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COSPAS-SARSAT 406 Mz 528 1] ol += &-3-8-2] ELTs (emergency locator transmitter), A1 5+-8-2] EPIRBs (emergency position
indicating radio beacon), 7] 21-8-2] W] 21 PLBs (personal locator beacons )7} 9127, 406 Ml 23}~ 2 -5 3} H WA %] & WALS}
of 2k Al S} 2 E 9% H 1B E Bl o] A8l COSPAS-SARSAT 71424121 €/S T.0017} T.018-2 Z2ch-8- 1] 7
o Aok 7]EA B et WAl A A3, FASAS AT AIEHH 55 2§ekaL vk 7150 A A= AA A= A4S A
£-31= COSPAS-SARSAT A 2818 w42 59 4 1] 2 (RLS; return link service) 7]%5-0] §10] 2217} 22 A1 5 0] WhAl o] L2 &}o)
& AN A A T THIE 914 A" RLS 7] o] =Y E o] gRlo] 7hs sl St o] =it A T A= A8 S
831406 Mhz2] PLB9} 121.5 Mhz2] &7 2135 ¥HA) 7], 243 MHz2] &3-8 VHF AM $41715 B @ B4 73ty 7)o
223 C/ST.0017 T.018S #4133 L)

[Abstract]

COSPAS-SARSAT 406 Mz emergency beacons include ELTs for aviation, EPIRBs for maritime, and PLBs for individuals in distress.
They are used to sending messages encoded on 406 Mz distress frequency and sending alerts for search and rescue in distress. C/S T.001 and
T.018 are COSPAS-SARSAT technical documents. They include basic technical information needed for developing beacons, how messages
are constructed, and test methods for type approval. COSPAS-SARSAT systems that use existing low earth orbit (LEO) and geostationary
earth orbit (GEO) satellites do not have a return link service (RLS). So, the survivors could not confirm whether the distress signal was
sending or not. However, a new medium earth orbit (MEO) satellite system has been added to this system, allowing confirmation through the
RLS function. This paper analyzed C/S T.001 and T.018 needed to develop navigation structures that incorporated improved PLB of 406 Mz,
a homing signal generator of 121.5 Mz, and a VHF AM transmitter for aviation of 243 Mz.
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Table 1. Message format.

87 bits (Short messages)

160 ms 15 9 1

carrier bits | bits bit

119 bits (Long messages)

prii=2

2H T S{iAlO

ST

X 2 HAIX] clolef 2=
Table 2. Data fields of the short message format.

Bit Non-Protected

Frame
izati Data Field

First Protected Data Field (PDF-1) BCH-1

Junmodulated| it
Carrier izati
(160 mg)

Identification or
Identification plus
Position Data

Frame
chronizati|

on Pattem

21-Bit |Emergency Code/|
BCH | National Use or
Code Data)

Format| Protocol
FAag | Fag

Country
Code

Pattem

Bit No. 1-15 16-24 25 26 27-36 37-85 86-106 107-112

15 bits 9 bits 1bit | 1bit | 10 bits 49 bits 21 bits 6 bits

E 3. 2 MAIX|] &ale] Holg EE
Table 3. Data fields of the long message format.

Bit Frame Second Protected
. PN First Protected Data Field (PDF-1) BCH1DataField(PDF-2) BCH-2

Unmodula Bit
ted Carrier| Synchronizati
(160 ms) | on Pattem

21-Bit
BCH
Code

12-Bit
BCH

Frame Forma{Protoco|Country| fication or
Synchronizati Identification plus|
on Pattem Flag | | Flag | Code Position Data

y and
Position or National
Use Data

Bit No. 1-15 16-24 25 26 | 27-36 37-85 86-106

107-132 133-144

15 bits 9 bits 1bit| 1bit |10 bits 49 bits |21 bits 26 bits 12 bits
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Fig. 3. Data encoding and modulation degree.
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D(t) : digital message bit stream (300 bps)

Ibt) : | component (odd) bit stream (150 bps)

Qb(t) : Q component (even) bit stream (150 bps)

G(X) : generator polynomial (LFSR; linear feedback shift register function)

Ci(t) : | component chipping stream generated by LFSR using | channel Init.(38,400 cps)
Cq(t) © Q component chipping stream generated by LFSR using Q channel Init.(38,400 cps)
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Fig. 4. Direct-sequence spread spectrum.
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Table 4. Transmission schedule.
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— L] g L
Quadrature 12-
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Fig. 5. OQPSK modulation illustration.
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Table 6. Required EIRP.
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Table 5. Burst general structure.

Preamble Useful message Correcting bits

IAMSAR Time from Transmission Randomizati -
stage ctvation repetition interval ndomization Elevation(®) 10 20 30 40 50 60 70 80
Initial 0~30 sec 5 sec 0 Max dBm 45 45 45 45 45 44 44 44
Actiony |30 sec~30 min 30 sec +5 sec MindBm |34 |34 |34 |34 |34 |33 |33 |33
Planning 30 min + 120 sec +5 sec
ELT(DT) 30 sec + 28.5 sec +1.5 sec ¥ 7. OXE HAIX] L

Table 7. Digital message content.

202 Information bits
154 bit main field

48 Eror correction bits

48 bit rotating field 48 bit BCH field

main msg spare

166.7 ms 6733 ms 160 ms

1 [.. [137/138].. [154]155]156].. [201/202/203]204].. [249]250
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X 8. ARBAL 9IR| Z2EE FXE
Table 8. User-location protocol structure.

E N 358 fIA| Z2EE X
Table 11. ELT(DT) location protocol structure.

bit| bits bits bits bits Bit bits bits bit| bits bits bits bits bits bits bits
26|27-39| 40-83 | 84-85 |86-106| 107 108-132  |133-144 26|27-40, 41-66 67-85 |86-106| 107-114 | 115-132 |133-144]
Identification Radio-locatil21-bit BCH| Posit data Po.smon dat.a 4 12-bit Identification Po§|t|on daté 30| 21-bit | Supplementary |Position da?a 4 12-bit
I - data on device | code source min resolution BCH codd 0 .. data min resolution | BCH data sec resolution BCH codel
(44 bits) (25 bits) (26 bits) (19 bits) code (8 bits) (18 bits)
T 9 EE YA ZREEZ X Ao Frow At 94 EﬂOlEii o ==
Table 9. Standard location protocol structure. PDFE-1¢]| 3£3t5]| o] ¢Jt} PDF-20A] 4 29| sjAE=E 9% 0.3

bit| bits bits bits bits bits bits bits
26\27-40, 41-64 65-85 |86-106] 107-112 | 113-132 |133-144)

Identification| Position data 15| 21-bit Position data 4 }
. . Supplementary . 12-bit
0| . data min resolution | BCH data sec resolution BCH codd
(24 bits) (21 bits) code (20 bits)

E 10. =71 91X ZREE =X
Table 10. National location protocol structure.

bit| bits bits bits bits bits bits bits | bits
26/27-40, 41-58 59-85 | 86-106 |107-112 113-126 127-132/133-144
Identification Posmon. data . |Suppleme Position . 12-bit
2 min 21-bit data 4 sec |National
0 . data . ntary . BCH
(18 bits) resolution |BCH code data resolution | use code
(27 bits) (14 bits)
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4) 3F-&- 91 =2 EF (ELT(DT) location protocol)
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406 MHz H|- 0.2 A5 vAY wAAIE 3 129 o]
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A& s, A B EE S 7FX] 2F 0= vk
A WA 159 24 7 RIEE A 2F B ERH 7 HA 25
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Table 12. Digital message structure.

Group 1 Group 2 Group 3 Group 4 Group 5
X . . 6 bits (Short) i

24 bits 61 bits 21 bits 26 bits (Long) 12 bits

System PDF-1 BCH-1 PDF-2 BCH-2
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g(X) = my(X) ms(X) ms(X)
XX XX X XX X X+
X6+X5+X+I

g(X) =1001101101100111100011

BCH 51=2 43H7] 13kl ma 4 (] 61 Hle]el 1]
EzyE Py

mX) =b; X0+ by X7+ + by X + bgs 2)

b HMIAIA] 20 A g H]EolH], b5 PDF—19] w4
ok Bl Eolt}y, m(X)& thae] 21 HIEE ‘0" YA 82
HE® gdenh 1 A3 82 H|E 2 X T2E g(X)E Uy
3 =] gk r(X)7} BCH Z=7}F Pch

2) YA HE A=Y
REAAZEZEZRN ARSA 4] ZREZT B39 =
REZ S7IA LREE, T8 AA TREZS AR

£ Q3YH Aol wjel 2T Aol 9]

COSPAS—SARSAT 406Mtz 712!

0f0
om
=
-
B
m
e
N
10
N
>
N
M
AT
1=

E 13. HAIX WS HIE
Table 13. Message contents bits.

202 information bits 48 error correction bits
154 bit main filed i
: 48 bit 48 bit BCH field
main message spare rotating field
1 [.. [137/138].. [154155)156] .. |201[202]203]204]... 249250

V. C/S T.018 =ZEEE IE BN

o] Fo|AE= 24t H]EQ MEOS ZZES AAE 93
C/S T.018 714752 2 PLB 74t A|&ol] L Q3 WA x| 2=
E3y 2eojg) dro] A H oA Fro] A S

A3,
5-1 #E =2EZ

1) OAE HAA] =

202 H|E2] AH H|ES} 48H]|E 2] BCH(250,202) N HAEA
HIES 23sto] 3 133} gho] & 250 H|E= A drh HI<
BE= 137 7] BIER o] FolA] glow, Al WA= C/S G.008
Aol Al A ef gt w|Ql H=o] 4ol = TAC(type approval
cettificate) @<} Al2]Y AW, 1712 =, Homing device2]
I, Self test 715, Test protocol, GNSS ¥ %] H-%.38} A4kl ID
oF A ko2 AE-3k 5 Qli= o E9] HIE 58 F3lo] F 154
H| E7} St

2) 2Ho|Y 2=

155 H]Eof A 202 H|EZ}A] S ZH|o]H (rotaing) 2=
= &= meh6 TR

A, C/S G.008 rotating field

E#), ELT(DT) rotating field

A, RLS (return link service) rotating field

YA, National use rotating field

YA, Spare rotating field (2.2 AH3-3}17] 213)] &)

XA, 34 wIAIA] Rotating field

5-2 oll2fmy TS 2

1) dBAA Z= A

406 MHz Lol ARS-== ol AA :=o] A4 ofa2]
gX)= 2 3)7 2k

thak] g} 2501 E 2] HAA S XOR AAHS: Al4ahH
o] A& XA al vpx|ut Biol| 119 = 48 H]|EZ BCH ©l
Yy F= = ARE-S)

&(X) = LCM (my(X), m3(X), ms(X), mz(X), mo(X), my (X))~ (3)

LCM = #4385 (least common multiple)
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m(X) XX X+

m3(X) XX+ X+ X x4
ms(X) XX X+ X+ X+ x4l
) =X + X0+ X +X° +1

mo(X) XX+ X+ X XX+
mi(X) XX XX+ X+ X+

g(X) = 1110001111110101110000101110111110011110010010111

2) Y] AH A=Y

H] o] U = 9)59] GPS F+4 AR 25-H 5% 9%
A= OS T001 Z2EFY g2/ F3b 2 FES
(degree) = 3HAksle] 45 H H]Eo| A 90 ¥ H]EZLA
=2 UERich

vi.d B

COSPAS-SARSAT A8l &xfe] A% (LEO) 9143}
AA A% (GEO) 914 ol<lell FH= (MEO) 918 §Hq-ato]
NS B3 a8A SATRE S35] 96 e gk

712¢] LEO$} GEO 914 A 28loj| A= EPIRBO|A] 24
FE ke 9AS 3l RCC 7HA] 3 wheko 2k A%
7F RUlA g1 FRASIT AR BUHEAE g
015}17] oJE Atk MEO Al2Elo] M= o] 2 7§X1817] 98] RLS
(return link service) 7]5-0] F7}813{ct.

MEO $439] Galileo A]2=Bloll A= 4ol 4 MEO EPIRB
%02 SRS E W 5 A Ho] AR st A9
T-Z 22 57} COSPAS-SARSAT 54713 A 2~ Ello]] A 4h2]
° 2 A9EJohE AL & 4 A Fek

o] ATl A& C/S T.0013 A E C/ST.OI8 7|&7 55 &
Alste] AjFA 7NdEE S5 PLB A2 AdAlel whadsisl
o}, 3% /S T.0189 2] A3t return-link”7} 8- 2 At MEO
EPIRB A|2=Flo] = w] B2 o]o) g3 = gl= 7|9k 7] &
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