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Navigation Message

» Positioning signals contain navigation data and are
continuously received to obtain the following information
Ephemeris (satellite orbit parameters)
Almanac (rough satellite orbit parameters)
Time correction parameters (for correction of GPS satellite
time)
lonospheric delay estimation parameters

Satellite health information



GPS Signal Architecture
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Tracking output

» In-phase correlation output is navigation message bit

MEASUREMENTS

4. Plot In-phase Correlation Value
I7AUF) Y-k BRNV)  Y3ab-vau)  ALTH)
@ SOPE - a-(F@-

T T T
1500 - 1
1000 -
o
S 00} i
£
5 o 2o ®
- 4 = e
S (o f
= »
g o, ®e
& -500 f
-1000 -
-1300 (= [
" i 1 " " L L 1 i " i i n
-1000 0 1000
In-phase Amplitude
Processing

EE

BN R-2 Aoryk=2 [ T=4387



» Simulink

Exercise 1: Log Correlation Outputs

/109_Navigation_Message/simulink/Exl/tracking_Ich.slx
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Navigation Message
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GPS L1 Navigation Message (1)

» LNAVYV structure
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GPS L1 Navigation Message (2)

300 bit = 6 sec
» Subframe timing ) "

Word 1 2 3 4 5 6 7 8 9 10

300bhit = 6sec | bit 1 31 61 / \181 211 241 271 300

R
24 bit  6bit
[ Sub Frame #1 data parity
1 word = 30 bit

Sub Frame #2

frame = 5 subframe

(1500bit = 30sec) < Sub Frame #3
page
Sub Frame #4 1~25
! page
\ Sub Frame #5 1~25




30s

frame
5 subframes

1,5kb

GPS L1 Navigation Message (3)

» LNAV structure
Navigation message

MNavigation message = 25 frames = 125 subframes = 1250 words = 37,5kb = 12,5min

subframe = 10 words = 300bit = 6s

-« »
word = 30bit = 0,6s
| »
1 2 3 4 5 7 3] 7 8 9 10
A 1. subframe] TLM HOW GPS week, satellite status and health, correction for atomic clock
2. subframe TLM HOW  1/2 satellite ephemeris data
3.subframe ] TLM HOW  2/2 satellite ephemeris data
4. subframe TLM HOW .satel ites SV 25-32 almanac; SV 1-32 health and status of AntiSpoofing; data for ionosferic model
'f 5. subframe .saielites SV 01-24 almanac

subframe contains in every frame always the same data
subframe contains in every frame one page from 1 to 25



TLM
» TLM:Telemetry Word

30 bits (8 bit preamble, 16 bit data, 6bit parity)

TLM Word

MSB

@ = Reserved Bits
@ = Integrity Status Flag

LSB

G Parity ——

Preamble
1000101 1

TLM Message

@

@

123 45678 9 10 11 12 13

14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Preamble is used to find the beginning of a subframe and to
synchronize the navigation bits



HOW
» HOW: Hand Over Word

30 bits (17 bit time of week, 7 bit data, 6bit parity)

< HOW

Anti-Spoof Flag

“Alert” Flag

MSB LSB l v

Solved for bits to preserve
Earit check with zeros in
its 29 and 30

e Parity e—»

TOW-Count Message
(Truncated)

Sub-
frame 010
ID

1234567 89 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

TOW-count is time information

Sub-frame id is used to check following subframe number



Subframe 1

-4
-

DIRECTION OF DATA FLOW FROM SV

150 BITS 3 SECONDS

<— WORD 1 —b\d— WORD 2 —D—Id— WORD 3 —bld— WORD 4 —bldf WORD 5

MSB FIRST

71
1 31 61 F3[F7 |B3 91 121
TLM HOW WHN
22 BITS 22 BITS 10 P 23 BITS P 24 BITS P
BITS

|

C/AORPONLZ2-2BITS
URA INDEX - 4 BITS
SV HEALTH -6 BITS

LL2F"D;l”\Ta"-’uFLa"\'GJ BIT

-

-— WORD & —P

DIRECTION OF DATA FLOW FROM SV

150BITS ———— 3 SECONDS

— WORD7 —J— WORDS

2 MSBs

ICDC -10BITS TOTAL

MSB FIRST

WORD 9 —Dld—wom 10—
241 271

-

-12-

151 181 197 211 | 219
Tep toe af 1 afg
24 BITS*~ 16 Pl s P t| P
BITS*** |8 BITS 16 BITS BITS| 16 BITS 22 BITS
8 LSBs

1I0DC -10BITS TOTAL




Subframe 2

| DIRECTION OF DATA FLOW FROM SV MSB FIRST
-l 150BITS ——— 3 SECONDS -
-a— WORD 1 4>|4— WORD 2 Ah—ldf WORD 3 4>\47 WORD 4 4>\47 WORDS5 —=
SUBFRAME PAGE
NO. NO. 1 31 61 39 91 107 121
TLM HOwW IODE Cr An
5 NIA C t|p| 8 8 24 BITS P
22 BITS 22 BITS BITS | 16BITS 16 BITS | BITS
MSBs LSBs
Mg - 32 BITS TOTAL | |
- DIRECTION OF DATA FLOW FROM SV MSB FIRST
- 150 BITS ———— 3 SECONDS |
-l — \WORD 6 +|4—WORD? +|47WORDE. #WDRDQ *\-d—wcmn 10—
151 167 181 211 227 241 271 287
Cuc Cus be
5 WA 8 24 BITS P 8 24 BITS P
16 BITS | BITS 16BITS | BITS 16BITS
MSBs LSBs M SBs LSBs

-13-

e- 32 BITS TOTAL

I /A - 328iTS TOTAL

FIT INTERVAL FLAG- 1 BIT

AODO -5BITS




Subframe 3

- DIRECTION OF DATA FLOW FROM SV MSB FIRST

- 150 BITS ————— 3 SECONDS -

-}— WORD 1 —h-|<— WORD 2 —h-|<— WORD 3 —*—WORDAI —b'l"—WDRDE -
SUBFRAME PAGE
NO. NO. 1 31 61 77 31 121 137

TLM HOW Cp. Cig
5 NA t| P 8 P 24 BITS P 8 P
22 BITS 22 BITS 16BITS | BITS 16BITS | BITS
M SBs LSBs
Qp - 32 BITS TOTAL I | jp-32BITS TOTAL

i} DIRECTION OF DATA FLOW FROM SV MSB FIRST

- 150 BITS ———— 3 SECONDS

~&— WORD 6 —r—|—q— WORD 7 —I--|<— WORD 8 —r—\-q— WORD 9 —>—|-<-wcmn 10—

151 181 211 241 271|279

L]
Crc Q I0ODE IDOT
5 A 24 BITS B 24 BITS P| 8 14 P
16BITS | BITS 24 BITS BITS BITS
* MSBs LSBs
LSBs L N

-14-

L—— i;-32BITS TOTAL

w- 32BITS TOTAL



Flow of Decoding Navigation Message

Input: In-phase correlation outputs
Find preambles

Determine 20ms navigation bits

Decoding TOW counts and Subframe ID from HOW
Parity check

» Determine subframe bits (300 bits / 6 second)

Decoding and parity check in each word

v Vv Vv v

» If subframe | to 3 can be decoded, decoding of the
navigation messages required for positioning is complete



Preamble Detection

» At first, In-phase correlation output is | ms
» Navigation bit is 20 ms

» Upsampling the preamble to | ms and compute cross-
correlation to find the beginning of the subframe

m -

20 bits 20 bits 20 bits
» From multiple candidate subframe headings, determine
the correct subframe head based on the spacing of the
correlation points (a peak should appear every 300 bits
per subframe)

-16-



Navigation Bits Determination

» Navigation bits determined by majority vote of 20 (20ms)
In-phase correlation values




Exercise 2: Navigation Bits Determination
» MATLAB

/109_Navigation_Message/matlab/Ex2_run_navigationbits_
determinationl.m
» Find the preamble from the output of the in-phase
correlation values and determination navigation bits

160 T T

140

0 2 4 6 8 10 12

» Advanced Challenge:

Find the index of the first preamble automatically




Bit synchronization + Preamble Detection

» First determine the 20 ms navigation bits from the timing
of bit switching

» Then preamble search l

A
[ |

N




Exercise 3: Navigation Bits Determination
» MATLAB

/109_Navigation_Message/matlab/Ex3_run_navigationbits_
determination2.m

» Bit synchronization then Preamble Detection
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Parity Check

» Hamming code
(32,26) Hamming Code

Error correction capability is available, but is used for error
detection

Dl =dl @D,,
D2=d2 @D,,
D3=d3 @D,,

Last 2 bits of one previous word

*

D24 = d24 @Dy,
" D25FD,, | @1 @2 &3 &5 @6 @10 @11 @112 @13 @14 @417 @18 @20 @23
D26 Dy, | @42 @3 @4 @d6 @17 @&d11 @12 @13 @14 @15 @18 @19 @21 @24
Parity | pa7ED, @l @3 @4 @5 @17 @8 @12 @13 @114 @&d15 @l16@d19 @20 @22
bits D28 F D, | @42 @4 @15 @d6 @8 @9 @d13 @14 @15 @16 @17 @120 @121 @23
D29 F D, | @41 @43 @45 @d6@d7 @9 @10 @14 @15 @16 @17 @18 @21 @d22@d24
D30 F Dy, |®d3 @5 @6 @ds @9 @10 @11 @13 @d15 @19 @d22 @23 @24

21-



Exercise 4: Parity Check

» MATLAB
/109_Navigation_Message/matlab/Ex4_run_check_parity.m

» Check parity in the words

22



Forward Error Correction

» New signals add more advanced navigation message error
correction techniques
GPS L2C/L5: CNAV

'/, Convolutional code

Galileo LI/L5: INAV, FNAV

2Convolusion+Interleaving+CRC

GPS LIC: CNAV2
BCH+LDPC+Interleving

» Improved availability of positioning in urban and forest
environments

23-



L5 (CNAV)

» E

phemeris

Message (10,11,30-37)
» | Message = 6 second

» 2 Convolution code
Viterbi decoder

» Error detection
CRC in a message

60 minutes (maximum value)

¢ P>

Message 1 Message i Message N
| 6 sec | ___..--""'"-r T~
I T = — -

8 bits 6 bits | 6 bits | 1 bit 17 bits 238 bits 24 bits
> >4 >4 >4 >4 >
MSG
ALERT MESSAGE
PREAMBLE PRN T}’[F;E FLAG | TOW COUNT CRC
6 seconds
¢ P>
CRC 24bit

24.



L5 (CNAV)




L1C (CNAV2)

» 10 ms code » LDPC + interleave
» Ephemeris LDPC decoding
Frame (1,2,3) » Subframe contains CRC

» | Frame = |8 second

Navigation
Frame 1 Frame N Message
18 sec

gub-frame Sub-frame 2 _ Sub-frame 3
1 {- Frame

0.52 sec 12 sec 5.48 sec
r ot -t >

18 secs
b '
CRC 24bit CRC 24bit

-26-
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Exercise 5: Decode TOW

» MATLAB

/109_Navigation_Message/matlab/Ex5_run_decode_tow.m

Confirmation by comparison with RF data acquisition time

epoch =
13 57 54
13 58 0
13 58 6

13 58 12
13 58 18
13 58 24
13 58 30
13 58 36
13 58 42
13 58 48
13 58 54
13 59 ©
13 59 6
13 59 12
13 59 18
13 59 24
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Exercise 6: Decode Navigation Data

function eph - ephstruc%(i

» MATLAB eohapate = o

H
eph.counter = @;

%% SF1

/109_Navigation_Message/matlab/ eph ek

eph.code
Ex6_run_decode_nav.m coh-sva
eph.iodc
eph.flag
eph.tgd
eph.f2 =
eph.f1 =
eph.fe =

2

2

2

)
)
)
)
o
)
[
)
)
)

L[}
[N

H
oo el

2

-

2

eph.ttr = [0 @ @2 0 0 0];
eph.toc = [0 @ 0 0 0 0];
eph.tce = [ @ @ @ @ @];

%% SF2

eph.icde =0
eph.crs =
eph.deln =
eph.M@ =
eph.cuc =
eph.e =
eph.cus =
eph.A =
eph.toes
eph.fit =

we e e we

we

O 0000000 Q-
we

we

we

%% SF3
eph.cic
eph.oOMG@
eph.cis
eph.ie =
eph.crc
eph.omg
eph.oMaGd
eph.iode
eph.idot

nmonon
we we

. e

nmonon
e e e

L[}
O 00000000
-

we
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Simulink Model

» Decode Navigation Messages

Decoding

>
.. > 0 navbit f———p»
|L = dZ_d P rawbit ‘ |¢ ‘—0—> ‘ ‘
B —p prn

o sync_navbit delay Buffer
(20 ms) Bit Synchronization (6000 ms)
Check Preamble ; ;
Decoding Ephemeris
LS LS
z-1 z-1
Accumulation1 Accumulation2

o s o O

I ms_to_samples |
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Exercise 7: Decode Navigation Data

» Simulink

/09_Navigation_Message/simulink/Ex7/navigation_ I ch.slx

Visualization

z1
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L ui Jﬂ
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T T
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