O
%Q’b
X
SPECIFICATIO%\?%R
COSPAS-SARS;
406 MHz D|ST@§S CONS
& L
O &
C 7001
,ggg‘ae %SRevision 12
u§’0 \chtober 2011
S
>
(= SARSAT

COSPASS/






-1- C/S T.001 - Issue 3 - Rev.12
October 2011

SPECIFICATION FOR COSPAS-SARSAT 406 MHz DISTRESS BEACONS

History
Issue Revision Date Comments
1 - April 1986 Approved by the Cospas-%n&teermg Committee
(CSSC-15)

2 - November 1988 Approved by the Cos %isarsat Council (CSC-1)

3 - November 1995 Approved by the @pas—Sarsat Council (CSC-15)

3 1 January 1998 Approved by@Cospas Sarsat Council (CSC-19)

3 2 October 1998 Approve%)‘@the-C@ s-Sarsat Council (CSC-21)

3 3 October 1999 App(@gﬂ by tthQospas Sarsat Council (CSC-23)

3 3 October 2000 rlal e‘l&nges approved by the Cospas-Sarsat
un ‘QZSC-25) as Corrigendum to C/S T.001

Issu =~ Rev.3

3 4 October 2}&-‘ (gp oved by the Cospas-Sarsat Council (CSC-29)

3 5 Octob 3 ‘%Approved by the Cospas-Sarsat Council (CSC-31)

3 6 &Der 2004 Approved by the Cospas-Sarsat Council (CSC-33)

3 7 . govember 2005 Approved by the Cospas-Sarsat Council (CSC-35)

3 8 @ November 2007 Approved by the Cospas-Sarsat Council (CSC-39)

3 9 October 2008 Approved by the Cospas-Sarsat Council (CSC-41)

3 10 October 2009 Approved by the Cospas-Sarsat Council (CSC-43)

3 11 October 2010 Approved by the Cospas-Sarsat Council (CSC-45)

3 12 October 2011 Approved by the Cospas-Sarsat Council (CSC-47)



-1 - C/S T.001 - Issue 3 - Rev.12

October 2011
LIST OF PAGES
Page # Date of Page # Date of Page # Date of
latest latest latest
revision revision revision

cover Oct 11 A-1 Oct 98 B-1 Oct 98
i Oct 11 A-2 Oct 09 B-2 Oct 98
i Oct 11 A-3 Oct 11 B-3 Oct 98
iii Oct 03 A-4 Oct 10 B-4 Oct 98
iv Nov 07 A-5 Oct 98 B-5 Oct 98
v Oct 11 A-6 Oct 10 B—%b' Oct 98
vi Oct 11 A-7 Oct 98 q@b'

A-8 Oct 98 -1 Oct 03
1-1 Oct 03 A-9 Oct 10 Q)&% C-2 Oct 03
1-2 Oct 03 A-10 Oct 09 Q

A-11 Oct 09 0?3
2-1 Oct 03 A-12 Oct 09>
22 Oct 03 A-13 0 ) Q’Q
2-3 Oct 04 A-14 05 %\
2-4 Nov 07 A5 NO Cfﬁ?}
2-5 Oct 03 A-16 ‘b'% Oc
2-6 Oct 03 A-17\Q \g&c 11
2-7 Oct 03 A ct11
2-8 Oct 03 & N 0ct 11

,@A-ZO ‘b' Nov 07
3-1 Oct04 A A@{ Oct 11
322 Oct 04 QCJ A- Oct 98
b A-23 Oct 98

4-1 Now65 A-24 Oct 03
4-2 @5 A-25 Oct 08
4-3 Ot 09 A-26 Oct 08
4-4 Oct 09 A-27 Oct 11
4-5 Oct 08 A-28 Oct 08
4-6 Nov 07 A-29 Oct 11

A-30 Oct 11

A-31 Oct 11

A-32 Oct 11



T10CTO03 -1l - C/S T.001 - Issue 3 - Rev.5

October 2003
TABLE OF CONTENTS
Page

REVISION HISTOTY ..oviiiieiiiiieiieiieieieteeeet ettt ettt ettt e ese e eseeseeseeseesseseeneeneeneens i
LISt OF PAZES ..ottt ettt eetesteteebe st seebesaesassenes saeebesseseseneesensessesensens i
Table Of COMEENLS. ......c.eoveuiriiieiiieieiee ettt ettt et s ettt et et ae st eae e il
LISt OF FIGUIES ...ttt ettt et eae e eseeseeseeseeseeneeseeseeneeseenseneas vi
LAST OF TADIES ...ttt et ettt ettt b ettt ae eatetesesteteseneeseneneesenenes vi
1. INEroduction..........cccooiiiiiieniiiiecceeeee e b ............................ 1-1
L1 PUIPOSE .ottt st é,e ................................ 1-1

1.2 SCOPE ettt ettt ee s eeeesesensense (o eete s eeneennententetensesensenes 1-1

o
2. System Requirements ................cccoeceevvevient coerereenennane @O e 2-1
oM
2.1 Beacon Functional Elements.............cccceoveecumee Toneenens Q ........................................... 2-1
2.2 Digital Message Generator........................ Q... WX 2-1
S
- Q

2.2.1 Repetition Period........c..ccccceee&nennee AT ettt 2-1

2.2.2 Total Transmission Tlme... N é&, ............................................................... 2-1

2.2.3 Unmodulated Carrier.. Q ....... {b& ................................................................... 2-1

2.2.4 Digital Message...... ... \ ........................................................................ 2-1

2.3 Modulator and 406 N@‘I‘raﬁ@ﬁter ............................................................................ 2-3
2.3.1 Transmlt@%equency ......................................................................................... 2-3

232 Tran§}er POWET OULPUL....ceiiiieiieieeeeeee et 2-4

2.3.3 Antentia CharacCteriStiCS........courueirrerierirreriens ereieesieieresseseesessesses esseseesesseseesensenes 2-4

2.3.4 SPUriouS EMISSIONS .....cceeieieieieieieieieteiieteeeeeseeieeeeseeseeseeseeseeseeseesseseessessenes 2-5

2.3.5 Data ENCOAING .......cccveiririeieieieteeetetet ettt ettt ese s eneens 2-5

2.3.6 MOAUIALION ....coviniiiieiietiieice ettt ettt 2-6

2.3.7 Voltage Standing-Wave Ratio .........ccccecveiririeiniinieieieieeeteeeeeeeeee s 2-7

2.3.8 Maximum Continuous TranSMmiSSION ...........ecueveeeeeriereeeeeeeereeeeeeeseeseeseeseens 2-7

3. Digital MesSage StrUCIUTE..............ccooiiiriirierienis ettt cereeseeseeseeneestensensensenee os 3-1
3.1 BASIC SEIUCIUIE ..uvieteiiieieiteiete ettt ettt ettt ettt ene e 3-1
3.2 BeaCON COAING.....ccoeuieiiriieiieiieiieiieieeieteee ettt ettt ettt ere e ese e eseeseeseeseeseeseeseeneenens 3-2



-1v - C/S T.001 —Issue 3 — Rev.8

November 2007
TABLE OF CONTENTS (Continued)
Page
4. Environmental and Operational Requirements...................cccccooeeevieiieninienenieneeenne. 4-1
AT GENETAL ...ttt 4-1
4.2 Thermal ENVITONMENL ......cc.eciiiiiiieiieieieeieie et st te e se e eneas 4-1
4.2.1 Operating Temperature Range ............ccceecvevierierieiienieieseeieeeesie e 4-1
4.2.2 Temperature Gradient ..........ccccevieierieiieneeiese etz sae e sse e seens 4-1
4.2.3 Thermal Shockq)b( ........................... 42
4.3 Mechanical Environment...........ccccocevievineenieeienieeeeeenne, %QJ ..................................... 4-2
4.4 Other Environmental Requirements.............cccccveevenenn. T 4-2
4.5 Operational Requirements ...........ccccceevvevveeeenneennenne, %Q .............................................. 4-2
4.5.1 Duration of Continuous Operation Qc‘) ....... Q .......................................... 4-2
4.5.2 Other Operational Requirements ""@@ ......... \Q .............................................. 4-2
4.5.3 Auxiliary Radio-Locating Devicd(y™...... Q)‘@ .................................................. 4-2
4.5.4 Beacon Self-Test Mode......... oS e I A ettt nans 4-3
4.5.5 Encoded Position Data...... \Q ........ @'&’ .............................................................. 4-4
4.5.6 Beacon Activation....... ... ‘b:\a ................................................................... 4-6
o
Annex A - Beacon Coding Q:& ﬁ(b‘
oY N0
Al General.............. é,o .................................................................................................. A-1
S
Al su[g@}y ......................................................................................................... A-l
Al.2 MesSage Format Flag, Protocol Flag, and Country Code..........ccccecereruenenne. A-2
ATL.2.1 FOrmat FIag .......cooveieiieieiecieseeeeeest ettt A-2
AT1.2.2 ProtoCol FIaZ .....coouieuiiiieieiiceeeeeecestee ettt A-2
ATL.2.3 Country Code .....ccueeieriieieiieiesieeieee ettt sae e eneeas A-2
AL3  ProtoCol Codes.......cocumiririririnieieietetee ettt A-3
A2 USer ProtocCols............ccooooiiiiiiiiiiiie ettt A-5
A2.1  Structure of USer ProtOCOILS .......cccevuieieriieieriieieseceseeteseee e A-5
A2.2  Maritime User ProtoCol.........ccovieviiiieiiieierieciese et A-7
A2.3 Radio Call Sign User Protocol ..........cccoeeierircienieienieiececeseeeeeee e A-8
A2.4  Aviation User ProtoCol........cccoieieiiiiieiiieieeeeseeeseeeseee e A-9



-V - C/S T.001 —Issue 3 —Rev.12

October 2011
TABLE OF CONTENTS (Continued)

Page
A2.5  Serial USer ProtOCOL ........covvuiririiriiirieirieieieieieeesei st A-9
A2.5.1 Serial NUMDET .......cceiiieieieieieeeeeee et A-10
A2.5.2 Aircraft 24-bit Adress.......coceeeeeeieineeeeeeee e A-11
A2.5.3 Aircraft Operator Designator and Serial Number..............cc.......... A-11
A2.6  Test User Protocolb’ ..................... A-12
A2.7 Orbitography Protocol..........ccoeevierierienieieieeeeeeeeeaee O A-12
A2.8 National User Protocol...........ccccccevrieecinncinnccnnns bv ......................... A-13
A2.9 Non-Protected Data Field..........cccoceovverininnennen. '{,%6 ............................. A-14
A2.9.1 Maritime Emergency code ............... Q) ..................................... A-14
A2.9.2 Non-Maritime Emergency code.. % ........................................... A-14
A2.9.3 National USE......ccevueuirieiirieirieieiadeeeeee e oo eereneenesesessenssseneesensenes A-15

@Q \Q

A3 Location Protocols.............................,Qo .......... &% ............................................ A-17
A % 4 ..................................................... A-17
A3.2 Default Values in Positio & ......................................................... A-17

A3.3 Definition of Loca‘uq&toto&l@ ............................................................... A-19

A3.3.1 Position D aﬁ& ................................................................................... A-19
A3.3.2 Supplel@ry ‘% ........................................................................... A-20

A3.3.3 Tes@ 10N PTOOTOIS ...t A-20
A3.3.4 UseNJXocation ProtOCOIS ......eeevviiiviiiiiiicie e A-22
A3.3.§'§dard Location ProtoCoIS..........cooviivuiiiiiiiieiecie e A-24
A3.3\‘ ational Location Protocol...........ccoeviiviiiiiiiiciecee e A-27
A3.3.7 RLS Location ProtoCol ..........coooviiviiiiiiiiiieecee e A-30

B1 Sample 21-Bit BCH Code Calculation................ccoccoviniiininiininienien. B-1
B2 Sample 12-Bit BCH Code Calculation...............cccocevvveeninennieneneenenn B-4

Annex C - List 0f ACFONYIMS............ccccoviiiiiiiieiiieere et esee et ste s e sreesse e seessesseenns C-1



-Vi- C/S T.001 —Issue 3 — Rev.12

October 2011
TABLE OF CONTENTS (Continued)
Page
List of Figures:

Figure 2.1: Short-Message FOrmat ..........cccevveviireeriinierieseese e eeere e seesseseeens 2-2
Figure 2.2: Long-Message FOrmat..........ccccooeiieiiniiiineereneeeseeeeee e 2-2
Figure 2.3: Spurious Emission Mask for 406.0 to 406.1 MHz Band ......................... 2-5
Figure 2.4:  Data Encoding and Modulation Senseb’ ...................... 2-5
Figure 2.5:  Definition of Modulation Rise and Fall Times.......,.. 0 2-6
Figure 2.6:  Definition of Modulation Symmetry .................... @ bv ............................ 2-6
Figure 4.1: Temperature Gradient..............cccvevvevevennnnee. &% ................................... 4-1
Figure A1: Data Fields of the Short Message Fort&b%?.. ......................................... A-3
Figure A2: Data Fields of the Long Message Foﬁﬂa ............................................ A-3
Figure A3: Bit Assignments for the First Pr@ed Da&?@ld (PDF-1) of

User Protocols........c.ccvese., (%60 SR 2N SO OTRRRION A-6
Figure A4: Summary of User Protocols dlni@ 0] 1 A-16
Figure AS: Outline of Location ProfRSOIS ... N ..oviiiieeieeeeeeeeeee e A-18
Figure A6: General Format of L eSS@ for Location Protocols.................... A-21
Figure A7:  User-Location P @eols .................................................................... A-23
Figure A8:  Standard Loc rotoc\ts .................................................................. A-26
Figure A9:  National LQ&@#dn Prto8dl ...........ccceevieieiriiriiiiieieceeeeeeeeeeeeeins A-29
Figure A10  RLS Lo@ﬁh ‘%3 ............................................................................. A-32
Figure B1: Sam@ 21-Bit BCH Error-Correcting Code Calculation........................ B-3
Figure B2: 'S&ple 12-Bit BCH Error-Correcting Code Calculation........................ B-5

b\
List of Tables:

Table Al: Format Flag and Protocol Flag Combinations............cccceeveeveevecveieennne. A-3
Table A2: Protocol Codes ASSIGNIMENLS........ccueueieieieieineneeeeeeeiestesiesteeeeeeeneenes A-4
Table A3: Modified-Baudot Code...........ccceivimieiciniiiiiiiicircceeceeceenee A-7
Table A4: Maritime Emergency Codes in Accordance with the

Modified IMO Nature of Distress Indication ............cccceeveeenrrcennnee A-15
Table AS: Non-Maritime Emergency Codes .........cooeirvevrevierieieeeeeeeeeesesreevenes A-15



T10CTO03 1-1 C/S T.001 - Issue 3 - Rev.5
October 2003

1. INTRODUCTION

1.1 Purpose

The purpose of this document is to define the minimum requirements to be used for the
development and manufacture of 406 MHz Emergency Locator Transmitters (ELTs),
Emergency Position-Indicating Radio Beacons (EPIRBs), and Personal Locator Beacons
(PLBs). In this document, the term ELT indicates an aviation distress beacon, an EPIRB a
maritime distress beacon, and a PLB a distress beacon for personal use.

Specifications that are critical to the Cospas-Sarsat System are deﬁne@n detail; specifications
which could be developed by the national authorities are identified ore general terms.

&‘52’
1.2 Scope Q,COQ

This document contains the minimum requireme%cﬁlat a@ly to Cospas-Sarsat 406 MHz
distress beacons. It is divided into the following %3@

a) Section 2 gives the system requir ts apmgble to all types of beacons. When met,
these requirements will enabl eeg@i; to provide the intended service in tams of
location probability and acc y a% not disturb the system operation.

b) Section 3 deals with @waco I‘l%ssage content. Basic message structure is defined.
Assignment and m@ available data bits are defined in Annex A to this
specification. b

c) Section @nes a set of environmental and operational requirements. These
requiremetits are not intended to be exhaustive and may be complemented by more
detailed national or international standards (e.g. RTCA standards for ELTS).
However, they represent the minimum environmental and operational performance
requirements for a 406 MHz beacon to be compatible with the Cospas-Sarsat System.

d) Annex A defines the beacon coding.

e) Annex B provides samples of error correcting code calculations.

f) Annex C provides a list of acronyms used in this document.

- END OF SECTION 1 -
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2.  SYSTEM REQUIREMENTS

2.1 Beacon Functional Elements

This section defines the requirements for the two following functional elements of a 406 MHz
distress beacon:

a) digital message generator; and

b) modulator and 406 MHz transmitter.

2.2 Digital Message Generator b
&)

The digital message generator will key the modulator and tr% itter so that the message
defined in section 3 is transmitted. S

'Q©
2.2.1  Repetition Period %Qf’

The repetition period shall not be so stalgi¢> that two transmitters appear to be
synchronized closer than a few seconds as- ?m\lfe period. The intent is that no two
beacons will have all of their bursts co;igmdentQ@le period shall be randomised around a
mean value of 50 seconds, so t Btine i&ervals between transmission are randomly
distributed on the interval 47.5 @2.5 seg@&s.

)
2.2.2 Total Transmiss(@ Tige(b‘

The total transmi@@lo time, measured at the 90 percent power points, shall be

440 ms +1 perc,el% the short message and 520 ms +1 percent for the long message.
D
223 Unmvodulated Carrier

The initial 160 ms +1 percent of the transmitted signal shall consist of an unmodulated
carrier at the transmitter frequency measured between the 90 percent power point and the
beginning of the modulation.

224 Digital Message

a. Short Message

The final 280 ms +1 percent of the transmitted signal shall contain a 112-bit message
at a bit rate of 400 bps +1 percent;

b. Long Message

The final 360 ms +1 percent of the transmitted signal shall contain a 144-bit message
at a bit rate of 400 bps +1 percent.
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2.2.4.1 Bit Synchronization
A bit-synchronization pattern consisting of "1"s shall occupy the first 15-bit positions.
2.2.4.2 Frame Synchronization

A frame synchronization pattern consisting of 9 bits shall occupy bit positions
16 through 24. The frame synchronization pattern in normal operation shall be
000101111. However, if the beacon radiates a modulated signal in the self-test mode, the
frame synchronization pattern shall be 011010000 (i.e. the last 8 bits are complemented).

2.2.4.3 Format Flag @b

Bit 25 is a format (F) flag bit used to indicate the length o message to follow. Value
"0" indicates a short message; value "1" indicates a longée sage.

2.2.4.4 Message Content %Qv%Q

The content of the remaining 87 bits (shogrtf&fssa &&ee Figure 2.1) or 119 bits (long
message - see Figure 2.2) is defined in s 3.
o <

S
N
160ms | 15 9 ':gz')Q \‘b‘
CARRIER| BITS | BITS J& Y< [V
Y
il
NOTE: (1) b@) 3)

\c:, Figure 2.1: Short Message Format

&

87 BITS (SEE SECTION 3)

\4

|_
160 ms 15 9 | & 119 BITS (SEE SECTION 3)
CARRIER| BITS | BITS | _ |« >
NOTE: (1 2 @

Figure 2.2: Long Message Format

Notes: (1) Bit Synchronization: 15 "1" bits
(2) Frame Synchronization : 000101111 (except as in section4.5.4)
(3) "O0" bit indicates short-message format
"1" bit indicates long-message format



T10CT04 2-3 C/S T.001 - Issue 3 - Rev.6

October 2004

2.3

Modulator and 406 MHz Transmitter
2.3.1 Transmitted Frequency*

To ensure adequate System capacity and an efficient use of the available frequency
spectrum in the band 406.0 - 406.1 MHz allocated by the ITU for the operation of low-
power satellite emergency position-indicating radiobeacons, a number of channels have
been defined in the allocated band and will be assigned by Cospas-Sarsat from time to
time, as necessary to satisfy capacity requirements.

The frequency channels in the band 406.0 - 406.1 MHz are defined by the centre
frequency of the channels, as assigned by Cospas-Sarsat.

Except as provided below for beacons type approved by C -Sarsat for operation at
406.025 MHz and 406.028 MHz, the beacon carrier frequ shall be set in accordance
with the Cospas-Sarsat 406 MHz Channel Ass1gnmen le, as provided in document

C/S T.012 “Cospas-Sarsat 406 MHz Frequency a% ement Plan”, at the designated
centre frequency of the appropriate channel + 1 kH%%h shall not vary more than + 5 kHz
from that channel centre frequency in 5 years. Q

0 O

The carrier frequency of beacons operat 1n thg #06.025 MHz channel in accordance
with the Cospas-Sarsat 406 MHz Chamjpl Assj@@lent Table shall be set at 406.025 MHz
+ 2 kHz. The carrier frequency S@Ot vady more than + 5 kHz from 406.025 MHz in

5 years.
&

The carrier frequency of @ons ﬁbfatlng in the 406.028 MHz channel in accordance
with the Cospas-SargaiV'40 z Channel Assignment Table shall be set at
406.028 + 1 kHz. carrier frequency shall not vary more than +2 kHz /-5 kHz from
406.028 MHz in

The transmit@“requency short-term variations shall not exceed 2 parts in 10” in 100 ms.

The transmitted frequency medium-term stability shall be defined by the mean slope of the
frequency versus time over a 15-minute period and by the residual frequency variation
about the mean slope. The mean slope shall not exceed 1 part in 10° per minute, except as
noted below. The residual frequency variation shall not exceed 3 parts in 10°.

After allowing 15-minutes for beacon warm-up, the medium-term frequency stability
requirements shall be met for all defined environmental conditions, except for the
temperature gradient and the thermal shock as defined in sections 4.2.2 and 4.2.3
respectively.

* This section of the beacon specification does not apply to Cospas-Sarsat System beacons (i.e.
orbitography or calibration beacons). The transmitted frequency requirements for orbitography
beacons are detailed in document C/S T.006.
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The mean slope of the medium-term frequency stability measurements shall not exceed
2 parts in 10° per minute, and the residual frequency variation shall not exceed 3 parts
in 10”:

e during the variable temperature conditions of the temperature gradient (+/- 5° C/h

slope) defined in section 4.2.2 and for the 15 minute periods immediately after the
temperature had stabilised at the maximum or minimum values; and

e during the thermal shock defined in section 4.2.3.

It is recommended that distress transmissions commence as soon as possible after
activation, but in accordance with section 4.5.6.

The mean slope and the residual frequency variation shall be me@lred as follows: Data
shall be obtained by making 18 sequential frequency measu&?hts, one every repetition
period (50 sec +5 percent, see section 2.2.1) over an approxigdte 15 minute interval; each
measurement shall be a 100-ms frequency average perfo&é during the modulated part of

the message.
g %Q

The mean slope is defined as that of the least-squé#es strasght-line fit to the 18 data points.
Residual frequency variation is defined as thgteot mﬁ@];giuare (RMS) error of the points
relative to the least-squares estimate. 'e) &
| SN
23.2 Transmitter Power Ouﬂ@‘ S
N X

The transmitter power output@ll be\&hln the limits of 5 W +2 dB (35 to 39 dBm)
measured into a 50- Ohm ower output shall be maintained during 24-hour
operation at any tempe@?’ th \gout the specified operating temperature range. Power
output rise time sh ess than 5 ms measured between the 10% and 90% power points.
The power outplgt:, ssumed to rise linearly from zero and therefore must be zero prior to

about 0.6 ms\b¥oTe the beginning of the rise time measurement; if it is not zero, the
maximum acdeptable level is -10 dBm.

2.3.3 Antenna Characteristics

The following antenna characteristics are defined for all azimuth angles and for elevation
angles greater than 5° and less than 60°:

- Pattern : hemispherical

- Polarization : circular (RHCP) or linear

- Gain : between -3 dBi and 4 dBi over 90% of the above region

- Antenna VSWR : not greater than 1.5:1

The antenna characteristics should be measured in a configuration as close as possible to
its operational condition.
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234 Spurious Emissions

The in-band spurious emissions shall not exceed the levels specified by the signal mask in

Figure 2.3, when measured in a 100 Hz resolution bandwidth.

P
ﬁ _______ S__________/////
(POWER OUTPUT OF 0 dIBC
UNMODULATED CARRIER) |
A
|
i / [
|
5 oA Ly
& -20 | -20 /
é / / dBc : dBc . @b
|
E / / -d3;?§)c ! -d3E?c @ / //
-35dBc : @{O - 35dBc 7
- 40 : 'Q - 40
dBc | Q’% dBc
A | | =Ty 7/~
- 24 kHz 12 -7 -3 fc \,Q'x 24 kHz
406.0 MHz Kz iz I '{% kHz 406.1 MHz
' FREQUENCY (fc = B@CON QAngR FREQUENCY)
Figure 2.3: Spurious Em& l\@for 406.0 to 406.1 MHz Band
@Q \‘b
2.3.5

Non—Return—to—Zero

Data Encodug&

The data shall be e ?ed biphase L, as shown in Figure 2.4.

@— BIT PERIO

|
1
D

(NRZ) Data

|
1
|
|
|
|
|
|
|
|
|
|

1

|
1
|
|
|
|
|
|
|
|
|
|

1

0 RAD

I
|
|
|
|
|
|
|
|
Il
|
|
|
|
|

Figure 2.4: Data Encoding and Modulation Sense
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2.3.6 Modulation

The carrier shall be phase modulated positive and negative 1.1 + 0.1 radians peak,
referenced to an unmodulated carrier. Positive phase shift refers to a phase advance
relative to nominal phase. Modulation sense shall be as shown in Figure 2.4.

The rise (Tr) and fall (T¢) times of the modulated waveform, as shown in Figure 2.5, shall
be 150 + 100 ps.

+@ A

Modulated Signal b
o)
0.9,

Time

0.9,
Z,

_@V

Figure 2.53(@1‘1nit'0ib0f Modulation Rise and Fall Times
Y N0

Modulation symme&see Figure 2.6) shall be such that: |T1;—Tz| <0.05
. T, +1,
&
+ @ M&

Modulated Signal

o

0.1,

Time
I e ) - —
o8

Dy

Figure 2.6%: Definition of Modulation Symmetry

* Figure not to scale.
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2.3.7 Voltage Standing-Wave Ratio

The modulator and 406 MHz transmitter shall be able to meet all requirements, except for
those in paragraph 2.3.2 (transmitter power output), at any VSWR between 1:1 and 3:1,
and shall not be damaged by any load from open circuit to short circuit.

2.3.8 Maximum Continuous Transmission

The distress beacon shall be designed to limit any inadvertent continuous 406 MHz
transmission to a maximum of 45 seconds.

>
%@&
S

- END OF SECTIO Q-)
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3. DIGITAL MESSAGE STRUCTURE

3.1 Basic Structure

The digital message which is transmitted by the 406 MHz beacon consists of:

a)
b)

112 bits for the short message; and

144 bits for the long message.

These bits are divided into five groups:

(D

)

)

(4)

)

The first 24 bits transmitted, positions 1 through 24, are %gém bits; they are defined
in section 2 and are used for bit and frame synchroniza‘%@n.

The following 61 bits, positions 25 through Qe data bits. This bit group is
referred to as the first protected data field (P . The first data bit (position 25)
indicates if the message is short or long "Oa = hort@ssage "1" = long message.

The following 21 bits, positions 86 &are a Bose-Chaudhuri-Hocquenhem

or BCH (82,61) error-correcting Je. Tha.s t group is referred to as the first BCH

error-correcting field (BCH- 1 (@e is a shortened form of a BCH (127,106)

triple error-correcting cod Kas des in Annex B. This code can detect and

correct up to three bit in 2 bits of (PDF-1 + BCH-1). The combination
d%é as the first protected field.

of PDF-1 and BCH% eferr %

The following p consists of data bits, the number and definition of these bits
depends on ths message format, as follows:

a) Sh(}r message:  the last 6 bits of the message in positions 107 through 112,
these data bits are not protected. This bit group is referred to
as the non-protected data field;

b) Long message: the following 26 bits of the message in positions 107
through 132. This bit group is referred to as the second
protected data field (PDF-2).

The last 12 bits of the long message, positions 133 through 144, are a Bose-
Chaudhuri-Hocquenhem or BCH (38,26) error-correcting code. This bit group is
referred to as the second BCH error-correcting field (BCH-2). This code is a
shortened form of a BCH (63,51) double error-correcting code, as described in
Annex B. This code can detect and correct up to 2 bit errors in the 38 bits of
(PDF-2 + BCH-2). The combination of PDF-2 and BCH-2 is referred to as the
second protected field.
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3.2 Beacon Coding

Beacon coding methods are defined in Annex A to this specification. Specific operational
requirements for beacon coding, such as the self-test mode and the encoding of position data,
are defined in section 4 of this specification.

Beacon message protocols that support encoded location information (e.g. User-Location,
Standard Location and National Location) shall only be used in beacons that are designed to
accept encoded location information from a navigation system.

The 15 hexadecimal characters that uniquely identify each 406 MHz beacon are called the
beacon identification or beacon 15 Hex ID. This beacon identification comprises bits 26 to 85
of PDF-1. For location protocols, the position data bits in PDF-1 are 3¢t to the default values
specified in Annex A. It is recommended that the beacon 15 Hex H&} permanently marked on
the exterior of the beacon. %Q)
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4. ENVIRONMENTAL AND OPERATIONAL REQUIREMENTS

4.1 General

As explained in section 1.2, the environmental and operational requirements defined in this
section are not intended to be exhaustive. They are minimum requirements, which may be
complemented by national or international standards.

4.2 Thermal Environment

4.2.1 Operating Temperature Range b’
Two standard classes of operating temperature range are de@, inside which the system
requirements of section 2 shall be met: ,&%

Class 1: -40°C to +55°C QQJ

Class 2: -20°C to +55°C %Q,%

The operating temperature range shall be pc@m@&ent}%@%{ed on the beacon.
S

4.2.2  Temperature Gradient c:o QQ)

All system requirements of se \02 ig&lerding the frequency requirements defined in

section 2.3.1, shall be met whendthe f% ackaged beacon is subjected to the temperature

gradient shown in Figure 4«@
P A
+5 A %o |4_2h —>|

a

twarm_up = 15 min

¥ 1h
«——2h —»! >

_|
S TEMPERATURE (°C)

v

TIME

ton  tmeas
NOTES: Tmin = -40°C (Class 1 beacon)
Tmin = -20°C (Class 2 beacon)
ton = beacon turn-on time after 2 hour “cold soak”
tmeas = start time of frequency stability measurement (ton + 15 min)

Figure 4.1: Temperature Gradient
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4.2.3 Thermal Shock

All system requirements of section 2 shall be met, including the mean slope of the
medium-term frequency stability measurements which shall not exceed 2.0 parts in 10’
per minute, for measurements beginning 15 minutes after simultaneously activating the
beacon and applying a thermal shock of 30°C within the specified operating temperature
range of the beacon. Subsequently, system requirements shall continue to be met for a
minimum period of two (2) hours.

4.3 Mechanical Environment
Beacons shall be submitted to vibration and shock tests consistent with @ir intended use.

Internationally-recognized standards such as RTCA/DO-183 f@Ts could be used by the
national authorities. Q}

&
IR

: : 7S N
Other environmental requirements such as h&?ﬁdlty t %, altitude tests, over/under pressure

tests, waterproofness tests, sand and dust testsy uidsAQgéeptibility tests, etc., may be defined by
national authorities, preferably using into&ona%@recognized standards.

XN o
& NP
4.5 Operational Requireme@ >
O A3

4.5.1 Duration@ontinuous Operation

4.4 Other Environmental Requirements

The minimLK{r ration of continuous operation shall be at least 24 hours* at any
temperature throughout the specified operating temperature range. This characteristic
shall be permanently marked on the beacon.

4.5.2  Other Operational Requirements

Other operational requirements such as installation and maintenance methods, remote
monitoring, activation methods on planes or boats, etc. may be defined by national
authorities.

4.5.3  Auxiliary Radio-Locating Device

The distress beacon may incorporate an auxiliary radio-locating device at another

frequency (121.5MHz, 9 GHz SART, etc.) which is compatible with existing
radio-locating equipment.

* For installations meeting IMO GMDSS requirements, a minimum operating lifetime of 48 hours at any
temperature throughout the specified operating temperature range is necessary.
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Any such auxiliary radio-locating device must satisfy all the national performance
standards applicable to radio-locating devices at the selected auxiliary frequency.

4.5.4  Beacon Self-Test Mode
All beacons shall include a self-test mode of operation.

In the self-test mode beacons shall transmit a digital message encoded in accordance with
Annex A to this specification. The content of the self-test message shall always provide
the beacon 15 Hex ID, except for location protocol beacons when transmitting a self-test
message encoded with a GNSS position.

In the self-test mode the signal must have a frame synchronizatjo, tern of 011010000.
This bit pattern complements the last 8 bits of the normal frame §iChronization pattern so
that this test burst will not be processed by the satellite equii&t

The complete self-test transmission must be limited ne burst only. The maximum
duration of the self-test mode transmission should % ms (+1%) for a short message

and 520 ms (+1%) for a long message. If a 44% smission is used for beacons
encoded with the long format messages, it is mel@ that the message be truncated
without changing the format flag bit. %8) &%

The self-test mode shall be activate a sepatase switch position. The self-test function
shall perform an internal check a dlca% at RF power is being emitted at 406 MHz
and at 121.5 MHz, if apphcabl

message shall be the specified in Annex A. Additionally, location protocol
beacons may optio also prdvide for the transmission of a self-test message encoded
with a GNSS pos

For location protocol be 5 %nt of the encoded position data field of the self-test

Location @ol beacons which provide for the transmission of an encoded position in a
GNSS self-fest message shall:

a) activate the GNSS self-test mode via a distinct operation from the normal self-
test mode, but the GNSS self-test mode may be activated via the same self-test
switch(es) or operation provided that it shall require a separate, deliberate action
by the user that would limit the likelihood of inadvertent activation, and shall
not result in more than a single self-test burst;

b) provide for that in the case of internal GNSS receivers powered by the
primary(l) beacon battery the number of GNSS self-tests shall be limited by the
beacon design to prevent inadvertent battery depletion;

" The primary battery is the battery which is powering the 406 MHz function.
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4.5.5

provide a distinct indication to register successful completion or failure of the
GNSS self-test;

provide, for beacons with internal navigation devices, a separate distinct
indication that the limited number of GNSS self-test opportunities have been
attained;

ensure that the duration of the GNSS self test is limited to a maximum time
duration set by the manufacturer, noting that:

- in the case where the beacon fails to encode the location into the 406 MHz
message within this time limit the GNSS self-test shall cease, the beacon
shall indicate a GNSS self-test failure and may {r: t a single self-test
burst with default location data,

Q
- in the case where the beacon encodes the 104‘¢9% into the 406 MHz message
within this time limit the GNSS self-test % cease at that time (before the

time limit is reached), indicate a G f-test pass and may transmit a
single self-test burst containing the v. oca@ data; and

include instructions for the GNS@)@elf-te che Beacon Instruction Manual
which shall include a clear watsuhg on ghd-Use and limitations of this function,
noting that instructions fo‘lb‘%e GNSA Telf-test shall not be included on the

beacon itself, \Q 6&
S A
Encoded Position a* \

>

4.5.5.1 General OQ' \0‘%

Beacon position @, obtained from a navigation device internal or external to the beacon,
may be encodg®Din the beacon message. Position data can be encoded in either the short

message,

ng message extension, or some in both parts of the message.

Three levels of position resolution can be encoded in the beacon message:

. position data with resolution of 4 seconds in PDF-2, given as an offset of the position
data provided in PDF-1 with a resolution of either 15 minutes or 2 minutes;

. position data with resolution of 4 minutes in PDF-2, together with any of the user
protocol identification methods used in PDF-1; and

« position data in the short message with a resolution of either 15 minutes or 2 minutes,
together with a subset of the beacon identification methods (i.e. with shortened
identification data).

*

ELTs carried to satisfy the requirements of ICAO Annex 6, Parts I, II and III shall operate in
accordance with ICAO Annex 10.
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Operation or failure of an internal or external navigation device providing position data to
the beacon shall not degrade beacon performance.

4.5.5.2 Message Content and Timing

Position data shall be encoded into the beacon message according to one of the methods
specified in Annex A. The identification data and encoded position data are protected by a
BCH error-correcting code. A 21-bit BCH code protects the data of the first protected field
(PDF-1 and BCH-1) and a 12-bit BCH code protects the data of the second protected field
(PDF-2 and BCH-2). The BCH codes shall always match the message content. The
beacon shall recompute these codes each time the message content is changed.

The beacon shall commence transmissions upon activation even™ no valid position data
are available. Until valid data is available, the content of the e@d position data field of
the message shall be the default values specified in Annex he first input of position
data into the beacon message shall occur as soon as vali {fata is available. If the beacon
has the capability to provide updated position dat, %ﬁbsequent transmissions of the
updated position shall not occur more frequently tclg% 5 minutes.

If, after providing valid data, the navigatiop Qput.fag>or is not available, the beacon
message shall retain the last valid positiq@%i ho fa& 5 min) after the last valid position
data input. After 4 hours the encoded R%Sl ons @%e set to the default values specified in

Annex A. \Q‘b' @,&

X X
When the beacon radiates aé@ MHK‘ﬁ‘gnal in the self-test mode, the content of the

encoded position of the sgh{¥¢st meRyage shall be set to the default values specified in
Annex A, except for lo g{%@%Ol beacons when transmitting an optional GNSS self-
test when the beaco% radiateMa single self-test message with encoded position.

&

4.5.5.3 Int&l Navigation Device Performance

An internal navigation device shall be capable of global operation and shall conform to an
applicable international standard. An internal navigation device shall incorporate self-
check features to ensure that erroneous position data is not encoded into the beacon
message. The self-check features shall prevent position data from being encoded into the
beacon message unless minimum performance criteria are met. These criteria could
include the proper internal functioning of the device, the presence of a sufficient number of
navigation signals, sufficient quality of the signals, and sufficiently low geometric dilution
of precision.

The distance between the position provided by the navigation device, at the time of the
position update, and the true beacon position shall not exceed 500 m for beacons
transmitting the Standard or National location protocols, or 5.25 km for beacons
transmitting the User-Location protocol. The encoded position data shall be provided in
the WGS 84 or GTRF geodetic reference systems.
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The internal navigation device shall provide valid data within 10 minutes after its
activation.

Internal navigation device cold start shall be forced at every beacon activation. Cold start
refers to the absence of time dependent or position dependent data in memory, which might
affect the acquisition of the GNSS position.

4.5.5.4 External Navigation Device Input

It is recommended that beacons, which are designed to accept data from an external
navigation device, be compatible with an applicable international standard, such as the IEC
Standard on Digital Interfaces (IEC Publication 61162).

Features should be provided to ensure that erroneous position @#71s not encoded into the
beacon message.

For a beacon designed to operate with an extema,%?wgatlon device, if appropriate
navigation data input is present, the beacon shal uce a digital message with the
properly encoded position data and BCH code( in 1 inute after its activation.

If a beacon is designed to accept positio, fro @rexternal navigation device prior to
beacon activation, navigation data inpuEEs, @Vlded at intervals not longer than:

« 20 minutes for EPIRBs and ;or A
1 minute for ELTSs @
& \Q’

4.5.6 Beacon Actlva@ %
O

The beacon should %gesgned to prevent inadvertent activation.

After activat \’he beacon shall not transmit a 406 MHz distress message until at least
one repetition period (as defined in section 2.2.1) has elapsed.

—END OF SECTION 4 —
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ANNEX A

BEACON CODING
Al GENERAL

Al.l Summary

This annex defines the 406 MHz beacon digital message coding. The digital message is divided
into various bit fields as follows:

Q
Short Message Format (see Figure Al@b’

Bit Field Name %\1 ield Location

1. Bit synchronization it 1 through bit 15

2. Frame synchronization bit 16 through bit 24

3. First protected data field (PDF-1) 25 through bit 85

4. First BCH error correcting field (B % it 86 through bit 106

5. Non-protected data field \O &% bit 107 through bit 112
Long Mesg%@ t&see Figure A2)

Bit Field Name @Q \‘b‘ Bit Field Location

1. Bit synchronization bit 1 through bit 15

2. Frame synchromqﬁ % bit 16 through bit 24

3. First protecte a ﬁela‘@ F-1) bit 25 through bit 85

4. First BCH egr'correcting field (BCH-1) bit 86 through bit 106

5. Second protected data field (PDF-2) bit 107 through bit 132

6. Seco@—l error correcting field (BCH-2)  bit 133 through bit 144

The bit synchronization and frame synchronization fields are defined in sections 2.2.4.1 and 2.2.4.2,
respectively.

The first protected data field (PDF-1) and the non-protected data field of the short message are
defined in section 3.1 and section A2 of this Annex, and shown in Figures A1, A3 and A4.

The first protected data field (PDF-1) and the second protected data field (PDF-2) of the long
message are defined in section 3.1 and section A3 of this Annex, and shown in Figures A2, AS, A6,
A7, A8 and A9.

The BCH error correcting fields BCH-1 and BCH-2 fields are defined in section 3.1 and the
corresponding 21 bit BCH error-correcting code and 12 bit BCH error-correcting code are
described at Annex B.
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Al.2  Message Format Flag, Protocol Flag, and Country Code

The bit allocations for the message format flag, protocol flag and country code are identical in
all beacon protocols. They are assigned in PDF-1 of the short and the long messages as
follows:

Bits Usage

25 format flag (F)
26 protocol flag (P)
27-36 country code

Al.2.1 Format Flag

The format flag (bit 25) shows whether the message is short or 10%’using the following

code:
F=0 short format b@
F=1 long format &%6
Al1.2.2  Protocol Fla %Qe

The protocol flag (bit 26) indicates which type of &Mocol i§ used to define the structure of
encoded data, according to the following cod%'Q Q

P=0 standard locati O}Qrot rb/g@%rr national location protocol
P=1 user protocq'l& user— ation protocols.

The various protocols are i@lﬁe@a specific protocol code, as described in
section A1.3. Q)

Al1.23 Country COQ@ \0‘%

Bits 27-36 des1gg(e a three-digit decimal country code number expressed in binary
notation. Co codes are based on the International Telecommunication Union (ITU)
Maritime @ntiﬁcaﬁon Digit (MID) country code available on the ITU website
(www.itu.int/cgi-bin/htsh/glad/cga_mids.sh). National administrations allocated more
than one MID code may opt to use only one of these codes. However, when the 6 trailing
digits of a MMSI are used to form the unique beacon identification, the country code shall
always correspond to the first 3 digits of the MMSI code.

For all types of protocols, except the test protocols, the country code designates the
country of beacon registration, where additional information can be obtained from a
data base.
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Al1l.3 Protocol Codes
Each coding protocol is identified by a unique protocol code defined as follows:
- 3-bit code in bits 37 to 39 for user and user-location protocols;
- 4-bit code in bits 37 to 40 for standard location and national location protocols.
Table A1l shows the combinations of the format flag and the protocol flag which identify each

category of coding protocols. The protocol codes assignments are summarized in Table A2.

Table Al: Format Flag and Protocol Flag Combin@ms

Format Flag (bit 25) — 0 L 1
Protocol Flag (bit 26) { (short) _\Q} (long)
0 c‘v%Standard Location Protocols
(protocol code: bits 37-40) Not Used Q’ National Location Protocol
o QRLS Location Protocols
1 @\ .\9 User Protocols
(protocol code: bits 37-39) User Prs@\ﬁd A User-Location Protocols

N
Figure Al: Data ﬁQ&of tlée(éhort Message Format
XN X0

X/ N
Bit Frame @y [ Non-Protected
N First R&tec ed Data Field (PDF-1) BCH-1 Data Field

A

Unmodulated Bit Fr. > F Aﬁo tocol | Count Identification or | 21-Bit | Emergency Code/
Carrier Synchronization | Synchr&gjyation m Fla Co dgy Identification BCH National Use or
(160 ms) Pattern A Qalern £ plus Position Code [ Supplement. Data

Synchronization | Synchronizatj

Bit No. 1-15 | 016—24 25 26 27-36 37-85 86-106 107-112

D
15 @ 9 bits 1 bit 1 bit 10 bits 49 bits 21 bits 6 bits

Figure A2: Data Fields of the Long Message Format

Bit Frame . . Second Protected
Synchronization | Synchronization First Protected Data Field (PDF-1) BCH-T | bata Field (PDF-2) BCH-2
Unmodulated Bit Frame Format | Protocol | Count Identification or | 21-Bit | Supplementary and | 12-Bit
Carrier Synchronization | Synchronization Fla Fla Co dery Identification BCH | Position or National | BCH
(160 ms) Pattern Pattern & & plus Position Code Use Data Code
Bit No. 1-15 16-24 25 26 27-36 37-85 86-106 107-132 133-144

15 bits 9 bits 1 bit 1 bit | 10 bits 49 bits 21 bits 26 bits 12 bits
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Table A2: Protocol Codes Assignments

A2-A: User and User-Location Protocols (F=0, P=1) short message

(F=1, P=1) long message

Protocol Codes
(Bits 37 - 39)

1. EPIRB - Maritime User Protocol: (MMSI, 6 digits)
(radio call sign, 6 characters)
2. EPIRB - Radio Call Sign User Protocol
ELT - Aviation User Protocol (aircraft registration markings)
4. Serial User Protocol:
bits 40, 41, 42 used to identify beacon type:
000 ELTs with serial identification number;
001 ELTs with aircraft operator designator & serial numgber;
010 float free EPIRBs with serial identification numb 1’%
100 non float free EPIRBs with serial identiﬁcation@ber;

98]

110 PLBs with serial identification number; %Q)
011 ELTSs with aircraft 24-bit address; 6&

101 & 111 spares.
bit43 =0:  serial identification number iyé%ed nationally; or
bit43 =1: identification data include tl@ /S type approval certificate
number. Q . 0'6
Test User Protocol @Q) %\
Orbitography Protocol \Q Q)&
National User Protocol * (b'% &Q
Spare
O a8

SRS

010
010
110
001
011

111
000
100
101

A2-B: Standard Location and Na_@al Loﬁgon Protocols (F=1, P=0) long message

*

Standard Locatio}@otocols
1. EPIRB - MM /Ddcation Protocol
. ELT - 24-kj dress/Location Protocol
3. Serial Lo&s§ton Protocols a) ELT - serial
b) ELT - aircraft operator designator
¢) EPIRB-serial
d) PLB-serial

4. Ship Security
National Location Protocol

W

a) ELT

b) EPIRB

c) PLB
6. Test location Protocols

a) Standard Test Location Protocol

b) National Test Location Protocol
7. RLS Location Protocol
8. Reserved (orbitography) 0000,
9. Spare

The National User Protocol has certain bits which are nationally defined, as described in section A2.8.

0@ (b, Protocol Codes
Q) \Q‘% (Bits 37 - 40)

0010
0011
0100
0101
0110
0111
1100

1000
1010
1011

1110
1111
1101
0001
1001
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A2 USER PROTOCOLS

This section defines the user protocol message formats which can be used to encode the
beacon identification and other data in the message transmitted by a 406 MHz distress beacon.

A2.1 Structure of User Protocols

The user protocols have the following structure:

bits usage

25 format flag (short message =0, long message E)
26 protocol flag (=1) 6@
27-36 country code <
37-39 protocol code '&%

40-83 identification data

84-85 auxiliary radio-locating device @%

Bits 37-39 in the protocol code field designate @ of ?er protocol codes as listed in
Table A2-A, and indicate how the remaining lqb@f 1de@ ation data are encoded/decoded.

Bits 40-83 are used to encode the id@@ation data of the beacon and, together with the
protocol flag, the country code, thg{protoc @ode, and bits 84-85, shall form a unique
identification for each beacon, i.e. @&geacbg 5 Hex ID. They will be discussed separately
for each user protocol. @ >

Bits 84-85 are used to u@te for all user protocols excluding the orbitography protocol, the
type of auxiliary radio-tocating device(s) forming part of the particular beacon. The
assignment of bits ig@dfollows:

- S

bits 84-85 auxiliary radio-locating device type
00 no auxiliary radio-locating device
01 121.5 MHz
10 maritime 9 GHz Search and Rescue Radar Transponder (SART)
11 other auxiliary radio-locating device(s)

If other auxiliary radio-locating device(s) is (are) used in addition to 121.5 MHz, the code for
121.5 MHz (i.e. 01) should be used.

The bit assignments for user protocols, in PDF-1 of the 406 MHz beacon digital message, are
summarized in Figure A3.
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Figure A3: Bit Assignment for the First Protected Data Field (PDF-1) of User Protocols

1. MARITIME USER PROTOCOL

Bits 25126 |27 36137 39 (40 818 8 |8 85
..... 0] 1| CountryCode |0 1 O MMSI or Radio Call Sign (42 bits) 0 0 R L
2. RADIO CALL SIGN USER PROTOCOL
Bits 25126 (27 36137 39 (40 818 8 |8 85
..... 0| 1] CountryCode |1 1 O Radio Call Sign (42 bits) 0 0 R L
3. SERIAL USER PROTOCOL
Bits 25126 (27 36137 39 (40 42143 | 44 @ 74 83 | 84 85
~
..... 0] 1] CountryCode |O 1 1 |T T T|C Serial Number and other %}J C/S Cert. No or R L
QQ National Use
N
4. AVIATION USER PROTOCOL @
Bits 25126 (27 36|37 39 (40 G;Q 818 8 |8 85
— - v
..... 0] 1| CountryCode [0 0 1 Aircraft Registr@%ﬂarking (42 bits) EN' R L
D™
5. NATIONAL USER PROTOCOL Q')Q) (‘:}.\
Bits | 2512627 36 | 37 39 (40 A‘Q . é 85
...... F| 1| CountryCode [ 1 O O (8;’ && National Use (46 bits)
N
6. TEST USER PROTOCOL ,,Q \,‘b'
Bits 25126 (27 36|37 3‘?{%) (b, 85
..... F [ 1 | Country Code | 1 @‘ ‘% Test Beacon Data (46 bits)
&) :
N
7. ORBITOGRAPHY PROTOCO
A
Bits | 2512627 \& 37 39 (40 85
...... F |1 | Counttf€ode | 0 0 O Orbitography Data (46 bits)
Notes: RL = Auxiliary radio-locating device (see section A2.1)
TTT = 000 - ELT with serial number 010 - float free EPIRB with serial number
011 - ELT with 24-bit aircraft address 100 - non float free EPIRB with serial number
001 - ELT with aircraft operator 110 - personal locator beacon (PLB) with serial number
designator and serial number
C = C/S Type Approval Certificate Flag:
"1" = C/S Type Approval Certificate number encoded in bits 74 to 83
"0" = other national use
F = Format Flag ("0" = short message, "1" = long message)
EN = Specific ELT number on designated aircraft (see section A2.4) '

! Effective as of 1 November 2011.
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Table A3: Modified-Baudot Code

Note:

A2.2

Letter Code Letter Code Figure Code
MSB LSB MSB LSB MSB LSB
A 111000 N 100110 ()" 100100
B 110011 O 100011 (-)** 011000
C 101110 p 101101 / 010111
D 110010 Q 111101 0 001101
E 110000 R 101010 1 011101
F 110110 S 110100 2 011001
G 101011 T 100001 b 010000
H 100101 U 111100 h%’ 001010
I 101100 \% 101111 | %5 000001
J 111010 W 111001 gy 6 010101
K 111110 X 110111 %’Q 7 011100
L 101001 Y 1101 8 001100
M 100111 Z 11 9 000011
6@@ %\Oﬂ;ﬂ'
O &
MSB: most significant bit ‘b‘% &4 * Space
LSB: least significant bit &\Q \@ Hyphen

The modified-Baudot code is %en }alphanumeric characters in EPIRB messages containing
MMSI or radio call sign i ication, and in ELTs containing the aircraft registration marking or
the 3-letter aircraft oper esi %

60
Maritimg&%‘ Protocol
L

The maritime user protocol has the following structure:

Bits Usage

25 format flag (=0)

26 protocol flag (=1)

27-36 country code

37-39 user protocol code (=010)

40-75 radio call sign or trailing 6 digits of MMSI
76-81 specific beacon number

82-83 spare (=00)

84-85 auxiliary radio-locating device type(s)

Bits 40-75 designate the radio call sign or the last 6 digits of the 9 digit maritime mobile
service identity (MMSI) using the modified-Baudot code shown in Table A3.
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This code enables 6 characters to be encoded using 36 bits (6x6 = 36). This data will be right
justified with a modified-Baudot space (100100) being used where no character exists. If all
characters are digits, the entry is interpreted as the trailing 6 digits of the MMSI.

Bits 76 to 81 are used to identify specific beacons on the same vessel (the first or only float
free beacon shall be coded with a modified-Baudot zero (001101); additional beacons shall be
numbered consecutively using modified-Baudot characters 1 to 9 and A to Z).

The maritime user and the radio call sign user protocols may be used for beacons that require
coding with a radio call sign. The maritime user protocol may be used for radio call signs of
6 or fewer characters. Radio call signs of 7 characters must be encoded using the radio call
sign user protocol.

>

)
A2.3 Radio Call Sign User Protocol 6

The radio call sign user protocol is intended to accomm % Vessel's radio call sign of up to
seven characters, where letters may be used only in the ur characters, thereby complying
with the ITU practice on formation of radio call s1g%

)
The radio call sign user protocol has the follo@ struc.éte
S L

Bits U
25 'ﬁﬁt 50)
26 ¢, protocoltlag (=1

27-36 @ c%ﬂ%y code

37-39 protocol code (=110)

40-75 b’Q radio call sign

. 40 63 first 4 characters (modified-Baudot)

. &6\, last 3 characters (binary-coded decimal)
76-81°N specific beacon number

82-83 spare (=00)

84-85 auxiliary radio-locating device type(s)

Bits 40 to 75 contain the radio call sign of up to 7 characters. Radio call signs of fewer than
7 characters should be left justified in the radio call sign field (bits 40-75) and padded with
"space" (1010) characters in the binary-coded decimal field (bits 64-75).

Bits 76 to 81 are used to identify specific beacons on the same vessel (the first or only float
free beacon shall be coded with a modified-Baudot zero (001101); additional beacons shall be
numbered consecutively using modified-Baudot characters 1 to 9 and A to Z).
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A2.4 Aviation User Protocol

The aviation user protocol has the following structure:

Bits Usage

25 format flag (=0)

26 protocol flag (=1)

27-36 country code

37-39 user protocol code (=001)

40-81 aircraft registration marking

82-83 specific ELT number '

84-85 auxiliary radio-locating device ty&e(s)

Bits 40-81 designate the aircraft registration marking which is
Baudot code shown in Table A3. This code enables 7 charac
(6x7=42). This data will be right justified with a modified-,
where no character exists. S
n

ded using the modified-
o be encoded using 42 bits
dot space (100100) being used

N
Bits 82-83 are used to create a unique ELT identi@%o several ELTs coded with the
Aviation User protocol are installed on the sam@%ircra NO0” indicates the first ELT on the
aircraft coded with this protocol and “01”, “MN)and ‘@ identify additional ELTs, all coded
with the Aviation User protocol. ' S
AN »@5

A2.5 Serial User Protocol N
> NP

The serial user protocol is int d to e‘;%it the manufacture of beacons whose 15 Hex ID
will be identified in a data b givmés%eciﬁcs about the unit. The following types of serial
1dentification data can be@%oded in the beacon:

. O
o serial nur%}'
o 24-bit airctaft address number

. aircraft operator designator and a serial number.
Bits 40-42 indicate the beacon type with serial identification data encoded, as follows:

000 indicates an aviation ELT serial number is encoded in bits 44-63

010 indicates a maritime float free EPIRB serial number is encoded in bits 44-63

100 indicates a maritime non float free EPIRB serial number is encoded in bits 44-63

110 indicates a personal locator beacon (PLB) serial number is encoded in bits 44-63

011 indicates the aircraft 24-bit address is encoded in bits 44-67 and specific ELT
number in bits 68-73 if several ELTs, encoded with the same 24 bit address, are
carried in the same aircraft

001 indicates an aircraft operator designator and a serial number are encoded in bits
44-61 and 62-73, respectively.

! Effective as of 1 November 2011.
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Bit 43 is a flag bit to indicate that the Cospas-Sarsat type approval certificate number is
encoded.

If bit 43 is set to 1:

- bits 64-73 should either be set to all Os or allocated for national use and control (and
will be made public when assigned by the responsible administration) or used as
defined for coding the aircraft 24-bit address or aircraft operator designator;

- bits 74-83 should be encoded with the Cospas-Sarsat type approval certificate number
which is assigned by the Cospas-Sarsat Secretariat for each beacon model approved
according to the type approval procedure of document C/S T.Q07. The certificate
number is to be encoded in binary notation with the least signiﬁc&oit on the right.

If bit 43 is set to O: %Q)

- bits 64-83 are for national use and control (and will Q ade public when assigned by
the responsible administration) or used as deﬁned ding the aircraft 24-bit address
or aircraft operator designator. Q

Details of each type of serial identification data &wen@wunder
A2.5.1 Serial Number % 46

The serial user protocol usm%;erlal Pﬁﬂer encoded in the beacon message has the
following structure:

Bits 25 26 27 36 37 63 64 73 74 83 85
[ SR S R S o S Y S
10 11 | Code b 1/T T T,C| Serial Number | Nat. Use | or Nat. Use |R L]
B;t?t& Usage
25 format flag (= 0)
26 protocol flag (=1)
27-36 country code
37-39 user protocol code (=011)
40-42 beacon type (=000, 010, 100 or 110)
43 flag bit for Cospas-Sarsat type approval certificate number
44-63 serial number
64-73 all Os or national use
74-83 C/S type approval certificate number or national use
84-85 auxiliary radio-locating device type(s)

Bits 44-63 designate a serial identification code number ranging from 0 to 1,048,575
(i.e. 2°-1) expressed in binary notation, with the least significant bit on the right.

This serial number encoded in the beacon message is not necessarily the same as the
production serial number of the beacon.
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A2.5.2 Aircraft 24-bit Address

The serial user protocol using the aircraft 24-bit address has the following structure:

Bits 25 26 27 36 37 40 44 67 68 73 74 83 85

T N T Country N T T : Aircraft T Additional T c/s Cert.No.T i

10 11 | Code 101 1/0 1 1{C}| 24-bit Address | ELT No.s | or Nat. Use |R L}
Bits Usage
25 format flag (= 0)
26 protocol flag (=1)
27-36 country code b’
37-39 user protocol code (=011) Q
40-42 beacon type (=011) bv
43 flag bit for Cospas-Sarsat type ébval certificate number
44-67 aircraft 24-bit address Q
68-73 specific ELT number, ifAgdveral ELTs encoded with the

same 24-bit address are@ i€d in the same aircraft
74-83 C/S type approval cer?mcate mber or national use
84-85 auxilia radio-lqgéﬁ de (s
ry & g {/@% type(s)

Bits 44-67 are a 24-bit binary numbe &igng@&?e aircraft. Bits 68-73 contain the

6-bit specific ELT number, in bina tation“with the least significant bit on the right,

which is an order number of the in aircraft or default to “0” when only one

ELT is carried; the purpos&ﬁthis sprd¥iic number is to produce different 15 Hex
-bit ‘%ﬁ&es

numbers containing the sa .

A2.5.3 Aircraft Ope\s&r De@tor and Serial Number

The serial user g@bcol using the aircraft operator designator and serial number has the

following itQ re:
Bits 25 26 27 & 36 37 40 44 61 62 73 74 83 85
B R et T e o - ot e it B e o=
' | Country ! ' ! | Operator 3-letter | Serial ! C/S Cert. No. !
10 11 | Code 1001 1/0 0 1iC} Designator | Number | or Nat. Use |R L|
Bits Usage
25 format flag (=0)
27-36 country code
37-39 user protocol code (=011)
40-42 beacon type (=001)
43 flag bit for Cospas-Sarsat type approval certificate number
44-61 aircraft operator designator
62-73 serial number assigned by operator
74-83 C/S type approval certificate number or national use

84-85 auxiliary radio-locating device type(s)
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Bits 44-61 are a 3-letter aircraft operator designator from the list* of "Designators for
Aircraft Operating Agencies, Aeronautical Authorities and Services" published by the
International Civil Aviation Organization (ICAQO). The 3 letters are encoded using the
modified-Baudot code of Table A3.

Bits 62 to 73 are a serial number (in the range of 1 up to 4095) as designated by the
aircraft operator, encoded in binary notation, with the least significant bit on the right.
A2.6  Test User Protocol
The test user protocol will be used for demonstrations, type approval, ;ational tests, training

exercises, etc.. Mission Control Centres (MCCs) will not forward m es coded with this
protocol unless requested by the authority conducting the test.

The test user protocol has the following structure: 6'{,%
Bits Usage %Q
25 format flag (short mes@ = 0,JJong message = 1)
26 protocol flag (=1) Q Q
27-36 country code ) \
37-39 test user proto)) codeéslc‘?l)
40-85 national

> \q}
2.7 Orbitography Protoco]@Q \‘b'

The orbitography protocol j e01al system calibration transmitters and is intended
for use only by operat he L ser Terminals. Therefore, it is not further described
in this document.

@\

The list of designators, comprising about 3000 operating agencies, authorities or services world-wide, is
published by ICAO in document 8585, and can be purchased from ICAO in printed and electronic form.
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A2.8 National User Protocol

The national user protocol is a special coding format having certain data fields, indicated as
"national use", which are defined and controlled by the national administration of the particular
country which is coded into the country code field.

The national user protocol may be either a short or a long message, as indicated by the format
flag (bit 25). The correct BCH code(s) must be encoded in bits 86-106, and in bits 133-144 if

a long message is transmitted.

The national user protocol has the following structure:

Bits 25 26 27 36[37 |40 85 86 §6 107 132|133 144
i i i Country i i National Use i éﬂvCode |Natlonal Use |BCH Codel
!F !l ! Code !l 0 O! (46 bits) Q!'%QY bits) ! (26 bltS)___I (12 blts)|

S

O >

Bits Usage Q %\z
25 format ff@ (sho@hessage =0, long message =1)
26 prot flag. (™)
27-36 Ny codd
37-39 r§hon&"§ér protocol code (=100)
40-85 natl I'use
86-106 D it BCH code
107-112 QQ Qtl nal use
113-132 b’ national use (if long message)
133—144’:{0 12-bit BCH code (if long message)

&

Once the beacon has been activated, the content of the message in bits 1 to 106 must remain
fixed, but bits 107 onwards are permitted to be changed periodically, provided the correct
12-bit BCH code is also recomputed and that such changes do not occur more frequently than
once every 20 minutes.

It should be noted that distress alert messages encoded with the national user protocol can be
passed within the Cospas-Sarsat System only as hexadecimal data, and the content of the
message can only be interpreted by the appropriate national administration.
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A2.9 Non-Protected Data Field

The non-protected data field consists of bits 107 to 112, which can be encoded with
emergency code / national use data as described below. However, when neither the
emergency code nor the national use data have been implemented, nor such data entered, the
following default coding should be used for bits 107 to 112:

000000:  for beacons that can be activated only manually,
1.e. bit 108 = 0 (see below)

010000:  for beacons that can be activated both manually and automatically, i.e.
bit 108 =1 (see below).

Bit 107 is a flag bit that should be automatically set to (=1) if em&ency code data has been
entered in bits 109 to 112, as defined below. %2)

Bit 108 indicates the method of activation (the switching @amsm) that has been built into

the beacon: Q,
S

bit 108 set to (=0) indicates that a switch m@gbe m@%ly set to “on” after the time of
the distress to activate the beacon; \OQJ &%
Q

bit 108 set to (=1) indicates th@ie be@on can be activated either manually or

automatically.
Q \‘Zr
A float-free beacon shall have b@OS set fOM1.

Q O

A2.9.1 Mar1t1me§nergency code

The emerge'@ code is an optional feature that may be incorporated in a beacon to
permit the user to enter data in the emergency code field (bits 109-112) after beacon
activation of any maritime protocol (i.e. maritime user protocol, maritime serial user
protocols, and radio call sign user protocol). If data is entered in bits 109 to 112 after
activation, then bit 107 should be automatically set to (=1) and bits 109 to 112 should
be set to an appropriate maritime emergency code shown in Table A4. If a beacon is
pre-programmed, bits 109 to 112 should be coded as "unspecified distress" (i.e. 0000).

A2.9.2 Non-Maritime Emergency code

The emergency code is an optional feature that may be incorporated in a beacon to
permit the user to enter data in the emergency code field (bits 109-112) of any non-
maritime protocol (i.e. aviation user protocol, serial user aviation and personal
protocols, or other spare protocols). If data is entered in bits 109 to 112, then bit 107
should be automatically set to (=1) and bits 109 to 112 should be set to an appropriate
non-maritime emergency code shown in Table AS.
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Table A4: Maritime Emergency Codes in Accordance with the
Modified ” IMO Nature of Distress Indication

IMO Binary Usage
Indication” Code

1 0001 Fire/explosion

2 0010 Flooding

3 0011 Collision

4 0100 Grounding

5 0101 Listing, in danger of capsizing

6 0110 Sinking

7 0111 Disabled and adrift

8 0000 Unspecified distress &Z)

9 1000 Abandoning ship

1001 to 1111 | Spare (could be n future for

assistance desi r other information to
facilitate th e if necessary)

m Modification applies only to code "1111", Wthh is 1@9&15 a’ ¢" instead of as the "test" code.
@ IMO indication is an emergency code number iffere %)m the binary encoded number.
@ If no emergency code data has been entered, % 7 re set to (=0).

Table AS: NgC@IarltkéEmergency Codes
Bits \@ (b‘ Usage "

109 ire (=me (=1)
110 0 medical help (=0); medical help required (=1)

111 -\Q, Not disabled (=0); disabled (=1)
112887 | Spare (=0)

D If no emergency code data has been entered, bit 107 remains set to (=0).

A2.9.3 National Use

When bit 107 is set to (=0), codes (0001) through (1111) for bits 109 to 112 may be
used for national use and should be set in accordance with the protocol of an appropriate
national authority.



Figure A4: Summary of User Protocols Coding Options

b 25: Message format flag: 0 = short message, 1 =long message
b 26: Protocol flag: 1 = User protocols
b27-b36: Country code number: 3 digits, as listed in Appendix 43 of the ITU Radio Regulations
b37-b39: User protocol code: 000 = Orbitography 110 = Radio call sign
001 = Aviation 111 ="Test
010 = Maritime 100 = National
011 = Serial 101 = Spare A
b37-b39: 010 = Maritime user 110 = Radio call sign user 011 = Serial user (&7 001 = Aviation user 100 = National User
b40-b 75: Trailing 6 digits of b 40 -b 63: First four characters b40-42: Beacon type 6, 40-b81: Aircraft I_{ég_is_tr_a{i(_)r; 1v40-85:
MMSI or radio call (modified-Baudot) 000=  Aviation Q) Marking (modified - | National use
sign (modified- 001 = Aircraft Operator &% Baudot)
Baudot) 011=  Aircraft Addre
010= Maritime ( ee)
100= Maritime float free)
110= Persona

b 43: icate %9
b44-b 1al Noa

b 64 -b75: Last three characters
(binary coded decimal) % other
b 76 -b 81: Specific beacon b 76 -b 81: Specific beacon b 83: Cert No. or
(modified-Baudot) (modified-Baudot) A (&ﬁ ational use
b 82-b83: 00 = Spare b 82-b83: 00 = Spare b 82 - b 83: Specific ELT
2 number’
b 84 - 85: Auxiliary radio-locating device type(s): 0 Auﬁ]@ﬂadlo -locating device
=121.5M
0 Maritime locating: 9 GHz SART
. \% 11 = Other auxiliary radio-locating device(s)
b86-b106:  BCH code: &Y 21-bit error-correcting code for bits 25 to 85
b 107: Emergency code use of b 109 -b 112: 0 = National use, undefined (default = 0) b 107-112:
1 = Emergency code flag National use
b 108: Activation type: 0 = Manual activation only
1 = Automatic and manual activation
b 109-b 112: Nature of distress: Maritime emergency codes (see Table A.4) (default = 0000)

Non-maritime emergency codes (see Table A5) (default = 0000)

! Effective as of 1 November 2011.

010 12903150

[1°A9Y - €9nSS[ - T00°L S/O
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A3 LOCATION PROTOCOLS

This section defines the protocols which can be used with the 406 MHz beacon message formats
for encoding beacon position data, as well as the beacon identification data, in the digital
message transmitted by a 406 MHz distress beacon.

A3.1 Summary

Four types of location protocols are defined for use with the long message’, as shown in

Figure AS. br

User-Location Protocols. These location protocols are for u&ith the long message

format. The beacon identification data is provided in PDF- one of the user protocols
defined in section A2 (see Figure A3). Position data is prgWded as latitude and longitude,
to 4-minute resolution, encoded into PDF-2. %Q

format. The beacon identification data is pr d in dardized format in 24 bits of
PDF-1. Position data to 15-minute resolutigh)Ts also %%n in PDF-1, with position offsets
to 4-second resolution in PDF-2. 4@

National Location Protocol. T cati(éprotocol is for use with the long message
format. The beacon identiﬁcat%data is 1ded in a nationally-defined format in 18 bits
of PDF-1. Position data, to 2¢linute reSgfution, is given in PDF-1, with position offsets to
4-second resolution in PD@ D

Standard Location Protocols. These location ?dbcols apg for use with the long message

o
Return Link Ser, i@%{LS) ma ion Protocol*. This location protocol is for use with
the long message at. The beacon identification data is provided in 18 bits of PDF-1
where the fir %0 bits define the beacon type and the remaining 16 bits are nationally
defined. \%on data, to 2-minute resolution, is given in PDF-1, with position offsets to
4-second resolution in PDF-2.

A3.2 Default Values in Position Data

The following default values shall be used in all encoded position data fields of the location
protocols, when no valid data is available:

a) all bits in degrees fields set to "1", with N/S, E/W flags set to "0";
b) all bits in the minutes fields set to "0", with A signs set to "1"; and

¢) all bits in the seconds fields set to "1" (the value "1111" = 60 sec is out of range).

¥ Cospas-Sarsat no longer permits the use of short format location protocols. Information on these protocols is
available in C/S T.001, Issue 3- Revision 7.

* These protocols will be effective as of 1 November 2013.
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This pattern shall also be transmitted if the beacon radiates a 406 MHz message in the self-test
mode. Additionally, if a location protocol beacon includes an optional GNSS self-test and this
fails to provide a valid location to encode into the transmitted self-test message, then the beacon
may radiate a single self-test message with the above default data. However if a location
protocol beacon with optional GNSS self-test obtains a location, then the beacon may radiate a
single self-test message with encoded position.

Figure AS: Outline of Location Protocols

>

I\

N4
User - Location Protocﬂg@s
NN . . . Lo O . .
bit | bits bits 40-83 bits | bits 86-106 [  bit IO&V) bits 108-132 bits
26 27-39 84-85 ) 133-144
Identification Data (44 bits) lgge?tli(r)lzg 21-Bit R ata Position Data to 4 min 12-Bit
| R Device | BCH codeAA urce Resolution (25 bits) BCH code
>
-@; O
b 4
Standard L“@tiou{%Protocols
A 24
bit| bits bits 41-64 bits 65-85 % bits 86Q$) bits 107-112 bits 113-132 bits
26| 27-40 \{\(b‘ £ 133-144
4 Y
Identification Data | Position Data‘gl\g min -Bit  |Supplementary, Position Data to 4 sec 12-Bit
U (24 bits) Resolu;;@l bitsAJOBCH code Data Resolution (20 bits) BCH code
QQV >
~ \f\‘%
A ational Location Protocol
bit| bits bits 41 80 bits 59-85 bits 86-106 | bits 107-112 bits 113-126 bits bits
26| 27-40 AL 127-132| 133-144
Idenﬁ%&t}lon Data | Position Data to 2 min 21-Bit  |Supplementary(Position Data to 4 sec|National| 12-Bit
(U (18 bits) Resolution (27 bits) BCH code Data Resolution (14 bits) | Use |BCH code
RLS Location Protocol
bit| bits Bits | bits 43-58 bits 59-85 bits 86-106 | bits 107-112 bits 113-126 bits bits
26| 27-40 | 41-42 127-132| 133-144
[Beacon|ldentification| Position Data to 2 min 21-Bit  |Supplementary| Position Datato 4 |National| 12-Bit
0] Type Data Resolution BCH code sec Resolution (14 BCH code
Data bits) Use
(2 bits)| (16 bits) (27 bits)
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A3.3

Definition of Location Protocols

The general structure of location protocols is illustrated in Figure A6.

A33.

1 Position Data "

All position information is encoded as degrees, minutes and seconds of latitude or
longitude, or as fractions of these units. Latitude and longitude data are rounded off
(i.e. not truncated) to the available resolution. All rounding shall follow normal rounding
conventions, for example with a resolution of 4, 0.000 to 1.999 shall be rounded down to 0
and 2.000 to 3.999 shall be rounded up to 4. In each location field thg Most Significant Bit
(MSB) is the lowest numbered bit in the message which is not %’ E/W or A sign flag
bit.

Q
For User Location Protocols, the position encoded in PDF%‘;&I be as close as possible to

the actual position. %Q

For Standard Location, National Location, and }& Logation Protocols the position is
encoded as follows. The coarse position en in, P, is selected to be as close as
possible to the actual position. The actyal gosition jsfhen rounded following the above
rules to the nearest 4 second. The offﬁgo be ed in PDF-2 is then calculated by
subtracting the coarse position encod PDF4\from the rounded position, ensuring that
the sign of the offset is 1ncluded F- Q If there is no offset in either latitude or
longitude (or both) in PDF-2 the of inutes and seconds are all zeroes) then the
appropriate offset data flag sh e set tON default value (i.e. 1).

When a position is en in 1 the higher resolution information given in PDF-2 is
an offset (A latitu A longi ) relative to position provided in PDF-1.

The latitude a ﬁiongitude values contained in PDF-1 are positive numbers regardless of
their dire \&5 The offset is applied by adding or subtracting the offset value in
accordance with the offset sign in PDF-2. For example:

100° E. longitude+ 30" offset =100° 30'E. longitude
100° W.longitude+ 30" offset =100° 30’ W. longitude (not 99° 30" W. longitude)
100° W.longitude- 30" offset = 99° 30'W. longitude (not 100° 30" W. longitude).

@

Beacons submitted for type approval testing prior to 1 November 2010 may at manufacturers choice

use the location protocol coding system defined in A3.3.1 or the previous system as defined in section A3.3.1 of
document C/S T.001, Issue 3 - Revision 8. Manufacturers who choose to use the location encoding system
defined in A3.3.1 may use the answer sheets in C/S T007, Issue 3 - Revision 9. Manufacturers who submit for
type approval testing after 1 November 2010 must use the answer sheets in C/S T007, Issue 3 - Revision 10.

@

Note that the encoded location in PDF-1 will be closest to the actual, but in some cases may not be the

closest location to the rounded location.
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A332 Supplementary Data

The following supplementary data are provided in location protocols, in addition to the
required identification data and available position data.

A3.32.1 Source of Position Data

This information is encoded in bit 107 for the user-location protocol or bit 111 for the
standard and national location protocols with the following interpretation:

"0"= the encoded position data is provided by an external navigation device
"I"=  the encoded position data is provided by an internal nav%';on device

A3.3.2.2 Auxiliary Radio Locating Device (homing transmitteeghb de

The "121.5 MHz homing" data is encoded in bit 112 %Q%e standard and national location
protocols (short and long versions) where: %

"I"= indicates a 121.5 MHz auxiliary radiqﬁ:atin@svice
"0"= indicates other or no auxiliary rac ocati@evices;

and in bits 84-85 for the user-locah@roto&&s as follows:

"00" = no auxiliary radio loc@%g dev@
"01"= 121.5 MHz auxilj a&adlo locatlng device
"10" = maritime locatings G% arch and Rescue Radar Transponder (SART)
"11"= other auxil@adio-locating device(s).
S

A333 Test L&Qation Protocols

The test protocol for all coding methods (i.e. "user" and "location" protocols) is encoded by
setting bits 37-39 (protocol code) to "111". In addition, bit 40 is used to distinguish
between the test format of the standard location protocols (bit 40 = "0") and national
location protocols (bit 40 ="1").



Figure A6: General Format of Long Message for Location Protocols
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T T 111 See Figure A7 Q’ . See Figure A7
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A Latitude / A Longitude
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0 D 1100 @Q \b‘
C E 1110 A
(6]
L 4 NATIONAL LOCATNOX PROTGCOES NATIONAL LOCATION PROTOCOLS
SP NQY
1000 A Latitude / A Longitude
1001 Ideny ion & Position Data (4 Second Resolution)
1010 inute Resolution) + Supplementary Data
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L 111 \(\\ See Figure A9 See Figure A9
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See Figure A10_ See Figure A10
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A334 User-Location Protocols (See Figure A7)

A3.3.4.1 These protocols (identified by F=1, P=1) provide for encoding latitude / longitude data
with resolution to 4 minutes in PDF-2. Beacon identification data shall be encoded in
PDF-1 using any of the user protocols defined in section 2, except the orbitography
protocol and the national user protocol which are specific to a particular application or
a particular country.

A3.34.2 The protocol codes (bits 37 to 39) are defined in Table A2-A for user and
user-location protocols.

A3.3.4.3  The 26 bits available in PDF-2 are defined as follows: b
&Z)
Q
&
"0" = the encoded position data is provided b Qéxternal navigation device
"1" = the encoded position data is provide internal navigation device;

a)  bit 107: encoded position data source

b)  bits 108 to 119: latitude data (12@' Wltl&&nute resolution, including:

. bit 108: N/S fl \&_o 21%
» bits 109 to 115: a@ (Ot 0) in 1 degree increments

» bits 116 to 119 56) in 4 minute increments
ltv of bits 108 to 119 = 0 1111111 0000); and

¢) bits 120 to 13200’ lon@e data (13 bits) with 4 minute resolution including:

. hit E/W flag (E=0, W=1)
@ 21 to 128:  degrees (0 to 180) in 1 degree increments
129 to 132: minutes (0 to 56) in 4 minute increments
(default value of bits 120 to 132 = 0 11111111 0000).



Figure A7: User-Location Protocols
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A3.3.5 Standard Location Protocols (see Figure A8)

A3.3.5.1 The standard location protocols, identified by the flags F=1, P=0 and the protocol
codes no. 1 to 4 of Table A2-B, have the following structure:

a)  PDF-1:

bits 37 to 40: 4-bit protocol code as defined in Table A2-B

bits 41 to 64: 24 bits of identification data

bits 65 to 85: 21 bits of encoded position data to 15 minute resolution;
b)  PDF-2:

bits 107 to 112: 4 fixed bits and 2 bits of supple ry data
bits 113 to 132 20-bit position offset (A latlt%% A longitude), to 4 second
resolution. @

A3.3.5.2 The 24 bits of identification data (bits 41 tﬁ' can be used to encode:

a) (PC=0010) the last six digits of MMS@in '?m in bits 41 to 60 (20bits), plus
a 4-bit specific beacon number ( 5) 1&% s 61 to 64, to distinguish between
several EPIRBs on the same sh‘lgg

b) (PC=0011) a 24-bit alrc‘@:%drg‘#%nly one ELT per aircraft can be identified
using this protocol); or @)

c) (PC=01xx, see N@’l) a@t unique serial identification including:

(i) the @ t Cospas-Sarsat type approval certificate number of the beacon
%r ,023) in bits 41 to 50, and a 14 bit serial number (1 to 16,383) in
s 51 to 64; or

(i) a 15-bit aircraft operator designator (see Notes 1 & 2) in bits 41 to 55, and
a 9-bit serial number (1 to 511) assigned by the operator in bits 56 to 64.

d) (PC=1100) the last six digits of MMSI in binary form in bits 41 to 60 (20 bits), plus
four spare fixed bits, 61 to 64, set to “0000”.

A3.3.53 The 21 bits of position data in PDF-1 are encoded as follows:

a) bits 65 to 74: latitude data (10 bits) providing 15 minute resolution, including:
* Dbit 65: N/S flag (N=0, S=1)
* Dbits 66 to 74: degrees (0 to 90) in 1/4 degree increments
(default value of bits 65to 74 =0 111111111); and

Notes: 1. The last two bits of the protocol code (bits 39-40) are used as follows (see also Table A2):
00 ELT-serial 10 EPIRB-serial
01 ELT-aircraft operator designator 11 PLB-serial
2. The aircraft operator designator (3 letters) can be encoded in 15 bits usirg a shortened form of the

modified-Baudot code (i.e.: all letters in the modified-Baudot code are coded in 6 bits, with the
first bit="1". This first bit can, therefore, be deleted to form a 5bit code).
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b) bits 75 to 85: longitude data (11 bits) providing 15 minute resolution, including:
+ bit75: E/W flag (E=0, W=1)
* Dbits 76 to 85: degrees (0 to 180) in 1/4 degree increments
(default value of bits 75to 85=0 1111111111).

A3.3.54 The 26 bits available in PDF-2 are defined as follows:
a) bits 107to 109: ="110" (fixed);
b) bit 110: ="1" (fixed);
c) bitlll: encoded position data source

"0" = the encoded position data is provided by an ext avigation device
"1" = the encoded position data is provided by an i 1 navigation device;

d) bit 112: 121.5 MHz auxiliary radio lo@ device included in beacon (1 =
ry radio locating devices are not

yes, 0 = no); 121.5 MHz
authorised for beacons d with the ship security format (i.e.
when bits 37 — 40 = %QO)

e) bits 113to 122: A latitude with m«:ond @}‘o“?utlon
e bit113: Asi (@.& migus;*1 = plus)
* bits 114 to 118: M;Q in 1 minute increments *

*+ bits 119 to 122@@3‘(@&) 56) in 4 second increments

It vahue of bits 113 to 122 =1 00000 1111); and

f) bits 123 to 1% CA longlﬁe with 4 second resolution:
. b1t 123 A sign (0 = minus, 1 = plus)
to 128:  Minutes (0 to 30) in 1 minute increments *
. 29to 132: Seconds (0 to 56) in 4 second increments
(default value of bits 123 to 132 =1 00000 1111).

A3.3.5.5 The test protocol using the above format is encoded by setting bits 37-39 to "111"
and bit 40 to "0".

*  A3.3.5 defines the coding scheme for all Standard Location Protocols, some newer beacons where the
coarse position in PDF-1 is always selected to be as close as possible to the actual position will have a
maximum offset in PDF-2 of +/- 7 minutes 30 seconds, in which case bits 114, 115, 124 and 125 of the
message will not be used and should be permanently set to “0”.



Figure A8: Standard Location Protocols
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A3.3.6 National Location Protocol (see Figure A9)

A33.6.1

b)

A33.6.2

b)

The national location protocol, identified by the flags F=1, P=0 and the protocol
codes in series no. 4 of Table A2-B, has the following structure:

PDF-1:
bits 37 to 40: 4-bit protocol code as defined in Table A2-B,

bits 41 to 58: 18-bit identification data consisting of a serial number
assigned by the appropriate national authgity,

bits 59 to 85: 27 bits of position data to 2 mlnute tion;
PDF-2: %
&

bits 107 to 112: 3 fixed bits set to "110', g additional data flag, describing
the use of bits 113 to 1§§ and $1ts of supplementary data,

bits 113 to 126:  14-bit position &%et 1tude A longitude) to 4 second
resolution, or rnate ional use, and

bits 127 to 132: 6 bits*@ig ‘ﬁpr national use (additional beacon type

ide@@aﬁ& er).
& >
The 27 bits o&g&ltlo@in PDF-1 are encoded as follows:

blts 59 tbq latitude data (13 bits) with 2 minute resolution:
N/S flag (N=0, S=1)
\b S 60 to 66: degrees (0 to 90) in 1 degree increments
its 67 to 71: minutes (0 to 58) in 2 minute increments
(default value of bits 59 to 71 =0 1111111 00000); and

bits 72 to 85: longitude data (14 bits) with 2 minute resolution:

* bit72: E/W flag (E=0, W=1)
* Dbits 73 to 80: degrees (0 to 180) in 1 degree increments
* bits 81 to 85: minutes (0 to 58) in 2 minute increments

(default value of bits 72 to 85=0 11111111 00000).
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A3.3.6.3The 38 bits available in PDF-2 are defined as follows:
a) bit 107 to 109:  ="110" (fixed);
b) bit 110: additional data flag (1 = A position data as described below in
bits 113 to132; 0 = other to be defined nationally);
c) bits 111: encoded position data source
"0" = the encoded position data is provided by an external navigation device
"1" = the encoded position data is provided by an internal navigation device;
d) bit 112: 121.5 MHz auxiliary radio locating defice included in beacon
(1=yes, 0=no); W
. o o
e) bits 113 to 119: A latitude with 4 second resol %h:
« bit 113: A sign (0 = minus, 1 =
* bits 114to 115: minutes (0 to 3)in 1 e increments *
* bits 116 to 119:  seconds (0 to 56) if4 secopd increments
(default value ofl@l 134 =1001111);
° &
f) bits 120 to 126: A longitudeayith 4 s d resolution:
+ bit 120: A si = miwus, 1 = plus)
* bits 121 to 122:  mixytes (0 in 1 minute increments *
* bits 123 to 126: onds 56) in 4 second increments
ault vame of bits 120 to 126 =100 1111); and
N
g) bits 127 toé’@c) Addittonal beacon identification (national use)
(default value of bits 127 to 132 = 000000).
Xt
A33.64 The te¥protocol using the above format is encoded by setting bits 37-39 to "111"

and bit40 to "1".

A3.3.6 defines the coding scheme for all National Location Protocols, some newer beacons where the

coarse position in PDF-1 is always selected to be as close as possible to the actual position will have a
maximum offset in PDF-2 of +/- 1 minute, in which case bits 114 and 121 of the message will not be
used and should be permanently set to “0”.



Figure A9: National Location Protocol
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A3.3.7 RLS Location Protocol (see Figure A10)
A3.3.7.1 The RLS location protocol, identified by the flags F=1, P=0 and the protocol
code in series no. 7 of Table A2-B, has the following structure:
a) PDF-1:
bits 37 to 40: 4-bit protocol code defined as 1101,

bits 41 to 42:

bits 43 to 58:

bits 59 to 85:

b)  PDF-2:

bits 107 to 112:

bits 113 to 126:

2-bit beacon type data set to “00” for ELT, “01” for EPIRB
and “10” for PLB. b’

16-bit identification data consisting erial number
assigned by the appropriate natio@duthority,

27 bits of position data to &q‘fute resolution;

3 fixed bits set @ 10" % addltlonal data flag, describing
the use of bl@ to 1 nd 2 bits of supplementary data,

14-bitﬁ;q{1on é;set (A latitude, A longitude) to 4 second
resgldddion, or, ate national use, and

bits 127 to 132'@&‘6 resé®ved for RLS Data.

<

O

A3.3.7.2 The 27 béof position data in PDF-1 are encoded as follows:

a) b@to 71:

e bit 59:

* bits 60 to 66:
* bits 67 to 71:

b) bits 72 to 85:
* bit72:

* bits 73 to 80:
 bits 81 to 85:

latitude data (13 bits) with 2 minute resolution:
N/S flag (N=0, S=1)
degrees (0 to 90) in 1 degree increments

minutes (0 to 58) in 2 minute increments
(default value of bits 59 to 71 =0 1111111 00000); and

longitude data (14 bits) with 2 minute resolution:
E/W flag (E=0, W=1)
degrees (0 to 180) in 1 degree increments

minutes (0 to 58) in 2 minute increments
(default value of bits 72 to 85=0 11111111 00000).
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A33.73 The 38 bits available in PDF-2 are defined as follows:
a) bit 107 to 109:  ="110" (fixed);
b) bit 110: additional data flag (1 = A position data as described below in

bits 113 to132; 0 = other to be defined nationally);
) bits 111: encoded position data source

"0" = the encoded position data is provided by an external navigation device
"1" = the encoded position data is provided by an internal %igation device;

%
d) bit 112: 121.5 MHz auxiliary radio locating deWiCe included in beacon

(1 =yes, 0 =no); &%Q)
e) bits 113 to 119: A latitude with 4 second re& 1on:
* bit113: A sign (0 = minus, @lus)
+ bit114: setto 0 * @Q . Q
. bit115: minute (0.%@ ,&%\’

* bits 116 to 119: seconjg@ to 56)4&@second increments

(d alu%gbits 11310 119=100 1111);
X XO

f) bits 120 to 126: A@itude 4 second resolution:
* bit 120: D A sign (0 = minus, 1 = plus)
O7 3

. bit 130 RORIE

. l.)it(sol : minute (0 or 1)

'\Q&! 123 to 126:  seconds (0 to 56) in 4 second increments

N (default value of bits 120to 126 =1 00 1111); and

g) bits 127 to 132: RLS Data
100000 RLM-Request Type-1 only
010000 RLM-Request Type-2 only
110000 RLM-Request Type-1 + Type-2 (default)

A3.3.74 The RLS location protocol does not have a specific test protocol. Users should
utilize the National Test Location protocol described in section A3.3.6.4 when
testing beacon with RLS location protocols.

Section A3.3.7 defines the coding scheme for all RLS Location Protocols. For these new beacons the
coarse position in PDF-1 is always selected to be as close as possible to the actual position and will
have a maximum offset in PDF-2 of +/- 1 minute, in which case bits 114 and 121 of the message will
not be used and should be permanently set to “0”.



Figure A10: RLS Location Protocol
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ANNEX B

SAMPLE BOSE-CHAUDHURI-HOCQUENGHEM
ERROR-CORRECTING CODE CALCULATION

B1 Sample 21-Bit BCH Code Calculation

The error-correcting code used in the first protected field of all 406 MHz messages is a
shortened form of a (127,106) Bose-Chaudhuri-Hocquenghem (BCH) code. The shortened
form (82,61) consists of 61 bits of data followed by a 21-bit triple error-correcting code. The
code is used to detect and correct up to three errors in thg\entire 82-bit pattern
(bits 25 through 106 of the 406 MHz message). 6@

Note: For the purpose of error correction, all calculations@éﬂ be performed with the full
length code. Therefore, 45 zeros are placed before the 61 % bits to form the 106 bit pattern
of the (127,106) BCH code. These padding zeros t affect the generation of the
BCH code as described below.

@Q O
For the (82,61) BCH code, a generator poh&ﬂ‘ual é}% (the same as for (127,106) BCH
code) is defined as follows:

g(X)=LCM <m1 O, %@-’ ms (X))
where LC @eas &&hmon Multiple.

In the above case: )é’o
\%{ X +X+1

Y =X+ X+ X+ X+ 1
(X) X +X+X+X +1
from which,
g(X) =m; (X) m; (X) ms (X)
=X A X X X XM X X X+ X+ X+ X+ X+ 1
a determination of g(X) results in the following 22-bit binary number:

2(X)=1001101101100111100011

To generate the BCH code, an information polynomial, m(x) is formed from the 61 data bits
as follows:

m(X):b1X60+b2 X59+....+b60 X + bg;

where by is the first bit (i.e. format flag), and b, is the
last bit of PDF-1.
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m (X) is then extended to 82 bits by filling the least significant bits with 21 "0". The resulting
82-bit binary string is then divided by g(X) and the remainder, r(X), becomes the BCH code
(the quotient portion of the result of the module-2 binary division is discarded).

The above process may be clarified by the following example:

Message Format Short Message

Protocol Flag User Protocol

Country Code 366 (USA)

User Protocol Type Serial

Beacon Type Float free EPIRB

Manufacturer's ID 002

Sequence Number 1

Beacon Model Number 1 b

Production Run Number 1 S@

National Use Bits 00 0

Homing ? 00 MHz

Emergency/National Use ot Used

Beacon Activation Q,% utomatic or Manual
for which: @Q QQ

Q ,&%

Beacon 15 Hex ID: A]&SI 0 0@4 40401 (bits 26-85)

Short Message: 68 04002 20200 96552 50 (bits 25-112)

Bits 25-112: 10 10 1110 0110 1000 0000 0100

@Q OO 0000 0010 0010 0000 0010 0000
6d00 1001 0110 0101 0101 0010 0101

\}' %000
%0
The division' describ,e% ve is shown in Figure B1 and results in a remainder of:
D
@ 0001011001010101001001

The most significant bit position of the remainder will always be a "0" and is deleted to obtain
the 21-bit BCH code:

BCH Error-Correcting Code: 001011001010101001001

REFERENCE

An Introduction to Error Correcting Codes, Shu Lin, Prentice-Hall 1970

' Modulo 2 division prohibits a "borrow" in the subtraction portion of the long division
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>|< ——— Bits§ 25 — 85 —mmm—————mmmm >|<-—-Bits 86-106---->
457 0" (Data bits) (21 "O0"s)
m(X)=0101011011100110100000000100000000000010001000000010000000001000000000000000000000

g(X)=

1001101101100111100011
001101101010101010001100
1001101101100111100011
0100000111001101101111
1001101101100111100011
0001100011111100111100000
1001101101100111100011
01011100100000000000110
1001101101100111100011
001000100110011110010100
1001101101100111100011
0001001011111001110111000
1001101101100111100011
00001100101010010110110001
1001101101100111100011

01010001111100010100100
1001101101100111100011
001110001000010100011100

1001101101100111100011
01111001011100111111111

1001101101100111100011 b

01101001100000000111000

01001000011001110110110 @

1001101101100111100011 q:
1001101101100111100011 é
001000011111001011001101 Q
10011011011001111000
01111110000000100 llO

1001101101100111100011 62)
00001011101010010101010000
1001101101100111100011
00011100101011001011100@
10011011011001 Oll
OllOOlllOllOO
100110110 l

0101010 0136001 610
1001151> 1100179900011
00010 0011000100
111100011
101 %%§01101001001110
100 01100111100011

004Q11001000111010110110
@ 1101101100111100011
0 ﬁ001010010101110101010100
1001101101100111100011
b 001111100001001011011100

1001101101100111100011
01100011001011001111110
1001101101100111100011
01011101001111100111010
1001101101100111100011
001000010001101101100100
1001101101100111100011
0001111100001010000111000
1001101101100111100011
01100011001101110110110
1001101101100111100011
01011101000010010101010
1001101101100111100011
001000010111010100100100
1001101101100111100011
0001111010110011000111000
1001101101100111100011
01101110111111110110110
1001101101100111100011
01000110100110010101010
1001101101100111100011
22-bitremainder = 0001011001010101001001

¢b
>

P BCH —————- >
(last 21 bits)

Figure B1: Sample 21-Bit BCH Error-Correcting Code Calculation
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B2 Sample 12-Bit BCH Code Calculation

The BCH error correcting code (bits 133-144) used in the second protected field of the long
message 1s capable of detecting and correcting up to two bit errors in the bits 107-144. The
generator polynomial used as a basis for this code is:

g(x) = 1+x+x) 1 +x+x>+x+x%
= A+x +x'+x+x*+x"7+x")

An example of the 12-bit BCH code which protects the 38-bit secondyotected field (i.e. bits

107 through 144) is shown below for the user-location protocol. osition in this example
is as follows: Q
&
actual latitude: 63'N
actual longitude: S I° 28.85'E

latitude rounded to nearest 4' increment: @Q N

longitude rounded to nearest 4' incre X B01°28' E
S
: Q
binary message: \Q Q}
S g
- Encoded Position Data % is (gl}brnal bit 107: 1
- North latitude S ﬁ bit 108: 0
- Latitude 43° QO bits 109-115: 0101011
- Latitude 32' b,o bits 116-119: 1000
- East longituﬁé‘o bit 120: 0
- Longitud\@ bits 121-128: 00000001
- Longitude 28' bits 129-132: 0111
- BCH code bits 133-144:  (see Figure B2)

Placing the binary bits 107-132 in order gives:
100101 0111 0000 0000 0001 0111
and the BCH code is calculated as shown in Figure B2. The resultant 12-bit BCH code is:

0001 0101 0001
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| | |
-———>|<-—-Bits 107-132--—————- >|<-133-144->|
2570 | (Data bits) | (12 "oms)

m(X)=10010101110000000000010111000000000000
g (X)=1010100111001
1111000000100
1010100111001
1011001111010
1010100111001
1101000011000
1010100111001
1111001000010
1010100111001
1011011110110 z:,
1010100111001 %8
1111001111101 b’
1010100111001 Q§D
1011010001001 Q§’
1010100111001
1110110000100 CQQ

1010100111001 C,DQ’

1000101111010 4;;
1010100111001 Qﬁ:’ QO
1000100001100 Q %\,
1010100111001 Q) Qf»
10000110101095 Q
101010011@@%2’
1011116119100 \@&

101 111
000}-,017000

Q’ w
13-bit remaind 0 1010001
0 |

b | <~——BCH--> |

. ¢b | (12 bits) |
>

Figure B2: Sample 12-Bit BCH Error-Correcting Code Calculation

- END OF ANNEX B -
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ANNEX C
LIST OF ACRONYMS

BCD binary-coded decimal

BCH Bose-Chaudhuri-Hocquenghem (code)

BCH-1 first BCH error correcting field

BCH-2 second BCH error correcting field

C/S Cospas-Sarsat

ELT emergency locator transmitter

EPIRB emergency position indicating radio beacon

F format flag b

GHz gigahertz Q

GNSS Global Navigational Satellif®)System

Hex Hexadecimal

ICAO International Civil q‘fon Organization

MO International Mar@Organization

ITU International efé@omr@ication Union

LSB least signiﬁ&bit . ,\Q

LUT local useb@mina.k%

MHz megahg’tz %Q)

MID \{he idaQti ication digits

MMSI tim ’&bile service identity

ms illisedgnd

MSB m sf@lgniﬁcant bit

P @ ocol flag

PC b@ protocol code

PDF-1 S first protected data field

PDF-2 \Q\ second protected data field

PLB S personal locator beacon

RHCP right hand circular polarization

RMS root mean square

RTCA Radio Technical Commission for Aeronautical Services

(USA)

SART search and rescue radar transponder

TAC type approval certificate

VSWR voltage standing-wave ratio

- END OF ANNEX C -

- END OF DOCUMENT -
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Cospas-Sarsat Secretariat
700 de la Gauchetiere West, Suite 2450, Montreal (Quebec) H3B 5M2 Canada
Telephone: +1 514 954 6761 Fax: +1 514 954 6750
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