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Elaborazione del segnale GPS nel ricevitore

C/A code waveform

Signal power S(nW)
50 Bits/sec data stream(£1)
SATELLITE < 1 Mbits/sec pseudo-random code (£1)
SIGNAL 1575.42MHz L, carrier frequency
/ / Time(sec)
N Carrier phase(rad)
/ p

<> s(t) =25 -d(?)- C/A(t) cos(a)z+9)

shown here mﬁﬂhﬂm“
N 4 \ Track the carrier to get delta
pseudorange(doppler)
Track C/A code to get pseudorange
RECEIVER
PROCESSING Demodulate d(t) to strip off data
-

Amplify S for subsequent processing

Antenna picks up signals(pico-watts) and filters reject sidelobes
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Funzioni del ricevitore GPS

L1 & L2 carrier waves modulated with C/A & P code signal

ANTENNA Intercepts circular polarized signals from all visible satellites
(pico-watts) ~ Converts electromagnetic wave energy into electric current

—

Rejects sidelobes . Delay lock logp aligng loc'ally'generated C/A cod'e wi.th satellites C/A.code.
» Multiply and integration circuits automatically shifts its own code in time & cross correlates
FILTER \, * Decodes 50 bits/sec data stream
L\ | L\

* Uses handover word to lock onto P-code

1575.42Mhz / \
+1Mhz

CODE TRACKING LOOP(P or C/A CODE) Cod
Low noise odae i

AMPLIFIER i Lock 3‘1’%:?1’?2:;11

\ signal Ieve .

35dB Code Offset Code Code Loop satellite
- Detector Error Generator
Combines satellite Pseudo-
RF signal with sinusoidal range . .
local signal —! Navigation
MIXER Processor
GHz — MHz 1
Pseudo-
Carrier range rate « Satellite selection
Phase Error Phase * Kalman filtering
E { Frequency » Navigation Solution
Local Detector rror Generator Phase s
- 13 70MHz | ggeillator I':°°k Satellite
oop instantaneous
CARRIER TRACKING LOOP(L1 or L2) doppler shift
Quartz crystal

* Aligns phase of local oscillator with IF beat frequency

* Measures current doppler shift from IF phase signal frequency difference
Intermediate frequency(IF) (Costas loop)
Carrier wave contains all of

C/A code, P code and data

Pure

sinusoidal
signal
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Diagramma a blocchi funzionali del ricevitore GPS

—_

! [
3| oorrer K by ! 3| MICROPROCESSOR
Pnemmglcmou )F N I IF SAMPLING REMOVAL Q), COR. é ACCUM. 7| "runcrions
FILTERING AND AMD {PHASE recators | @ | Oarors | ®
DOWNCONVERSION CONVERSION e
Q ~ ROTATION) Q ~ [)J N Q, - FLTERING
> acousition
ALGORITHMS
K Lo A\SAMPLING NReF AREF CooE N\ CHANNEL - TRACKING
CLOCK la Q, CLOCKS LOOPS
.L0CK
DETECTION
o
ccm%i y - DATARECOVERY
REFERENCE CARRIER coo CODE - MEASUREMENT
rerenence |y, SYNTHESIZER e ] cooe | | mersumene

a';?gnfut)ce t A T A A

CLOCKS
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Sezioni Analogica e Digitale del ricevitore GPS

Antenna

\/
. T

Analog Digital
> Pream Down IF A/D IF 3 Digital
A converter converter receiver
channel
LOs
Reference 2 Frequency Navigation Receiver
oscillator synthesizer processing processing

Regulated

DC power
Unregulated > ‘ Power User
input power ‘ supply interface
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Schema del ricevitore GPS -Analogico

o Integrate Iy
= & dump
4 1
E Iy
! <l Integrate o
B " &dump =
3
P I
Digital __@ l _@__. Integrate A
v & dum
IF i A L =R
SIN L Q
Q Ll Integrate »
» » = & dump
cos 1
E Q,
Integrate 5
| 'é ? > & dump c
SIN | Cos P
map i map Integrate | Q‘- Receiver
| Ll & dump | processor
A
L
E P L
Carrier - Code ol D
NCO generaior 3-bit shift register
f Cc
co 2fco
Clock
Code - Code phase increment per clock cycle
NCO <
Clock
fc Carrier phase increment per clock cycle
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Compressione dei codici con filtro adattato

Real-time Code Matching 1s Used to Identify Satellite and
Measure Signal Travel Time

Unique C/A code from satellite ' ' S
e o ot e e e e » Satellite’s unique C/A code identifies
ﬂ— itself to receiver
: . » Satellite & user generate identical coded
sequence starting at same time

SATELLITE )
Transit time to user .
AtNI/llsec 110001‘1110100011

‘ u S@) When satellite pulse train 1’s and 0’s
AN /

match receiver pulse train 1’s and 0’s
Y auto-correlation function value changes

from 0 to 1
Identical C/A code from user \

1 0(/'0 o 11 1 1 0 1 0 0 0 1 1 ﬁ +1
T T T T s(t+J) LOCK-ON Mkh
CB
USER SET LI«N SNV A :
S

—

Generates code delay 1 1 v '

transit time. — A~ — N-[O s()s(t+ j)dt
Receiver slews(shifts) 1 10 0 0 1 1 1 1 0 1 0 0 0 1 1

pulse train for match. o o After LOCK-ON user can measure

At£Cy
User clock bias results from not starting sequences at same time o
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Richiamo sulla espansione di banda con i PRN

CARRIER
BANDPASS
@ SIGNAL BALANCED - nLTEE;:lA e @ PN
+DATA "1 MODULATOR BW22R SIGNAL
MODULATION - c
@ p) p(t),IS A PSEUDO-RANDOM SEQUENCE
OF +1 WITH A CLOCK RATE, R_

PN CODE |_ _CLOCK
GENERATOR R

c lo
Ps
Bo 5,00
CARRIER
o o !
MODULATION 0 - 2 BD
sin x 2
~ 5,0 = (43%)
PN
@ SEQUENCE o R
c
Re \
@ on A —
SIGNAL 0 (' -R t {f +R
0 ¢ o o ¢
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Codici e forme d’onda PRN

S 2
1 0 11 o ____(jp (21!1,_.’5)
T b 4
PN Ccde . \Kj/
B (t) X I
1 e
12 3 4 5 6
PN CODE 1] ol 1 + 0 !
CHIP —> N '
] } ] }
Modulated | T i ” I )
Carrier | : I : »
l 1 : | | v £ ¢ =
0 o omc
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Rigenerazione di PRN nel ricevitore

n = 4 FOUR STAGE FEEDBACK
SHIFT REGISTER

CLOCK
OUTPUT
© SEQUENCE ;
SHIFT REGISTER
DELAY ELEMENT
0 1 0 0
D ! D » p |—— ] D
1 z 3 q
(a)
SEQUENCE OF STATE1S = 2" - 1

STATES TIME—»

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15) 16
110 0 0 .1 1 1.0 1 0 1 1/yo0 1lo o o
21 0 o 0\\\1\\\1 1\\\1\\\0 it o 1f{1lo ol1 o o 4 BIT
30 1 0 0 o™ 1 1> 0 1 of1f1 0o 1 0 STATES
40 0 1 0 o0 o> 1 1> o 1V\/ 1 1]0o o 1
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Uscita del filtro: Autocorrelazione di PRN

-
~N
-
P
o«
@
-
o
-
—
e
~
—
()
-
-~
—
Lol
-
™
—
~
—
o

t
P
oooll|loloitooton"ammsmuzncz

- 11HE
!
! 5")
AUTO CORRELATION = R{1} =~ i‘i s(t)s(t +1)de TRAHSFORHATIONS FOR s{t)
/" FAMPLE CALCULATION OF (1) NG -
) I S T T S SV S
’(t ' ” - 4 + + l: -— - -—l + - + - - + L
s(sfes) Y ., = = - o+ - R “} ;:::TOIALID-l
st e 4) ‘ '
CYCLE AND ADD PROPERTY ()
s{t)s(t ¢ 1) = st ¢ §(1])
o8 S(tkDs(t ¢ 1) = s[t e3{sf
AUTOCORRELAT IO
R(1)
g — e e e e e
B A | { . Lomrem ot
is 0o 1 2 31 4 5 & 8 9% 10 1
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Forme d’onda in un correlatore di codice PRN

LOWPASS va () /
FILTER [~

Rp(t) = va(t)

RECEIVED
CODE

REFERENCE CODE

p(t -t)
—_ T e
+1
p(t)
i
p(t-T)
—  |e—
0
Va(t) = p(t) p(t -t)
_ . KD
— V=TT
Va(t) = Ave [ p(t)p(t - T) ]

0
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Compressione dello spettro e demodulazione

IF OUTPUT
V4(t) " AP“eD(t)sin(mzt +92)

Vilt) = Aplt- 7)D(t)sin{wyt + 60) BPE

(:) (:) B = ZRp

® Vo(t) = 2p(t - r)sin{uyt)

!
1 R70ama specTRUM

specTRs AT (3) st

i W IELALT I V8 A R yv v v

7% 2R fa + Re

DATA SPECTRUM AT@

DATA DETECTION (BIPHASE DATA MODULATION)

Radiotecnica e Radiolocalizzazione

RRSN - DIET, Universita di Roma “La Sapienza” RX GNSS -13



Aggancio del codice C/A

Ricerca: limiti sulle zone di1 incertezza

FACTORS DETERMINING LIMITS OF TIME UNCERTAINTY

1. RELATIVE CLOCK TIMING (CODE EPOCH)
2. PROPAGATION DELAY
3. RELATIVE CLOCK INSTABILITY

FNEQUENCY (F)

A AT
A
r N
2
o FACTORS DETERMINING LIMITS OF
> FREQUENCY UNCERTAINTY
(&}
—<— TIME BINS —= | b AF 1. RELATIVE OSCILLATOR FREQUENC
! = 2. DOPPLER FREQUENCY
d 3. RELATIVE OSCILLATOR INSTABILIT
o
L
5F CELL + OF « (DETECTOR BANDWIDTH)
/ 8T « ( 1/ (CODE RATE) or possibly 0.5 chi
Nty it
57

»— TIME (1)
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Algoritmo di ricerca

* Frequenza portante
— Assegna allo NCO la frequenza Doppler di portante stimata

Frequenza di codice
— Assegna allo NCO di codice la Doppler di codice stimata

Generatore di codice
— Inizializza il generatore di codice allo pseudorange stimato (meno 1’incertezza)

Sweep Rate

— Assegna allo NCO di codice la frequenza di codice + sweep rate
— oppure, salta di passi di codice (steal clock cycles),
— Cerca a a partire dai ritardi piu piccoli per evitare multipath

Misura la potenza
L 2 2
F, = kgl(]k +0,)
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Ricerca bidimensionale

‘- ‘ W
‘ ﬂ} i! ||! '!i‘ﬂ
'-l| ‘ml }l e
,;,{!M..:. ik 1‘};5 ti|“ll ,“.,M |
4 '*wumul.nl\l\“ i, -
-5"‘3 ‘ it AN ' 'h l' 50
%N Il l‘m fﬂ, ﬂ“?:‘l !M m ‘I';‘ i
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Aggancio e compressione del codice P

P-Code Receivers Match to C/A Code First and
Then Decode ‘Handover Word’ to Match to P-Code

TLM=TELEMETRY WORDS

DATA STREAM : 001230 1260 | HOIW:HAII\IDOVEIR WO@S | | 1500
* 30-Bits/sec ® | TLM HOW MULTIPLEX ALMANAC/HEALTH STATUS 30sec Message changes
* Superimposed on : : : : : : - - : through 25 frames
C/A & P code 200 930 960 - . : : : 1200 almanac/Health
« Modulo 2 addition @ TLM HOW MULTIPLEX MESSAGE 30sec status changes
* Frame 30sec 600 630 660 900 through 25 frames,
* 5 sub-frame ® |TLM HOW EPHMERIS 30sec Zﬁgrtgli?er;z;zts
;SUb;rgg;)ebiaCh 300 330 360 600 repeats 12.5min

secC 1S T T T T T .

@ TLM HOW EPHMERIS 30sec
BT 0 39 60 T . : . , 300 Clock correction and
SUB-FRAME (1) TLM HOW CLOCK CORRECTION 30sec ephemeris constants

ll

“HANDOVER WORD?” contains a set of constants allowing user
receiver to generate current P-code.

= Pseudo-range to
each satellite

N

QUICK MATCH

~ .,

—>iAty\

Radiotecnica e Radiolocalizzazione
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Loop di Tracking

» Loop di tracking della portante

— Phase lock loop (PLL)

(necessario per demodulazione coerente 1&Q)
» Sensibile alla dinamica dell’utente
» Serve anche a misurare accuratamente la fase della portante (che cambia con la Doppler)

— FLL (Frequency Lock Loop)

* Piurobusto alla dinamica dell’utente
o Tollera stress dinamici

* Loop di tracking del codice

» Daccuratezza richiesta ¢ molto migliore dell’inverso della banda (cio¢ della larghezza dell’impulso
compresso): 1/IMHz=1ps <> 300 m

» Serve avere accuratezza migliore di 1/100 di tale valore

» Con semplice rivelazione su impulso singolo dovrei avere un SNR elevatissiomo

» La soluzione ¢ nella media su tanti impulsi (che aumenta lo SNR equivalente)
 Sideve pero tenere conto della dinamica satellite utente, quindi LOOP di TRACKING

— DLL (Delay Lock Loop)
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Porzione in BB del ricevitore - Digitale

______________ — _————————
Code loop |
I discriminator |

> Integrate g -l
le & dump i R S |
Envelope | Integrate |
Qes detector & dump E.
Qs ——p| [ntegrate > 9 [
& dump i Error . .| Code loop
2 detector filter
(e —_— il
I Integrate Lis | ; \
. —p ——— ]
: & dump : - ‘
Envelope Integrate | | === = =23
»  Integrat S detmeson - ML Saeme |
ntegrate
Q & dump ‘ |
| ¢ > Tocode
e —— —— — —— — — — — — — — — — — ] e NCO
Carrier
aiding
Code NCO
bias
factor

Scale ‘

1 Ies
i ; Integrate |
d & dump .
Carrier loop Carrier loop Wik To carrier

O discriminator filter ) N NCO
Q, Integrate B
. & dump | - =
External Carrier NCO
velocily aiding bias
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Relazione fra uscita del DLL e pseudorange

gy P
O ¢ 0 e G Gu

| ] I | ﬁ()—l__’—‘_ﬁ_ SViclock at transmit time

To T Ta Te eee Tk Tia

** PRNicode at transmit time

End of week

/Transmit time (n) = Tvi(n)
Replica PRNi code | | | ! 76-[

at receive time o Bk Ok
Code

accumulator at [ ] H—l I%S—l N

T1 Ttn) Td = . Tk Tk +1

| s o0

FTFw

20 e

receive time

Receiver FTF

GPS Receiver

\Pseudorange measurement (n) @ Tr(n)
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Relazione fra uscita del DLL e pseudorange

\
Code loop |

discriminator d\—ln—phase (1) and quadra-phase (Q) signals

| Code phase
| increment per clock

|
|
|
[
\
{ Error signals |
\ /
\
| Code loop | Numerical 1 bl ot Code E,PL
‘ filter T cont!'olled m&%ﬁ generator — replica
| | oscillator code
|
I
|
| Reset
| l Clock
| ] fc
|
l | Code
| setter
| |
' |
| P
L | Receiver hardware }ynchronization signals
________________________ 5
Receiver baseband software
Code

' accumulator
(code phase offset)

l......l |

Transmit time
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Integrazione pre-detection

SV data transition
boundaries
20 ms
I I & .
X X .

| I

-

| Receiver 20 ms

-
Bit sync phase skew (Ts) clock epochs
| / | | |
s & ® 1 : | : o o o
FTF(n) FTF(n+ 1) FTF(n+ 2)
| | |
—>| l==— Misaligned integrate and dump phase |
| —)‘ I-(-— Predetection integration time I
L] L ] L ] T I ! T L] L ]
b il b s B nls Sl o e Bl 3
I I ]
le— Aligned integrate and dump phase |
I | Integrate |
| | 7 . [
® [ ] L ] | L] L ] L

P T o W N
kDurnp

Radiotecnicae |
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Temporizzazione

I
1023 HSEC |
>

/L
77

P(Y) code chips |¢

1
. 1553 M SEC
C/A code chips | 1B HC | w7

1 =1023 C/A code chi
CI/A code epochs | ol .

20msec = 20 code epoch | L,

Data bits

0.6sec = 30 data bit
Data words |¢ e N| s

6sec =4 z counts = 10 words

word1 word2
Data subframes ¢ | } vl oy 7/~
8 bit 17 bit

preamble  Z Count
——

30sec = S subframes |
<& » /L

Data frames

Radiotecnica e Radiolocalizzazione

RRSN - DIET, Universita di Roma “La Sapienza” RX GNSS - 23



Acquisizione del segnale

1/2 chip Signal location versyg

1 cell / search threshold
E 1 Doppler bin I 6 /
4 Vig |- - / Signal migration
Ve - S ) direction
T W Vt}/ " T
2 N / L
Start of search o SRR I
(expected o ? e ™
valus-of — SeJﬂrch direction
Doppler)
5
Va |
Doppler < 1023 chips .
search
sequence
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Probabilita di rivelazione del segnale

Pn (z) = PDF ci\rw::use only Ps(z) = PDF %ﬂaise with signal present
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Valori di probabilita di rivelazione

s/, P, C/Ny (dB-Hz)
(ratio) (dimensionless) T=0.001sec T=0.0025sec T=0.005sec T=0.010 sec
1.0 0.431051970 30.00 26.02 23.01 20.00
2.0 0.638525844 33.01 29.03 26.02 23.01
3.0 0.780846119 34,77 30.79 27.78 24.77
4.0 0.871855378 36.02 32.04 29.03 26.02
5.0 0.927218854 36.99 33.01 30.00 26.99
6.0 0.959645510 37.78 33.80 30.79 27.78
7.0 0.978075147 38.45 34.47 31.46 28.45
8.0 0.988294542 39.03 35.05 32.04 29.03
9.0 0.993845105 39.54 35.56 32.558 29.54
s/no‘dB = c/no‘dB +10log,,(T)
*Valori riportati per P;,= 16%
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Rivelatore con ricerca di Tong

Yes , Declare
K=K+1] signal
' present
‘Yes 'No
l Envelope Env N : _Y_‘
Qs detesi . V‘+ ’ Continue
Vi | L=
threshold |
e No |No -
Fliecursrve W K=072>Y ‘ Declare
Ow pass . K=K-1 = ! .
filter signal not
| — ‘ present
v
One search Scale
cell delay factor SetK=B
on and move to
o | nextcell

«il filtro ricorsivo serve solo a stimare il livello di rumore (uno dei modi possibili/ vedi
CFAR)
* B =10 2, aseconda dell’affidabilita desiderata

_+» A= numero di volte che deve essere rivelato per essere considerato trovato
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Prestazioni di acquisizione dell’algoritmo di Tong (I)

1
*numero medio di misure richieste per dismettere N, = 1-2pP
una cella contenente solo rumore i
- velocita di ricerca (tutte tranne una contengono d d(l-2P,) .
rumore): R, = NT T (chips/s)
B n
1-P,
5 -1
[ ] — fa
Pra Ppy = _p A+B-1
g (1 - Pd )B
P
* PD PD = :1l+ -1
(1 - Pd ) i -1
Pd
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Prestazioni di acquisizione dell’algoritmo di Tong (II)

100% = '

900/04 /a/ BT, /
LA - -
e L

80% PN |7 /
LA ¢ .
b ; g
70%1 — -
s F J
, i Il * - =

50% 7 , ;;. - /

40%
30% 7 " // //
20% DAl i

10% — / 7

5 o 2 4 6 8 10 12 14

S/N. into envelope detector with Pe = 107° (dB)

4 e i = e = i =1.14
—— A= 2/Mean cell time = 1.00 A - 4/Mean cell time = 1.02 A = 6/Mean cell time = 1.
— A =8/Meancelltime =133 - A = 10/Mean cell time = 1.57 .- A =12/Mean cell time = 1.83

Probability of detection

*le prestazioni migliorano al crescere di A, ma questo si paga con un aumento
del tempo di ricerca
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Rivelatore M/N

*le prestazioni si calcolano in modo semplice a partire dalla Bernoulliana:

N /(N M1 N
Py = Z(nJP}; (I_Pfa)N_n ZI_Z(nJPJZ (I—Pfa)N_n =1—B(M—1;N,Pfa)
n=M n=0

B = ENJ(N]P; 1-P)"™ =1—MZl(N]P; 1-P)" =1-B(M -1;N,P,))

n=M n n

n=
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Prestazioni del rivelatore M/N

80 __A-.A.............._..%,..m-........-.........%-..._..-A.-A.......-A.. '

o e L H S —————— : R PR S R

..........................................................................

Probability of detection
$

2 o et s

11

- i | : i
5 2 4 6 8 10 12

S/N. into envelope detector with Pw = 10 (dB)

*scelta ottimale : M=5/8
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