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various systenms and techniqugs to synchronize a

receiver to a data bit streamcarried in a signal

transm ssion. Background [0002] The d obal Positioning
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navi gati on under various environnmental conditions. a
fully operational GPS, BAGKEGROUNDsurface of the earth
is covered by 24 satellites which orbit the earth in
12 hours. These satellites are arranged in six orbital
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code on the L1 carrier. The C/A code belongs to a family known as Gold codes.

[0004] Gold codes are relatively short codes with a chip rate of 1.023 MHz and a
length of 1023 chips, and thus repeat every one millisecond. One cycle of 1023 chips is
called a “PN frame.” Each GPS satellite transmits a signal with a unique Gold code.
Superimposed on the Gold code, at 50 bits per second, is a binary phase shift keyed
(BPSK) signal with bit boundaries aligned with the beginning of a PN frame. The 50
Hz signal contains the satellite ephemeris, the almanac for all other satellites, clock error

parameters, and satellite status.

[0005] The GPS receiver has a clock that is synchronized to the satellite clocks.
Each satellite clock is used to initiate a transmission of a GPS signal spread by the

appropriate Gold code. At the same time, the GPS receiver clock begins generating the



same Cold codes. When the GPS signal from any given

satellite arrives at the GPS receiver, the Gold code
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| ocal |y generated Gold code., The GPS receiver
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[0007] In one aspect of the present invention, a method of synchronizing to a signal
having a plurality of bits includes computing energy for a plurality of different phase
offset signal portions, generating a ratio from the signal portion with the highest
computed energy and the signal portion with the second highest computed energy, and
comparing the ratio to a threshold to determine whether the signal portion with the

highest computed energy can be used to determine bit timing.

[0008] In another aspect of the present invention, a communications apparatus
includes a receiver configured to receive a signal having a plurality of bits, and a

synchronization module configured to compute energy for a plurality of different phase



[0008] In another aspect of the present invention, a
comruni cati ons apparatus includes a receiver
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[0012] FIG. 1 is a conceptual block diagram illustrating an example of a GPS

receiver;

[0013] FIG. 2 is a conceptual block diagram illustrating an example of a
synchronization module for a communications device, such as a GPS receiver or the

like; and

[0014] FIG. 3 is a conceptual block diagram illustrating an example of a boxcar

filter for a synchronization module.
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configured as a conpl ex guadrature system haqowever,
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separate ase) and Q (quadrature) channels. An
antenna 104 may be used to couple GPS signals )
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system, however, for ease of explanation, the GPS receiver 102 is depicted functionally
in FIG. 1 without reference to separate I (in-phase) and Q (quadrature) channels. An
antenna 104 may be used to couple GPS signals propagating in free space to the GPS
receiver 102. The GPS receiver 102 may include an analog front end (AFE) 106 having
any number of amplifier stages and filters to boost the signal level and reduce front end
noise. The AFE 106 may be used to produce baseband signals based on either a
heterodyne or direct conversion architecture. The baseband signals may be converted to

a digital signal by an analog-to-digital converter (ADC) 108. The digital signal contains

the data from the various satellites spread with the appropriate Gold codes.
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ei ther a heterodyne or direc{ conversion architecture.

The baseband signals nmay be converted to a digital

signal by an anal og-to-digital converter (ADC) 108.
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[0021] The synchronization module 114 may be used to extract bit timing

information from the GPS signal. The bit timing information may be used by the
synchronization module 114 to control the demodulator 110 to prevent the accumulation
of the correlation results across bit boundaries. More specifically, the synchronization
module 114 may be used to produce a strobe 114a at the bit boundaries from the
correlation results 110a generated in the demodulator 110. The strobe 114a may be

used by the demodulator 110 to trigger a new accumulation sequence.



[0021] The synchroni zation nodule 114 may be used to

extract bit timng information fromthe GPS signal.
wOoheoslugs2ti m ng i nformati on may be used by thePCT/US2004/027721

synchroni zation nodule 4 to gontrol the denodul ator 0O
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[0R24] i onAimethodedosy menbeiemploned B theasyachsprizafiongnaduls tp identify
the 20 millisecond portion of the BPSK signal that is time aligned with the data bit

stream. This may be achieved by evaluating 20 consecutive power estimates (20 bit
position hypotheses) and selecting the one with the highest energy. This may be a
reliable approach in a noise free environment if a bit transition occurs at the bit
boundary. However, as a practical matter, this approach should be modified to account
for noise, as well as the fact that a bit transition does not necessarily occur at every bit
boundary. Therefore, each of the 20 consecutive power estimates should be

accumulated over an observation period which extends across multiple bit boundaries.
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WBP estimates may be provided to a computational module 214 to compute a SNR

estimate for each bit position hypothesis and determine bit timing.

[0027] The expected values of the NBP and the WBP estimates for any given bit

position hypothesis can be represented by the following equations:

NBP = Ny (4004 + 405°)
(1),

WBP = Ny (204° + 400°)
(2),



an output formng a WBP estimate for its correspondi ng
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single w de band integrator (not shown) may be used to
save processing resources. In this case, the sane WBP
estimate may be used for each of the 20 bit position
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nodul e 214 nmay be configured to conpute a SNR estinmate

for each of the 20 bit position hypotheses from

equat | SR £ 4y / defd= (9BP —THBPSNROBBE ndBB) nay be (3).

conmputed for any given bit position hypothesis from

the followi ng equation: SNR /2cf = (NBP - VBP)/

[0028V\BP-DdYBRling 8 thd BRZB]of %@%&Mﬁo@?eﬁ&tﬁ ftequ@idy oifsets due to
the observation period, frequency offsets due to drift
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t hese of fsets. However, in GPS recejivers wthout a
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&0029] The frequency conpensation funct.i 0|i1 rm¥ dbe .
[ %] e mehediequancy Wp%ym@f ction may be implemented 1 a variety of

fashions. By way of example, the synchronization module 114 (see FIG. 1) may be
configured to compute the 20 SNR estimates for the various bit position hypotheses at
multiple frequency offsets. The peak SNR estimate should be found in the frequency
bin that is closest to the actual frequency offset. The 20 SNR estimates from that
frequency bin may be used to evaluate each bit position hypothesis. The SNR estimates
from all other frequency bins may be discarded. The synchronization module 114 (see
FIG. 1) may implement this function with a boxcar filter for each frequency bin. The
correlation result from the demodulator 110 (see FIG. 1) may be rotated by a different
amount before being input to each boxcar filter. A series combination comprising a
power detector, demultiplexer, and a narrow band integrator may be provided at the
output of each boxcar filter. The outputs from the narrow band integrators may be
provided to the computational module to select the appropriate frequency bin and

compute the SNR estimates for the 20 bit position hypothesis.
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[(ﬁgi] be /Xt HRAGd idRtative logical blocks, modules, and circuits described in

connection with the embodiments disclosed herein may be implemented or performed

with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general-purpose processor may be a microprocessor, but in the alternative, the

processor may be any conventional processor, controller, microcontroller, or state



the threshold val ue reduced. This should result in a

reduced error rate without a corresponding increase in
woOheosroeg®ect i on rate. In certain enbodi nents of PCNAIS2004/027721
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WHAT IS CLAIMED IS:



device, or elsewhere. In the alternative, the
processor and the storage nedi um nmay resi de as
wdi2eusroege1 conponent s in a comruni cati ons devi CRCTAIS2004/027721
el sewhere in an access netwgfk. [0034] The previous
description of the disclosed enbodi nents is provided
to enabl e any person skilled in the art to nmake or use
the present invention. Vagjagsgrodi fications to these
enbodi ments will be readily apparent to those skilled
in the art, and the generic princjiples defined herein
may be apfblm@bmi of syrworiaBs dp re pigBal i gL? PaERlY 1 9inkyts, the
it or scope of the invention. Thus, the
mgﬁlggé&ﬁg ntlonls not intended to be limted to the
enbodi e rﬂoﬁa@hﬁg\@n&gy €orra ﬂiwﬁahtySoﬂcbffé:rentqmam afsdt ¢ipeal portlons

wi dest scope consi sten h the princi and .nov
f eat ur es gfnerag é‘dr%‘@r%‘?lﬁ Qrienal SOEOR) %ﬁ% thes hjghest Compu"ed

enq-% gneﬂ;fot)ﬁﬂﬂ V%fth REYNA i B ohfpufbdeh&i3 ] addavi ng
1Hira I'ts, e met ho conprisi ng: conputing
ener ay focronwaphgrihbma;lodb mhthlfeeln(ﬂdttop&mi@mlmf fidwsther the signal

SRR B AL S el

Si gnal port| on wth the second hi ghest conputed

ener dcoe:trﬂgc%r E t.he ralot athresholdtt
det m nellh Ph &Ly 5 Vhig RTTEH IR @ﬂe%c{mpnses
GRRME S SRLTR0i 6RO Sortastl of @ @ I potidhsbi t i mi ng.

2 Thg 1?iaod o?‘l cl él m 1 vvhgr elen%{nhe enersgy

conput ation conprises conputing a signal-to-noise

ratig fo rTﬁé\?\jflethgﬁ of Qﬁnﬁ‘ h %lﬁelrelﬁ’ %JH (ﬁfiﬁe bifs hayﬁfbltr&hbﬂ thnd each
of claiml ereln each of the bits has a bit period,
ofathe sbgmzh poftionk @ompgml a pbrralityred submpruoye,seaahmfdhalsub?oruons
of. sub- port.i

o BB LRR ST RS 8. BURAR5 DS Jfuetcemining
tHe WittthSihg 9 ¥PALE6MLing &3 SleuBipBetidnl of etsignbpdigodwith the highest
synchroni zing to the sub-portions of the signal
cquputebenendy if therratio exteeds the Hrpthold energy if the ratio
exceeds the threshold. 4. The nethod of claiml

wherein each of the bits has a bit er| od, and each of

t he 4i gnalhgwethodiof clognp rvilsesin sag ol the bifshasfa bit period, and each

r each .of th b- a
o L e SRR DB PRI B g
h&ORPH ttidkd ﬁéhcfdoéqual to the bit period, and Whereln the energy computation for

each for the signal portions comprises performing a coherent integration over each of

the respective sub-portions and combining the respective integration results.

5. The method of claim 4 further comprising receiving a quality metric
associated with the signal, and setting the number of the sub-portions in each of the

signal portions as a function of the quality metric.

6. The method of claim 5 wherein the quality metric comprises a carrier-to-

noise density ratio.



each for the signal portions conprises performng a

coherent integration over each of the respective
weumspasi ons and conbi ni ng the respective i nt egras2@mo027721

results. 5. The nethod of cl@im4 further conprising

receiving a quality netric associated with the signal,

and setting the nunber of the sub-portions in each of

the i gna"[hé’fh%{hbﬁ r&ﬁ cﬁﬁna wiéeRsh iiRmudibet Bﬁsﬂ)ul%rhbﬁfs in each of the
metric. 6. The met claim5 wherein the quality
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plurality of times over the bit period, the
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uth the energy for each of the signal portions.
fﬁg thod of claim8 wherein the code conprises a
code repetition period the bit period being a

mul t jpl e th d Lon | and. wher
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péitRl, eRslBit pered lbbingrh ﬁh@lﬂp@éj of theTdd@e B diididn Glerioll 2in® Wherein the
wherei n the nunber of the signal portions is equal to

phase offseied theptignal pergionnhis ea@%léo fhe coeprepeddonRaEiodt he bi t
period. 11. A conmuni cations appar at us, conpri si ng a
recei ver confi &Ored to receive a signal havi ng

pI ur 40 t y The msfhod of glaem & vehyasein thsfupaher of thersigiabportions is equal
SRR RLBECSt e IRIPIES, RASLEN ol Qindbibhlid] | 1Y OF

ase o rgnal portio generate a
ratlo fromthe signal portion vvlth t he hi ghest

conp ne the s a |on with the second
hi gh Mﬁ:ﬁé\gu%aﬁ@%yppagag%s 8‘“&% lég’t he ratio to a
t hr eshol datkéeiet ednfignfedib eddaie atsigabhfyigd a pPRIEAIPOF bitst bnd

t he hi ghest conpute ner%I can be used to determne .
bit tini ng synepronizedio siadtil cORtEBAS toapnraRHe erersY fox pairplity of
l, . .
d}g%%n? @raée S%Y Q@&l%ﬁ@ﬁeg%ﬁgggg ;/d grgﬁluﬂﬁa rE?%’lalaportlon with the
h'@hgstaiontmﬁenb esezgy anhd dhé aignehpbrtioh witke the gaaindploghdsb nemputed
energy, and compare the ratio to a threshold to determine whether the signal portion

with the highest computed energy can be used to determine bit timing.

12. The communications apparatus of claim 11 wherein the synchronization
module is further configured to compute the energy by computing a signal-to-noise ratio

for each of the signal portions.

13.  The communications apparatus of claim 11 wherein each of the bits has a
bit period, and each of the signal portions comprises a plurality of sub-portions, each of
the sub-portions having a time period equal to the bit period, and wherein the
synchronization module is further configured to determine the bit timing by
synchronizing to the sub-portions of the signal portion with the highest computed
energy if the ratio exceeds the threshold.



13. The comuni cati ons apparatus of clai mwherein each

of the bits has a bit period, and each of the signa
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of the sub-portions having qstine period equal to the

bit period, and wherein the synchronization nodule is

further configured to determne the bit timng by

synghyr oni ﬁle%ﬁ@“ﬁ?‘gﬁﬁy BsrRPdrdd ANFaifl 13 RSthe &Hiﬁf)risin a position

portion with t est” ‘conputed energy if the ratio

precessoedandt wisereinrthe kyictironatidn nivtele G fimribar canfigonesd to synchronize

ar at usof im13 further. conprising a sitlo 1
to JRbabreions gffReramerione & Pt AP BBy groviding
a bk RPthe pRGIbA wd%essbpat&wségi@ﬁh%sf dadh bhsuch b PoEtidraNS

of the signal portion with the highest conputed energy

by providing a strobe to the position processor at the

begi 1y NariRf cof@fhiOtioRs Ghbapaids AU imONSwheksin hBE of the bits has a

conmuni cations apparatus of claimwherein each of the
bibpermdharsd eachiof thresigead podiods eeroprisss aphiwrakiygd snbpertionsngach of

conprises a, pl.urality of .sub-pqgrtions,.each of .
the wm?%nggﬂ%ian&nﬁa P F’i’r%dJ ﬁgﬁ'ﬁﬁog’ gheu byt P%ﬂc’(@em@?s’v herein the
syRSlirbRigatidNhodhiRrie ifirthdiecoffipebd adicambiternthewdertes fos each for the
further configured to conpute the energy for.&Fch for
sigiiaé portipma bypwrforaing »yohrseit driggiagon ovefheace i the respective sub-
i ration. : . j ve subportions
PR R i e SRRl g REERS E Vbl 1. 6.
The communi cati ons apparatus of claim 15 wherein the
syncy oni gat | on i i ot
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rises carrier-to-noise density ratio. 18. The
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cl aimwherein each of the bits conprises a bit period,
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signal portions is conputed

19.  The communications apparatus of claim 11 wherein each of the bits
comprises a bit period, and is spread with a code repeated a plurality of times over the
bit period, the communications apparatus further comprising a demodulator configured
to despread the bits before the energy for each of the signal portions is computed by the

synchronization module.

20.  The communications apparatus of claim 19 wherein the code comprises a
code repetition period, the bit period being a multiple of the code repetition period, and

wherein the phase offset of the signal portions is equal to the code repetition period.
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24.  The communications apparatus of claim 21 wherein each of the bits has a
bit period, and each of the signal portions comprises a plurality of sub-portions, each of
the sub-portions having a time period equal to the bit period, and wherein the means for
computing the energy of the signal portions comprises means for performing a coherent
integration over each of the respective sub-portions and means for combining the

respective integration results.



