Galileo AItBOC ES signal
characteristics for optimal
tracking algorithms

Petr Kacmarik, Pavel Kovar, FrantiSek Vejrazka

kacmarp@fel.cvut.cz
Czech Technical University in Prague,
Faculty of Electrical Engineering,
Department of Radio Engineering K13137



Agenda

JMotivation
JTheoretical background

dDerivation of AItBOC signal ACF/CCF formula
JResult — formula usage

_1Conclusion

Petr KaCmairik NAVOS8/ILA37 2/20



Motivation

1BPSK signal tracking

JAItBOC signal proccesing — comparison
with BPSK

Petr KaCmairik NAVOS8/ILA37 3/20



Motivation

BPSK signal tracking

BPSK received
signal Integrate N
X
and dump
pE— Detector output
) ntegrate
( X ) and dump DLL — /7
discriminator
Integrate N
T Q’ and dump

BPSK locally generated
replica Ra 12 (’L’ )

1 Navigation data bit W

» Correct bit synchronization (data bit transition can not be
involved into integration interval)

» Can be easily suppressed with non-coherent DLL detector
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Motivation

AltBOC signal processing

k]
€, [k] 1 __ : AHEGIS Multiplex

83 _k_ multiplex output
£,lk]

) Four multiplex inputs: pilot signals & data signals

» ACF/CCF depends on navigation data bits and secondary
sequences

] Tracking can not be solved similarly as BPSK

] Goal: finding suitable description of AltBOC signal
ACF/CCF
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Theoretical background

JdTiered sequences construction and their
correlations property
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Theoretical background
Tiered sequences — construction
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Theoretical background
Tiered sequences — properties

J CCF of tiered sequence

» Can be computed from primary seq. CCF and secondary seq.
CCF

» Sequences can be investigated separately in tiers
» Can be generalize for arbitrary number of tiers
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AItBOC signal definition

] Defined in Galileo ICD

> ABOC multiplex has four & [k],...,&,[k]
inputs

> Subcarriers — sc[k],sc [k -2],sc [k],sc [k —2]

Eolk] = %x
{(5 K] + je [kT]) (S([k] — jscs[k — 2]) 4
+ (e3]k] + jealk]) (scs[k] +ijscs[k —2]) +
+( 1|k 4+ j22 |k ]) (S(’p[ ] — ']5(,]__)[]1__2])4_

+ (Ealk] + jEalk]) (scplk] + jsck - 21)}
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Outline of derivation of AItBOC signal
ACF/CCF

JExpression the Galileo received signal
and the locally generated replica in
several tiers

»AItBOC multiplex inputs — done

»AIRBOC subcarrier — has to be solved
_1Each tiers can be solved separately
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Subcarrier decomposition

d Subcarrier decomposition into the finite sequence s;[k]
and the sign sequence z[K]

. Properties of tiered sequences can be used for CCF

investigation
2[0] =1 Z[1] = —1 2[2] =1
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Finite subcarrier sequences
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Subcarrier CCF/ACF
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1Real part:

Final formula

Q|

VPP V'"P 1
RG{R-555’7*55 [m]} = 3 E X {
1111{73555’7755[ ]} = ﬁ4ﬁ% X {
> (R li) + Revgona [J] = Revana ] = Reama 1) >
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Final formula

JFormula for CCF of Galileo E5 AItBOC
signhal depends

»ACF/CCF of finite subcarriers s;[k] — were
computed; provided in tabular and graphics
form

» CCF of secondary sequences in received

signal and locally generated replica — short:
can be computed easily
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Results
How to use the formula — special cases

JACF of AltBOC modulated signal

J1CCF 1ms integration time

»before secondary sequences
synchronization: 16 possibilities

»after secondary sequences synchronization:
4 possibilities
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Results

ACF of AItBOC modulated signal
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Results

1ms integration interval

] before secondary sequences synchronization: 16 possibilities
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Results

1ms integration interval

] after secondary sequences synchronization: 4 possibilities
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Conclusions

1 The problem of the AItBOC signal tracking was
identified

dAnalytical formula of CCF of Galileo E5 AItBOC
was derived

1 The derivation based on signal decomposition
In several tiers

JFormula depends
» Subcarierrs ACF/CCF
» Secondary sequences CCF
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Theoretical background
Auto / Cross Correlation Function
ACF/CCF
] Discrete time

» Finite sequence Pa.12|m] Z ar[k] azlk + m]

k=—00
» Periodic sequence 1 —
Ra12lm| = = aq|k| ask + m)]
N
k=0
J Continuous time o
> Finite signal Pa,12(T) = / a(t) az(t + 7)dt
1 NTC
> Periodic signal Ra12(7) = / ay (t) az(t+7)dt
NT. Jq
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Theoretical background
Ideal pseudorandom sequence

JDefined with its correlation property

)
pr.ijlm] =< u J

0 otherwise

\

1 Well represents all pseudorandom sequences
with length N

JPurpose: simplify formula manipulations
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Theoretical baskground
Auto / Cross Corelation Function

ACF/CCF
1 ??
Finite Periodical

signal / sequence Signal / sequence
Sequencies | p, ,[1m] = R,.[m] =
(Discrete ’oo ’1 A
time e -
signals) = E a1[k]a1[k + Wl] = ﬁ a1[k]a2 [k + m]

k=—0o0 =0
Continuous Ra 0 (‘L’) — Ra 0 (‘L’) =
time signals Oo ’ v

| N
= f a,(Na,(t +7)dt |= —Z f a, (1), (t +7)dt
—00 c 0
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Theoretical background
Ideal pseudorandom sequence

1 Defined with its correlation property

(No[m] fori=j
pll][m] =

0 otherwise

1 Well represents all pseudorandom sequences
with length N

dPurpose: Simplify formula manipulations
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GNSS receiver

Contemporray GNSS receiver
DLL/CTL 1 structure

position
estimator
(Kalman filter)

bank of DLL/CTLs

DLL/CTL 2

- estimation of N pseudoranges

iz

- position estimation based on
independent pseudoranges

DLL/CTL n

(1 GNSS receiver — Time of Arrived Conception — pseudoranges
measurement (possible due to suitable correlation property of
signals)

 Core of navigation receiver — bank of tracking loops
(combinations of CTLs and DLLs) = pseudoranges
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Baseband signal chars. |

Description
» Discrete time
= Finite signal ‘alk] k€0,...,N -1
alk] =+ .
| 0 otherwise

= Periodic signal

alk]= i a(k —mN)

Nl =—00

» Continuous time
= Finite signal rc(z‘) IE<O,NT)
h(f) = < . :
0 otherwise

= Periodic signal

c(t) = i h(t—mNT)

ni=—0o0
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Baseband signal chars. |l
Time domain chars. — ACF

> Discrete time
* Finite signal

= Periodic signal

» Continuous time
= Finite signal

= Periodic signal
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P, lm]= i klofk + m]

1N1

R [m] = ~ 2 a[klalk +m]

=0

p,(T) = fh(t)h (t+7)dt

R (1) =$ [e(t) et +r)d
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