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Diiecl seqlence spMd spectrun
(DS/SS) is the most comon ldsion of
sp@d spectm sysleh in lse today,
due its sinplicity &d e6e of
hplmenlation U-31. In this lehnique,
the input data is dnec y modulared by a
widebdd Pseudo Noie (Pll) sequ€nce.
ln odd to demodrnare &e Eceived DS
si8M1, it nust b€ despcaded {st by
mdtiplication with a locally ge.e6rd
lN code eplica. lle local PN squdce
mst be in perfe.t slnctulnis with lne
eeied PN sequence, Iis is done in

lso sieps, tne nrsl is tne acquhilion
ptuess. md tne pcond is rhe lmckine.

One of rhe wou knoh
rquisition schenes forDS/SS systen is
tlc serial seach acquisilion, Il is *idely
used tue to i1s ability 10 opehle !t low
valus ol sighalto nohe 6do. The
synchronialion syslem of DS/SS
rcceiver cd be imllehenred usins lhte
diferenl methodsr fiBtly. usins spei,l
ploei@able devi@s like muldplies,
progrmmable filies md o.e cnip code

Ccn@los, Secondly, Bing processo*
such d nicrcpiocessr, nicro@mpuld
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IL FPGA tmpleEertrtio!

or TMS wirh suitable $iw@. Thirdlt.
using the prog@ath devica $ch s
Field Ploglrnlmble Cale AEay FPGA.
The last apprcach is regdded 6 a
conpl€x Eethod which Equircs lhe
desisning of all componeds in a lom
suirable for th€ dchiredue of lhe b$e
daices. This atprcach h emnooical.
flenbb dd e6y in implem€ntario. in
compdison wilh the fist Epproacb ed
previd6 high speed in compeison with
rhe econd Epproach, Il ]s suitable for
real tine applications for speed lcss thd
I00 Million Cy.le P$ se@od (McPs).

Tbe IPGA design perfoMce
ncdws e the cosl ed &e speed. Tire
desisn is said to be optihal who il has
hinin@ @sl ed Edimun sled
(minimun delay). T1E con of FPGA i!
heasuEd by lhe nhber of colh ihar the
d€sign @mme wllle $e speed G
m*ued by ile nainM nuber of
delay uils ihal e @nsumed uril rhe
outpul is obtained. llE ,ofomance of
FPGA design is optinized by EMiiing
the Ioeic cxpressions rhat describes rlr
buildirg uits unril suitable foftulaiion

lo thh paDer, a new seria.l seh
slnchroniation scheme pirh daia
ftodulalion ( well knoM pmblem in
DS/SS synchenladon systems ) is
lropoFd fo! efficient implemenraion
aing FPGA devices. VHDL pogres
de witten 10 implmenl @h
component of lhe iDplmented scheme.
The synthesis eporrs ofcos! delay md
otha poBmetes dc obmined from

E$.i.i! hnl.mcnbrion olssial s. ch
SFchtonlaio, sub{yn.m for DiEd s.quene

spreid sp.cM synm usitra FPGA

MHz chi! mre (clkl). Since te FPCA
implenentation EquiEs tully digitrl
enviroments, th€ Ds/ss sienal is
tasmined 6 8 bit synbols at 6 MEz
cloct fiequooy {clk2). The local code
geneEtor al r\c EGiv* side h snoM iD
Iig.L The local @de genmtoi poduces
th signah: BPSK modulatcd PN
s.quence (1c) ud BISK nodulated PN
squence wnh ahemrilg dara (dc).
Ass@ile that both lrasnined data and
locrlly gensated one have the sme
boundary loqdons lelalive to the
spEadilg code. Therefore, coftlaliog
the kesnitted si8nal with the tro
locally geneBted ones aing lwo islgted
bmlhes would rcsull in conelation
pow! al lesl in one of theh. This
eegmnt is Ooposed io solve lhe
problm of dara plesen* duing

Eie.2 illutBtes lhe sedd sedch
synclmnialion equisitio! shene wilh
dala moddalion, Tbs detecior pedoms
1wo opearionr extrad oulpur dar. Eoh
rceived sisnal (d@red 4 a ) md
coipute pow6 Esdiing |ron
corelaring the leccived ad fie localty
generaled sign6ls, md coDpde $eh
wilh pErt lhrsholds !o d@le si8nal
PBene. The two corelatiotr prccesss
ae perlomed over fixed dhe inrePals
(@ftdatio, rine: 30 chipo. The
integdtion Esults ee comped wi$
iwo thFsholds (vihr md vdlr), one of
lnem (VlhD is ro decide acquisirion
pEsence while lle other (v1h1) is ro
declre lBckine presene. r vlhr is nol
crc$ed, the local code geo@tor is
d€lay€d by a nwber of sulles
equivalent !o the tine i erval Tl
Phee To is the d$don of the PN
squoce bil (Acqlhitior decision signal
(acLdeO is zero). on the orher hed,lr
Vth, is lor dos*d, the local cod€
gcnmtor is delar€d by a nuhber of
s@ples equlvalenl to ile tine inrcdal
TJ6 (Tnckiie decision signal

rymhmni,rtion / derecdoD ect.he I
A DS/SS filbnitter is

ihpltuented n4t b geftrare DSi/SS
sismi. The ir&milted d.t de dslmed
to altemarirg wirh I 00 KI{z Ete (clko).
The PN odc lcnc6 is 12? chip silh 1
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Fig.1 Architeciue of local code

Fig.2 Tnditional.leleclor

(Imck dec, is zm) The rso detoy
options tale lnetr place drns a variabte
clock sisral (v_clk) aor the locat code
geneEior, TIe liniter is rFd to prcduce
rle ouFur dara (dour, "eilho o or 1,, I ar
rhe sde rate in thal of t@smine. bv
cohpding tlre Esulls ol multiplhations
wnh a pe-sned rhieshold.

The FPGA cost of implemenlinB
this del{tor usin8 xilinx Vntex devices
is tbe cosl ol iDplenentidg rwo 8 6i1 x 8
bit multiplies, two LPF ,lres, rwo
squ 4, lwo inlegralors along fie
corclation i eNol as well as lhe lhFe
conpdatom. Usins Xilinx - vinex
rPCA imilr. rhe coe d'l delay ol
inplcmenling a losLc erpEssioo or z
inPur vdiables is civen by l4l:

lf,cienirhpr.nenbrionof s.dalsedh
sFchmiialionsubsy$dnfolDiEdScqmrc.

cetls for z>4 .. {1\

^ C.s,=[ 1

li:"t
_t,t-loDelay units .. (2)

whde lxl is lne nedesl intesq sEarer
thu x. A@olding to rhesc equatioG, the
@st of srial s@h syncho.ialion
*hcne is dhcussed as louos I lhe cosr
of 8 bil , 8 bil multiplier depenrls on rle
alsorilhm lsed to inplenenl the
nuhiplier.If it h imllchenred uing
a sel0f2 bil x 2 bn nultiplies, ttre cosl
would be 120 cellqith4 delay units f5l.
The cost ad delay of LPF depends also
on the algorilhn used to compnle the
onipul, lhe nunb€! of Illq raps and
coefficie s bn bDgth. Using rhe
algorilbfr in [6], rhe inpleoentarion of
2l tap, I bil len4h @emcients LPF
Equnes 22 Sbit adder/sublEcler, 55 8 bi1
adders md 7 AND gales wirh a rolal
cosl of l500cell &d 8delay unis
The squder is e8bnx8bil
hultiplier so irs impledentltion requires
the sme cost and delay of 8bi1 , 8bit
hultiplier. The integdtor is e
lccmulator thar adds 180 8bir mples
during ach corclatiotr interval, ed
rcquires l8 cell and 8 delay unns, Tne
conpetoB (ohoose maxinum ed lqo
lhrcn\old conlaEto6) requiE ln€ sme
cosl ofrne popo*d deteclor The linito
is a ore bi! codtdato. (MsB) thar
Fqutes I cell and I dclay unir.
Conbining the cosl of e&h elehent of
the ftditional detcclor. the tolal .ost
would be 1629 ce0 wnh 8 delay uils.
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opedtioN md hence

Eaflcimr lmpl.r.nbtion of sdiil Sarh
rymhrodztion sub{ysem ror Dned s.quene

spud Sp{llm sysqn usiry FPGA

Fig3 AEhitectule of the

synchroEi4(on / del..tion s.tehc :
To ninihize the @st and delay

oI FPGA inplenotatiotr of tne
propowd synchioniz.tion delector in
sction II, a modit€d @hilet@ is
prcposed lor thh det6tor s shom in
Fig,l. This deleclor coNists of three
main blocts, ESB. MAXCORR md
LIMITTER. ft€ ESB (Exnact Sign Bit)
block isolales the sign bit tom all lh. 8
birs slobols of input sigmls. The block
MFSUM mnltiplies the received signal
by rhe locaUy e€neraled sigmh (only
sign bits) ed inleshre dre Esdt IE
block LIMITTER ukes ils input dirertly
&on tuultipliei ouFui ed mal6 a
decision on dlta *lue acco'dins to
majoity role criteia on te seplet
ove! a fixed time inLFdl equals
bdsnined data pdiod, If thc majo,
sdPles is positi\;e, 1ne drla h declded
"1" odreNic d@laed r0. Fig,4
illuslrales lhe dchnecrm ofthe oajo.iry

ll8 siqhiJicad connibuiok in
this proposd detector is the use oflhe
fact that orny 6ign bils of the Eeived
md locally genehted sistuls re usd 10

.xtrl data whi.h En r in rcducing ,11

8 bir hathemticsl opmlions to I Ul

Fis.4 A&hi&ctu6 of eajority

capabiliry of thh ploposed schene to
o!@1e coretly dependi on the
sielEl - to - mi€ ddo as well a
smpling rate ulue, Figues 6 ed 7
show the prcbability of enor of the
pDposed schede ( pmbabiliiy of
inconel es,timarion ofdara bits oul lron
mjority vote liniid ) veBus SNR with
smplin8 li€qnency (Fr) s a pdametd.
h lhese two fig@s Fi is &e frequency
ol data dd Fo is the ceier fEquency.
TXis oor psbability is calculatd usine
d huge stadsric.l lesls via MATLAB
prosrd, These tuo lisules illcttate a
surp.ise Esuh that the cost Educliotr of
ou ploPoed deletor oEes verl sdall
penalty in mor piobabilily for SNR
valu€s gEtcr tho -2 dB. Hencc Ior 5

dB SNR of ou implemented system, lhe
propo*d dete.id is alrnost emr f@

The mcr nf xilnx FPGA
impl€mentalion h discused s folloss i

Educe IPGA implenenbtion cost,
Iig.s snows thh frt, In Fig.5b, the
signed synbol valu* of Fis.sa h
r€placd by the sisn vahes ody ( lfor
posiiive sica ed 0 for negativc sicn).
Hovlver in both cases de data is
ext@ted afler uhiplying the rcceived
md locally senerated signals.

To be nore a€uale, rhe
pr&tical cse is rhat the Fceived signal
h infered by m addirive noiF,
theEfole, somc olposilive sjg6 ha, hr
convened lo neg ive ones sd lie
vesa. lais problem is slled sing the
majority vote liniter. In facr, the
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Eig. & Tecbnoros, vor 24. No.2. 2005 Em.ient lnplemeuhion ofsdal Sc@h
Synchronizriotr sub synen ror DiE( seqnence

spEad spdtufi synefr usins ffcA

samples is rcpesented by 8 bits.
smpl* is rcpEsentcd by sisn bit only.

The EsB n just a butrd cost l
cell yilh I delay uit in imllementation.
The lwo ndtiplies ae e@h lbiirlbn
muliiDlier also cosrs I cell *ilh I delay
bit. lle inle8Elos e edal addiiion
accunulaio^! thei! cost de!6ds on rhe
len8lh of corelalion interual. For our
srstem, the corelation interval l@gth is
30 chip i.e. th€rc m 180 seples lo be
added shich ae equivalenl to 8 bir adder
sith one sdial input Gince lhe binar,r
epleMialion of I 80 needs 8 bn). lf *€
Ee 2 bit addets ro implemmt rhe 8 bir
adder, ihh will EqliE 8 celh and 4
delay unih, The "choose lMihm'
block is a 8 bit conp@tor with I AND
Cales wtich rcquire a6out 30 celk md l
delay uirs in imllenrnution if the
compaison prcoess in aohieved in thE
slages, two sraSes of rbee bir
conpamlors md one stage of lwo bn
conpdison. Tn€ lwo theshold
compdaros d also 8 bit cohpdlo$
costs abour 2l ell ad 3 delay unitJ. The
cost of ihplementins the majoiry vore
limiler depends on rhe numbor of
sdples wnhin dlta duratio. {hich is
1300 for ou syslem specilications.
Designing for the woi cse, tlr
liniter is I I bit adder ( since the binary
apresenbtiotr of 1800 .eeds 1l tit)

id

!i9.6 Prcbability o, dor vetrus
SNR ofde proposed

Fig.7 Probability of emr verss
SNR of lhe proposd
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ed I bit compmror whi(h EquiEs 6t
celimd 4delay uniti Addins$ecost ol
e&h clmenl i, rhe popos€d dele€ror
dd @Eidering the muim@ detay
mong elmenrs, the cost of
imllemmting ihe lmposed detecror is
152 ell yith 4 delay uih.
Comrdins the cost dd de,av of FPCA
ioplenentadon of bo1h hadltioml ed
lmposed schenes. we conclude ihsi
uslng rhe popord derector 6r1E tho
de tradnioMi one otrqs a cost Eduction
fsdor ot 05 8!o d ,letay Eductior

Xiliu,Vi!&x FpcA devie is
one ot fie elllcie"t rechnologies thal
@y be used io inpl€ment DS/SS
srrchmni2adon slbsystem. The d$ign
pro@$ could scbirye good coi,delaY
oplimialion by iewiting dre logic
*pression of qch codpon@l in lhe
sysem requircd ro hpleme A huge

dd delay ma] be
obtained by exlmctins only ihe sis! of
DS/SS sienal 3anlles €lher lhe the
hagnitude itell with @eflable em!
pobrbitity $ middle vatu€s ofsicml-lo-

Emci. Inpkm.nratiotr ors€riat S@rch
srndroniariDtr sDb,sysEn ror Di@! s.,ttrmce

spEd splfun syn.n using FPca
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