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The structure of the signal transmitted by a satellite :
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- CIA code : the corresponding sequence of -11

(pseudo - random sequence )
The pulse which carries a bit : 20 repetitious of a
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The satellite is rudely the i -th bit by sending
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Dataotuudñne
Maids : consists of 30 bits (600ms )

subframe : consort of towards ( 6 s )
Page : consists of 5 methframes ( 30s )
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From PDC (Principles of Digital communications > race
that a ritual can always be itukteu as
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over a short time interval we can approximate



that the satellite in moving to uualeds the receiver
at a constant speed on .
At GPstiwet_ the distance between the receiver and
the satellite can be vaulter as

dltl = do - Art , for some do

A signal transmitted at GPS hive tn , voile reach
the receiver at GPS time t,

tz = ta * DID =

←
phopagatiou time

= tn-do-tn-to.la ) + d÷
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= ta In- v7 + digGPS

Atrtitue tn
,
the satellite clock shown t^=t , +It

At GPS line K
,
the receiver clock shows tr-t~xtt.ir

tr - ttr = (1-0-11-0) H- V) +¥
Solve for t ' to find the time showed by the satellite
when it transmitted the signal vehicle needled the

receiver
,
at receives time tr



its
= tr-I÷¥ + sits

= ÷. - ( tt÷- - It )=t÷ - so
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Neglectful for now the noise and the signal attenuating
the received signal at Veatch time tu

r Hr ) = s.lt' ) = s 1¥. - %)
we get a delayed and time- scaled warrior of ttte
transmitted signal
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Since = ¥ ⇐ 1 , we can approximate
¥ = Itv

⇒ / rltr ) = s ktv6+v)-G#→ ← delay
time- scaling
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= Ref eiw-fitrejmtfiotre-jro.fise (trutv) - Zo) )
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re (tr ) = eim-firtre-iwfcbseltrl.nu) -G)
✓ moon II.xaeiydelay
Doppler by a phase by rtveffect
ninth Doppler do = - IIñfcBo

-frequency

f%b%µ¥É
I all of them are constant ouch a short
period of time . Need to be measured as

time goes by
Recall that v = % ⇐ 1

trle-vt-tv-vtva.tv

Hence settler Into) - too) a SE Itv - G)

So we obtain :

1reHn=¥s-E
- Unknown .

- they are independent
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We do not estimate do .
Instead

,
we do differential decoding .

Theta : we assume that the first received hit is + n .

Then , for the next but , if the phase difference 1A I 0
⇒ the bat is the same as the patulous . If the
phase difference =Ñ a We have - tpluuxiows bit .

At the end
, if the first hit it was indeed -1

,
we

get all the wk fliped Luxe can detect this using
preambles inserted in the mibfkeaiues ) .

ek : we estimate fd and z⑤
If wee neglect the Doppler and the noise

,
we receive

something on : start of the first bit
± pia ± pa to ± Pa ± Pa ±|pa
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e.fi#kiut Httpsstart collgdityfuph.tn Here the first complete pa stank



Goal of this arete :

⇒ beginning of the first CIA pulse into Hee

received samples
-

estimate fd

key property which helps Huddy thee parameters
above :

pay ) has a sharp self- similarity function
a Rko)

023

_¥¥Ñ:
1- I

- find a coarse estimate of the Doppler shift
- find the start of a ( the trust) CIA pulse in tea

received samples

alee loop over the satellites 11 . . .
39 )

=

- loop over a course grid of foe values in the
Kuyt 5-5 , 5) Kitt

- correlate the sequence
←FI e-Irhttfd Ms n= in . . .

received
sequence

of samples F-thought tentative connection of foe



with the CIA code of that satellite
candidate fd

- for each of them Titone the maximum value of
the conurbation ( absolute value ) , and it occurs

lltuieaiillpiwe
us too )

outside the loop over the satellites
,
we order them Illa nahh

be dkheardy order of the correlations values , and we
select the first 6 ones

.

Atef the end of the loop over the doppler ( for each of these
selected oats ) we have :

- a coarse estimate of fed
- an estimate of the position uuheue the

finest CIA code Hants .
We need to refine the estimation of the lfd .
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← angle due to Doppler . Should wet exceed ?_?
→Ét at#

t¥==T¥
over this time Internal

,
we compare

act eitetfdt wilt alt)
the well not foudÑk unless
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2f&T
'
k some small angle ( let us →ay ¥0 )

1-1=10-3 hit fat
'
k IF

fd L ¥-1 = ¥2 = too ftp.
Fame skip
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.

fd
Fine estimate : we choose coahA#P = ↳ ftp.


