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GPS SATELLITES PARALLEL C/A CODE GENERATION

In the GPS system, a signal, is modulated with C/A code. The C/A codes belong to
PRN (pseudo random numbers) code family and is repeated in every millisecond of the
GPS signal. Each millisecond of the signal contains 1024 chips (or bits) of a C/A code. The
signal modulated with the C/A code is broadcasting with a L1 carrier, which is 1575 MHz.
The GPS receivers are using local generated C/A codes in order to determine and analyze
the data that are coming from different satellites with the same carrier frequency. Different
GPS receivers are using different algorithms for acquisition. The initial step is a local
generation of C/A. The target of this article is to explain the way for a parallel C/A code
generation for each GPS satellite and write a program that will illustrate parallel generation.

Keywords: GPS receiver, parallel C/A code generation, PRN codes, shift registers,
polynomials.

Introduction. A GPS receiver locally generates C/A codes in order to filter
out the satellite’s data from the aggregated signal in front of the antenna. This
process could be done in two ways:

e Sequential - when the receiver generates C/A codes one by one and
performs a correlation between the generated code and the aggregated signal [1].

e Parallel — when the receiver generates C/A codes all at once, in parallel,
and performs a parallel correlation.

Generating C/A codes in a parallel manner will shorten the time of
generation, and give an opportunity to make acquisition with all satellites at the
same time. Before starting the discussion about the parallel C/A code generation,
let’s discuss the main method.

The GPS C/A code generator is based on the operation of two linear
feedback shift registers which are called as the first and the second polynomials.
Each of these polynomials has a length equal to 10, as shown in Fig. 1. The first
polynomial works with pattern 1+X*+X'’, which means that the feedback value is
the modulo adder of the 3™ and the 10" bits. The output value is taken from the 10"
bit in each shift of the register. The second polynomial works with the
14X +X04+ X3+ X+ X1 pattern. The output value is the combination of
two registers where the register numbers are chosen from the “Gold
numbers” table [2], which contains the mapping between the satellite number
and the output register’s numbers in the second polynomial. Finally, another
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modulo addition is applied to the output values from the first and second polynomials,
the result will be the first chip of the C/A code for a specified satellite [3,4].
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Fig. 1. C/A code generator for the second satellite

Parallel C/A Code Generation Methodology. As we can see from Fig. 1 a
simple C/A code generator is designed to generate codes for one satellite at a time.
For generating all the codes for each satellite needs time to completely generate
codes for the given satellite, then start the generation for the second one, in other
words the generation process is sequential. As we can see from Fig. 1, the only
difference in the C/A code generation for different satellites is the phase selector,
the idea for generating codes in parallel is to connect phase selectors for each
satellite to base a generator model. This will allow the base generator with
polynomials one and two to work in a normal way until the phase selection for the
satellite, where each phase selector will select an adequate phase from the “Golds
numbers” table, corresponding to its number. The “Gold numbers” table contains
32 satellites which means that the parallel C/A code generator will have 32
different phase selectors for each satellite. The diagram of parallel C/A code
generation is displayed in Fig. 2.
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Fig. 2. C/A code generator for all satellites in parallel

As we can see from Fig. 2, at the end of the generation cycle, C/A codes will
be generated for each satellite. This allows to use multiple core processors for
performing correlation and that will shorten the acquisition time.

Parallel Generation Software. The program that illustrates the parallel code
generation is written in java. The source code is commented in order to be more
descriptive. The source is available in GitHub [4]. Look for
ParallelSatelliteCaGeneration.class, the main generation program is located here.
The class contains two C/A code generation methods parallelGeneratino(),
sequentialGeneration() and two helper methods runParallel() and runSequential()
that will write the generated output C/A codes to file. Two .txt documents will be
generated after running the main() function in the
ParallelSatelliteCaGeneration.class. They both contain C/A codes for all 32
satellites. One of them will be generated in a sequential manner, the other one in a
parallel manner. Note, as the software is only used to illustrate the structure of the
parallel C/A code generation, it has same O(n?) complexity for parallelGeneration()
and sequentialGeneration() methods where n is the number of the generated bits,
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the real benefit of the parallel generation is in hardware implementation, because
its generation complexity is O(n). All source codes are available in GitHub [5].
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1.4, UNhu8UL
GPS ULAULSUYLE C/A UNYh 2NRA UG RELELUSPUL

GPS hudwjupgnid mqpuipowip dnnnijynud £ C/A Ynnny: C/A Ynptipp yuunuind
&l PRN (pyuqh yuunwhwlwh Ynnkp) §nnkph punwibthphtt b §phiudnud Bu GPS wqnuipwith
nipupwtisnip 1 Uy-nudl: GPS wqpuiipwith jmpupwiginip C/A §nnyny dnpmjdus wquiipwp
hwunnpnynpd t L1 Ynnny, nph hwdwpwljwinipniuu £ 1575 UZq: GPS punnithsubiph og-
nwqgnpénd b nljuy ghitbipugyus C/A Ynnkp, npybuqh hwjnbwpkpbt b Jipmnisku inyh
hwwhwluinipyudp thnjuwbigynny wmwppbp wppwiyuljutiphg hwunnppqué nyyubpp:
Swipptp GPS punnitthsubp nbknnpnodwt hwdwp oguuugnpénid ki tmwppbp wignphpdubn:
Ulqptwub puykiphg dkyp C/A Yngbph injuy ghutpugnidu b Upuwwnwbph tyyunult §
pugwwnnt) C/A Ynnh qniquhtn ghutpugnudp jnipupwignip GPS nhwpnid b gpty dpwghp,
nnp Ypunipwqnph Yonkiph qniquhtn ghubpugnudp:
Unwagpuyghl punkp. GPS punniuhy, C/A §nnh qniquhbn gkitbpugnid, PRN §nnkp,
nbknuthnpudwt nkghuwnpttp, ynjhtndhw)ubp:
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P.K. AIIMKSAH
ITAPAJUIEJIBHAS TEHEPAIIUS C/A KOJA GPS CIIYTHUKOB

B cucreme GPS curaan momymupyetcst ¢ momomipio koga C/A. Komsr C/A npuHamte-
xKar K ceMelcTBy ko7ioB PRN (riceBpocityyaiiHbIX YMCell) U TIOBTOPSIIOTCS KXKAYI0 MUJLTHCE-
kyHny B curHane GPS. Kaxnas mmwumcekynna curnana coxepxut 1024 6urta C/A xona.
CurHai, Moy IMpoBaHHbIN ¢ omolipto koga C/A, nepenaercs Ha Hecymieit L1, yacrtora ko-
Topoit coctapisieT 1575 MIy. Ilpuemunku GPS ucnonb3yroT ToKagbHBIE CTeHEPUPOBAHHBIC
xozsl C/A 1714 onpeneneHys M aHali3a JaHHbBIX, KOTOPBIE TIOCTYIIAIOT U3 Pa3HBIX CIyTHHKOB C
OJITHOM U TOM e Hecymiel yactoToil. PazHpie mpremarkn GPS Mcnons3yroT pasHble alropuTMBI
JUIS TIOy4eHHs NaHHBIX. [lepBOHavanbHbIN mwar - nokansHas reaepanus C/A xomos. Llens
9TOH CTaThH - OOBSCHAUTH CIOCOO MapasuieNbHON reHepanun koga C/A Uit Kaaoro CIyT-
nuka GPS m Hammcath mporpammy, KOTOpas MpOWUTIOCTPHUPYET MapabIeNbHYI0 TeHEPaIUio
KOJIOB.

Knrouesote cnosa: npuemunk GPS, mapannensras reneparms C/A xona, koasl PRN,
C/IBUTOBBIE PETHCTPHI, TOJTHHOMBI.
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