturer's name, FR Model Number)

EXA B 1. J. K | Fixaccuracy. When used in the B (fix) record, this is the EPE (Estimated Position Error) figur
in metres (MMM) for the individual fix concerned, to éiyma (95.45%) probability

GAL H Galileo (European GNS System), followed by receiver maker, type & version letter/number. See para 3.

GID H Glider Identification (ID)

GLO H GLONASS (Russian GNS System), followed by receiver maker, type & version letter/numbear&8e3l
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GPS (US GNS System), followed by receiver maker, type & version letter/number. See para 3.1

GPS H : ; i i
3.3.4 for other GNS Systems such as European Galileo, Russian GLONASS, and Chinese BeiDol

GSP B, E, I, Groundspee - used in some FRs, figures derived from algorithms based on successive fixes.

J, K, L Note: GSP can also be calculated after flight, derived from a series of fixes

GTY H Glider type, manufacturer, model

HDM I, B, J, K | Heading Magnetic, three numberssied on degrees clockwise from 000 for north

HDT I, B, J, K | Heading True, three numbers based on degrees clockwise from 000 for north

IAS I, B, J, K | Airspeed, three numbers in kilometres per hour

JPT J, K Jet Pipe Temperature, for jetggnes. AL5

HRT M. N Hgart Rate, 3 numl.)erbeats. pr.minute. Usageonly in M & N records to allow deletion of personal dg

’ without affecting thdile securitysignature

HUM J, K Relative Humidity, percent (AL8)

LEB J, K Battery- stateof charge, percent. AL5

LE1 J, K Battery 1- state of charge, percent, first propulsion battery where 2 batteries are installed (AL8)

LE2 J, K Battery 2- state of charge, percent, first propulsion battery where 2 batteries are installgd (AL8
The last places of decimal minutes of latitude, where latitude is recorded to a greater precision than the three deesr|

LAD I, B that are in the main body of therBcord. The fourth and any further decimal places of minutes are recordeddditam to
the Brecord, their position in each-&cord line being specified in thedcord

LCU L Data from the SeeYou system after flight, not needed for Validation but used in some flight analysis systems
The last places of decimeinutes of longitude, where longitude is recorded to a greater precision than the three

LOD I, B minutes that are in the main body of thedgord. The fourth and any further decimal places of minutes are recorded
addition to the Brecord, their paion in each Brecord line being specified in thedcord.

LOV E Low voltage. Must be set for each FR at the lowest voltage at which the FR will operate without the possibility of 1
data being degraded. Not to be used to invalidate a ffighe flight data appears correct when checked in the normal
but a warning to check fix data particularly carefully.

MAC E MacCready setting for rate of climb/spe@efly (m/sec)

MCU E Data from SeeYou after flight, not needed for Valiolatut used in some flight analysis systems

MP2 . X . - .

MP3, etc l,B Means of Propulsion systems fitted in addition to the basic MOP system, see MOP below

MOT J, K Motor temperature, degrees C

MOP H 1 B Means of Propulsion. A signal from an émgrelated function from a sensor separate from the ENL syste
the FR, giving three number$See A.3.2 note.

NET I, B,J,K NETTO- NETT (=overall) Vertical Air Movement Vertical speed of air in metres per second
(AL9 |,B allowed
Position of other aircraft (if this is recorded by the system), data fields after the Codes being sepa
colons. Format after the Three Letter Code is the identification of the aircraft concerned (if this is reco
the system, otherge insert NK for not known) followed by a colon, letter P for polar or C for Carte

OAl E followed by the ceordinates. Polar cordinates are with respect to the recorder. Format is numbe

OA2 horizontal distance in metres from the recorder followed byolan¢ followed by 3 numbers ofiegrees

OA3 clockwisefrom 000 for north, followed by a colon and vertical distance in metres from the recorder, a n

etc sign before the numbers meaning negative vertical distance. After the numbers for vertical distéettey; &

should be used for GNSS data and P for Pressure Altitude, both can be used if the data is ¢
Alternatively, Cartesian cordinates can be used for the 3D position of the Other Aircraft (for instance
ADS-B and similar position reportinsystems). Format is lat/long followed by pressure and GNSS altitud
these are recorded by the system) in the same order and format as for the B record (para A4.1), omitti
validity character. Where a type of altitude is not recorded, almsld be substituted
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OAT JK Outside air temperature (Celsius). If negative, use negative sign before the numbers.

ONT E On Taski attempting a specific task

o]e] H OO IDi Official Observer Identifier

OXY M, N Oxygen Saturation, Bumbers for % saturatiotlsageonly in M & N records to allow deletion o
personal data without affecting the file security signature

PEV E Pilot EVent- Pilot initiated action followed by a series offdixes ( see para 3)6

PFC L PostFlight Claim. For Free Flights where the pilot decides after the flight which waypoints are to be clair

PLT H Pilot-in-charge (aircraft commander), family name first then given name(s) as required

PRS Y Pressure Altitude Sensor, manufacturer, nodt (in the H record line this is followed by t
maximumaltitude processed by the FR)

RAI I, B, J, K | RAIM - GPS Parameter, see Glossary under Receiver Autonomous Integrity Monitoring
Record addition Manufacturer defined datdefined in the | or J record as appropriate, normally in the for|

REX 1,B,J,K |aTLC (which, if a new variable is agreed, may be a new TLC allocated by GFAC at the time). Any use
approved byGFAC, and published so that there will be no doubt on how girsgtused.

RFW H Firmware Revision Version of FR

RHW | H Hardware Revision Version of FR

RPM J, K Revolutions Per Minute (of engine) AL5

SIT H Site, Name, region, nation etc.

SIU I, B Satellites in use. A twoharacter field fromite NMEA GGA or GNS sentences, or equivalent data agreed by GF

STA E Start event such as starting a-piexlared task

TAS I, B, J, K | Airspeed True, give units (kt, kph, etc.)

TDS I, B, J, K | Decimal seconds of UTC time, for use with sys$erecording time to this accuracy. Time in second
recorded in thenain body of the Becord and decimal seconds are recorded as an addition ter¢glcerd, their
position in each Becordline being specified in the-record. Similarly with the K and-records. For a
example see A2.4 under Time

TPC £ Turn point confirmation Equipment generated event (not to be used for IGC flight validation w
requires independent checking of fixes and relevant Observation Zones)

TRT J, K True Trak - used in some FRs based on algorithms that calculate track from a number of fixes

TZN H Time Zone Offset, hours from UTC to local time.

UND E Undercarriage (landing gear), recorded as UP or DOWN, in the format UNDUP or UNDDN
Uncompensated variometer (ntwtal energy) vertical speed in metres per second and tenths of metr

VAR J, K second withleading zero and no dot (".") separator between metres and tenths. Valid charé:tarsl
negative sign-". Negativevalues to have negaé sign instead of leading zero
Compensated variometer (total energy/NETTO) vertical speed in metres per second and tenths of m

VAT J, K second withleading zero and no dot (".") separator between metres and tenths. Valid char&:tarsl
negative sign-". Negativevalues to have negative sign instead of leading zero

VOL I, B, J, K | Voltage of propulsion battery if only one is installéd 9 |,B allowed)

vO1 I, B, J, K | Voltage of first battery where twaropulsionbatteries arénstalled AL9 I,B allowed

VO2 I, B, J, K | Voltage of second battery where twopulsionbatteries are installed\[9 |1,B allowed)

VXA I, B, J, K | Vertical Fix Accuracy, Three characters in metres from the VDOP part of the NMEA GSA ser

or equivalent data agreed by GFAC
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WDI J, K Wind Direction (the direction the wind is coming from). Three numbers based on degrees clc
from 000 for nortli recommended to be replaced (together with WSP) by WVE

WSP | J,K Wind speed, ttee numbers in kilometres per hburecommended to be replaced (together
WDI) by WVE
WVE | J,K Wind Velocity - wind direction (degrees from True North) and strength (kph) to 2 d.p. su
"2702210" meaning due West (270 degrees) at 22.1 kpB®)(Atecommended to replace WSH
and WVE
X** As ) The X prefix is intended to allow a trial with a new code before deciding whether it should be added to
Appropriate

list. The asterisk symbol ( * ) is any character. The manufacturer mustysfisciheaning and use in th
documentation for the recorder and its use must be approved by GFAC befeapp@@al.

A7.1Obsolete Three Letter Codes (TLCdhese may be still in use in old types of Recorders:

CCN E Camera Connect

CDC E Camera Disconnect

DOB H Date of Birth of the pilot, now use DB1

PHO E Photo taken (shuttegress)

SCM H Second Crew Member Name, now use CM2
SEC G Security- Log security data

A7.1.1.0ld Engine codedn some old models of reaters where ENL (now mandatory) and MOP (where required) are not
used, the EON/EOF or EUP/EDN codes were used. EON/EOF was based on functions such as ignition ON/OFF, generatc
output, etc. EUP/EDN was used for a microswitch sensor for engine bay dootdagsshor pylon up/down.

EDN E Engine down
EOF E Engine off
EON E Engine on
EUP E Engine up

A8. GNSS GEODETIC DATUM AND EARTH MODEL .
The Sporting Code for Gliding (SC3) states that the WGG&@&ddetic Datum shall be used for atflieng coordinates and
GNSS altitudes in the IGC file. This appears in the Heestmrd of IGC files as shown in A3.2.4.

A8.1 The WGS84 Earth Model is a thrdienensional ellipse (ellipsoid) with an equatorial radius of 6378.1370 km and
a polar radius 106356.7523 km, for more details see the glossary under WGS84.

A8.2 For IGGapproved FRs, earth models with radii within 1 metre of WGS84 will also be accepted. These include the
European Terrain Reference Frame (ETRF) which is used by the European Gali& System and has the same
equatorial radius as WGS84 and a polar radius within 1 centimetre of WGS84.

A9. EXAMPLE IGC -FORMAT FILE

A9.1 The IGC file format starts with the A Record and is followed by the H (header) and other records. The record
letter is at the start of the line when it is viewed in text format. For full details of record order and the formats of
individual recordssee the relevant paragraphs earlier in this Appendix. In this appendix, spaces are added betweel
subject lines to make itheasier to understand.

A9.2 In the following, spaces are used to show the different elements on a line, but in the IGC file itself there stwuld be
spacegxcept within a text string to separate different words. Notes are in italics and are nbthmafil® format.

A CAM XYZ (Cambridge FR serial XYZ)
HF DTE DATE: 16 08 19 02Flight on 16 August 2019, second flight of the day)
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HF PLT PILOT IN CHARGE:Bloggs Bill D

HF CM2 CREW2:Nil

HF GTY GLIDER TYPE:Arcus M

HF GID GLIDER ID:GGLID

HF DTM GPS DATUMWGS84

HF RFW FIRMWAREVERSION:6.4

HF RHW HARDWAREVERSION:3.0

HF FTY FR TYPE:Cambridge CAI 302

HF GPS RECEIVER:Marconi Superstar,12,10000

HF PRS PRESS ALT SENSOR:Sensyn,XYZ1111,11000
HF CID COMPETITION ID:111

HF CCL COMPETITION CLASS:20m Motor Glider

HF FRSSECURITY OK or SECURITY SUSPECT / SECURITY MS OPERATED (as relevant) : TEXTSTRING CRLF

103 3638 FXA 3940 SIU 4143 EN{The | record shows the extra data that will be added to each B records, in this case FXA, SIU and
ENL, the numbers showing where thaa is along a B record line, for instance for ENL, charactergl 3L

J 01 0810 HDT(The J record shows what will be recorded in K record lines that follow, in this case True Heading HDT)

C 210815 093841 000000 0000 02 500K Triargfge the reason fothe two fields with zeros, see A3.5.4)
C 5111419N 00101915W TAKEOFF Lasham Clubhouse

C 5110185N 00102647W START Lasham LA4

C 5209092N 00255227W TURN Sarnesfield

C 5230147N 00017612W TURN Norman Cross

C 5110185N 00102647W START Lasham LA4

C 5111419N 00101%W LANDING Lasham Clubhouse

F 160240 04 06 09 12 36 24 22 18(Zhe initial F record shows the time and then 9 two number satellite Idents)

B 160240 5407121N 0 0249342W A 00280 00421 055 09i@5bis B record, after the time and Lat/Long, it showsessure altitude
of 280m, GNSS altitude of 421m. FXA (error radius) 55m, SIU 9 satellites and noise (ENL) 950)

B 160245 5107126N 00149300W A 00288 00429 050 09 970

B 160250 5107134N 00149283W A 00290 00432 045 09 980

B 160255 5107140N 00149221W A 00293180 032 09 965

F 160300 06 09 12 36 24 22 18 (Eatellites in use reduces from 9 to 8 because Ident 04 is no longer received)

B 160300 5107150N 00149202W A 00291 00432 026 08(22ast three numbers show that the engine is now stopped)
E 160305 PE\(Pilot Event followed by a period of fast fixing at 1 second intervals (not shown here))

B 160305 5107180N 00149185W A 00291 00435 024 08 015

K 160310 09(The K record contains the values listed in the J record, in this case a true heading of 090)

B 1603105107212N 00149174W A 00293 00435 020 08 024

B 160315 5107220N 00149150W A 00494 00436 015 08 018

B 160320 5107330N 00149127W A 00496 00439 013 08 015

(followed by many more B and other thmelered records)

L PLT Ruritanian Standard Nationals Dayltlogbook data, entered as required, in this case by PLT (the pilot))
L PLT My first 500k trianglgThis is a post flight comment by the pilot)

G JNJK2489IERGNV30891VIJE9G0398535J3894N35895498300934
G SKTO5427FGTNUT5621WKTC6714FT8957FGMKJ134527FGTRE({IBA G record contains security coding that allows the
whole IGC file to be checked for integrity by |1 GC Shell and
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APPENDIX B GFAC TEST AND EVALUATION

The following tests nyabe carried out by GFAC members and their Technical Advisors. GFAC may also delegate detailed
testing and assessment to other experts and/or laboratories who are bound by the same confidentiality as GFAC. Resul
assessments and opinions are confideritiadBFAC members, their advisors and experts, and to any IGC or FAI officials
whomay be involved. The tests in this Appendix are not necessarilyrehensive aromplete GFAC reserve the right to

carry out other testing wheri¢ is considered to be rekant to assessing the recorder and the validity and security of its
flight data.

B1 GENERAL REQUIREMENTS .

These include ease of operation in an air sport environment of competitions, aadobédge flights. This will include
integrity of flight data, fk accuracy, the IGC file structure including fixes, -flight declarations, recording of errors and
anomalies, security against unauthorised inputs and changes to flightTdi@awill also include ease of operation in an
air sport environment of comptons, record and badge flightsid completeness and clarity of documentation.

B2 EVALUATION AND ANALYSIS .

An analysis program independent of the FR manufacturer will be used. IGQvillldse analysed including horizontal
views of fixes with respect ta lat/long grid, also vertical views of GNSS and presaiiitide with time. This will include
checks on data such as fix accuracy (FXA), Pilot Event (PEV) and fix rates, and eagonding (ENL and MOP
systems).

B3 PHYSICAL INSPECTION OF THE EQUIPMEN T

B3.1 ConstructionThis includes quality and robustness of construction and components, and preservation of flight data
after impact such as accidental dropping on the ground.

B3.2 Layout and type of componenfBhis includes susceptibility to produsti of invalid flight data. Factors to be
assessed include sealing, shielding, access, construction of the recorded flight data processor memory and relation
othercomponents, data streams and memories.

B4 SYSTEM ACCURACY AND RECORDING CAPABILITY

B4.1 Ground TestsTests will start with the equipment mounted in a ground vehicle driven over a test course (the
"Proof Drive" mentioned in the Definitions section). Accuracy will be recorded ovesymeeyed ground positions, and
comparedto fix records fromcontrol equipment. Runs of up to several hours may be made to check memory and
battery capacityor long flights.

B4.1.1 Dead Reckoning and Throw Forward of fixes not allowEests will be made for any "throw forward" of

fixes not based on actual sattdl linesof-position. A vehicle containing a working FR will be driven oved(a
degreefeature such as a road junction, to mark the feature on the IGC file, using a short fix interval such as one
second. Thevehicle will then be turned round and the teatapproached at a high but safe speed. When nearly at
the feature, th&sNSS antenna will be disconnected, or, for units with internal antennas, the case covered so that
GNSS signals arblocked (for instance by metal foil). The IGC file must show thathensecond run, no fixes were
projected beyondhe feature (se@alled "Dead Reckoning"The lat/long of the feature at the right angle in the IGC file

will also be comparedith the lat/long of the feature from a system showing WGS84 lat/longs sucloge@taps.

B4.1.2Pressure AltitudeThe pressuraltitude recording system will be calibrated using standard procedurearémraphand

a chart will be produced. The Sea Level setting must correspond to ICAO ISA (1013.25 mb) within 1 millibam aftitodze

of 2000 metres within 3 millibars; and above this, within one percent of altitude. The FAI/IGC pressure altitude ciitegia wil
used(the ICAO International Standard Atmosphere, Document 7488 tables 3 and 4). See also Chapter 4 of this, @aclumen
Chapter3 of Annex B to the Sporting Code (SC3B).

B4.1.3GNSS Altitude The GNSS altitude figures in the IGC file will also be checked for accuracy, lack of anomalies, and the
use of the WGS84 Ellipsoid as the IGC file zero GNSS altitude datumGebHigh Altitude Flight Recorders (HAFRS), see
parasl.3.4.2.1 and 2.2.4.1.

B4.1.4 Temperature of the equipment may be varied during the test runs between +40€2@@d depending on facilities
available.

B4.1.5ENL Operation. The frequency responsad sensitivity of the ENL system will be checked against a range of test tones.

B4.2 Flight Tests Flight data should closely compare with that from any control equipment

B5 ANTI-TAMPER PROTECTION
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B5.1 General.Tests will be made to assess thecspsibility of the FR to corruption of recorded flight data by inadvertent or
deliberate means.

B5.2 Minimum standard.The minimum standard is a positive identification on every occasion that false data is produced or
introduced.

B5.3 Evaluation and testTests of the electronic and physical security of the FR will be made to ensure that a determined attempt to
bypass the security features will normally fail. For instance, any security microswitch must be fitted in such a positistar{fe

with shidds or guards where necessary) to protect against the insertion of a specially shaped tool into the case of the rdtorder whic
might hold down the microswitch while the case is being opened, thereby allowing unauthorised design changes to be made witho
the security mechanism being activated. GFAC will open the cases of types of recorders that are under test, evaluatieethese fea
and require changes where these are these are considered to be necessary to preserve security from malpracticeattedgliserate

to falsify data.

B6 POWER SOURCE.

Measurements of power consumption will be made, and, where relevant, of battery characteviticslifferent
conditions of charge. Misleading results must not be produced as voltage falls and the LOV cduegenstated before
results become inaccurate.

B7 ELECTROMAGNETIC INTERFERENCE .

Susceptibility to ElectroMagnetic Interference (EMI) will be assessedutwent European EASA and US FAA
requirements. FR data memories must be resistant to levels of BMiathild beexperienced in flight, so that the integrity
of flight data is preserved. Also, some GNSS equipment designed primariggrdond use, may cease to operate or
produce spurious results when in the presence ofpugiered EM radiation such gswerful groundbased transmitters.
Tests will be made with hartteld and fixed glider radios using VHF transmissionstad watt RMS. Transmission
distances tested will be down to 1 foot between the radio and FR antennas, and noefféva¢ssshould beh®wn on the
FR and its output data.

B8 ELIGHT TESTS .
Flight tests will be made in types of glider or motor glider, or in light aircraft.

B8.1 Accuracy.Flights will take place in aircraft fitted with known GNSS FR equipment used as a "control". Fltghtvitlabe
compared between the control GNSS and the output of the equipment under test.

B8.2 Security Security protection and procedures before and after flight, will be assessed. The effeckwitehiag will be
investigated, and deliberate attempiti be made to insert false data. The possibility of adding false data after flight will also be
assessed.

B8.3.Manoeuvring flight Tests will be carried out in manoeuvring flight to check for anomalies, such as at high angles of bank. The
possibilityof "throwing forward" fixes by pulling up and turning rapidly aftemigh-speedun, will also be assessed.

B8.4. Pressure altitude recordingressure altitude recording must continue if GNSS signal is lost; and GN&X maust occur
quickly once sigal is restored. These tests will involve disconnecting arabn@ecting the antenna, or, for Recorders with internal
antennas, covering the FR with RF shielding (such as metal foil), and checking that fixes continue to be recorded, s GNSS

B8.5 Engine recording system$Such systems include those under THretter Codes ENL and MOP. The critical cases are
describedin para 5.5 on Page 14. Tests will be made in different types of glider, motor glider, and powered aircraft. These may
include glders with low aerodynamic cockpit noise, also those with higher cockpit noise in gliding flight. If the required results are
not shownmodifications to the ENL system inside the FR must be made, or an additional sensor added under the N&Dterthree
code para 5.4n the main body of this document). For other aspects of ENL and MOP systems, see Chapter 5 on pages 13 and 14.

B8.5.1Engineon Tests Operation of both twatroke and foustroke engines will be tested (if available to the tester) at power
settngs from maximum power to power for level flight at slow speeds. Results will be analysed to ensure that a clear difference
in the IGC file data is shown between all types of gliding flight, and any engine running at positive thrust. A critigi#ll lbest

with a relatively quiet engine, typically a re@ounted 4stroke or electric engine at power for level flight.

B8.5.2 Engineoff Tests For gliding flight, tests will be made with the cockpit ventilation and other panels open, both at high
speedand diring turns. In some gliders an "organ pipe" noise can be heard in the cockpit with panels open, and ENL will be
recordedor this condition. A particular test is turning at thermalling speeds with cockpit panels open, because this is often done
when itis hot, and if the ENL is too high it could be mistaken for a climb under power.
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APPENDIX C WINDOWS -BASED IGC SHELL PROGRAM

The IGC Shell Program was introduced in 2007 as a commomsysté/alidation of IGC file data,
and, where it applies to the type of FR, download and conversion to IGC format from binary

C1.INTRODUCTION

C1.1DLLs - General This appendix describes the IGC standard for FR Manufaesupplied Dynamic Link Librar (DLL) files for the
Validation function that is described in para 3.11 of the main part of this Specification, and for file Download and @vtoviss:
format. The DLLs must work with 32and 64bit MS Windows Operating Systems in types of PCs useddwnloadingflight data
shortly after flight. See C2.1.1 below on Static Linking.

C1.2 Availability on the IGC GNSS web sitdhe DLLs are freeware and available through links from the IGC/GNSS welAsite.
control program will load a DLL and call eachtbe Application Programming Interface (API) functions specified below.

C1.3Functions supportedill such DLLs shall support the functions described in the API below.

C1.4Control programA Control Program must check responses from the DLLs and ef&wrq checks for the existence of a file
before calling on a DLL to open it for reading (e.g. ConvertLog or ValidateLog) and to query overwriting an existing file (e.
DownloadLog and ConvertLog). The Control Program shall also select the COM pongede

C1.5DLL Naming. The name shall be of the form IGCXX.DLL where XXX is the Manufacturer's three Letter Code as defined
in Appendix A para A2.5.7. A manufacturer's DLL shall be able to handle all GNSS FRs in the product range concerned. .

C2.APPLICATI ON PROGRAMMI NG I NTERFACE (API) FOR MANUFACTURI

C2.1 General. A standard API is described below in para C3. It includes the functions mentioned in para C1.1 for Myerdtng
systems. The API shall be implemented by a DLL supplied by dattt fecorder manufacturer, which exports a defiset of
functions for use by control programs. These control programs may includganiydflight evaluation applicationspmpetition
scoring software, and generic programs for the use of pilotsiabffibservers and contest directors.

C.2.1.1Static Linking of DLLs.The DLL supplied by the manufacturer must be statically linked to the Microsoft C
runtime library to avoid possible runtime errors when loaded into the control program. Follow tipsseviste
building the release version of the DLL: (a) Within Visual Studio, right click on the project, go to Properties. ( b)
From the list orthe left, go to "Configuration Properties”, then "C/C++", then "Code Generation". (c) Make sure the
"Runtime Library" option is set to "Multithreaded" (not "Multithreaded DLL"). The resulting DLL should not have a
dependency on anyversion of MSVCR*DLL. This may be verified using the free tool:
www.dependencywalker.com

C2.2..Control programsThe DLLs shall be ekigned to be stored in a common directory on the computer of thesendThecontrol
program shall use the Win3dadLibrary or LoadLibraryExfunctions to load a DLL using rutime linking. The controprogram
shall then query it for the entry point@fch API function by name, using the Win3tProcAddresfunction.

C2.3Functions and description¥he API subroutines must use the CDECL calling convention (note: not the Win32 API
stdcall convention which could produce DLLs that could cause the I@E Blbgram to crash). In their descriptions
below,DWORD, BOOL, TCHAR, LPTSTR, and LPCTSTR are standard Win32 API types defined as long, bool, char,
char *, andconst char *, respectively, for the required ANSI (as opposed to UNICODE) DLL build. HWNBZda
window handleFALSE is integer O, TRUE is any nonzero integer value.

C3API SUB-ROUTINE DESCRIPTIONS.

The standard API follows. Titles of main sututines are in bold, underlined, and end in the letters DLL, FR or LOG. They
are followed by releant data such as parameters, return values, and remarks.
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C3.1IdentifyDLL
DWORD IdentifyDLL(LPTSTR value, DWORD size)

The IdentifyDLL function obtains an identifying string, which the control program shall enter in a listbox used to select the
appropiate DLL.

Parameters

value

[out] pointer to buffer to receive string.

size

[in] size of the buffer pointed to byalue

Return Values

Function returns number of bytes in returned string, if actual length of string exceeds size, the string shall dx: tousizat
bytes.

RemarksThe string consists of six fields, separated by the "pipe" character ("|", 0x7C) , the manufacturer three letter opdi®eald
alphanumeric, the manufacturer name, supported FR name(s), DLL software revision numbgo, emtiina separatdibts of zero
or more file additions. The first list of additions identifies manufacturer proprietary log files, if any, which canuszted to IGC
format using the ConvertLog function. The second list identifies log files (posgihlging IGC format) that cabe authenticated
by the ValidateLog function. A terminating NUL character is always appended to the string (but not inclingeceiarned count).
Maximum permitted length of the string (excluding the terminating NUL cteajast127 characters. Example:

XXX]Acme Instruments|XL 100, 200|2.0|XL1,XL2|XL1,XL2,IGC

C3.2LoadlconDLL
HICON LoadlconDLL()

The control program calls LoadlconDLL to load a unique 32x32x4 (16 color) icon that may be used to identify the DLL.
Return Valies
Returns the handle for the loaded icon. If there is an error, returns a null handle.

InitializeDLL
void InitializeDLL(HWND windowHandle, BOOL quietMode)

C3.3 InitializeDLL This is an initialization function that must be called before any of ther dtmetions, with the exception of
IdentifyDLL and LoadlconDLL.

Parameters

windowHandle

[in] Handle for the control programs main window, or NULL if there is none.
quietMode

[in] if TRUE, application is operating in quiet (n@mteractive) mode.

RemarksThe window handle shall be stored in the DLL, and is normally used as the parent handle for any dialatishtased by
DLL functions, unless overridden by a call to SetWindowDLL. These dialogs shall be centered within theipdomt If quiet
mode § requested, the DLL functions shall only display dialogs resulting fronreumverable errorconditions, progress and
informational dialogs shall not be displayed.

C3.4SetWindowDLL
VOID SetWindowDLL(HWND windowHandle)

The control program shall cahis function to set a new tdpvel window handle. This handle shall be used as the panedow for any
dialog boxes displayed by DLL functions, unless overridden by another call to SetWindowDLL.

Parameters
windowHandle
[in] Handle for the control progms new top level window.

C3.5KeepAwakelntervalDLL

DWORD KeepAwakelntervalDLL()
The KeepAwakelntervalDLL function is used to obtain the nominal time interval between calls to KeepAwakeFR.

Return Values
Returns the interval in milliseconds. If 0 isueted, KeepAwakeFR calls are not required (and shall be ignored).
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C3.6UseSerialOptionsDLL

BOOL UseSerialOptionsDLL()

The UseSerialOptionsDLL function is called by the control program to determine if there are any user settable coptiestiavhit
may be set using the dialog provided by SerialOptionsDLL. If there are none, the control program shalSecat@fptionsDLL.

Return Values
Returns TRUE if there are user settable serial options (and SerialOptionsDLL shall be called), FALSE if not

C3.7SerialOptionsDLL

DWORD SerialOptionsDLL(LPTSTR options, DWORD size)

The SerialOptionsDLL function displays a modal dialog box requesting any user settable connection options (line speatroflow
etc.) needed to configure a serial port for wgh the manufacturers FRs.

Parameters

options

[out] pointer to buffer which shall receive the connection options.
size

[in] size of the buffer pointed to byptionsin bytes.

Return Values

If successful, function returns number of bytes in the retuopédn string. if actual length of string exceeds size, the sstiag be
truncated to sizel bytes. If cancelled, returns 0 and options string is left unmodified. If error, a modal didisglayed, andl is
returned.

RemarksThis dialog shall at include selection of the serial communication device. Maximum permitted length of the returned
string (excluding the terminating NUL character) is 63 characters. The string is intended for use in a subsequent call to
SerialConnectFR, the actual formdttbe string is determined by the manufacturer. The control program may choose to store
this string in the registry or dile for use in future sessions.

C3.8SerialConnectFR
BOOL SerialConnectFR(LPCTSTR device, LPCTSTR options)

The SerialConnectFR fation is used to establish communication with a FR connected through a serial port. Must hgiocalied
using KeepAwakeFR, IdentifyFR, IdentifyLogFR, DownloadLogFR, and/or DisconnectFR.

Parameters

device

[in] name of the serial communication deviceide ("COM1", etc.).

options

[in] string returned by a previous call to SerialOptionsDLL, or NULL to use the default device options. The format @hthis st
is determined by the manufacturer.

Return ValuesReturns TRUE if connection established, FAL&Rerwise.

Remarkslf a connection cannot be established, the function shall display a modal dialog box detailing the problem.

C3.9KeepAwakeFR
BOOL KeepAwakeFR()

The KeepAwakeFR function is used to prevent the FR from disconnecting during idlespbédtwdeen calls to ConnectFR and
DisconnectFR. If KeepAwakelntervalDLL returns a reero value, the control program must call KeepAwakeFR each time that interval
elapses.

Return Values: Returns TRUE if the FR still connected or FALSE if connection basheken.

Note: The KeepAwakeFR function may be called asynchronously by the program that has loaded the DLL. There is no guarantee th:
KeepAwakeFR will not be called while another request is in progress, such as DownloadLogFR. It is up to the Dignbemple
to ignore any KeepAwakeFR requests that will interfere with other operations in the DLL.
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C3.10IdentifyFR
DWORD IdentifyFR(LPTSTR value, DWORD size)

The IdentifyFR function is used to obtain the manufacturer id/Serial ID, the FR model namernantbthe FR sealed stafos the
connected FR.

Parameters

value

[out] pointer to a buffer which shall receive the string result.

size

[in] size of the buffer pointed to by value in bytes.

Returned Valuedunction returns number of bytes in returiséihg, if actual length of string exceeds size, it shall be truncated te size
1 bytes.

Remarks. The string consists of three fields, separated by the "pipe" character ("', 0x7C), the manufacturer id/Serialatizdf
MMMNNN, where MMM is the manufacer id, and NNN is the Serial ID), the FR model name/number, and the FR sealed status
("SEALED" if sealed, "UNSEALED" if not). Maximum permitted length of the string (excluding the terminating NUL chard&3er) is
characters. Example:

AXLO1F|XL 100|SEALED
For types of recorders with original |G&pprovals dated before 2003, if the FR Serial ID cannot be returned (for instance due to
firmware limitations), a Serial ID of 000 shall be used.

C3.11IdentifyLogFR
DWORD lIdentifyLogFR(DWORD index, LPSTR valuBWORD size)

The IdentifyLogFR function is used to obtain information on a log stored in the currently connected FR.

Parameters

index

[in] index of the desired log, starting with 0.

value

[out] pointer to the buffer which shall received the returnadgstr
size

[in] size of the buffer pointed to byalue

Return Values IdentifyLogFR returns number of bytes in the returned string, if actual length of string exceeds size, the string shall be
truncated tesize-1 bytes. If the value specified for indexceeds the number of logs present in the FR (minus 1, as indexing starts
with 0), IdentifyLogFR shall return 0.

RemarksThe returned string consists of seven fields, separated by the "pipe" character ("|", 0x7C), the default log file
name (including addtion), log start UTC date (formatted YYNAM-DD, example "200@5-12", zero padding
required), log startUTC time (formatted HH:MM:SS, example "17:09:22", zero padding required), log end UTC
time (formatted HH:MM:SS)ilot name, competition id, and contien class. Maximum permitted length of the
returned string (excluding the terminatifNJJL character) is 127 characters.

Example:  B8X01F1.XL1|200611-08|20:05:21]|01:21:09|J. Doe|XYZ|15M

Logs are indexed in descending start date/time order, the Idgdax O is the most recent log. When retrieving
informationon all of the logs stored within the FR, a control program shall start by calling IdentifyLogFR with
index 0, incrementing inddoy 1 until IdentifyLogFR returns O.

C3.12DownloadLogFR

BOOL DownbadLogFR(DWORD index, LPCTSTR fileName)

The DownloadLogFR function is used to download a log file from the currently connected FR.

Parameters

index

[in] the index of the desired log, starting with O.

fileName

[in] a null terminated string containing thema of the file (which may include a path) to which the log shall be
downloaded.

If NULL, the default file name shall be used in the current working directory.

Return Values

DownloadLogFR returns TRUE if successful, FALSE if there was an error.

Remarks. I file with the specified name and path already exist, it shall be overwritten. If there is an error, DownloadLogFR shall
displa

a n?od);l dialog box giving the details. If the quietMode flag was set to TRUE in the call to InitializeDLL, the downloactahall
silently,

withoalt any dialog boxes displayed, unless there is an error. If quietMode is set to FALSE, DownloadLogFR shall disglbgialogod
box with a progress indicator and a cancel download button.
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C3.13DisconnectFR

VOID DisconnectFR()

DisconnectFR is called after the control program has completed interaction with the FR, to close the communication device.
C3.14UseConvertLog

BOOL UseConvertLog()

The UseConvertLog function is called by the control program to determine if the DLL Comgvientiction is needed to convert from
a proprietary log file format to IGC. If it does not, the control program shall not offer the user the option of converfitgglog

Return Values: Returns TRUE if conversion from proprietary format to IGC is relg&ifdSE if not

C3.15ConvertLog
BOOL ConvertLog(LPCTSTR fileName, LPCTSTR igcFileName)

ConvertLog converts the log file specified by fleName to an IGC format file specified by igcFileName.

Parameters

fileName

[in] a null terminated string containirtge name of an existing log file (which may include a path) in the manufacturer proprietary
format.

igcFileName

[in] a null terminated string containing the name of the IGC file (which may include a path) to be created.

Return Values: Returns TRUE if sassful, FALSE if there is an error.

Remarks. If a file with the specified igcFileName already exists, it shall be overwritten. If there is an error, the $haditdisplay
a modal dialog with the details

C3.16ValidateLog
BOOL ValidateLog(LPCTSTRileName)

ValidateLog is called to authenticate the digital signature on a specified log file.

Parameters

fileName

[in] a null terminated string containing the name of an existing log file (which may include a path) to be validated.

Return Values: ReturnBRUE if file can be validated, FALSE otherwise.

C4.PROGRAMMING FRAMEWORK FOR CONTROL PROGRAMS

In order to utilise the freeware DLLs described earlier in this appendix, a Control program is required. Authors of /Sudtysise,
Scoring Software etc. agy wish to incorporate the facilities of such a program into their products. To assist Flight Recorder
manufacturerand other Software writers, the following files are provided on the IGC website.

Working Sample Shell Program.

Source of Shell Program.

Dummy DLL file (to assist in Shell Program testing).

Source of Dummy DLL. (can be used as a Template for Manufacturer's DLL code)

Remarks. These files are provided free of charge and with no warranties of any kind. If portions of the source filesrasnysed
product,then the copyright conditions in the source files must be observed
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APPENDIX D DATA, CONV and VALI short program files
These DO%$hased program files were replaced in 2097the IGC Shell system described in Appendix C.

This Appendix gives a summary of the rabgolete program files because some old types of recorder
do not have the manufacturerds DLL file neede

D1. Short Program Files for Download and Conversion to the IGC File Format

The full names of the short progrdites are DATAXXX.exe, CONWV-XXX.exe and VALEXXX.exe, where XXX is the
code for the recorder manufacturer giverthe table in para A2.5.6. The DATA file is for downloaditigtit data from
a Recorder, CONV is for converting binasy other flight data to the ASCII IGC format (where the recorder downloads
in another format rather than direct into the |@®mat), and VALI is for checking the downloaded IGC file for
integrity under the IGC Validation system described in pB¥ These short program files were used before the
availability of MS Windows, and are DG&sed. They should wonkithout other requiring other files or programs
except the operating system of the PC. F& Windowsbased systems, th2OS files should execute correctly either
through a setbooting memory stick or other device, or from the main Hard Bisk Windows running, ilhecessary,
through the DOS window (where one exists in the OS concerned).

D2. Data download from FR to PC- DATA program.

The program file DATAXXX.EXE and its Windows equivalerghall download the flight data from the FR memory to a
PC and shall also convert downloaded data to the IGC file forntae aame time. The DATA DOS fikhall be as small
as possible, must work alone (not depending on any other fil@®grams), and is not expected to exceed 200 kb. Similar
programs which will work on Mac computers may also be produngdyhere evidence is submitted to NACs and FAI on
portable disks, the disk must be formatted for use on PCs, althoughienwil normally used and the IGC file can be sent
as an attachment. Appendix A para Al.1.1 gives the conditions for wrecBATA program and the FR must produce a
separate IGC fligt data file. The DATA program file shall be the shorsasdtware program that can download data from
the FR to a PC and can help to ensure that data is in the hands of an O@aaigbtpossible time after flight. For those
FRs that have a more comgiensive manufacturer's software program in additiotihe short program files, the DATA
program provides a free and rapid option for data download in the absence girograms.

D3.The VALI program file - Digital Signature (DS) check

The program fe VALI-XXX.EXE is for validating the Df the IGCGformat file. If there is an intermediate format (such
as binary) which is downloaded from the FR before convetsidhe IGC format, it must be ensured that DS data is
downloaded to the IGC file duringonversion, so that when using téLI program with the IGC file, the check is a
genuine one based on the data downloaded from the FR. The VALI progagbe copyright but shall be freeware,
and may be copied by NACs. The DOS VALI program is not expeotedceed 00kb in size.

D3.1 Operation of VALI program fileThe VALI program must work without requiring other files or programs other
thanthe flight data file it is checking and the PC operating system. For authentication of a flight data file, a shor
menu maybe provided, otherwise for the DOS version type "VAXX" followed by a space and the name of the
file to beauthenticated, then "enter”. The result shall be presented clearly on screen, either pass or fail. If "pass", th
words"Validation chek passed, data indicated as correct" shall appear. If "fail", after "Validation check failed", a
likely reasonshould be given if possible, for instance "File data may have been altered"”, or "security microswitch
may have operatedgcorder case may haleen opened". The result must remain on screen until a positive action is
taken to change it. NACsmay copy the VALI file for use by their agents such as OOs, Data Analysts, and
competition organisers. However, should be assumed that anyone attemptngroduce false flight data has
access to the VALI file, and the complexity thfe Digital Signature adjusted appropriately. Validation software
must also work correctly if the CRLF at the end of a Isveeplaced by CR or LF. This will make it possithata
file downloaded in ASCII mode from a MS operating systera UNIX system and in binary mode from a UNIX
system to a MS operating system, will continue to pass the \¢Aetk.
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D4. Parameters (switches)

These apply to the appropriate DOS progrdesfand are listed below. To denote the switither a forward slash (/) or a
minus sign {) may be used, with a space between the filename and thesymbol. Howeverthere is no space between
the switch and its parameter, eg spp2eor /p2 = COM2port, spaceb19200 or /b19200 = balfi2k, spacel[path] or
/d[path] = path for files created (no brackets needed, just the path);redZ€1AUG or /nXYZ01AUG for flight by
glider XYZ on 1 August. Approved switches are as follows:

-p1,-p2 = COM portgdefault COM1)
-b19200 Baud rate (default 19200)

-d [path] defines path where the file(s) will be created. A Null parameter defines current path (which is also the default).

-q Quiet mode i.e. nemteractive, for use in batch processing. Downloadflights not on disk unless is also used,
in which case all available flights are downloaded. Default is the use of the interactive menu.

-0 Overwrite existing files. Default is do not overwrite.

-x = manufacturer's proprietary. This is to allow mantfeers to have their own specific parameters without
compromising switches IGC may define at a later date. e.g. /xh to define Hardware Flow Control.

-v = Version number of file, display

-b = Baud, if absent, defaults to FR's natural baud rate.

-i = DATA file does not also convert to IGC file format (ie needs separate action with CONYV file)
-? = Help/instruction menu. How to operate the program, description of switches, etc.

-n [file] Define a filename to be used other than the IGC default, for insfanease of identification of a glider flight
file in a large competition. In a comp the glider registration or pilot's name will be more useful than the normal file
name.All details in the normal file name are in secure parts of the file, and theafite itself is not secure (that is,
protected bythe digital signature system) and can be changed by any PC operator. In the case where more than orn
file is downloadedsecond and subsequent files will hae-3, etc. appended to the filename. Afteris used, in
the IGC format the IGGuffix must be retained so that it will be recognised by analysis programs designed for this
format, and in any binary forma#he file name should be converted to the new one but the manufacturer's binary
suffix retained

Exit code = 00 means download program is satisfactory.
Exit code = 04 means download program found minor errors.
Exit code = 16 means download program found fatal errors.

An example, for instance for use in a competition: DAXXX -gq-nEE25JUL
In this cag, the download program of the manufacturer XXX will download the last flights, without questioning to
the user(quiet), and it will create the file EE25JUL.IGC in the current directory for the glider Echo Echo in a
competition on 25July. This format willbe more useful to the competition organisers than the conventional IGC
filename which is designddr records and badges under OO supervision.

D5. Multiple Program Files - File Naming.

If a manufacturer has several different types of FRs, more thanebioé shortprogram files may be needed. For naming
further program files, first the hyphen shall be deleted and a number added (DAT&BX&Mowed by DATAXXX2).
After XXX9 only the first two letters of the manufacturer's code shall be used, plusidereg DATAXX10, XX11,
etc.

IGC GNSS FR Technical Specificatiot D-2 2nd Edition with AL9



APPENDIX E - CHANGES OF IGC-APPROVAL LEVEL
Based on Appendix A to the IGC Sporting Code Annex B (SC3B)

E1 Lowering of approval level.

If GFAC proposes to lower the approvaVel of a type of IGE&pproved recorder, or to remove the approval, this will be
discussed with the FR manufacturer and the IGC ANDS Committee will be informed. The manufacturer will be given
the opportunity of offering an upgrade that will retain thestxg approval level for modified recorders. The IGC
Bureau may also be informed if considered appropriate at this stage.

E1.1 After these discussions, if GFAC still recommends a lowering of the approval level, it will discuss with the ANDS
Committee andhen inform the IGC Bureau.

E1.2 If the decision is to lower or remove the approval level together with the date on which it is to take effect, after the
IGC Bureau has had time to comment on the proposal, the decision will be announced to the FAtUSgodis
groupigcdiscuss@fai.orgnd on the international soaring newsgroup rec.aviation.soaring avoiding confidential or
proprietary information. The next IGC Plenary meeting will be informed as part of the normal procedure for
confirmation of Bureau, ANB and GFAC activities between Plenaries.

E2 Factors in Lowering Approval Levels.
These include the following

E2.1False or Incorrect Flight Data in IGC Fildsvidence that flight data in IGC files from a particular type of 1GC
approved recorder has be@m can relatively easily be manipulated, altered, or is incorrect. For instance, if it can be
shown that flight data can be changed and the file continues to pass the IGC electronic Validation check.

E2.2 FR Security.Evidence that the security of thdRFtself has been compromised, or could relatively easily be
compromised. This includes where it has been found that security devices in the FR coujibselolyor where the
length of security keys in old recorder designs is considered by ANDS and GFAfake them vulnerable to
interference or hacking, after which IGC files might continue to pass the Validation check.

This includes cases where security key lengths or other features are significantly below the current requirements fc
new types of recalers as given in para G2.1.2 on Digital Signature Systems such as RSA and equivalents, in the
judgement of ANDS and GFAC.

For existing recorders with security keys or other features that are not considered a current or foreseeable futur
major threat tonterference ohacking, the "Grandfather Rights" principle continues to apply in which approval
levels are not changed even though the key length or other features for completely new recorder designs has be
increased.

E2.3Dates of Changé& he loweringor removal of IGCapproval level will take effect at a date proposed by GFAC and
ANDS to the IGC Bureau. Where there is a risk that compromised data could be submitted for flight claims from
other recorders of the same type, this could be a date soothaftfetR manufacturer is notified.

E2.4 Other factorslf the approval level is to be lowered or removed for reasons other than those above, the date of
implementation will be decided by GFAC and ANDS and the Bureau will be notified.

E3 Appeal against aolwering or removal of IG&@pproval level.

The manufacturer of the recorder or any entity with a direct interest (which must be shown in the appeal papers) in that ty
of recorder (the "appellant”) may appeal to have the decision reviewed. Pending thefrésuappeal, the decision
and its implementation timescale will stand.

E3.1Making an AppealWithin one calendar month of being notified of the change of Approval level, the appellant
must notify the IGC President, copy to the Chairmen of ANDS ar8@ and pay an appeal fee of 1000 Euros to
the IGC account at FAI. The fee is refundable if the appeal is upheld. The full case for the appeal must be receive
by the IGC President or his nominee within a further calendar month with copies to the ChditheetGC ANDS
and GFA Committees. Communication by email should include attachments, pictures and diagrams as appropriate.

E32Appel | ant 6 $n submittirg ¢hm appdal, the appellant agrees to accept the result, which is at the sole
discretionof FAI as the legal entity, its agent IGC, its agents the IGC Bureau, ANDS and GFAC committee
members and advisors. The appellant also agrees not to institute proceedings against the FAI or its agents includir
any person who was involved on behalf of FAIGC.

E3.3 Appeal EvidenceThe appeal must include evidence in support so that ANDS, GFAC, and the IGC Bureau, can
assess it and consider whether the decision should be changed. Where technical evidence is submitted, this will t
assessed by the ANDB&GFA Committees, their advisors and other experts who may be nominated.
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E3.4 Decision on the AppealThe IGC Bureau will confirm or modify the decision that was recommended by the
ANDS and GFAC Committees. This will normally be made within one calemadath of receiving evidence from
the appellant, but if technical detail has to be assessed the timescale may be longer. The decision will b
communicated to the appellant before any public announcement is made.
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APPENDIX F STANDARD IGC CONNECTORS

F1 Connectors and Fittings for downloading Flight Data.

IGC-approved types of connectors or fittings on the recorder case for downloading flight data are listed below. Many FRs
have connectors for storage devices such as an 8inaluding variants such as mie8D), USB memory sticks, etc,
and do not need a PC connection for downloading after flight.

F1.1Connectors to PC&Vhere a PC is used for downloading flight data or for uploading declarations before flight, RJ45 or the
USB connectors are recommended because standard wiring to these types includes both power and download. The IGC stand:
connections for the RJ45 are given below and the USB connections should be to the international standard:-nfauredel
recordersijt is recommended that an indusstandard memory fitting is on the front face (such as a socket for an SD card,
micro-SD card, or a USB connector); if the connector for downloading is elsewhere, an extension cable must be supplied so tha
there is no ned to gain access to the back of the instrument for routine downloading.

F2 Standalone Memory Devices.

Downloading of IGC files may be to industsyandard devices such as SD cards, USB memory sticks or others. SD cards
include fullsize, mini and micre variants. It is recommended that where such a memory device is in place during and
after flight, selection of the last flight for downloading should be automatic rather than requiring pilots to make
selections. Such memory devices may also be used lmrdipg data into the recorder such as settings and Waypoints,
but the design must prevent false data or unauthorised programs affecting the security of the recorder. Outside the F
the IGC Shell program (Appendix C) is required for electronic Validaifatownloaded IGC files.

F38-pin R345 connectar

This is a female 12 x 6 mm RIb socket with 8 connections. It is also used for ISDN and Ethernet connections (but with
different pin allocations). In the IGC layout, with the male plug end held towlhedstiserver and the pins uppermost,
the locking tongue underneath and the cable running away from the observer, pins are nur@deved|éft to right.
IGC functions are listed below and also in the diagram that follows.

Pin  Function IGC standard pin layout for RJ-45 connector
1&2 Volts +

3&4  Spare, for future application with GFAC approva "‘.:;'; :

5 Data out i rC 2

6 Data in

7&8  Earth (Volts-ve)

F4 USB connectors

The connector on the recorder case may be a female Universal Serial Bus (\t\gi&) Bceptacle, foconnecting the
recorder to a PC throughstandard USH to USB-A cable. Wiring to the connector on the recorder case bt the
USB standard (see www.usb.org). The recorder port shall be compatible with USB 1.1 and USB 2.0 devfoes. On
recorder, the receptacle shall be either adizit USB series B receptacle (for which the male is about 8 x 6mm) or the
5-pin USB series minB receptacle for which the male is about 6 x 3mm with angled ends. See the photo below:

N TR
(o

USB-A USB-minil-B USB-B

F59-pin RS232 connector

This is a 9way D-type Subminiature female onector with RS232 standard pin assignmeggsyised in existing systems
such as Cambridge, Print Technik and Zander. Pin 2 is for RXD (data from FR to PCjopiiX® (data from PC to
FR), and pin 5 for GND (signal ground). Other pins may be usedxmple to implementlardware Flow Control),
provided that they conform to the RS232 standard pin assignments as implemented on Bi@sy @odnection of the
FR to a PC using a Standard 1:1 cable. If other pins are used then they must be tettmshir{; and not free for any
purpose (such as Voltage Supply) unless this is agreed by GFAC.
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F6 Connectors for other functions

Connectors that include functions other than the download of data can be of anyltypeasthe cable connector can be

securey attached to the FR case (that is, can be secured by screws or clips and cdetextszl by a straight pull force).

Power and backup download facilities may be included. Such functions inahmbectiondo other units such as those

with functions suh as variometer, speed-fly or final glide.

F7 "Grandfather Rights" for R11 telephone connector with 6 pins.

The RJ11 was an IG&pproved connector butas withdrawnfor new types ofrecordersby Amendment 6. This was
because it had been found thaeafepeated use the lockitgngue can break off, leading to the use of sticky tape or
other methods to secure the connector to the recorder. The dadgronger R#5 is a significant improvement over
the RJ11 because it is stronger, has more pims its cable ignormally) shielded. The details of the R1 pin layout
continue to be included below so that users of equipment withlRsbnnectorshat has "Grandfather Rights" know
what pin layout to use when making up connectors for download of @& IGC RJ11 system used a female 9 x 6
mm RJ311 socket on the recorder with pin assignments as follows:

RJ-11 Pins Function
1 Volts +
2 Spare (For future application (FFA) with GFAC approval.
(Some recorders use this for an external LCD)
Spare (remarks as for pin 2)
Data out
Data in
Ground

o0k W

F8 Other Plugs and Sockets.

The IGC standard of wiring is published above. The wiring of any other plugs usedrendhder must be such that, if the
other plug is put in the IGC socket bystake, damage will not occur to the recorder. pimaing for any voltage wiring is
particularly important if damage is to be avoided if a plug is put in the wrong place.
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APPENDIX G PRINCIPLES AND PROCEDURES FOR IGC SECURITY

G1.General

For IGCapproval, security procedures and hardware, firmware and software must ensure thatfighaftdteration of
flight data may occur without such alteration being detectable. For the IGC file, #tukiéved by a Digitabignature
(DS) that is generated by the FR and enables downloaded files to be checked at any time. Individual RRgemust
different security keys to others, so that if the key for one FR is broken, the rest of the product rasttdlebaibecure.
This IGC security system checks for any alteration of data in an IGC file from that initially downloaded from the FR,
and the checkan be made at any time afterwards.

G1.1Levels of IGC-approval. Security aspects are important factarsthe types of flights for which a recorder is given IGC
approval,and affect the IG&@pproval level given to a type of FR. There are three-&@@roval levels which are in para 1.1.4 in
the main bodyf this document and also in Annex B to the SportingeC(8C3B).

G2 Digital Signature and IGC Electronic Validation System

The Digital Signature (DS) system in the FR is usedeioerate the G(security) record at the end of each IGC file. The
IGC electronic Validation system in the IGC Shell programcls the DS/Grecord of an IGC file and can be used at
any time after initial download of an IGC file. See para 1.1.b0.page 3.

G2.1Message Digest and Public/Private KeySThe Message Digest (MD) is essentially a hashing value (a mathematical function)
of the content of the IGC format file (flight and other data), and represents an image of the whole file. The MD is ersingpted
the private key of the FR, and once encrypted becomes the Digital Signature (DS) that is added to the file to be dawnloaded
the PC andippears in the G record of the IGC file. The data in the file itself (the Message) is not encrypted. A MD is generated
with an algorithmfrom the SHA256 or SHA512 groups or another system agreed by GFAC. It must not be possible to access
the security algorithmsy disassembly of the FR, for instance through an EPROM reader. GFAC may require the FR
manufacturer to present and defend diesign of the signatwgenerating algorithm, but knowledge of details will be kept to a
small number of perts in data security whaill work under an agreement of confidentiality.

G2.1.1Public and Private KeysThe FR manufacturer must ensure that the minimum number of persons have knowledge of
private keys. The details of the encryption algorithm mustghen to GFAC by the FR manufacturer, and only publicly
known algorithmsare permissible. A reference must be provittethepublic document which was used as the basis and the
FR manufacturer mudteep a register of people with this knowledge. Such kedge must be confined to the minimum
number of persons at tmeanufacturer's facility and not, for instance, passed on to agents or others in such a way that they
could build a list of such key§&lights made by any persons using an individual FR for fwvtfiey have this knowledge will
not be validated for IGC purposes.

G2.1.1.1Public Keys The purpose of the public key is to check that the data content of the IGC file was digitally signed with
the unique private key that is held in each recorder.bEteh of public keys that a manufacturer intends to use for the
foreseeable future and all public keys used in the past, must be embedded in the DLL file supplied by the manufacturer tc
GFAC. This DLL file is posted on the IGC GNSS web pages for use néthGC Shell program (for older recorders not
usingthe IGC Shell program, the VAEXXX program file is used instead, see Appendix D). More than one key may be
stored inthe FR and this is encouraged to increase security, and keys may be of differdrs éamjtised to generate
several signatures.

G2.1.1.2Private Keys.The Private Key(s) stored in an individual FR are used in the validation offd@@t files
originatingfrom that FR. Before initial sale, Key(s) of the appropriate length must be ptateel flight recorder by the
manufacturer irsuch a way that they will be erased if the recorder is opened or otherwise tampered with. For Level 1 and
2 FRs, unique Privatiéey(s) shall be provided for each individual FR, and the private keys used FRosleall not be
stored in other FRs. For Lev@IFRs, Private Key(s) for each type of FR may be provided from a bank of at least 1000
keys that can be resed when all havieeen used for the first time in FRs of that type. Only private keys to be usee by t
individual FR shall be stored in that FRt the FR manufacturer, the detail of private keys must be kept strictly
confidential to the fewest number of people. After séle security reset becomes necessary, it may be replaced only by
the manufacter or by an agent authorised by timanufacturer to rset the security of the recorder having obtained
secure replacement key data from the manufacturer.

G2.1.2Public/Private Key Cryptography (PKC) systems and data download. tissesof a digital sigature system is required,
using a asssymetridPublic Key Cryptography (PKC) algorithm agreed by GFA@Gn ECC algorithmis currently the
recommended method of signature encryption, althugh DSA and RSA areualsotly accepted. Fdall flights" IGC-
approvd of new designs of FRakey length of at least 256 bits (ECC)3172 bits RSA/DSA) is required and the equivalent
for other systems (for equivalents, see the Glossary under DSA, ECC, PKC and RSA).

G2.1.2.1Message Digest Algorithm3he digital ggnature system must use a message digest algorithm of a bit count agreed
by GFAC. SHA2 algorithms are currently accepted (see the Glossary under SHA) and alternative signature algorithms
maybe considered. In all cases, GFAC must be informed of the pikestlength and the type of algorithm used.
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G2.1.2.2Alternatives to RSA, ECC & DSAOther systems may only be used after review and acceptance by GFAC. The FR
manufacturer may be asked to provide at least two-ngeéewed papers that confirm the qtyland strength of the
method.For advice, consult the GFAC Chairman who will refer questions to appropriate experts in security of FRs and
IGC flight datafiles.

G2.1.2.3Future Electronic SecurityAs a result of continuing advances in computing teagyl public key algorithms
become less secure over time. It should therefore be expected that the minimum modulus and SHA length required fo
continued "all flights" approval will increase in the future, and that existing FR designs that are not cajpebéasdéd
lengthsmay be reduced in 1G@pproval level. Therefore it is desirable that FR design should be capable of making
securityenhancements.

G2.1.2.4Download TimesAn IGC file covering 10 hours of flight data with fixes at 5 second intervalslghimwnload
from the FR with full security to a typical laptop PC in 1 minute or less. The time to execute the IGC validation program
(para G2J)s considered to be less critical but should not take substantially longer.

G3.Checking the Integrity of the IGC File.

The NAC or other authority responsible for validating the flight performariit@se the VALI program in IGC Shell (para
G2) to check the integrity of the IGC file. A successful VALI check indictliasthe flight data in the IGC file is an
exact copy of that which was initially downloaded from the FR, and that the FRli@glhot been altered since it was
sealed by the manufacturer (or his agent authorised to seal such recorders). The syistalar i that used for
encrypting and checkinfjles and mail on the Internet. The DS from the G record is decrypted in trdgst the
original MD using the public key which is stored independently of the FR, and this public key is in the appropriate
VALI program.

G4.Operation of the Security Meclanism.
If a FR is opened or otherwise interfered with either physically or electronieathyechanism must exist so that any
subsequent data from that FR will be detected as not having the correct Digital SigD&ur€his shall be achieved
by a systenthat operates if the FR case is interfered with and deletes the encryptionrkgqu{syd to compute a valid
DS, such as through a microswitch, or equivalent system approved by GRSCOnust not only protect the Digital
Signature, but also protect tlmernal circuits and modules inside the FR case faorauthorised interference. The
principle is that if the security mechanism of the FR is activated, any data originated aftectstatfon must not have
a valid security signature from the FR untiétfecorder is raset by a secure and authorised metlhioid. permissible to
retain data for flights that were in the memory when the security system operated. If such flight da¢aphegious
valid security signature and will pass the VALIDATE cheitknust be stored in such a way that it cannoalvered
even though the recorder itself is insecure. The FR security system may onlgdieaeormal after being returnem
the manufacturer or his authorised agent. Knowledge of the methodeiting must be restricted by the Manufacturer
to the minimum number of persons and controlled so that unauthorised persons cannot gain such knowledge. See p:
G2 onValidation programs.

G4.1 Protection of the Security Mechanisithe security mechanism insidhe FR must be protected from any interference from
outside, such as an attempt to prevent the mechanism from operating while the FR case is opened such as by insegling a physi
probeor tool through ventilation holes, through a partiaynoved caseover, or through a gap in a slighttpened case. This
can generallyoe prevented by fitting a guard or shield round the microswitch or other security mechanism. This will be closely
looked at duringsFAC testing and the manufacturer may be asked to wepte security of such installations such as by fitting
better physical guardeund the microswitch.

G4.1.1 Non-microswitch Systemslf a new FR design does not include a security microswitch, to obtairappval its
internalfirmware must be specigldesigned so that it will detect any subsequent errors or deliberate attempts to change or
interfere withit. After any such errors or deliberate interference ("hacking"), either no IGC files should be produced at all, or
files downloadedmust be clearlynarked as invalid and must fail the IGC file Validation check. Applications for- IGC
approval must submit analyssfiowing how equivalent security of the private key protection and detection of unauthorised
interference with the hardware dmternal firmwae are achieved, and how firmware updates can be applied while
maintaining security. The manufacturer mustabée to demonstrate the above to the satisfaction of GFAC before approval
can be considered at any I&Pproval level. GFAQvill consult the IGC AIDS Committee and other experts if required. If
the above cannot be achieved, microswitelsed securitwill be required for the new FR design before l@gproval can be
given. (AL6)

G4.12 Flight Recorders with repeater display systentisa repeaterisplay can download an IGC file, it muss e an 6
character as the first | et <eeord, irditating that thevifderisudbvenloaded rfrent &8non T

approved recorder

X ¢
L (

G4.1.3 If the security mechanism has operatddhe intenal security mechanism has operated and the recorder continues to
produceflight data in the IGC file format, such data must fail security tests so tbanitotbe used for flights that require
validation to IGC/FAlcriteria. Authorised agents of FR Mdaaturers or anyone else shall not be given (or acquire over
time) lists of codes or keys foeinitializationpurposes, that could be used again without reference to the FR Manufacturer.
The system must be protected where an agegit transfer to anotihemanufacturer or even be involved in hacking at a
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future date. The normal procedure shall be that a seaarty or key is transmitted by the FR manufacturer to an authorised
agent for the resealing of an individual recorder on a specific dtite,codeor key being itself coded or use a "emge pad"
system. This is so that an agent (or anyone eme)ot over time, collectiata that could allow recorders to be initialised
without reference to the FR manufacturer and that could be used later icigwaly. Publicly known algorithms should be
used so that the level of security can be assessed by GFAC. Also, to prevent loading obiogediehs, if application code
with an invalid signature is loaded, the battery backed RAM must be cleared.

G5 Useof Computers.

There must be security devices (such as a firewall) which prevent a computer that is connthetdeRtdeing used for
unauthorised changes to the internal programming of the FR or of data stored in the FEppi@®@Isnormally state
thata portable PC shall not be connected in flight, except where specifically tested and approved for a ticular
such as the use of small Palmtops or PDAs for display and other purposes. However, it is difficult to prevent this,
particularly in a twesed glider. The worstase in terms of security must be taken into account, such as that a powerful
laptopPC is connected to the FR, unsupervised by an OO, with the intention of breaking security or injecting false date
either on theground or in flight. Hav this is prevented by design features, should be stated when applications are made
for IGC-approvaland will be tested by GFAC.

G6 Changes and Upgrades Maintenance of Security

Changes and upgrades can include replacement of componentassGMSS resivers, processors, boards, ROMs, and
microchips. Such changes may only be carried out at thBl&Rifacturer's facility or that of an authorised agent, so
that the physical and electronic security of the updated FRsistte the standards required bhy< document and of the
IGC-approval for the FR.

G6.1Reprogramming General Where firmware can be 4grogrammed without component replacement by using tools external to
the FR (such as where EEPROMSs, flash PROMs, or equivalents are used), mansfauisterestrict the knowledge of how
suchtools/firmware work to a minimum number of persons. Any security codes (including Private Keys (PK)) embedded in such
tools/firmware must be known to as few a number of people at the manufacturer's facilityibke pdhss is to reduce the
possibility of reverse engineering of such tools/firmware by potential "hackers". It is expected that the secret PK for the
Asymmetric Algorithmwill be stored in RAM, so that opening of a cover or the FR case removes theimrainsapply to the
RAM, thus erasing the PK.

G6.2Component Replacemem/here FR components have to be physically replaced, the FR Private Key (PK) should be trashed (as
above) when the case is opened to gain access to the component to be replacezpaiftéhe PK then has to beestered.
Whereexternal reprogramming of the Firmware is possible using EEPROM or Flash Prom (or any future system), it must be
ensured that avalid PK and other security items after such reprogramming are only enteradressilt of a valid FR
Manuf act ur er 6 stheprspmteciomfroanrfatse progrants being entered and allowing later IGC file Validation to
take place. See also G6.3 below.

G6.3External ReprogrammingUnauthorised persons may attempt to egpam the EEPROM or Flash Memory, but this nmust
result in a working recorder that will pass future VALI checks on downloaded IGC files.
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APPENDIX H SPECIMEN FIRST PAGE OF AN IGC-APPROVAL DOCUMENT

H1 General

What follows is an example of the first page of a typical {&proval document. It gives the scope and limitations of the
IGC-approval process, before the detailed wording of the particular Approval. FR manufacturers should note the
wording, particularly the various limitations, disclaimers and caveats.

H2 Scope.
Amongst other things, it points out that FAI is the legal entity and Swiss law applies. IGC and its committees (including
ANDS and GFAC) are agents of FAI, including expertd athers that provide advice and services to them.

H2.1 Paras (ii) and (iii) cover the responsibilities of FR manufacturers for hardware, firmware and software both
generally and also where the origin is from sources other than the FR manufacturer.

H2.2 Para (iii) covers Intellectual Property (IP) and relations of FR Manufacturers with other entities such as
subcontractors and suppliers of hardware, firmware, software and other systems associated with the FR.

H3 Updates
The wording is kept under reviey the IGC ANDS and GFA Committees, IGC itself, and FAL.

Next page: Example first page of an I&@proval documentitems speific to the Approval are indicated RED
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GNSS FLIGHT RECORDER APPROVAL COMMITTEE (GFAC)
INTERNATIONAL GLIDING COMMISSION (IGC )

of the
FEDERATION AERONAUTIQUE INTERNATIONALE (FAI )
. Maison du Sport International, Avenue de Rhodanie 54
CH-1007- Lausanne, Switzerland
www.fai.org; sec@fai.org

F A I References: See para\(j below
GLIDING

To: IGC GNSS web site under "IGabproval Documents”

FR Manufacturer; info to ignews@fai.org, newsgroup rec.aviation.soaring Date of issue:DD Mmm YYYY

IGC-APPROVAL DOCUMENT FOR GNSS FLIGHT RECORDER
Recorder Name:Manufacturer FR Type
Level of Approval: IGC LevelN - see Para i) below

(i) General This document gives formal approval from the above date for the Recorder equipment described below t@bealisedidn of flights
under the FAI Sporting Code Section 3 (Gliders and Motor Gliders), subject to the conditions and notes givenlyates. terms of the latest
IGC-approval documents currently posted on the IGC web siteadicefor use in IGC/FAI claimsIGC reserves the right to alter this approval in
the future.

(i-i) Document Versions and Scopkghe initial IGGapproval document was dateid Mmm YYYY andReason for changwas added oD Mmm
YYYY .. This version datedD.Mmm.YYYY updateseason for change

(i-ii) IGC-approval Level This is IGC levelN - flights for see referenceThis type of recorder can also be used in gliding competitions in which the
organisers allow this level of IG&pprosal. The Levels of IG&pproval are listed in Annex B to the Sporting Code for Gliding, para 1.1.4.

(i-iii) GNSS System The Global Navigation Satellite System (GNSS) used in this Recorder is the US NAVSTAR Global Positioning System (GPS).

(i-iv) Current web sitesReferences for the latest versions of documents relating t@ppval of FRs (including the latest version of this document)
are given in para 2 on page 1 of the main table that lists allaiggovals. The latesersion of the table is available througtww.fai.org/ige
documents

The detailed references are placed in the main FR table rather than in eagppi®Zal document, so that if the reference changésg tloe main
table has to be updated rather than all4&proval documents.

(i) This IGC-approval document is concerned with the functions of the equipment that record data. More specifically, with the adawl&dyilan
of recorded data for ehexclusive sole purpose of validation and certification of flight performances to the criteria of IGC and FAI. FAdgslthe |
entity and Swiss law applies. FAI Commissions such as IGC are agents of FAIl; GFAC and its advisors are agents of ade tysGFAC on
behalf of IGC and FAI concern accuracy and security of data, transfer and conversion to and conformity of the outpotiatstavitlard *.1IGC
file format in relation to the validation and certification purposes mentioned above. Otleéiprfanof the equipment are not part of this
IGC-approval and the relevance of this document does not extend beyond the specific validation and certification purposss abextonin
particular this applies to any function linked with aspects thaldcbe critical to flight safety such as navigation, airspace avoidance, terrain
avoidance and any aircraft traffic alert, proximitarning and/or ardtollision functions. This document does not constitute any approval,
guarantee and/or any statement@#yAC, IGC and/or FAI as to the reliability or accuracy of the equipment for operation in flight and any liability
in connection therewith is hereby expressly excluded.

(iii) This approval is not concerned with, and FAI has no responsibility for, ma¢eted to: (a) Intellectual Property (IP) and Intellectual Property
Rights (IPR) and/or, (b) the relations of the Manufacturer listed below with any other entities except with FAI andsitsragetitey affect FAI,
its agents and this approval.

(iv) The attention of National Airsport Control (NAC) authorities, officials and pilots is drawn to the latest edition of theoRfigSCode Section 3
(Gliding) including its annexes and amendments. Annex A to this code (SC3A) deals with competition amaiter® to the Code (SC3B) with
equipment used in flight validation, Annex C to the Code (SC3C) with guidelines and procedures for Official Observeemgibtiter officials
involved in the flight validation process. Copies of all of these documemism obtained from the FAI/IGC web sites listed above and links are
provided from the IGC web site. A separate document published by FAI is entitled "Technical SpecificationA@pl@z:d Flight Recorders”
and is also available through the IGC/GNSS®wi¢e shown above.

(v) It is recommended that a copy of this approval including its two annexes is kept with each unit of the equipmebisaaiable for pilots and
Official Observers.
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APPENDIX J 1 IGC FORMAT FOR PRESSURE CORRECTION FILES

J1.Scope

J1.1.Data presentatiorThe data may be presented either in hard copy, in electronic format, or both. This document
defines a Standard Format for recording the results of Calibratmmiscfusion in odine databases. For this, a
JSON file as defined in this document is required.

J1.2.Electronic formatThe system is designed to work with a basic level of PC and software as well as with high
specification devices. This is consistaiith the IGC GNSS FR Technical Specification.

J1.3. Data produced using a Barometric Chamber is to be referre@aditarsition Data, whereas data produced by
the Single Point Altitude Correction process is to be referred @agction Data.

J2.Souce Data
J2.1 The source data will be an IGC Flight Recorder format file.

J2.2 The source data may include PEV (Pilot Event) markers. These may be used to indicate significant events in a
Single Point correction, tbéheayt wi Isle caolnsdo ipnrtoedruvcael sa
mark events such as the point at which the Altitude/Pressure reading was taken. Provision should be made to tal
proper account of these.

J3.Accuracy
J3.1 It is hard to overstress the importancaaaiuracy when compiling Calibration and Correction Tables.

J3.2 When entering data to create the Pressure Error value for a Single Point Correction Report, an accuracy in hPa
values taat leasi0.1hPa or One Metre for Altitude values, is the minimum giexithat is acceptable. Higher
precision is desirable.

J3.3 Calculations should be made to as high a precision as is appropriate, but entries in the .JSON file should be
rounded to two decimal places, .005 being rounded up.

J3.4 For the above reasondtitidde/Pressure reference devices must meet the requirements of para 2.1 of Sporting
Code SectionB (Gliding), Annex B AL15 et seq. in the IGC Documents pages.
https://www.fai.org/igedocuments

J3.5 The Single Point Altitude Correction method is only to be used for correction of pressure altitudes below 10,000
metres because of other sensor response errors.

J3.6 The Period of Validity of the calibration/correction of any device shall be that gities $porting Codeé Section
3D (Gliding), Annex B AL15 et seq. in the IGC Documents pages.

J3.7 If the correction required exceeds the limits set in the Sporting Code, Section 3D (Gliding), Annex B AL15 et sec
no output will be produced. The FR wi#quire corrective action as detailed in SC3B.

J4.Calculations

J4.1 The relationship between Pressure and Altitude is not linear. Some examples of links to formula follow:
https://edwilliams.org/avforrhim a nd f ol | AlWmetryhaed tHe istankardfatmosphere formolae

http://www.4wx.com/wxcalc/formulas/pressureAltitude.php

J5.Data Fields.

J5.1. Characters in a Field.the full number of characters in a field are not needed, all do not have to be used, except
were defined elsewhere, such as in paragraph 7 below. To avoid fields becoming too long, most have a
recommended maximum number of alphanumeric characters.
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J6.Electronic Versions and Field Boundary Systems.

J6.1 The following system is currently approved, and others may be added later if they become commonly available
industry standards.

J6.2JSON JSON (or JavaScript Object Notation) is used since it dedirses of rules and structure to make
interchange of data universal and further produces documents that are both human and-ceadaler. It is a
standard texbased format for representing structured data based on JavaScript object syntax. Itdslgarsed
for transmitting data in web applications (e.g., sending some data from the server to the client, so it can be
displayedon a web page, or vice versa).

There are slight differences between the files produced under rulesdddl5.2. Segd11. JISON format

examples
Note thatin either case, the calibratigmvalid for the period specified in the Sporting Code.

J6.3.Industry Standard§ his document does not cover the complete definition of any indsttngard filformat for
which there is already a defined standard.

J6.4 Only JSON files will be considered for inclusion in a database, and must conform to the standards below. No
further definition will be made of other standards

J7.Filenames and Units Needed foalBration and Correction Database Entry

J7.1 Data to be entered into the Central Calibration and Correction Database MUST be in the chosen Format.

J7.2 The filename will be a construction otif parameterghreeo f  whi ch ar e t akArecorfand m t
HFDTE-record. The filename extension will bESON

J7.21 The IGC filename must not be used when making the construction, nor must any number marked on the case of
the recorder.

J7.2.2 The components of the filename will be as listed helodin this order

AFi r mwar e Ma n ufleiterCade (ELC)aken ffom characters£ of the Arecord.

AFR Serial Identification (S/IPtaken from the Aecord, character 5 onwards to end of record or (but not including) any
separator charactesuch as comma, hyphen or colaarcfilled to six characters as shown in the second example below.
(but see Note 1)

AiB-0 i f a bar ometS0i d fc al iShrnagtlieonP,oionrt Al ti tude Co

ANumeric_date taken from the HFDTE record, expartdegicharacters in the 1ISO 8601 format without
delimiters (yyyymmdd).

J7.2.3 There are however, some instances@&cArds with no separator, or separators in other places, e.g.
ALXVXYZFLIGHT:1. In these cases, assume a thobaracter S/ID. The followg rules will be applied:

i. Where FR Serial Identification (S/ID) is 6 digits, enter unchanged.
ii. Where the FR Serial Identification (S/ID) is three alpheneric characters, pad with leading zeros to six characters.
ii. In the rare cases where tR® Serial Identification (S/ID) is 5 numeric characte#6655, convert to three ba86
alphanumeric characters (as detailed in the Flight Recorder Specification document), padded to six characters with
leading zeros. Note: These will be older recosdelich may be in the list of recordersdm2. Flight Recorders
Unsuitable for Single Point Correctioas being unsuitable for Singkoint Altitude Corrections.

Typical filenames:

€.9.NAV1531425-20220521.JSON FLAOOO89K-B-20230125.JSON

Note 1: Some Conversion programs convert Cambridge Models 10, 20 & 25 from .CAl to .IGC but add an extra
character ACO to t he -SharadkerStia khis axtra character phpudd e rentowed, b e a
making a chalcter S/ID. e.g. In ACAMCXYZ, S/ID of CXYZ become XYZ and filename becomes

CAM 000XYZ-S-20240629.JSON

J7.3 Units of altitude in the JSON file will always be Metres. Calibration will be in 500 metre (or less)pste 000

metresand mayoptionallybein 1000 metre steps above 3000 metres.

J7.4 Units of Pressure will always be hectopascals (hPa)
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J7.5FR Pressure Error is thesigneddifference between ambient pressure (hPa) and the Pressure derived from
the Recorded Altitude. If the recorder recordslawer Altitude (higher pressure), this will be a positive value, as
will the Altitude Correction to be added to the Recorded Altitude to obtain the True Altitude. If the recorder reads
a higher Altitude (lower pressure), FR Pressure Error and Altitude=@imm will be negative values.

Pressure Error (in hPa) = FR under test altitude (converted to pressure in hPa) minus Ambient Pressure (in hPa)
taken from Barometer or Reference FR (corrected by calibration table, and converted as required to pressure).

Worked Example:

Let Flight Recorder Altitude be 243 feet (or 74 metres if you prefer)

Let Corrected Ambient Pressure be 1004.73 hPa

First, Convert Flight Recorder Altitude to a Pressure: =1004.39 hPa

Pressure Error = 1004.39.004.73 = 0.34 hPa (noteht minus value in this instance).

J8. Labels and Data Format.

J8.1 JSON Format.

J8.11 Each Cal i Hreateilondéas etlopvi | | be Al GC_Flight _ Recor
encapsulating the whole entry, followed by
"Software_Used": Software Name here, Sefire Version Here, Comment:Optiohal
"Calibration_typ& " Single_Point_Correctionr Barometric_Calibration'according to the type of
Calibration/Correction. Hence both types may be included in the same database entry. Only the most
recent Calibration oéach type should be included.

Under ASoftware_ Usedo the field Comment above i
the software version. If omitted, the preceding comma should be omitted also. The line is limited to 60
characters.

J8.1.2 This shall be followed by Header Information which is encapsulated by the label "Headers":
For Corrections under rule 4.5.2Example data ifDrangetext)

"Calibration_Date": 20221208,

"Valid_From"; "20221209,

"Calibrator": "A.N. Other. Approved Célrator for Gliding Federation of Utopla
"Calibrator_Id": '"GBR-007",

"Calibrator_Address": 1600 Pennsylvania Avenue, Washington [, C
"Calibration_IGC_Filename":2CA TK.IGC",

"Manometer_Type": IXNAV_ V1",

"Manometer_Serial_No":0002',

"Manometer_Cabration_Date": 20221011,
"Manometer_Calibration_Certificate_ No"\N318986,
"Ambient_Temperature™:1%",

"FR_Serial_Identification™:" ['
"Flight_Recorder_Type":["XNAV "
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J8.1.2.1Words in Field Names shall be separated by an underscoextdraand not a space character.

J8.1.2.2 The Calibrator ID shaltonsist of 3etter country code and a unique NAC assigned number,
separated by a hyphen.

J8.1.2.3 For calibrations under Rule 4.5.2. The manometer type is subject to NAC approvakand th
requirement®of para2.1 of Sporting CodeSection 3 (Gliding), Annex B AL1&t seq in the
IGC Documents pages

J8.1.24 Flight Recorder_Serial_Number is taken from IGC file, filled to six charactersr gga@mgraph 7
above, followed by the Hardware Manufacturers TLC, separated by a Comma.

J8.1.25 FR_Pressure_Error is a calculated value as definpdramraph 7.above.

J8.1.26 If a Mercury Manometer is used, Manometer Calilim Certificate Date and Manometer
Calibration Certificate Number will be those of the latest Purity Check of the Mercury.

J8.1.3 For Single Point Altitude Correctionthis shall be followed by Pressure Error Information.

"FR_Pressure_Error'-1.83"

J8.1.4 There then follows the Correction data Encapsulated by the Array Label (For Barometric Calibrations)
"Correction Table": [{
Correction data will be pairs of figures, Starting at Zero Altitude and in 500 metre (or less) steps,

optionally in 1000 mee steps above 3000metres.

"ISA_Altitude ": "0",
"FR_Pressure_Altitude": "0.21"

J8.1.5 Correction Tables are only required for Pressure Chamber CalibrationsSifgle Point Altitude
Correctionsthese can be calculated from thR Pressure Errovalue. Similarly, for Pressure Chamber
Calibrations, the FR Pressure Error Value has no meaning and should be omitted.

J8.1.6 Negative Corrections are quite possilsiee paragraph 7.5

J8.1.7 Examples.
An example is given id11. JSON format examples

J8.1.8 JSON format as showed here may be extended with new fields in the future. Any software parsing a
JSON file should ignore such extra fields unknown at the time of software development

Jg8.1.9 JSON file sizeshould be limited to 10KB.

J9. Optional Events.

J9.1 A warning may be given to the User when the Calibration Period of the Reference Device is within 3C
days of expiryand thereafter until recalibrated.

J10. Privileges.

J10.1  Only NAC-approved Calibratrs should create Calibration files.

J10.2 Only Calibrators notified to IGC as approved by their NAC, shodde permissionto upload
Calibration Files to any FAI Database of Calibrations.
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J11.JSON format examples

J11.1 JSON Single Point Corrgéon Report prepared under rule 4.5.2.

{
"IGC_Flight_Recorder_Calibration": {

"Software_Used": "FReal v0.7.0",
"Calibration_Type": "Single_Point_Correction",
"Headers": {
"Calibration_Date": "20240629",
"Calibrator"; "A.N.Other",
"Calibrator_Id": "GBRO0O07",
"Calibrator_Address": "1600 Pennsylvania Avenue, Washington DC",
"FR_Serial_ldentification™LXNOOOGGC,LXN",
"Flight_Recorder_Type": "LXNAVIGATION,LX7@7F",
"Calibration_IGC_Filename": "46 TLGGCL.igc",
"Valid_From": "20240629",
"Manometer_Type": "acme",
"Manometer_Serial_No": "1234",
"Manometer_Calibration_Date": "20230228",
"Manomete_Calibration_Certificate_ No": "abc",
"Ambient_QFE": "1013.85",
"Ambient_Temperature": 17

b
"FR_Pressure_Error'-0.64"
}

}

J11.2 JSONBarometric Calibration Report:

"IGC_Flight_Recorder_Calibration{:

"Software_Used": "FReal v0.7.0",

"Calibration_Type": "Barometric_Calibration",

"Headers": {
"Calibration_Date": "20240629",
"Calibrator": "A.N.Other",
"Calibrator_Id": "GBR0O07",
"Calibrator_Address": "1600 Pennsylvania Avenue, Washington DC",
"FR_Serial_ldentification"; "GCS0002LkCS),
"Flight_Recorder_Type": "GARRECHT INGENIEURGESELLSCHAFT,VOLKSLOGGER 1.0,
"Calibration_IGC_Filename": "491A2LKIGC",
"Valid_From": "20240629",
"Manometer_Type": "acme",
"Manometer_Serial_No": "1234",
"Manometer_Calibration_Date": "20180228",
"Manometer_Calibration_Certificate_No": "abc",
"Ambient_ QFE™ "1013.87",
"Ambient_Temperature": 17

}

orrection_Table": [

IGC GNSS FR Technical Specificatiol J5 2nd Edition with AL9



"ISA_Altitude™: "0",
"FR_Pressure_Altitude"-23.20"
h
{
"ISA_Altitude™: "305",
"FR_Pressure_Altitude": "282.70"
h
{
"ISA_Altitude™: "610",
"FR_Pressure_Altitude": "583.30"
I3
{
"ISA_Altitude™: "914",
"FR_Pressure_Altitude": "893.00"
2
{
"ISA_Altitude™: "1219",
"FR_Pressure_Altitude"; "1193.81"
2
{
"ISA_Altitude™: "1524",
"FR_PressuréAltitude™: "1497.21"
3
{
"ISA_Altitude™: "1829",
"FR_Pressure_Altitude": "1800.00"
h
{
"ISA_Altitude™: "2438",
"FR_Pressure_Altitude": "241003
h
{
"ISA_Altitude™: "3048",
"FR_Pressure_Altitude": "3013.01"
I3
{
"ISA_Altitude": "3658",
"FR_Pressure_Altitude": "3617.00"
2
{
"ISA_Altitude": "4267",
"FR_Pressure_Altitude": "4222.79"
2
{
"ISA_Altitude": "4877",
"FR_Pressure_Altitude": "4820.99"
2
{
"ISA_Altitude™: "5486",
"FR_Pressure_Altitude": "5431.99"
I3
{
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"ISA_Altitude": "6096",
"FR_Pressure_Altitude": "6039.61"

I3
{
"ISA_Altitude™: "6706",
"FR_Pressure_Altitude": "6635.01"
2
{
"ISA_Altitude": "7315",
"FR_Pressure_Altitude": "7230.01"
2
{
"ISA_Altitude": "7925",
"FR_Pressure_Altitude": "7846.80"
2
{
"ISA_Altitude™: "8534",
"FR_Pressure_Altitude": "8447.01"
2
{
"ISA_Altitude™: "9144",
"FR_Pressure_Altitude": "9052.01"
}

J12.Flight Recorders Unsuitable for Single Point Corrections

Thefollowing Flight Recorders arenguitable for using Single Point Corrections, and therefore omgbe
calibrated in a Barometric Chamber.

Cambridge Models 10, 20 & 25

Garrecht Volksloggers

LX Navigation LX50001GC

LX Navigation LX20/21 (excluding LX20/2000)

Scheffel Themi.

Position Recorders.

Too oo Too Too Too To
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