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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 definedn detail; specifications
which could be developed by the national authorities are identified 16@0 e general terms.

%)
9
1.2 Scope QQK

This document contains the minimum requirements fiat a ply to Cospas-Sarsat 406 MHz
distress beacons. It is divided into the following se S o
%) N
a) Section 2 gives the system requirements a@icable to all types of beacons. When
met, these requirements will enat@gthe beacons to provide the intended service in
terms of location probability g@&ccq\' and will not disturb the system operation.

b) Section 3 deals with the age content. Basic message structure is defined.
Assignment and me &e avallable data bits are defined in Annex A to this

specification.
c) Section 4 es a set of environmental and operational requirements. These
require 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. 6
)
2.2 Digital Message Generator @6
The digital message generator will key the modulator anc@ansmitter so that the message
defined in section 3 is transmitted. O
"o

2.2.1  Repetition Period O{\

The repetition period shall not be so E@o any two transmitters appear to be

synchronized closer than a few seco -minute period. The intent is that no two

beacons will have all of their burst 1nc t The period shall be randomised around a
mean value of 50 seconds, SOQ% %e intervals between transmission are randomly
distributed on the interval 47, 52(3 conds.

2.2.2  Total Transgislon ‘@

The total trans s10n time, measured at the 90 percent power points, shall be
440 ms +1 p,@q for the short message and 520 ms +1 percent for the long message.

2.2.3 Unmodulated 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
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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.

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 b8 are complemented).
6@

2.2.43 Format Flag

Bit 25 is a format (F) flag bit used to indicate the len l@)’{f the message to follow. Value
"0" indicates a short message; value "1" indicates a message.

2.2.44 Message Content
X \o°

The content of the remaining 87 bits (%b eéa? - see Figure 2.1) or 119 bits (long
message - see Figure 2.2) is deﬁned 1 tlonQ

N

v

Q\ \’(}
160 ms 15 9 ‘@ AA

87 BITS (SEE SECTION 3)
CARRIER| BITS | BI S

(©) Y ]

NOTE: ‘&@ @ ®
& Figure 2.1: Short Message Format

'_
160 ms 15 9 | & 119 BITS (SEE SECTION 3)
CARRIER| BITS | BITS | _ |« s
NOTE: a @ @

Figure 2.2: Long Message Format

Notes: (1) Bit Synchronization: 15 "1" bits
(2) Frame Synchronization : 000101111 (except as in section 4.5.4)
(3) "0" bit indicates short-message format
"1" bit indicates long-message format
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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.

406.025 MHz and 406.028 MHz, the beacon carrier freque hall be set in accordance
with the Cospas-Sarsat 406 MHz Channel Assignment T@ble, as provided in document
C/S T.012 “Cospas-Sarsat 406 MHz Frequency Man ent Plan”, at the designated
centre frequency of the appropriate channel + 1 , and shall not vary more than
+ 5 kHz from that channel centre frequency in 5 &ars.

N\

The carrier frequency of beacons operat@ the%&.O% MHz channel in accordance
with the Cospas-Sarsat 406 MHz ChannelMssi nt Table shall be set at 406.025 MHz

+ 2 kHz. The carrier frequency shal %f Var)@:;e than + 5 kHz from 406.025 MHz in

5 years.
N
QO

N
The carrier frequency of b‘i%@hs 0 e}a(Qng in the 406.028 MHz channel in accordance
with the Cospas-Sarsat ~406 Channel Assignment Table shall be set at
406.028 + 1 kHz. Tgéﬁa\kier quency shall not vary more than +2 kHz /-5 kHz from

Except as provided below for beacons type approved by (warsat for operation at

406.028 MHz in 5 ygars.

.

The transmi}@g’equency 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. 6

The mean slope and the residual frequency variation shall b Qasured as follows: Data
shall be obtained by making 18 sequential frequency me ments, one every repetition
period (50 sec +5 percent, see section 2.2.1) over an a %imate 15 minute interval; each
measurement shall be a 100-ms frequency average ormed during the modulated part
of the message. o

The mean slope is defined as that of the lea@%uar @aight—line fit to the 18 data points.
Residual frequency variation is defined as c@& ean square (RMS) error of the points
relative to the least-squares estimate. @

‘(\

2.3.2  Transmitter Power (@p

The transmitter power o@\ sha % within the limits of 5 W +2 dB (35 to 39 dBm)
measured into a 50-O @ 1s power output shall be maintained during 24-hour
operation at any t erature throughout the specified operating temperature range.
Power output rlse%me shall be less than 5 ms measured between the 10% and 90% power
points. The b@e output is assumed to rise linearly from zero and therefore must be zero
prior to abo&ﬂ 6 ms before the beginning of the rise time measurement; if it is not zero,
the maximum acceptable 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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2.34 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.

A Pc ////

(POWER OUTPUT OF 0dBc
UNMODULATED CARRIER)

/5 7

-20 -20
B dBc
/ dBc

NN

D

7

w

RELATIVE POWER

)
- 40 Q
dBc %0

// 35 db -dsé)c -dBOc ‘O@p / /
- C \ -35dBc 4

- 40
dBc

vda ]

I | l
- 24 kHz -12 -7 -3 fc T 0012
kHz kHz kH Hz kHz

406.0 MHz
FREQUENCY (fc = B%CON&@RIER FREQUENCY)

Figure 2.3: Spurious qu{stﬁl @ for 406.0 to 406.1 MHz Band
S\
>
235 Data Encodiné)@ A
)

The data shall be en@@ed biphase L, as shown in Figure 2.4.
9

Q7 | i

& — — BIT PERIO[;)

1 1
Non—Return—to—Zero

(NRZ) Data

/ [
4 /
24 kHz
406.1 MHz

0

Modulation Sense ﬂ

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 (1) times of the modulated waveform, as shown in Figure 2.5, shall
be 150 + 100 ps.

+7 A
Q§1 _____ Modulated Signal @6
7 A —— @6
| )
° | | QQK ‘
| I X
l l Q%Q Time
| |
1 A RS
R Qﬁ\@
P
T N

NN

Figure 2.5%: ﬁniti%o Modulation Rise and Fall Times

N 3

Modulation symmeté@ee Figure 2.6) shall be such that: @ <0.05

T +7Ty
9
PR
¢ Modulated Si,qnall
oL FE———f—— T ——— — — — —
0 P
Time
O-1¢2 ************ \V TZ # T
0, —i \
-0y

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.
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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:

(1)

)

€)

(4)

)

The first 24 bits transmitted, positions 1 through 24, are systegbits; they are defined
in section 2 and are used for bit and frame synchronizatioBQ

The following 61 bits, positions 25 through 85, aéa{ta bits. This bit group is
referred to as the first protected data field (PDF-1%) The first data bit (position 25)
indicates if the message is short or long: "0" = s@@ message, "1" = long message.

The following 21 bits, positions 86 thro&?"%, Bose-Chaudhuri-Hocquenhem
or BCH (82,61) error-correcting code 1s bt group is referred to as the first BCH
error-correcting field (BCH-1). This‘€odeds\a shortened form of a BCH (127,106)
triple error-correcting code, as ribedin Annex B. This code can detect and
correct up to three bit error: its of (PDF-1 + BCH-1). The combination

ﬁQhe 8
of PDF-1 and BCH-1 is r&@s‘«}éd @'the first protected field.

The following grou nsis%o data bits, the number and definition of these bits
depends on the ge fofgiat, as follows:

a) Short age: 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 identificati mprises bits 26 to 85
of PDF-1. For location protocols, the position data bits in PDF- set to the default values
specified in Annex A. It is recommended that the beacon 15 D be permanently marked

on the exterior of the beacon.

2
R
&
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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

+55

Thermal Environment
4.2.1 Operating Temperature Range

Two standard classes of operating temperature range are defined, @side which the system

requirements of section 2 shall be met: Q&
Class I: -40°C to +55°C \CO@
Class 2: -20°C to +55°C (%)

R

The operating temperature range shall be permanefifly marked on the beacon.

N
4.2.2  Temperature Gradient (O‘Q 6\6

All system requirements of sect;\c ing the frequency requirements defined in

section 2.3.1, shall be met wheth f@aokaged beacon is subjected to the temperature
gradient shown in Figure 4.1 ((\

_|
2 TEMPERATURE (°C)

A AC) \Oﬁ |4—2h —>|
9
\S
N\ d%%&

&3
twarm-up = 15 min 2
1h
—2h —pi i—> «—2h —
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 for@‘l‘ s could be used by the
national authorities. &('g

\)Q
(\(\

Other environmental requirements such as humidity te Odltltude tests, over/under pressure
tests, waterproofness tests, sand and dust tests Haids %@ ptibility tests, etc., may be defined by
national authorities, preferably using 1nterna3 all gnized standards.

Q\'\’O

4.5 Operational Requlrement(Q

4.4 Other Environmental Requirements

4.5.1  Duration of &ntmﬂ@*()peratwn

The minimum tlon of continuous operation shall be at least 24 hours* at any
temperamr ghout the specified operating temperature range. This characteristic
shall be perm ently 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 (121.5 MHz, 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.

454  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 GNSS
self-test message encoded with location data.

In the self-test mode the signal must have a frame synchronization, pattern of 011010000.
This bit pattern complements the last 8 bits of the normal fram. @Qﬁuonization pattern so
that this test burst will not be processed by the satellite equip

9
The complete self-test transmission must be limited t(@&w burst only. The maximum
duration of the self-test mode transmission should 40 ms (+1%) for a short message
and 520 ms (+1%) for a long message. If a 44@oms transmission is used for beacons
encoded with the long format messages, it is @’&}nms@ed that the message be truncated
without changing the format flag bit. (%) %\
N
The self-test mode shall be activated sepaf&@switch position
| O o

The self-test function shall perf@ anmal check and provide distinct indication that:

a) the self-test n@ﬁg has&e(gi initiated;

oY Q
b) RF pow&g being emitted at 406 MHz and at 121.5 MHz, if applicable;
&
c) )@emal check has passed successfully, or has failed; and

d)  the beacon battery may not have sufficient energy to support beacon operation
for the declared operating lifetime."

The beacon shall be designed to ensure an automatic termination of the self-test mode
immediately after completion of the self-test cycle and indication of the self-test results.

For location protocol beacons the content of the encoded position data field of the self-test
message shall be the default values specified in Annex A. Additionally, location protocol
beacons may optionally provide for the transmission of a GNSS self-test message encoded
with location data.

" Only mandatory to new beacon models submitted for type approval testing after 1 November 2015.
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Location protocol beacons which provide for the transmission of an encoded position in a
GNSS self-test message shall:

a)

b)

d)

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;

provide for that in the case of internal GNSS receivers powered by the
primary'”) beacon battery the number of GNSS self-tests shall be limited by the
beacon design to prevent inadvertent battery depletion; 6

provide a distinct indication to register successful @npletlon or failure of the
GNSS self-test; &
%

provide, for beacons with internal navigatie@evices:

- a separate distinct indication th e lifited number of GNSS self-test
attempts has been attained, whichy$hall mediately indicated to the user
once the GNSS Self-test has beé@nltl%

activations shall not s%t‘lt 1 F-transmissions or further GNSS receiver

power drain;
(Q ‘b

ensure that th rati f the GNSS self test is limited to a maximum time
duration set@ the manufacturer, noting that:

- once the GNSS Self- n@){ as been reached, further GNSS Self-test
R

.

- /’gé%case where the beacon fails to encode the location into the 406 MHz

ssage within this time limit the GNSS self-test shall cease, the beacon
shall indicate a GNSS self-test failure and may transmit a single self-test
burst with default location data,

- in the case where the beacon encodes the location into the 406 MHz message
within this time limit the GNSS self-test shall cease at that time (before the
time limit is reached), indicate a GNSS self-test pass and may transmit a
single self-test burst containing the valid location data; and

include instructions for the GNSS self-test in the Beacon Instruction Manual
which shall include a clear warning on the use and limitations of this function,
noting that instructions for the GNSS self-test shall not be included on the
beacon itself.

)" The primary battery is the battery which is powering the 406 MHz function.
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4.5.5 Encoded Position Data*
4.5.5.1 General

Beacon position data, obtained from a navigation device internal or external to the beacon,
may be encoded in the beacon message. Position data can be encoded in either the PDF-2
part of the message, or in both PDF-1 and PDF-2 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, tog& with any of the user
protocol identification methods used in PDF-1; and %

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

Operation or failure of an internal or extern v1%1s91 device providing position data to
the beacon shall not degrade beacon perfo anc%\

"(}

e}
4.5.5.2 Message Content am@i’m@
Position data shall be en int ‘@é beacon message according to one of the methods
specified in Annex A. idenfification data and encoded position data are protected by a

BCH error—correctlr% de. A 21 -bit BCH code protects the data of the first protected
field (PDF-1 an 1) and a 12-bit BCH code protects the data of the second protected
field (PDF- CH 2). The BCH codes shall always match the message content. The
beacon shall récompute these codes each time the message content is changed.

The beacon shall commence transmissions upon activation even if no valid position data
are available. Until valid data is available, the content of the encoded position data field of
the message shall be the default values specified in Annex A. The first input of position
data into the beacon message shall occur as soon as valid data is available. If the beacon
has the capability to provide updated position data, subsequent transmissions of the
updated position shall not occur more frequently than every 5 minutes.

If, after providing valid data, the navigation input fails or is not available, the beacon
message shall retain the last valid position for 4 hours ( 5 min) after the last valid position
data input. After 4 hours the encoded position shall be set to the default values specified in
Annex A.

* ELTs carried to satisfy the requirements of ICAO Annex 6, Parts I, IT and III shall operate in
accordance with ICAO Annex 10.
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When the beacon radiates a 406 MHz signal in the self-test mode, the content of the
encoded position of the self-test message shall be set to the default values specified in
Annex A, except for location protocol beacons when transmitting an optional GNSS self-
test when the beacon shall radiate a single self-test message with encoded position.

4.5.5.3 Internal 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 sufﬁci%&)w geometric dilution
of precision. %

The distance between the position provided by the na@%tion device, at the time of the
position update, and the true beacon position s not exceed 500 m for beacons
transmitting the Standard or National location&protocols, or 5.25 km for beacons
transmitting the User-Location protocol. Th odegﬁosition data shall be provided in
the WGS 84 or GTRF geodetic reference s S. AN

S

The internal navigation device shalrboﬁovi alid data within 10 minutes after its
activation.

Internal navigation device ¢
refers to the absence of
might affect the acquisi

tart § be forced at every beacon activation. Cold start
ime¢ deperident or position dependent data in memory, which
of th NSS position

4.5.54 Exter avigation Device Input
r\

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

Features should be provided to ensure that erroneous position data is not encoded into the
beacon message.

For a beacon designed to operate with an external navigation device, if appropriate
navigation data input is present, the beacon shall produce a digital message with the
properly encoded position data and BCH code(s) within 1 minute after its activation.

If a beacon is designed to accept position data from an external navigation device prior to
beacon activation, navigation data input should be provided at intervals not longer than:

o 20 minutes for EPIRBs and PLBs; or
o 1 minute for ELTs.
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4.5.6  Beacon Activation
The beacon should be designed to prevent inadvertent activation.

After activation, the 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:

)
Short Message Format (see Figure Aé@é

Bit Field Name m}ield Location

1. Bit synchronization Q*Qt 1 through bit 15

2. Frame synchronization 5" bit 16 through bit 24

3. First protected data field (PDF-1) Q it25 through bit 85

4. First BCH error correcting field (BCFbg’ - (it 86 through bit 106

5. Non-protected data field Q @.&% bit 107 through bit 112
Long Messg%:zggrm¥ &e Figure A2)

Bit Field Name ’Q\' \(5\@ Bit Field Location

1. Bit synchronization ~& bit 1 through bit 15

2. Frame synchroniza@\ > bit 16 through bit 24

3. First protected d el -1) bit 25 through bit 85

4. First BCH e rrecting field (BCH-1) bit 86 through bit 106

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

6. Second{’& 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 lesg using the following

code: 66
F=0 short format %)
F=1 long format ,&(b
Al1.2.2 Protocol Flag \}Q

The protocol flag (bit 26) indicates which type&rgt is used to define the structure of
encoded data, according to the following @ \6\

P=0 standard locaﬁ I &%ls or national location protocol
P=1 user progg’ -location protocols.

The various protocols are(cgéntl \r?y a specific protocol code, as described in

section A1.3.
O

O
Al123 Countg[ C&

Bits 27-36 &Qnate a three-digit decimal country code number expressed in binary
notation. Couhtry codes are based on the International Telecommunication Union (ITU)
Maritime Identification 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.


http://www.itu.int/cgi-bin/htsh/glad/cga_mids.sh
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Al1.3 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&ﬁons

AN ]
Format Flag (bit 25) — 0 O 1
Protocol Flag (bit 26) 1 (short) {o (long)
>
0 Q) Standard Location Protocols
(protocol code: bits 37-40) Not Used %\> National Location Protocol
A RLS Location Protocols
\ N A
1 %) ’\O\ User Protocols
(protocol code: bits 37-39) User Proﬁ@@ (% User-Location Protocols

X\2
Figure A1: Data Fib@@)f Short Message Format

QN
Bit Frame > \U Non-Protected
Synchronization | Synchronizati “Q Flrit %&ected Data Field (PDF-1) BCH-1 Data Field
LN

Unmodulated Bit FramOJ Fo& rotocol | Count Identification or | 21-Bit | Emergency Code/

Carrier Synchronization | Sync (@ation Fla Fla Co dery Identification BCH National Use or

(160 ms) Pattern m & g plus Position Code | Supplement. Data

. 9
Bit No. 1-15 \,\}% 16-24 25 26 27-36 37-85 86-106 107-112
15 bits 9 bits 1 bit 1bit [ 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-1 | pata 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 dgy 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 1bit | 10 bits 49 bits 21 bits 26 bits 12 bits
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A2-A: User and User-Location Protocols

Table A2: Protocol Codes Assignments

(F=0, P=1) short message

(F=1, P=1) long message

Protocol Codes
(Bits 37 - 39)

1. EPIRB - Maritime User Protocol: (MMS], 6 digits) 010
(radio call sign, 6 characters) 010
2. EPIRB - Radio Call Sign User Protocol 110
3. ELT - Aviation User Protocol (aircraft registration markings) 001
4. Serial User Protocol: 011
bits 40, 41, 42 used to identify beacon type:
000 ELTs with serial identification number;
001 ELTs with aircraft operator designator & serial numgr;
010 float free EPIRBs with serial identification numbes;
100 non float free EPIRBs with serial identification @ber;
110 PLBs with serial identification number; %)
011 ELTs with aircraft 24-bit address; \(b
101 & 111 spares.
bit43 =0:  serial identification number 1%égned nationally; or
bit43=1: identification data 1nclude e approval certificate
number. O
5. Test User Protocol @ 6\ 111
6. Orbitography Protocol \Q 6\ 000
7. National User Protocol * (b‘b Q) 100
8. Spare \(\ & 101
Q \’()
A2-B: Standard Location and N%onal bcation Protocols (F=1, P=0) long message
\Qﬁ Protocol Codes
q (Bits 37 - 40)
Standard Loqapmn rotocols
1. EPIRB - ocation Protocol 0010
2. ELT - 24-bit"Address/Location Protocol 0011
3. Serial Location Protocols a) ELT - serial 0100
b) ELT - aircraft operator designator 0101
c) EPIRB-serial 0110
d) PLB-serial 0111
4. Ship Security 1100
5. National Location Protocol
a) ELT 1000
b) EPIRB 1010
c) PLB 1011
6. Test location Protocols
a) Standard Test Location Protocol 1110
b) National Test Location Protocol 1111
7. RLS Location Protocol 1101
8. Reserved (orbitography) 0000, 0001
9. Spare 1001

*

The National User Protocol has certain bits which are nationally defined, as described in section A2.8.
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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 28
26 protocol flag (=1) %)
27-36 country code @6
37-39 protocol code \Co

40-83 identification data %)

84-85 auxiliary radio-locating device t@@s)

Bits 37-39 in the protocol code field designate o € of t & user protocol codes as listed in
Table A2-A, and indicate how the remaining bit dentifi¢ation data are encoded/decoded.

N

Bits 40-83 are used to encode the 1dent1 10n % of the beacon and, together with the
protocol flag, the country code, the de, and bits 84-85, shall form a unique
identification for each beacon, i.e. trﬁg@ Hex ID. They will be discussed separately
for each user protocol.

Bits 84-85 are used to mdlc \} %er protocols excluding the orbitography protocol, the
type of auxiliary rad10~? ting dev1ce(s) forming part of the particular beacon. The

assignment of bits is a@) OWS:

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

—

. MARITIME USER PROTOCOL

Bits | 25 | 26 |27 36|37 39 (40 81| 8 83 | 84 385
..... 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 3637 39 140 8118 83 |8 85
..... 0| 1] CountryCode |1 1 O Radio Call Sign (42 bits) 0 0 R L
3. SERIAL USER PROTOCOL .
Bits 25126 (27 36|37 39 140 42 143 | 44 RN 74 83 | 84 85
..... 0| 1] CountryCode |0 1 1 (T T T |C Serial Number and other Data C/S Cert. No or R L
National Use
r~
4. AVIATION USER PROTOCOL 0)
Bits 25126 (27 36|37 39 140 8118 8 |8 85
..... 0] 1| CountryCode [0 0 1 Aircraft Registration Marking (42 bits) EN' R L
J ‘U
5. NATIONAL USER PROTOCOL . A@ N
Bits 25 (26|27 36|37 39 (40 85
...... F |1 ]| CountryCode | 1 0 O National Use (46 bits)
N N\
6. TEST USER PROTOCOL RO
Bits 25126 (27 36|37 39-140 85
..... F | 1 | Country Code | 1 L=\l Test Beacon Data (46 bits)
7. ORBITOGRAPHY PROTOQO]Q
Bits 25126 |27 36| 37 39 (40 85
...... F | 1| CountrinCode | O 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
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 3 010000
H 100101 U 111100 S 001010
I 101100 v 101111 &’ 000001
J 111010 W 111001 @6 010101
K 111110 X 110111 4% 7 011100
L 101001 Y 110101 Q‘ 8 001100
M 100111 Z 110001 QQ 9 000011
\‘b
o > .
MSB: most significant bit %) %\ * Space
LSB: least significant bit AS N ** Hyphen

Note:  The modified-Baudot code is used g%:@oc;eggsanumeric characters in EPIRB messages containing

MMSI or radio call sign identiﬁca@ and j Ts containing the aircraft registration marking or the
3-letter aircraft operator designa@

N
A22  Maritime User g@%col Q

The maritime user Q&’@ol 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.

O

6@
@
The radio call sign user protocol is intended to accommode@&a vessel's radio call sign of up

to seven characters, where letters may be used only i \1} e first four characters, thereby
complying with the ITU practice on formation of radlo@ s1gns

A2.3 Radio Call Sign User Protocol

The radio call sign user protocol has the follown@gfruc%@
N
Bits Usa gz?@ 2
25 foﬁﬁb flag:(=0)

33—36 %%»code s

37-39 rotocol code (=110)

40-75 o call sign

. 40-63 60 ﬁrst 4 characters (modified-Baudot)

. 64-75. ¢, last 3 characters (binary-coded decimal)
76-81 0N 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 type(s)

Baudot code shown in Table A3. This code enables 7 character: e encoded using 42 bits
(6x7=42). This data will be right justified with a modiﬁed—Ba@ space (100100) being used
where no character exists. Q@

Bits 82-83 are used to create a unique ELT identiﬁcatfé)\? when several ELTs coded with the
Aviation User protocol are installed on the same giferaft. ‘00" indicates the first ELT on the
aircraft coded with this protocol and “01”, “10” @nd “1 ’Qentify additional ELTs, all coded
with the Aviation User protocol. ' Q AN

9 AQ

>
%)

Bits 40-81 designate the aircraft registration marking which is eg@ using the modified-

A2.5 Serial User Protocol ‘(\
Qo

o p \?the manufacture of beacons whose 15 Hex ID
ing specifics about the unit. The following types of serial

ed inhe'beacon:

The serial user protocol is inten
will be identified in a data bas
identification data can be e

. serial numbeR@
« 24-bit airetaft 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.

Bit 43 is a flag bit to indicate that the Cospas-Sarsat type approval certificate number is
encoded.

! Effective as of 1 November 2011.
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Ifbit 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.007. The certificate
number is to be encoded in binary notation with the least significant bit on the right.

If bit 43 is set to O: 6

the responsible administration) or used as defined for ¢ the aircraft 24-bit address

%)
- bits 64-83 are for national use and control (and will be Q@ublic when assigned by
or aircraft operator designator. %)

Details of each type of serial identification data are giv€p\?ereunder.

A25.1 Serial Number @Q’ é\O{\

AR
The serial user protocol using a seruﬁumbek%’ncoded in the beacon message has the
following structure: \‘(\

Bits 25 26 27 36 37 Q44 \® 63 64 73 74 83 85
R R - ANT- +——@; ———————————— T T ot

H H | Country H 20 bits) ! All "O" or | C/S cert. No. |

10 11 | Code 10 @T T@Serlal Number i Nat. Use i or Nat. Use |R L}

Bits © Usage
o \S
25 ,QQ 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
B et fo———- fo———- Fomm e fom - e fo——t—

' | Country ' ' Vo Aircraft \ Additional | C/S Cert.No. |

10 11 | Code 1001 1,01 1:C; 24-bit Address | ELT No.s i or Nat. Use |R L|
Bits Usage
25 format flag (= 0)
26 protocol flag (=1)
27-36 country code 6
37-39 user protocol code (=011) 6@
40-42 beacon type (=011)
43 flag bit for Cospas-Sarsat ty&?@proval certificate number
44-67 aircraft 24-bit address
68-73 specific ELT number &everal ELTs encoded with the

74-83 C/S type approva umber or national use
84-85 auxiliary radi@aati@evice type(s)

Bits 44-67 are a 24-bit binary nu (oas fréd to the aircraft. Bits 68-73 contain the
6-bit specific ELT number, in b with the least significant bit on the right,
which is an order number of the aircraft or default to “0” when only one
ELT is carried; the purpo sge ific number is to produce different 15 Hex
numbers containing the 2443{[ address.

CJ

same 24-bit address, aré-carried in the same aircraft
i

A2.5.3 Aircraft Oébrator Desmnator and Serial Number

&
The serial }%otocol using the aircraft operator designator and serial number has the
following structure:

Bits 25 26 27 36 37 40 44 61 62 73 74 83 85
B e Tt o o F e fmm o ot
| Country 1 1 | | Operator 3-letter | Serial ! C/S Cert. No.
10 11 | Code 1001 110 0 1;C} Designator i Number I 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 (ICAO). 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, national tests, training

exercises, etc.. Mission Control Centres (MCCs) will not forward mgages coded with this
protocol unless requested by the authority conducting the test. 66

The test user protocol has the following structure: \@
%
Bits Usage QQ
25 format flag (short message = 0, long message = 1)
26 protocol flag (=1) O O
27-36 country code Q) \O
37-39 test user protoé@ co @ 11)
40-85 national us%, N

RN
\’()

2.7 Orbitography Protoco @

for use only by operator he Local User Terminals. Therefore, it is not further described
in this document. . ¢,

L&

The orbitography protocol 12@? %pemal system calibration transmitters and is intended

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 36137 140 85 86 106 10 6 1321133 144
—— - et o - +3 @ ———————— b —— !

| | | Country | ' National Use | BCH Code &ional Use BCH Code}]

'F 11 | Code 110 0} (46 bits) ' (21 bits% (26 bits) | (12 bits)
_______________________________________________________________ - S N |

I I

)
R
&

Bits Usage

25 format flag (shoﬁ@ SSQ%QO, long message =1)

26 protocol ﬂag%@ 9\

27-36 country co N

37-39 national L&pr tool code (=100)

40-85 natio 1@56 (72)

86-106 21 H%ca@m

107-112 nalgse

113-132 ational use (if long message)

133-144 OCJ 12°%id BCH code (if long message)
A

Once the beacon has éﬁ\dctivated, 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.

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:
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000000:  for beacons that can be activated only manually, i.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 emergency code data has been
entered in bits 109 to 112, as defined below.

Bit 108 indicates the method of activation (the switching mechanism) that has been built into the
beacon:

2

bit 108 set to (=0) indicates that a switch must be manually set to “o& after the time of the
distress to activate the beacon; 66

bit 108 set to (=1) indicates that the beacon can be ch{rated either manually or

automatically. %)
R
%0
)

A2.9.1 Maritime Emergency code \Q®

A float-free beacon shall have bit 108 set to 1.
> OQ
N\

\%

%)

The emergency code is an optional feee@ that may be incorporated in a beacon to permit
the user to enter data in the emerge&y codéf\'géld (bits 109-112) after beacon activation of
any maritime protocol (i.e. maritigig*user ocol, maritime serial user protocols, and radio
call sign user protocol). If da@ entéd in bits 109 to 112 after activation, then bit 107
should be automatically se (= d bits 109 to 112 should be set to an appropriate
maritime emergency co own in"Table A4. If a beacon is pre-programmed, bits 109 to
112 should be coded % specified distress" (i.e. 0000).
\S

A29.2 Non—l\/é;iﬁ}ne 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

MO 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 @ 6

9 1000 Abandoning ship %)

1001 to 1111 Spare (could be used in fu or assistance

desired or other informatiento facilitate the
rescue if necessary) %)

M
@
3)

NY
Modification applies only to code "1111", which is used as a "Sp@\>instead of as the "test" code.
IMO indication is an emergency code number, it is different ﬁ@m the @ary encoded number.
If no emergency code data has been entered, bit 107 remaiggdet to'@.

\9 9
Table AS: Non-Mariﬁjn E Sgency Codes

A N

- A
Bits (s\\. \%sage o
109 No fire (=0ynfire (5
110 No meé"i.;q el@ medical help required (=1)
111 Not difabled (*0);disabled (=1)
112 s;@}&%)
D\‘%

W 1f n(&ergency 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
b 27-b 36: 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
b37-b39: 010 =Maritime user 110 = Radio call sign user 011 = Serial user P\ 001 = Aviation user 100 = National User
b40-b75: Trailing 6 digits of b 40 -b 63: First four characters b40-42: Beacon type @6 -b 81: Aircraft Registration | b40 - 85:
MMSI or radio call (modified-Baudot) 000=  Aviation é} Marking (modified - | National use
sign (modified- 001 = Aircraft Operator %Q Baudot)
Baudot) 011 = Aircraft Address
010= Maritime (floa )
100 = Maritime (n@ at free)
110= Personal
b 43: C/S C ate
b 64 -b75: Last three characters b44-b73:
(binary coded decimal) her
b 76 -b8l1: Specific beacon b 76 - b 81: Specific beacon b 7\@3: Cert. No. or
(modified-Baudot) (modified-Baudot) \' \ tional use
b 82 -b 83: 00 = Spare b 82 -b 83: 00 = Spare QQ \@' b 82 - b 83: Specific ELT
/ number'
b 84 - 85: Auxiliary radio-locating device type(s): Xuxili@%ravdio-locating device
0 1.5
@: Maritime locating: 9 GHz SART
~ = Other auxiliary radio-locating device(s)
b 86 -b 106: BCH code: '\(\\VJ 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.

€102 1090100
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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.

User-Location Protocols. These location protocols are for usg,with the long message
format. The beacon identification data is provided in PDF-1-by*one of the user protocols
defined in section A2 (see Figure A3). Position data is pro$ided as latitude and longitude,
to 4-minute resolution, encoded into PDF-2.

Standard Location Protocols. These location protgcols are for use with the long message
format. The beacon identification data is proyided in 4 Standardized format in 24 bits of
PDF-1. Position data to 15-minute resolutiofis alsp‘gtven in PDF-1, with position offsets
to 4-second resolution in PDF-2.

National Location Protocol. Thi$\ locatiem protocol is for use with the long message
format. The beacon identificatiofhdata ig;provided in a nationally-defined format in 18 bits
of PDF-1. Position data, to 2~tdinuteresolution, is given in PDF-1, with position offsets to
4-second resolution in PDF<2.

Return Link Service\(RLS) Location Protocol*. This location protocol is for use with
the long message dermat. The beacon identification data is provided in 18 bits of PDF-1
where the figgt\{wo bits define the beacon type and the remaining 16 bits are nationally
defined. Position 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

c¢) 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.

i These protocols will be effective as of 1 November 2015.



A

- 18

C/S T.001 — Issue 3 — Draft Rev.14
October 2013

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 AS5: Outline of Location Protocols

<
User - Location Protoco@s
N\
bit | bits bits 40-83 bits | bits 86-106 | bit 107 Q) bits 108-132 bits
26 | 27-39 84-85 (% 133-144
Radio- . [N . . .
Identification Data (44 bits) locating 21-Bit Pgsif=Data Position Data to 4 min 12-Bit
| Device | BCH code urce Resolution (25 bits) BCH code
)
SO
Standard Lo\&{ia(@\Protocols
\ 2 ]
bit| bits bits 41-64 bits 65-85 &’bits 86&% bits 107-112 bits 113-132 bits
26| 27-40 el Re 133-144
- -
Identification Data | Position Dat: 5 mil}.\gl-Bit Supplementary Position Data to 4 sec 12-Bit
0] o (24 bits) Resoluti@ bits ()’BCH code Data Resolution (20 bits) BCH code
\‘r(\ ) A(b
ational Location Protocol
bit| bits bits 4] 8\% bits 59-85 bits 86-106 | bits 107-112 bits 113-126 bits bits
26| 27-40 A 127-132| 133-144
)
Identification Data | Position Data to 2 min 21-Bit  [Supplementary|Position Data to 4 sec|National| 12-Bit
0f oo (18 bits) Resolution (27 bits) BCH code Data Resolution (14 bits) | Use [BCH code
RLS Location Protocol
bit| Dbits 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 Data to 4 | RLS Use | 12-Bit
(U [ Type Data Resolution BCH code Data sec Resolution (14 BCH code
bit
(2 bits)| (16 bits) (27 bits) its)
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A3.3 Definition of Location Protocols
The general structure of location protocols is illustrated in Figure A6.
A3.3.1 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 the Most Significant Bit
(MSB) is the lowest numbered bit in the message which is not a 1&$ E/W or A sign flag

bit.
6@

For User Location Protocols, the position encoded in PDF ‘@?all be as close as possible to
the actual position. Q

For Standard Location, National Location, and Location Protocols the position is
encoded as follows. The coarse position enc 1@-1 is selected to be as close as
possible to the actual position. The actual ion~ en rounded following the above
rules to the nearest 4 second. The offse F@%%oded in PDF-2 is then calculated by
subtracting the coarse position encod om the rounded position, ensuring that
the sign of the offset is 1nclude ’(2) If there is no offset in either latitude or
longitude (or both) in PDF-2 (i.€ %@ minutes and seconds are all zeroes) then the
appropriate offset data flag s e se‘b\ default value (i.e. 1).

When a position is e @ n @1 the higher resolution information given in PDF-2 is
an offset (A latitude @A longitude) relative to position provided in PDF-1.

.

The latitude \ongitude values contained in PDF-1 are positive numbers regardless of
their directions. 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).

M 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 T.007, Issue 3 - Revision 9. Manufacturers who submit for
type approval testing after 1 November 2010 must use the answer sheets in C/S T.007, 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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A3.3.2 Supplementary Data

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

A3.3.2.1 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
"1"=  the encoded position data is provided by an internal navigation device

A3 3.2.2  Auxiliary Radio Locating Device (homing transmitter) @6

The "121.5 MHz homing" data is encoded in bit 112 for tl{@%ndard and national location
protocols (short and long versions) where: Q

"1"= indicates a 121.5 MHz auxiliary radio loca@?g device
"0" =  indicates other or no auxiliary radio loé(}\g es;
%)

and in bits 84-85 for the user-location pr(g@ols @‘{%Iows

"00" = no auxiliary radio locatln{:{e\flce
"01"= 121.5 MHz auxiliary ra device

"10" = maritime locating: ‘Ségl g and Rescue Radar Transponder (SART)
"11"= other auxiliary ra(\}} oc t& device(s).

A333 Test Locati\()_g?rotocols

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

1 25 |«27 <37 [40 |41 84 <107 |«113 <133
24— 26 36-5{ 39 > 83| 85 106 112 132— 144—
PR 61BITS e N - PR b 26BITS e —
PDF-1 &Q) PDF-2
2 10 4 45 21 %&J’ 20 12
3 USER-LOCATION PROTOCOLS 2 K‘O USER-LOCATION PROTOCOLS
F P=1 Q f
o] C 010 Q
R 0] 110 Identification Data 0 Latitude / Longitude Data
M u 001 (same as User Protocols) 6 (4 Minute Resolution)
A N 011
T T 111 See Figure A7 Q . Q See Figure A7
BIT & FRAME 5 4 STANDARD LOCATION PROTOCOLS @ CH, N@R STANDARD LOCATION PROTOCOLS 12-BIT BCH ERROR
SYNCHRONIZAT. | & Q010 (P=0) RECé ODE CORRPCIING
A Latitude / A Longitude
PATTERNS P 0100 Identification & Position Data ~ A (4 Second Resolution)
R c 0101 (1/4 Degree Resolution) \Q Q\ + Supplementary Data
(0) 0110
T 8 0111 See Figure A8 Q Q\' See Figure A8
o] v 1100 AS
C 1110
¢ & fos
L 4 NATIONAL LOC PRO OLS NATIONAL LOCATION PROTOCOLS
=0)
1000 Q A Latitude / A Longitude
1001 Identiﬁ on & Position Data (4 Second Resolution)
1010 inute Resolution) + Supplementary Data
F 1011 \(\
L 1111 & See Figure A9 See Figure A9
A
G 4 RLS LOCATION PROTOCOLS RLS LOCATION PROTOCOLS
S (=0) A Latitude / A Longitude
1101 Identification & Position Data (4 Second Resolution)
(2 Minute Resolution) + Supplementary Data
See Figure A10_ See Figure A10
T T
F=1 PROTOCOL CODE LONG MESSAGE FORMAT - 144 BITS—
P=0orl See Table A2

€107 1290100

IT-V

p1'ASY — €mss[—100°L S/O



A-22 C/S T.001 — Issue 3 — Rev. 14
October 2013

A3.3.4 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.

A3.3.42 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:

a)  bit 107: encoded position data source 6@6
"0" = the encoded position data is provided by alxn rnal navigation device
"1" = the encoded position data is provided by §h internal navigation device;

b)  Dbits 108 to 119: latitude data (12 big@\g 4 minute resolution, including:

o)
o bit 108: N/S flag (N&U;"S=
o bits 109 to 115: degrees @Q) 90 degree increments
o bits116to 119: min 0to 1n 4 minute increments
(defaulvalue ofbits 108 to 119 = 0 1111111 0000); and
iliegfo

c) bits 120 to 132: (&ggugg}% (13 bits) with 4 minute resolution including:

. bit 120: C)Q ‘@7\&7 flag (E=0, W=1)

. Dbits 1@ 128:  degrees (0 to 180) in 1 degree increments

. bi{@2 to 132:  minutes (0 to 56) in 4 minute increments

«‘Q (default value of bits 120 to 132 = 0 11111111 0000).



Figure A7: User-Location Protocols

1 25 [«27 <37 | <86 <107 <113 <133
[<~40 85—
24— 26 36— 39— 83— 106—] 112— 132 144—
¢—mem 61BITS —| BCH-1 R 2 S e —| BCH-2
PDF-1 A -2
3
2 10 3 44 2 21 1 1 13 12
%)
F C P K‘O
(0] (¢} R @
R U o IDENTIFICATION DATA POSITION DATA
M N T 5@ . USER-LOCATION PROTOCOLS)
A T 0 (25)
T R ¢ N
v | o S O
- \ 4 -
BIT & FRAME | & c L MARITIME USER PROTOCOL éégég?l E oel LD 12E]gg§H
SYNCHRONIZ. o C (MMSI OR RADIO CALL SIGN) <7 LATITUDE LONGITUDE CORRECTING
PATTERNS | p b o o) (0@ JQF CODE
R E D \Q &
o E RADI x <
T O CALL SIGN USER PROTOCOL 4\ \ 1 7 4 1 8 4
: () (PC=110) e 4
c IR
0 AIRCRAFT NATIONALITY ANDN ) *
L N DEG MIN | E DEG MIN
REGISTR?EéS&?;IARKJN ‘D / 0-90 0-56 1/ 0-180 | 0-56
6 S| (1 deg) [(@min)|W | (1deg) |(4min)

F Ca
L \r?4
A SERIAL USE @TOCOL
G (ELTs, P IRBs)
S (PC=011)
0 0 0 T 84,85= Homing 1 107 = Encoded Position Data source: 1= Internal, 0 = external

F=1 See See Figure A3 for details

P=1 Table A2 of identification data
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A3.3.5 Standard Location Protocols (see Figure AR)

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 supplem@ data
bits 113 to 132 20-bit position offset (A latim@ longitude), to 4 second
resolution. <
%

A3.3.5.2 The 24 bits of identification data (bits 41 to 6 n be used to encode:

)

a) (PC=0010) the last six digits of MMSI i %e} in bits 41 to 60 (20 bits), plus
a 4-bit specific beacon number (0 ‘%@?5 1 61 to 64, to distinguish between
several EPIRBs on the same ship; %)

IR\

b) (PC=0011) a 24-bit aircraQ. re@nly one ELT per aircraft can be identified
using this protocol); or

S\

c) (PC=01xx, see Not@Qa 2A§i@mique serial identification including:
O Q

(1) the 10—§Cospas—8arsat type approval certificate number of the beacon
(1 tqd5023) in bits 41 to 50, and a 14 bit serial number (1 to 16,383) in

)Q 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:
* bit 65: N/S flag (N=0, S=1)
* bits 66 to 74: degrees (0 to 90) in 1/4 degree increments
(default value of bits 65to 74=0111111111); 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 using 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 5-bit code).



b) bits 75 to 85: longitude data (11 bits) providing 15 minute resolution, including:
* Dbit75: 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).

A3.3.5.4 The 26 bits available in PDF-2 are defined as follows:

a) bits 107 to 109: ="110" (fixed); 6
<
b) bit 110: ="1" (fixed); @6
S

c) bitlll: encoded position data source Q@K

"0" = the encoded position data is provided by an external navigat'o@ievice

"1" = the encoded position data is provided by an internal navi fon d ;

\
d) bit112: 121.5 MHz auxiliary radio locating devi eacon (1 =yes, 0 =no); 121.5 MHz auxiliary radio locating devices
are not authorised for beacons coded wn‘gr?ne { security format (i.e. when bits 37 — 40 = 1100);

e) bits 113 to 122: A latitude with 4 second resoluti \' \(b.

« bit113: A sign (0 =minus, 1 =

* bits 114 to 118: Minutes (0 to 30) i 1n nuteqﬁ crements *

* bits 119to 122: Seconds (0 to 5 seco crements

(default value of bifs) 13 to 122 =1 00000 1111); and

f) bits 123 to 132: A longitude M’f&ﬁ\\second resolution:
* bit 123: A sign (0 = minus, 1 = plus)
* bits 124 to 128: Minutes (0 to 30) in 1 minute increments *
* bits 129 to 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

<1 25 [«-27 <37 <86 107 |«113 <133
24| 26 36| 40|41 85— 106—| 112 132 144—
|
¢—mmmmeee 61BITS e — BCH-1 ¢—mmmmnn 26 BITS ——mm — BCH-2
PDF-1 PDF-2
2 10 4 45 2 2D 6 20 12
@é
PC 24 BITS 21 BITS
F S
o IDENTIFICATION DATA LATITUDE A U ALATITUDE | A LONGITUDE
R LONGITUDE Q@ P
M C P
A o 20 4 |1 9 1 10 00’ Ll s 4|1 5 4
T U E
N |oof10 MMSI B.No (\ OQ M M | s M S
& T (last 6 digits, binary) 0-15 LAT ‘a N \ E I E I E
BIT & FRAME R S .&CD N|-| N [c]|-| N |cC|[ 12BITBCH
SYNCHRONIZ Y  [00{11| AIRCRAFT 24 BIT ADDRESS DEG-| Q)" | 21-BIT BCHERROR | T u |o u |o ERROR
P N A E CORRECTINGCODE| A |+| T | N |[+| T | N |CORRECTING
PATTERNS | R NN . R E |D E |D CODE
ol ¢ X ,@; % s |s s |s
T| o 15 9 6"0-902’, 0-180
o| b Joifo1 ) A\
c| E AIRCRAFT OPER. SERIA{Q‘ > D 0-30 |0-56 030 [0-56
o DESIGNATOR 1 - 0 A
N ~
L - N \(1/4 d) (1/4d.) T (1min) | (4s) (1min) | (4s)
00 10 N A
F —{01]10 \J
L 11| C/STANo J C5SERIAL No
A 1- 1023\<\\ 1-16383
G A
20 4
11|00 MMSI Fixed
(last 6 digits, binary) 0000
0 T107= 1"
_ . — gm ©)
F=1 0100 ELT-Serial 1108 =1 S
P=0 0110 EPIRB-Serial 1109 = «0” S
0111 PLB T110=“1 g
T 111 = Encoded Position Data Source: 1= int., 0 = ext. :)
1110 Test T12=1215 MHz Homing: 1=Yes, 0 =No o
=
(8]
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NOTE: 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”.
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A3.3.6 National Location Protocol (see Figure A9)

A3.3.6.1

a)

b)

A3.3.6.2

b)

A3.3.6.3

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 authority,

bits 59 to 85: 27 bits of position data to 2 minute r@tion;

b’
. %)
PDF-2: @

bits 107 to 112: 3 fixed bits set to "110" it additional data flag, describing
the use of bits 113 to 1@ and 2 bits of supplementary data,

bits 113 to 126:  14-bit posmon % tltude A longitude) to 4 second
resolution, ora ma@'ﬁ onal use, and

bits 127to 132: 6 blt; ‘%erv \for national use (additional beacon type

iden tl\@x» other).
N

The 27 bits of %on\@% in PDF-1 are encoded as follows:

bits 59.t65? latitude data (13 bits) with 2 minute resolution:

. Bit®o: N/S flag (N=0, S=1)
bits 60 to 66: degrees (0 to 90) in 1 degree increments
* bits 67to 71: minutes (0 to 58) in 2 minute increments

(default value of bits 59to 71 =0 1111111 00000); and

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

e bit72: E/W flag (E=0, W=1)
* bits 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 72to 85=0 11111111 00000).
The 38 bits available in PDF-2 are defined as follows:
bit 107 to 109:  ="110" (fixed);

bit 110: additional data flag (1 = A position data as described below in
bits 113 to132; 0 = other to be defined nationally);
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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 device included in beacon
(1 =yes, 0 =no);

e) bits 113 to 119: if'bit 110 = 1, A latitude with 4 second resolution:
« bit113: A sign (0 = minus, 1 = plus)
* bits 114 to 115: minutes (0 to 3) in 1 minute increments *
* bits 116 to 119:  seconds (0 to 56) in 4 second increments
(default value of bits 113 to 119 =1 0061 11);

<
bits 113 to 119: if bit 110 = 0, national use; @6

f) bits 120 to 126: if'bit 110 = 1, A longitude Sl second resolution:
* bit 120: A sign (0 =minus, 1 <
* bits 121 to 122: minutes (0 to 3) 1 l%ﬂmute increments *
* Dbits 123 to 126: seconds (0 to 5@% 4s d increments

(default Value\%@ts 12@30 126=1001111);

bits 120 to 126: if bit 110& nirs\% use; and

g) bits 127 to 132:  Addi s\lal b@on identification (national use)
It yblx of bits 127 to 132 = 000000).

A3.3.64 The test protoc%@&mg ﬂ&ove format is encoded by setting bits 37-39 to "111"
and bit 40 t0 "

%
~

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

<1 25 [«27 <37 <86 107 <113 <133
24— 26 36— 40«41 85— 106~ 112 132> 144—
\
PR 61 BITS |  BCH ¢ 26BITS - - BCH-2
PDF-1 PDF-2
2| 10 4 45 21 6 7 e} 7 6 12
F 18 BITS 27 BITS 6%
g IDENTI- LATITUDE [SJ &\TITUDE A LONGITUDE
M FICATION LONGITUDE P &
Al cC P Q N
™l o R 18 1| 7 5 11] 8 5 SR ESENREERE A
v o D | M D | M DE M| s M| s | T
BIT & FRAME & N T E I E I 21-BIT B@ I\/Qb I E I E I 12-BIT BCH ERROR
T O |NATIONALID | | N el @ N ER A Axl el Nl cC 0 CORRECTING
SYNCHRONIZ.| p | R C NUMBER R U R U |CoRr INGC-O vl oo vl o N CODE
PATTERNS S 0 E | T E T .\Q DE_Q Al TN TN
s| E E |W| E E.» %) E | D E | D
T ¢ S S S @' R S S S S
0 0 C \é @\ Y U
C D (6] & S
o E D 0-90 [0-58 0-1%‘\0-58 \ D 0-3]0-56 0-3]10-56 E
L E %) N A
T
. (o) [@m| Jep) | BB T Jam|as|  |am|a@s)
L ST 3
¢ S
G
C
0 \(\\ T107= «1”
F=1 See & 1108 = «1”
P=0 Table A2 12109 = “0”
1000 ELT T 110 = Additional Data Flag: 1= A Position, 0 = Nat. Assignment
1010 EPIRB T 111 = Encoded Position Data Source: 1 = Internal, 0 = external
1011 PLB T 112 = 121.5 MHz Homing: 1= Yes, 0 = No
1111 Test
NOTE: 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”.
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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:

bits 41 to 42:

bits 43 to 58:

bits 59 to 85:

b)  PDF-2:

bits 107 to 112:

bits 113 to 126:

bits 127 to 132:

R
2) blt§<®71:
« bit 59:

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

b) bits 72 to 85:
* bit72:

» bits 73 to 80:
* bits 81 to 85:

4-bit protocol code defined as 1101,

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

16-bit identification data consisting.ofa-serial number
assigned by the appropriate natlo éuthon'ty,

27 bits of position data to 2 ute resolution;
X

)
(\

3 fixed bits set o) 10"@31‘[ additional data flag, describing
the use of b1ts‘@3 toé&@ and 2 bits of supplementary data,

14-bi ﬁﬁi‘? fset (A latitude, A longitude) to 4 second
reso ernate national use, and

2&@8 res \e for RLS Data.
O

O
A3372  The27bitsdfpo

&

sition data in PDF-1 are encoded as follows:

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 59to 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).

A33.7.3 The 38 bits available in PDF-2 are defined as follows:

a) bit 107 to 109:

="110" (fixed);
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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 device included in beacon
(1 =yes, 0 =no);
e) bits 113 to 119: if'bit 110 = 1, A latitude with 4 second 680111'[101’1
* bit113: A sign (0 = minus, 1 = plus) 66
* bit114: set to 0 * %)
. . &
o bit115: minute (0 or 1)

* bits 116to 119: seconds (0 to 56) in@?cond increments
(default value 0&1@8 113@ 119=1001111);

bits 113 to 119: if bit 110 O\@%on&f\@e data:

f) bits 120 to 126: if bit l\l’.(&(q @ngltude with 4 second resolution:
+ bit 120: @an (&%mmus 1 =plus)
. bit 121: set to B
* bits 122 nfidute (Oorl)

* bits, Q 126: seconds (0 to 56) in 4 second increments
’QQ (default value of bits 120to 126 =1 00 1111)

bits 120 to 126: if bit 110 =0, national use data; 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

<1 25 <27 <37 <86 107 <113 <133
24— 26 36 40«41 85— 106— 112 132— 144—
|
PR 61 BITS > BCH-1  [¢ e 26BITS - N BCH-2
PDF-1 PDF-2
2 10 4 45 21 6 7 7 6 12
F 18 BITS 27 BITS @b
0
R IDENTIFICATION | LATITUDE LONGITUDE S A QITUDE A LONGITUDE
M Q.i
C P U R
1; o R 2 16 1 7 5 11 8 5 P 4'\% 2 4 1| 2 4 L
0] 0 NATIONAL S
BIT & FRAME| & N T B ID g I\I/I g I\I/I 21-BITBCH | :Q I\I/I E: ]\I/I }Sz 12-BIT BCH ERROR
SYNCHRONIZ| T O 1 B NxumBer |N| 6 | N|E| G N ERROR ) IN|l |- N~N]C D CORRECTING
R C A CORREC M A CODE
PATTERNS R v o C R u R U o U (0] U (0) T
0 L lo E T E T ] Ec Y+ T N |+ T N A
T c N S E E |W]| E E @ \Q E D E D
0 S S S s [\Q % s | s s | s
51 o |o b @ &
0 D o |T R
v E b |y 0-90 |0-58 0-180 0-;59 ) v 0-1]0-56 0-1]0-56
F E E xQ \@\ D
L (1deg) [(2m) (1 degh\[»(2m) P A (Im) [ 4s.) (Im) | 4s.)
A @ \b
G T
! 0 A
S
0 T 1 @) A 1107= “1”
F=1 1101~ “00”=ELT é« 1108 = “1”
P=0 “01”=EPIRB . 1T109= «0”
“10”=PLB Q@ T 110 = Additional Data Flag: 1= A Position, 0 = Nat. Assignment
“11”=SPARE « T 111 = Encoded Position Data Source: 1 = Internal, 0 = external
1112 =121.5 MHz Homing: 1= Yes, 0 = No
NOTE:  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 s 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 hould be permanently set to “0”.

- END OF ANNEX A
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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 the entire 82-bit pattern
(bits 25 through 106 of the 406 MHz message). 6

Note: For the purpose of error correction, all calculations sha ®performed with the full
length code. Therefore, 45 zeros are placed before the 61 data bifS to form the 106 bit pattern
of the (127,106) BCH code. These padding zeros do é‘affect the generation of the
BCH code as described below. \>

For the (82,61) BCH code, a generator polynom@Qg(Xthe same as for (127,106) BCH
code) is defined as follows: %\
‘Q A

g(X) = LCM (m; (X) , @X) (X))

where LCM = Le&CO{aﬁen Multiple.
In the above case:

my ( +X +XT+X+1
m\@)ZX7+X +X+ X2+ 1

&(X) =m; (X) m; (X) ms (X)

. GED GED CED GED GED GED GED D (I (D GED E

from which,

a determination of g(X) results in the following 22-bit binary number:
g(X)=1001101101100111100011

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

m(X)=b; X +b, X+ ... +bg X+ b

where b; 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
Sequence Number
Beacon Model Number

002
1
1 6@6

Production Run Number
National Use Bits O(@
Homing 00 MHz
Emergency/National Use Q‘Iot Used
Beacon Activation @ Automatic or Manual
LS
for which: \

‘Q
Beacon 15 Hex ID: &é@m @&&4 40401 (bits 26-85)
Short Message: 6804002 20200 96552 50 (bits 25-112)
Bits 25-112: Q\' 10 1110 0110 1000 0000 0100
& 0000 0010 0010 0000 0010 0000
(Q 00 1001 0110 0101 0101 0010 0101
O 20000
The division' describe\d'gbove is shown in Figure B1 and results in a remainder of:

« 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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| |
m—m > | K m e Bits 25 = 85 ——=mmmmmmmmm e >|<---Bits 86-106---->
45707 | (Data bits) (21 "0"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
01101001100000000111000
1001101101100111100011
01001000011001110110110
1001101101100111100011
00001011101010010101010000
1001101101100111100011

0010000111110010110011 Q

1001101101100111100
00011100101011001

1000
100110110110 1000

&’5}
%6
\
Q@
60

\
O

0
11

10

011111100009007001
10011019§0111§\1
01100.1@1 1000£10001010

1

011¢PI1100011

0 10110™Jp0011010010
11 100111100011

000010010011000100
01101100111100011

011
@ 10
\> %011011111101001001110

001101101100111100011

: 001011001000111010110110

b 1001101101100111100011
001010010101110101010100

‘\% 1001101101100111100011
001111100001001011011100
1001101101100111100011

01100011001011001111110

1001101101100111100011

01011101001111100111010
1001101101100111100011

001000010001101101100100
1001101101100111100011
0001111100001010000111000

1001101101100111100011
01100011001101110110110
1001101101100111100011
01011101000010010101010
1001101101100111100011
001000010111010100100100
1001101101100111100011
0001111010110011000111000
1001101101100111100011
01101110111111110110110
1001101101100111100011
01000110100110010101010
1001101101100111100011
0001011001010101001001

22-bit remainder =

\
| <====—= BCH ————-- >
\

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 is 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:

gx) =  (1+x+x%) 1 +x+x*+x+x%

A+ +x3+ x5 +x8+x10+x12)

An example of the 12-bit BCH code which protects the 38-bit second protected field (i.e. bits
107 through 144) is shown below for the user-location protocol. The @Hlon in this example

is as follows: 66
actual latitude: 43°3
actual longitude: éS 85'E
latitude rounded to nearest 4' increment: %3"32'
longitude rounded to nearest 4' increment: @Q 0@@8' E
¥ @
binary message:
ry g (0(0 46
- Encoded Position Data Souro& ntg@ bit 107: 1
- North latitude Q \fb bit 108: 0
- Latitude 43° <(\ bits 109-115: 0101011
- Latitude 32' A bits 116-119: 1000
- East longitude Q bit 120: 0
- Longitude 1° 6 bits 121-128: 00000001
- Longitude 28 bits 129-132: 0111
- BCH cod " 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->]
25707 | (Data bits) | (12 "0"s) |
m(X)=10010101110000000000010111000000000000
g(X)=1010100111001
1111000000100
1010100111001
1011001111010
1010100111001
1101000011000
1010100111001
1111001000010
1010100111001
1011011110110
1010100111001
1111001111101
1010100111001
1011010001001 b
1010100111001 (%)
1110110000100 b
1010100111001
1000101111010 KO.J
1010100111001 (%)
1000100001100 Q
1010100111001 %\)
1000011010100
1010100111001 Q
1011110110100 @Q
1010100111001
101000110200
1010100 1 <
13-bit remainder = 00001 001\
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Figure B2: S le 12-Bit BCH Error-Correcting Code Calculation
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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 rag) beacon
F format flag %)
GHz gigahertz 6
GNSS Global Navigational Sat&@@ System
Hex Hexadecimal
ICAO International Civil é@tion Organization
IMO International Marftithe Organization
ITU Intemationwcom@mication Union
LSB least significant bi ’\O
LUT local use}Qrmigﬁ
MHz meg z <\
MID afitime jdentification digits
MMSI Q%'riti obile service identity
ms @imil '}rz@nd
MSB 0((\ I%S significant bit
P O “\rotocol flag
PC 60 protocol code
PDF-1 %) first protected data field
PDF-2 «\(\\ second protected data field
PLB personal locator beacon
RHCP right hand circular polarization
RLS return-link service
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 -



Cospas-Sarsat Secretariat




700 de la Gauchetiére West, Suite 2450, Montreal (Quebec) H3B 5SM2 Canada
Telephone: +1 514 954 6761 Fax: +1 514 954 6750
Email: mail@cospas-sarsat.int
Website: www.cospas-sarsat.org

bQ’b
R
¢
&
0600
< -O
Yol Q@\
° N
O Q\
XN XK
O 2
%
S
o





