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FIG. 1 provides a highly simplified illustration of a cellular telephone
system configured in accordance with the use of the IS-95 standard. During
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Inherent in the design of direct sequence spread spectrum
communication systems is the requirement that a receiver must align its PN
25  sequences to those of the base station. In IS-95, each base station and subscriber
unit uses the exact same PN sequences. A base station distinguishes itself from
other base stations by inserting a unique offset in the generation of its PN
sequences. In IS-95 systems, all base stations are offset by an integer multiple of
64 chips. A subscriber unit communicates with a base station by assigning at
30 least one finger to that base station. An assigned finger must insert the
appropriate offset into its PN sequence in order to communicate with that base
station. It is also possible to differentiate base stations by using unique PN
sequences for each rather than offsets of the same PN sequence. In this case,
fingers would adjust their PN generators to produce the appropriate PN

35  sequence for the base station to which it is assigned.

Subscriber units locate base stations by utilizing searchers. A fast,
flexible, and hardware efficient matched filter searcher is described in co-
pending U.S. Patent Application 09/283,010 (hereinafter the ‘010 application),
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Each GPS satellite transmits two microwave carriers: a 1575.42 MHz L1
carrier which carries the signals used for Standard Positioning Service (SPS),
and a 1227.60 MHz L2 carrier which carries signals needed for Precise
Positioning Service (PPS). PPS is used by governmental agencies and allows a

25  higher degree of accuracy in positioning.

The L1 carrier is modulated by the Coarse Acquisition (C/A) code, a
1023-chip pseudorandom code transmitted at 1.023 Mcps that is used for civil
position location services. Each GPS satellite has it; own C/A code that repeats
every 1 ms. The code used for PPS is a 10.23 MHz code that is 267 days in

30 length.

Each GPS satellite has a different C/A code that belongs to a family of

codes called Gold codes. Gold codes are used because the cross-correlation

)

between them is small. Each GPS satellite generates a unique C/A code
sequence. A GPS receiver reproduces the C/A sequence for a particular
35  satellite and correlates it with the received signal over all possible offsets.
When correlation is found, the start time of the code is referred to as the time of
arrival (TOA) at the receiver. This TOA is a measure of the range to the
satellite, with an offset due to any mismatch between the receiver clock and
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SUMARY Ofbehiefit It Nhe Qbility to search more than one pilot code simultaneously.
Many devices, such as subscriber unit 10 in FIG. 1, will need to perform both
types of searching during their normal course of operation. There is 2 need in
the art for a fast, flexible, hardware-efficient searcher that combines CDMA
pilot searching with multiple pilot searching for systems such as GPS position
25 location.

SUMMARY OF THE INVENTION

A novel and improved method and apparatus for searching is described.
This searcher combines the ability to search muitiple offsets of single pilots,
such as those found in the 18-95 system, with the ability to search multiple
pilots, such as those found in a GPS location determination system. Both types
35 of searching can be done in a single architecture combining the parallel
computation features of a matched filter with the flexibility of allowing a
variable number of coherent accurmulations and a variable number of non-
coherent accumulations to be performed at high speed for a wide range of
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Each matched filter structure comprises an N-value shift register for
receiving data, a programmable bank of taps to perform despreading and
25  optional Walsh decovering, and an adder structure to sum the resulting filter
tap calculations. The matched filter structure can optionally be used in a time-
sharing manner to search multiple windows as dictated by a multiplexor which
supplies various streams of tap values for despreading {with optional Walsh
decovering included in the tap values). In addition, an optional phase rotator
30 can be added to apply multiplexed phase values to perform frequency
searching. Every cycle the matched filter structure produces an intermediate
calculation for a particular offset (with optional Walsh decovering and optional
phase rotation) which includes N calculations based on the data in the shift
register.
35
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 2 depicts a simplified diagram of a searcher configured in
25  accordance with the invention disclosed in the ‘010 application. The features of
the ‘010 invention are reiterated here, followed by the modifications to be made
in accordance with the present invention. One of the novel features of the
present invention is to allow the increased functionality of GPS searching while
utilizing an architecture that is very similar to that described in the ‘010
30  application,

| Land Q data (Hereinafter [, and D) enters shift registers 400 and 402,
respectively. The size of the matched filter component of this invention is given
by N, the number of memory locations in the shift registers. Data is continually
loaded and shifted through the shift registers at a constant rate. In the
35 exemplary embodiment, data is loaded in at twice the chip rate. This allows for

searching on every chip and half-chip boundary.
The data in shift registers 400 and 402 are then correlated with N-bit
portions of the I and Q PN sequences (Hereinafter PN, and PN_) which are
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Although FIG. 3 and FIG. 4 show multipliers in use, simplifications are
known in the art. When the tap values are binary, as they are in the exemplary
embodiment, consisting only of the values 1 and -1, and the proper data format

25  is chosen for D, and D,, the despreading step can be accomplished utilizing only
XOR gates and multiplexors (details not shown).

The N despread I and despread Q values produced in despreader 410 are
summed respectively in summers 420 and 422. Each time the data in shift
registers 400 and 402 change, new sums are calculated in summers 420 and 422,

30 as shown in FIG. 2. Each sum is an N-chip coherent accumulation of a
particular offset. The process is repeated for a programmable number of cycles
without changing the tap values in despreader 410. Epr example, in the
exemplary embodiment the matched filter gige, N, is 64, Suppose a search
window size, L, of 64 and a coherent accumulation, C, of 256 was desired. In

35  this case, the tap values appropriate for the beginning of the window are loaded
into despreader 410 and data is cycled through the shift register, producing
results from summers 420 and 422 each cycle.
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which can be stored in accumulators 430 and 432. (The upper bound on C is

determined by the number of bits of precision employed and scaling techniques

25 used, if any. Those skilled in the art can readily design circuits which
accommodate a desired C value.)

The loading of PN tap values is performed as follows: the PN sequences

will "se generated differently depending on whether the same set of hypotheses

15 t0 be tested or a new set is beginning. In the exemplary embodiment, the PN

30  sequences are generated via linear feedback shift register (LFSR) based PN

generators. The timing of tap generation is best explained with an example. In

the exemplary embodiment, the matched filter is N values wide so an N bit tap

sequence must be generated. For simplicity we will assume that data changes

at the chip rate which is the same rate the PN generators must be updated. This

35 is in contrast to the exemplary embodiment in which data is updated at twice

the chip rate, so two data samples are correlated with each PN state. Suppose

that we wish to accumulate C=192 values for a window size of 128. Assume

our PN generator has generated the appropriate first 64 I and Q tap values
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despreader 410). When the first 64 calculations are performed for the second
half of the window, a new set of PN values must be loaded in despreader 410 to
collect more data on the same offsets, just as described above. The process
repeats until 192 chips worth of data have been accumulated.

25 When the coherent accumulations of the I and Q data are complete as
just described, the resultant values are squared and summed (Ir2 + Q"2) as
shown in energy calculator 440. The result for each offset is loaded into non-
coherent accumulator 450. This accumulator is a multi-accumulation capable
accumulator similar to accumulators 430 and 432. For the programmed number

30 of non-coherent accumulations, M, the values of independent coherent
accumulations are aceumulated for each offset in the search window. Each time
the energy is stored in non-coherent accumulator 450, the partial accumulations
in eoherent accumulators 430 and 432 are reset for another C calculations,

Those skilled in the art will employ myriad solutions to process the

35 results stored in non-coherent accumulator 450. In the exemplary embodiment,
the results of non-coherent accumulator 450 are delivered to DSP 460 where the
values are examined to determine which offset in the search window, if any,
likely corresponds to the location of a pilot signal. DSP 460, which can be any
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out put of tqseegmiyf thaytheyaeplicet regi ster (except for t he initial
registers, 401Awhen configured for GPS searching, each M-value shift register 401A-K
or 403A-K selects as its input the in-phase or quadrature component of the GPS
signal it is to decode, namely GPSI, and GPSQ,, respectively. Those skilled in
25  the art will recognize that a variety of configurations of the M-value registers
are possible. For example, when K registers are available but only K/2 pilots
need to be searched, the K registers can be configured in pairs to form K/2 2M-
valued registers. Implementors of this invention can choose the level of
independent programmability of the selectable inputs of M-value shift registers
30 401A-K and 403A-K to suit their specific requirements.
The outputs of M-value shift register 401A-K and 403A-K are then
despread in despreader 410 in the fashion described above in reference to FIG. 3
and FIG. 4. The PN sequences for the despreading are chosen based upon
whether CDMA pilot searching or GPS pilot searching is required. The
35 appropriate codes are loaded into despreader 410. In FIG. 5, only a single in-
phase code (PNI) and a single quadrature phase code (PNQ) are shown as
inputs to despreader 410. This configuration requires the K GPS codes to be
concatenated and loaded serially. Those skilled in the art will know how to
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423B. 10 &ihasd mm:mmqmtaesdescgbﬁd affovehin defepenced to rFlghade Withduts and
sumer modification, only the memory element of the accumulators is useful during
GPS mode - the results must be delivered to a processor such as DSP 460, as
shown, for coherent accumulation. Another option is to construct coherent
25  accumulators 430 and 432 in a programmable fashion such that the integrated
adders (not shown) can be reconfigured to produce K accumulations when GPS
searching is being conducted. In either case, in the exemplary embodiment, the
results are delivered to DSP 460 for energy computation, non-coherent
accumulation, peak detection, and other processing necessary for pseudorange
30 generation. This is not mandatory, as hardware used for CDMA pilot detection
can be deployed to compute values for GPS detection as well. However, rather
than a single path, as is the case for CDMA, K paths would need to be
constructed to give the K desired results. This would require K times the
hardware or a factor K increase in processing speed (if the existing hardware
35  were time-shared).
The results from coherent accumulators 430 and 432 are delivered to
energy calculator 440, non-coherent accumulator 450, and then to DSP 460 for
processing in the fashion described in reference to FIG. 2 above.
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data from mux 706 enters and is delivered to tap delay line 716A, which has
eight taps in the exemplary embodiment. The IQ data also goes to optional
interpolating filter 714A. The output of interpolating filter 714A is delivered to
tap delay line 718A, also containing 8 taps in the exemplary embodiment. Each
25  output of tap delay lines 716A and 718A is selectably controlied by a DSP (DSP
820 in FIG. 6C). Mux 720A selects one output of either tap delay line 716A or
716B, and delivers the oufput to rotator 710A, as described above.
In FIG. 6C, signals FATH_2 through PATH_8 are shown entering muxes
802B-H, respectively. These muxes are used to switch the input to tap delay
30  lines (TDL) 800B-H between signals PATH_2 through PATH_8 and the output
of the prior TDL, 800A-C, recpectively. PATH 1 feede directly into TDL 800A.
Those skilled in the art will recognize the gption to program the entire path
from antenna 700 through to FATH_1 such that it represents the CDMA pilot
search data or data for one of the eight GPS search pilots. Each of TDL 800A-H
35 is of length 16 with 8 taps. This allows for computation on half-chip
boundaries. The results of each of TDL 800A-H are directed to QPSK
despreaders 804A-H, where despreading occurs with either the PN sequence



such as anplification, down-conversion, filtering, and A/ D conversion ar, a
carried out in receiver 702. The results are delivered to optional mﬁchedi

filter 704y@pgeridix 706. Mux 706 selects the filtered or nope QJ @ﬁ?
version to be processed by the eight GRS front ends, corrprl sed o ocks

708A-G 710A-G 10 and 712A-G Code doppler adj ust bI ocks 708A-H receive
the signal frommnux 706. The resultant code doppler adjusted signals are

processed i R rSPMAr piloy sgarhing e laheled WPWA t”-Nacs oommdt thet BPS ndepsendent

frequency d@gﬂhﬁﬁon@éé@ie&st@m Wmughtczﬁasqi' ites. These resultant
signals are deci gated %em mat.ors 7I2A Decimation is optional. In the
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CDMVA PN, osigad inlabelesd CPMdoaTbe CIabEA |sgrta|l gan sbequ@ateésn@AtatoASIh (tigyh
CA_8_A block is optional) and the result is also available to coherent accumulator 810.
Coherent accumulator selects between the GPS sums or the CDMA value
depending on the current operational mode. The results of the coherent
25  accumulation are delivered to DSP 820 during GPS searching. During CDMA
searching, the results of coherent accumulation are delivered to energy
calculator 814. Those results are passed on to non-coherent accumulator 816,
and those outputs are delivered to DSP 820. (Note that other hardware
processing may take place after non-coherent accumulation rather than in the
30 DSP, as discussed in the ‘010 application.}

Thus, a method and apparatus for a programmable matched filter
searcher for multiple pilot searching has been described, The description is
provided to enable any person skilled in the art to make or use the present
invention. The various modifications to these embodiments will be readily

35 apparent to those skilled in the art, and the generic principles defined herein
may be applied to other embodiments without the use of the inventive faculty.
Thus, the present invention is not intended to be limited to the embodiments



As an alternative, as shown in relation to despreader 410 in FIG 5, the
codes CA_1_A through ' CA 8_A can be sequenced onto the single chaiined’ i 5%
input to d # s 804A-H as shown through input CDVA PN. |

exenplary e 8 ingﬁt, as shown in FIG 6C each of sequence§d§£%§§€n4
through CA 8 A feeds directly into despreaders 804A-H, respectively. The
generation of these sequences is shown in FIG 6D. Separate gold code

gener at ors Shpwaabareindhitels (dide apeardpd prhed wideste scoprec esndtent twithutite 10
CA_S, whi chpfig@qgléglaﬁdﬁabgl Ba3ed HisERed Rbrdifese TDLs is of length 24 with
taps at positions 0,4,8,16, and 24. The outputs of these taps are selected
at rate chipx8 by nmuxes 832A-H to produce signals CA-1 A through CA 8 A
This al | oweVBGUAIMPS channel to search up to four adjacent w ndows
spanning 16 chi px2 hypotheses in every eight-chip interval during a coarse
search. Mux 834 15 is used to concatenate these sequences for delivery to
QPSK despreader 804A through input CDOVA PN. The despread results are
delivered to sumrers 804A-H to produce the values |abeled GPS sum 1

t hrough GPS sum 8. These val ues are available for accumnulation in coherent
accunul ator 810. In CDVA node, these values 20 represent partial suns and
must be sumred in summer 808. The resultant signal is |abeled COVA. The
CDMA signal can be rotated in rotator 812 (this block is optional) and the
result is also avail able to coherent accunul ator 810. Coherent accunul at or
sel ects between the GPS suns or the CDVA val ue depending on the current
operational node. The results of the coherent 25 accunul ation are delivered
to DSP 820 during GPS searching. During CDVA searching, the results of
coherent accunul ati-on are delivered to energy calculator 814. Those
results are passed on to non-coherent accunul ator 816, and those outputs
are delivered to DSP 820. (Note that other hardware processing nay take

pl ace after non-coherent accunul ation rather than in the 30 DSP, as

di scussed in the '010 application.) Thus, a method and apparatus for a
programuabl e matched filter searcher for nmultiple pilot searching has been
descri bed. The description is provided to enable any person skilled in the
art to make or use the present invention. The various nodifications to

t hese enbodinments will be readily 35 apparent to those skilled in the art,
and the generic principles defined herein may be applied to other _
enbodi nents without the use of the inventive faculty. Thus, the present
invention is not intended to be limted to the enbodi nents WO 01/47135



14 PCT/ US00/ 34774 shown herein but is to be accorded the w dest scop@7 KPR 2000
consi'stent with the principles and novel features disclosed herein.

CLAIM 15 CLAIMS 1, A programmable nmatched filter searcher conprisi ng. a
shift register, operating as a single Eift regi ster when receiving a first
type of data and operating as a rrultig shift registers when receiving a
second type of data, the first type of data being received froma single
source and the second type of data beLAdMS eceived froma plurality of
sources; a PN generator for generating PN sequences; a despreader for
receiving the PN sequences and the data fromthe shift register and for

produci ngl.set sAgroglampiablrdnatéted diker $daRheesiMiRRMQr concurrently receiving
mul ti pl e PN sequences whil e despreadi ng the second type of data; a first
set of summersa BBft EEWE NPT HEESH & sBElcddsh remder wher scoehig & hestdeepebader

for brodughnde Bk 42 MBS EARL AnlY AULLNG Shichha bag!GLel, e the

second type o pro ng a par |aI rom

the shi ftfilsegipstdTdadd Beihfeedeivied trdny pesingdd selataandiig @coelLopd ofefataobeisginmer s
for receiving the partial sumfromthe first set of sutmmers and producing

a conpl et’@%lﬁ?ﬂfﬁﬁ@ﬁﬁlw@“ﬂé&féo‘fr?‘%ﬁmthe shift register are the first type of

data. 2. The PS PRT g‘q%?le% enagsarcher of claim1l wherein said
sets of incom ng Wafa sal urafity of sources are received froma

plurality of p@ﬂbspr@fdecﬁirsmbﬁvmgahthNf segaerdep and thy dae oo shecshifprregistag: a
code doppl er adjust, block; ~a frequency rotator; and an optional deC| mat or .
3. A progténferpreducing skt despread §§H‘F%I‘1®rd"éB?%ﬁ"?fsqoﬁ&‘”“d‘“ﬂlfP‘éﬁ‘“%Wi“P ¢

regi ster ,Plggg RhégaR dgspsrbz[r?%}g[e,ihg%g@g:{ﬁglo?gg{a when receiving a first type

of data an erating as a regi sters when receiving a second
type of data, 4 firstsetedaummes feesisnmingititcam oilasprepdheaads| fyorhitliesdespreadeecond

oo e e Gy e bt ool el e b S52F €1
data, and for producing a partial sum when the data from the shift register are the first type
of data; and
a second set of summers for recerving the partial sum from the first set of summers
and producing a complete sum when the data from the shift register are the first type of
data.

2. The programmable matched filter searcher of claim 1 wherein said sets of
incoming data from said plurality of sources are received from a plurality of path
processors, each of said path processors comprising:

a code doppler adjust block;

a frequency rotator; and

an optional decimator.

3. A programmable matched filter searcher comprising:

a first shift register, operating as a single shift register when receving a first type
of data and operating as a multiple shift registers when receiving a second type of data, for
receiving sets of incoming in-phase(I) first or second type of data from one or a plurality
of sources;

a second shift register, operating as a single shift register when receiving a first

type of data and operating as a multiple shift registers when receiving a second type of



type of data and operatl ng as a multiple shift registers when receivipg @y
second type of 27 :1 11~nj 16 data, for receiving sets of incom ng
quadrature (Q first or second type of data fromone or a plurality of
sources; a PN generator for generating,PN sequences; a matched filter

havi ng: a despreader for receiving said sets of | data, said sets of Q

data, and said PN sequences and for, produci n? sets of despread | val ues

and pr odufathdosELEIVIR scided W@M@%ﬂ’f%ﬁ (Q) Aipt qesgsPaa bde chéﬁ'é‘tff%ﬁf'? gr

receiving LhikPlEsobNesequences  and producing distinct sets of despread |
and Q val %JEM V\Hgn Pecé%w ng second type of data fromthe first and second

shift regi stera;PN%ehenamrf‘sregenerfatlsgjﬂwmequahoes;sumri ng the sets of despread |
and Q val ues from ‘?E spreader, for producing conplete I and Q suns when
the data from%ﬁ‘ét‘:f“f: fter haxi#8second shift registers are the second type of

data, and for produgiipg, DAkt fo"i‘lreéelvxﬁ%‘gm@s&k”ﬁ?I\ﬂgﬁnsélﬁ'%etg%tfi‘) Hé@md@lél rst

and second shift registers are the type of data; a second
summers for rekNisequapceshendofortpraducsngneety pHdesphaadfli valuessmtl }Uf)ducsngm$ sf and
pr oduci ng corrplete the data.fromthe |sters are

d wh
Phe Tiret typedepread i@ aheh “HE Qomureb roraiepit ERFMIE Lt BN FELEE ourms

and accumul ati i 488MRingd HisSRt %ct"s @f Hééb@'éhﬂq Md G vallks FREHMERIBAebordUPpe @ Q
accurul ator for receiving said conplete Q suns and accumul ating themin

sets to pr oduc@fdiitas&omdheﬁmtmdﬂea@mh@Eﬁgm‘ﬁrs an energy cal cul ator for

receiving sets of acegunul at.ed |

quar i ngrespecti vt BiLRgY Smpe P aRTinBTAS ' pr AR EHEG R Fom
respective onegefespieider,dbr @f‘cﬁiﬂﬂiﬂ% abfglefe BaEQ wad ﬁhﬁﬂﬂm@@aﬁahﬁ)rﬁ gigifilss  of
sai d squares of respective ones of sets of I and Q suns to produce sets of

energy val uesandasegousisiplitregistons ase sha sicaryl tvpe wf lete, end Sercrredvainggartiaklins
and 521 o GSEHTIIEL L B2 HD, BLURE o PARLERA 0 a??gl.%nf?%%h
conpri sing an ofada€dinul ator for receiving said sets of ener gy val ues and
ggédg(élnﬂgliet s of aé(l: (s:éclzggll %(tatl gfns?lmmcgrs fQor}ergce?\fmgs ?}:edpa?'t?atl Séur%]; fr((a)rr]netrh(‘t:]:yﬁr\s/tasl::'tJ 0? !
summers and producing complete 1 and Q sums when the data from the shuft
registers are the first type of data
an I accumulator for receiving said complete I sums and accumulating them
in sets to produce a set of accumulated I sums;
a Q accumulator for receiving said complete Q sums and accumulating
them in sets to produce a set of accumulated Q sums;
an energy calculator for receiving sets of accumulated I sums and sets of
accumulated Q sums, squaring respective ones of sets of accumulated 1 sums,
squaring respective ones of sets of accumulated Q sums, and summing the results
of said squares of respective ones of sets of I and Q sums to produce sets of energy
values; and
outputs for providing said set of accumulated I sums and said set of

accumulated Q sums prior to processing in said energy calculator.

4. The programmable matched filter searcher of claim 3 further comprising an
accumulator for receiving said sets of energy values and producing sets of accumulations

of ones of said scts of energy values.



5. The programmabl e matched filter searcher of claim4 wherein: | and? QPN
sequences are produced by said PN generator; and said despreader perforns
QPSK despreading. 6. The programuabl e matched filter searcher of claim4
wherein said despreader perfornms BPSK,despreading. 7. The programmabl e
matched filter searcher of claim4 further conprising a nultiplexor for
recei vi ng_mul tlflﬂ e PN se enceﬁ%pgﬂd deliveri nlg themfor time-sharing of

sai d mat ched f 114 P8t ter sescher sE¢laimyd Whgr hased on sai d

mil tiple PN SeUEneRseq §cncI?§re%§%ﬂ{g(fTU)Z%§Pﬁeéeﬁgﬁg)rfdddt er searcher of

claim4 further conprisin or for’receiving one or nore phase
val ues; and | snbtldépreatatperterfioQPSKcespeatngut puts said | and Q | oadabl e

mat ched filters and rotating said outputs according to the phase out put of
said multiplexor, and delivering the results to said | and Q accunul ators.

9. A progs ammephe Rf@grgrhﬁgblfalAﬁt@ﬁeﬁﬁﬁérck@fch@pmprdlaﬁm ‘wherSil dald H@ﬂiréafdéf
operating as a single shift register when receiving a first type of data

and oper apdrfogmaBPIKnddspiepdieg.shi ft regi sters when receiving a second type of
data, the first type of data being received froma single source and the
second type of data being received froma plurality of sources; a

pluralitysy of %Q%@%rﬁﬁﬂ{aﬂe‘c ﬁ{atc%aleﬁ@érl Mraleplw lainh Y4 OLrthdY T6MPAGRES: a
| oadabl e mat ched fil | oadi ng said plurality of PN sequences,

despr eadi myltiplexpd faseneseivifig immdiople ﬁi’@l seguances cind wiehvenigat themi fat emeesdipang of
results; an C tor for e|v sald suns and accuynuy n hem
in sets t%?‘f)rr%"’g%e gﬂu g‘f PJPd'-éF(?CE (L,cfgtg S, baf’ﬁ Oﬂ‘r 8%'? nﬁgll?' eg)n%tched

filter seagghiRes of claim9 wherein sald | oadabl e matched filter is

configurable to receive a single PN sequence fromone of said plurality of
PN generators or a pl ur ality of PN sequences fromsaid plurality of PN

gener at org 8‘1' Erogratrrﬁn lie rtngtci;é)t{ flil%?;sga?éhrgr NP IRLPY %ﬁ{}]@?%(ﬁ? Ched filter

sear chi ng corrprl S ohe seé A Qdata in a

shift registera mhlttmed&Iraede&uag dncrc&tmdrypﬁasefvaludataadand storing a plurality
of sets of | and Qdata in_the shift gsl ster if the data is a _second type

of data; b) proadihipteees B raceying gpn)p wid bﬂ“@&qh@ﬁé@g nasShed ST OAR ng
he B e SR Ay Bl e

PN resuits to said I and Q@ accumulators.

9. A programmable matched filter searcher comprising;

a shift register, operating as a single shift register when receiving a first type of
data and operating as a multiple shift registers when receiving a second type of data, the
first type of data being received from a single source and the second type of data being
received from a plurality of sources;

a plurality of PN generators for generating a plurality of PN sequences;

a loadable maiched filter for loading said plurality of PN sequences, despreading
said sets of incoming data and summing the intermediate results, and

an accumulator for receiving said sums and accumulating them in sets to produce a

set of accurnulated sums.

10.  The programmable matched filter searcher of claim 9 wherein said loadable
matched filter 1s configurable to receive a single PN sequence from one of said plurality of

PN gonerators or o plurality of PN soquences from said plurality of PN goncrators.



sequences if the data are of the second type to produce sets of | and Q
despread val ues; d) summ ng results of said despread | val ues; e) Zs”uh.‘?ﬁ?ﬁ@i
results of said despread Q values; f) accunulating the resultant sunmed
despread | values to produce one plurgkity of results, respectively; and
or a g) accunul ati ng the resultant summed despread Q values to produce one
or a pluralit results, respectively. 12. The nmethod of claim.|

further chbhpri é. wethpd £0x perferming prqgr@rematrlf« meptehed fd@wﬁﬂpl@mwoa@@ﬁﬂ&éhp |

val ues; jgte&o&farl ng the accunul at ed despread Q val ues; and k) sunm ng both
sai d squares. 13. The nethod of claim 12 further corrpri sing the step 1) of
accunul ating sai d sstonng omoiea 0B} andl @. dafdhi asith oghisnér 1€ thel damal3 of first dype of
conprising the step h) of providing as out uts sai plurali of .
accurul at %’da @ﬂﬁinwnaewl%%my of a¢ta %Iv%ndu@s a3 {feattd rrsgistgar dt¥1§tdé5’slsf9 and
g) when ge%]qq NG Atgy of sets of | and Q data are stared in said step a)
and alternately™ proceeding to performsaid steps i) through 1) when said
one set of | abd Q pletecingomt areplurality «ftPdpseglences,

c) despreading the data with one PN sequence if the data are of the first type
to produce a set of I and Q despread values and despreading the data with plurality of PN

sequences if the data are of the second type to produce sets ot I and Q despread values,

d) summing results of said despread I values;
e) summing results of said despread Q values;
f) accumulating the resultant summed despread I values to produce one or a

plurality of results, respectively; and
2) accumulating the resultant summed despread Q values to produce one or a

plurality of results, respectively.

12. The method of claim 11 further comprising the steps of:

i} squaring the accumulated despread I values;
i) squaring the accumulated despread Q values; and
k) summing both said squares.

13.  The method of claim 12 further comprising the step 1) of accumulating said sum of

squares.

14, The method of claim 13 further comprising the step h) of providing as outputs said
plurality of accumulated summed despread I and Q values calculated in said steps f) and g)
when said plurality of sets of I and Q data are stored in said step a) and alternately
proceeding to perform said steps i) through I) when said one set of I and Q data is stored in

step a).



