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,tr 1ni! Fpcr, sohe oflloylh6o sietrlrd( *rru€ne! ror di,tctscquon.e cotl€
di,'sin snhiplc ,...s (DS/CDlvl,{) sr-s.fl is protoscd. Tho noi., !€ts oa
porJph,:c sp,mdhg sequen.cs is ohtained r.hrough ihe muxiphaiion oliho
DlIyI,h.k .hirp s.quen.ts hy somc orh.r bin,,r r.d polphtrsc sequcic.s
ru,jh Nslhrker& Will*d bi !.ry seq uence! ge rcr.li4d chirp-lik. (GCL) rtrd
o holtohe! polyphr.! seqx.o..s. Ti.s s.( ofrrolyphrs! sequ.met.'t tcsled
uti ns Msllib fersion 6.S.Thr srls sholr lrood .o.El.rior prap.di4,
Grll,r:hlrp p.lrpiae $qucn.e sho* the belr Frrorfl.i(e .nd , beaer
c([.i,iion Droleni6.lor ih.l.ngrh l]=9j 16 & 25 

'bich 
1E u'der 1.n, lb.

. )rt,ali,ed p.rk side-lobe leielr or rl,r norhdiad auto..orrehtio. futurlon
,,re 0.15,0,13 &0.15 for GCL.Singl! cliirp, ad 0.11,0.19&0.21 ,or CCf,-
I,o bl€.hirp r.rPeciirelJ. OD llE othe, hstrd, ihe 0e,k crcs-corrchriun
1.:nltude rre 0,19,0.3?&0.55 lor G(Ls,ngle.birp, nnd 0.5,0J8&0,45 for
CCL.Double.hi![, msp(rircly,
For lne propos.d nN $t or CCLChl4! and ln€ Moduls.lble ChirD -
polaphrs. sequ.r..s, d,rre is ... linna0on itr s.q{.!c. lc4ih, bnr for rh.
B.,kcr-Chirp ind WillsRl-c!,,n!. rhE len{rh is litnir.d nc.ording ro dE
lif,ft io, oirtu Barrer.od v/iI{rd scqre...s ,eo gr h.

DS/CD]VA i&i iJ!t1 ir!, oJr,i 
i..dilt

.DVCDI!iA iA1 Jr,.rr nlj. gjr 
Crrnr j rcrr 1!A J.iq.I] ri^ e!

C" Ctirp e-} Jrjlt, ir& 6j,j a* Lt , n' !r LJtt^l ir:!y Er",iJr
(lJ!11 rr:e) +! ,jrwilt{rd ;rti r B,rke ;ri,t & !r€ dJii olij
r'!ri"[! ,i"iJ t nJ .iA .CCL ., M.duhrablc scquence sJil &

. i,9+ J$. e1idlJ..l.il oi .* r 6,5 lll Madrb C.uJi
eA rliit a.j *1r !"jlr 9.16.25 .rJ,jl+ CCL"Chirp !ri.r J e.illr .+
, .orrelarion !3t5: FJE.:&rj q-r +. ar.!., ,;y nu".i Jr a, aFli
0.15,1r.18,(r, tS jr s+q u.] ",,1 

{.I Cs a o.orehiion lJii +,u:i tur

slt ccl.l,.r;blc cbirp ey 0,1r,0" r9,0.21J. J CCL-Single chirp e}l
ei+!! d&r q!${ondation }|I. dt!: !j ol'i Jti dF 4e. !" ,qj.r,}

e!:r 0.S1r,0 .1ii,0,45 .4_ r Gcl--Single d,irp eC 0.,19,0.3?!0.5s er 9,16.2s
.chirp e" +4r+ ccl- ;r& e! d! dlrr .eJrii uJE Gcl-'Double rhirp
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iJi. lttodtrlal.ble orthosotrlnchirp 6cl--chnp a}t-lr gl.a
,Jlrirr Barkrr-Chi.P qrr."i E u .&! {i +l ds Ji !+ .r!ll

,:s \littlrd I Bfk$ $!$ [e i]i lrE r$ !]i !,J Willxrd-Chirp

IiTRODUCTION
In connon oFeralior oI the

WahhJladlhard bimry sequenca

codes as meftioned in $lioi (2)
&d lor the non-binary soqlenccs
(pol'phase scquorce, we lsed
moduldable onhosoul PolYPh,r
scquence ind gencr.liued chirp lik.
(GCL) polyphase stuence as

mentioned in scrion (3) Then 6y
multiplyi.g ihe PolYphas chirP
soqu.nce by these s.4ucNes. tu
obraiied some mw sea ofPollpha*
sequence lvnh good corchtion
Prcpenies as meDtioned nr seetiotr
(4). we can oblain o.her sb or
pol}lise fquoroes bY multiplriig
6th* binary md iotr-binary
s.quenes by fie polypl*se chtrD

sequenco rlsd rhe] hare shoq good

fiere e many binary sequ.ic.s
for.raaple : t sequefre, B ker
codes, Willard codes. W. sh

Hadimarn scqletrce codcs Tlr
poposod rw p.lrphise scqucn.ss ir
oh$ifed by hulriplli,,t tlE
polJpl'ase ch,A sequen.rr h1 

'lEwrlsh lladrmad, Bnlfl &wilb'n

r) Wrhl' Ead,mrrir Soqucnte

Walsb Hadanuru bipolar
spEadnrg s.quence\ ctu: be ussd for
chdrel s.p4atioi in (DS/CDM,AI
slrcms. They ard edy io gEnoilE
ind ordDgonal ln the !a* ol P..fect
slrchmniatiir. H.\.ver, d'. sos'
corielalior dert!.r d\! W3kh
Iiadafrmd seolenles can ri*
coDsideobly in m4,nntrde iather is

a nonr4io 'lehy 
shift bdRPn dlen

comlEsion sllndad Ii]. rhe
encoder tiles tlE imaee into
blocks of n x n (n beinBaCodc
dirhion nultiple ames (CDMA)
hay be consider€d .r a
genedlized ne$od fo! acc6s dd
switching in comlunimtion
fttRorlis, Code divhion is
apDlied lor both linl acc.$ and
node @utins Gwitching) ol t1'e

user data. Thus. a svitclEd
CDMA networt day he fomed
for lhe inrercomeclion of end
usen.Onc ol the bsic corcepa in
communication chunel is rhe
i{i.! ol ollovins setol
hnsminer b send ihiirrmati.n

omnuicarion cheel. Thee
e several tcchniques for
ptuviding nuliple access \lrich
are Tihe Diision Mutiplc
Acce$ (TDMA), Frequency

(!'DMA) d Code Division
Mtrlliph Acces (CDMA).

ln general, nmdulating r dda sig,al
onto a wide-band cari* 8.ns!tes 0

spread specirum si$al One of rhe
nost widely uEd lecnniqtre ro
sp.e& sp.ctum is dneclsequcrcc
spiead spetum. in wlrich iherc is 3
cc ain code usd to spreadn'3
pupos., .hn sequence cdde
gcnerared has rro nain lypes bin,ry
ard non-binrry sequenes. ln our
paper rc used tsrker, willord d



DE 10 rheir v.ry resular $n,ciue.
Wahh Hadanrad !{uen..s r.
chrmcknzed srrh \e^ mir i,+o.
coftlanod p,opro ttl
Ihs Walsh ltldamard s.quencd dl
rhe,enefi t,ri N-?, , nil.:. are.,n.i
dellned usin Hrdansd ,iahiGr

raril\ n fier*nre livcn the
erheseqlcnce 1r,1.-r.r,l,l, l,,r l.llr rhc sei.s exp sion of rhe
fuNiiotr I(l r wallh series catr te

Flr)-arv^L(0.0 t t,,tu.r, i,

Barkrr codes e drn uiiqrc oodes
rlft exhibit very good .oreldion
pl\lpcnies.-ahes !r,.n odes lirh N
bits, wi$ N-l to .1, are rery wcll
sunen ror Ds iprend speclrum [2], A
lin oa B. r.i c.des is hbut.r.d itr

Willed coJ.s utuler connin
oonditi. s olier befid perfomance
ihd Brrker codes I2j. . A lis! of
wiliard .od6 is rabnlded in bbLe
(ll
flic inv.ned orbit rcve^cd veBlons
ofthccod* lisied on lable (l) can be
used sincc drc) (ill inainrain ihc
desired anr..ore iriion prop.n ies:

POLYPIIASE SI'QI,'XNCES
Scveral fa'niLies ol cohplei

spreadine s.qucN.s ),are b€en
ptupo*d *irh somc ol rhc'n
.llorviig fo. . gsd coorpromise
lr.1weetr arocofth n lAc) and
!tu$c.fteldlon (cc) piop.riies or
evs achnving orhogonati9 in rhe
case .l pxaeci sFdtro0iDrior Ii
this pap€r !e uscd nrd tpes oftlEse
polyph.s. seqrcnucs: Gene.ari4d
Chirp LrkE (GCL) sequ.ruc .nd
moduh {atile onhorona I seq uence.
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Evehed forff beclm.s l)l t,
colve6'or io dsimalrdrm Eiv.s us
thar wAL(6.r) is io rhr ri!n; uarhe
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Polyphac Sprad ings{q uc.c.
suehno propo$d r 3er or(N-1)

onho8oml *quenoes of period N
which can be Lsed lor
asy chronous spread specrrum
frultiplo a.oe$ (SSMA) iyslems.
Ilos.vor, lhcso scqua..s .re noi

We propose r xiof(N'l) readily
moduhtablc onhosonrl seqrLetrces ol
pedod Ni, qhele N is a prime
lumbcr. The .bsolule valu. of th.
crcs-conela on fumion letween
ary two of thsse N-1 scquenccs is
lN for *ery noDzern iag ThD
rcdn.s fie marh€matiel lower
bomd for ihe ahsolule vllue neak i',
lhc cros.corelation fl.diotr
b€s,eetr t*o onhoeoral se,tueiccs.
Each of N.1 onhosoMl sequemE
can bo modul.ed by N comDlex
numbcu ofabsoluie vrlde lsrh Ihar
each ol thc modtrlared seqrcnces
remains ortlFgo.al 1he css-
correlation poponios alE.dy
medrioned also m innerled \ tic

The rsulrins N"l clases ol
modula(ed dnhogonal s.quencss
Mv. P iollowiiA prcpenies:

1) Eactr .1,s imluddr !i i'fiiir.
nuDruei of fiorlulaGd onhoeotrrl

2) The absolub lahE .lhe .r.r+
corelation funcri.. beNe{ lDy iwo
sequ.nces in ditferenr clases n
consbnl aid.quok Iho lowe. bomd
ol the absolute vllue pe* oa t1rc

l) The cros-ooftlalion functio.
h.wecn iny eo sequenccs in rhe
sim. class is 0 60r *cry llg lira! is

LetN h i ndturalnurber An \,
dimensional ndnndlizod disddc

PoLyrLEe tuEi ,g s(ercs tur Ds

Fouricr rdnsfouaio, (DFr) matix

qhere 0<t <x l,
0 < iL < ,{ L Thcn manix lj ,, is

FI.'=tir r (i!_Dl

rhde, i!aiaruelnumber

An N-dimdJonal diagonal

B = I b(i!.ir)l

wnere the ab$hrte valDe b(io,ir) or
caNh diagonii .l.nrnt ofB is l, rnd

orher eledenls aE 0. The (i!,ir)

ar "(ir.i )b(ir.i,)-L(i!.iL)rrrN e

xp@trJl)Nmiii,) 16)

A sequenc. of lerylh N' is derived
fi.m rho NxN m.ri\ f ,, B Ler Ibe:

Tne id elmenl ol o *querce or
lengih N:@nposed 6y linking N



G=k(i))

6(D - Jx
qD-h(i!.i,).x (2'i'J".1 ) )mi

C k nFdulatcd b] (ir, i ),lYr,ich aE

A periodic seqBence ol pe.iod

Nr obtainsd by rcpdtios G h
modulsled by rhe diosonil eleiEnls

F.L = 1,/.6 t'.-l
whef , wx = expGrJ-l ). ti:

,l

lhe obiained r.riodsequsn* is

l6r.b I,b..bo,b,wr.br w j,b!,bl

vj.

If B is a unn matnx, the obtaiied
sequeNe coresponds to rh.
scquence wirhour nodul ion.

s fl)a r/N)exd{(2i i- r )/Nr )(c(L)

s(i)q((?n J:l )N: X.(r)+\m!,
t,

c{1, F{(d-i), /h){l/mxnodNxr

D,)l

r=j"i=rrN+lr (r0)

A ma.ix ,, is a crolic ftdtir sinco
,(ij) depe.ds on only (i-
i)(nEduloN:)&aniMitr])

A cyclio notrix a @ple*.ts i
pd\plia* pciiodic squ.re !i're
Lhc ibsoluio valucs ola!l its elenrit
!(ij) m! equrl The pcriodic
*qrcnce rcpre*trtcd by A is .lso s
odFgloDal seqlence becatr* A is a

for ex.nDl.. $hcn N=i, n=1.

b(2,2)=Wl, O1(i)) defined in

c = (s(i))

=(1,wl,w;,r.vr'1,1,1,w;,wl)

M.ri\   n .ilculai.d s Idllo*s :



$;
In rhe abovc defililion, Wtr is the

comPler numbo! oluiit magnnudq

w,,=xp(-irir,'Nr,l=J I (1,

\vlEE r n my i'tr.ger relatirely
prim. roN r nrcb velyDrim bN
il the gEatcr common divisor lo! r

&Nnl.ie.(r,N)=l w\
rcpresc , pridnive Ni'roor of
uniq, hecaNe (. wr)i = 1

I-et {ar }, tso,1.....N-l bc a zadoff'

chu seque.ce ol lenelh N=sn ) 
,

\ er.m&sare atry poslrire i .et6
r-er {b,).I=0,1, ,m-l be oD}

s.quenoe ol com pl.r tr umb€ 6 havinS
the absolurc lalues equrl I . The

CcLsequence {srl is deffned as l

sl = ar h(k)nmd m, k= 0.1,..N-l
(r,

where, (k)hod m meam rhat i dex

f_or examp., \her \-B m sr have
th.l s=2&d=2.$lrom
oqs.(ll)&(lll c 6CL sequcnca

{sr }={bo,b, wos,biw:,b wrr,b

".b, 
w " ,.b, w' .b, w o' 

)

)l

\!i

Accordingtorhe prerlous cquanons I

c(0) = 0 (dodq),c(l) = l(nodr),c(1)

c10)= 0,c (r )= 0, c'(2)- 3

c]|r11/r)cxp(2, JJ reXc0l)

G =(s'(l))
- {r,1,wi,r,wi,w;,r,wi.vi)

h is shou that (1/3)C' equ,ls the
lis! row ii tlE ob6ined .yclic mtix

The auto-corcloiio! for th.
tuodulatable orlhqdnal sequcme
with ihe lcnArh N-9 k slDwn in
fis.(l ).

The 6CL sequen@! de dorir.d
fid'n the Zadof-Chu Dolyphase

k=0.1,2,...,N-l

whcre, w=.xp(r2n/s), j-JJ, r
i! any i E3$ElaiivelY Prlm. ror- =

Ol) 3 , q=0. qhile bo&b, arc erbnlar)

complcx .mbes rirh magnitu,les

As shoM li the figures , dre ruo
cotulaion for rhe aollo*ing CCL



| 4a!9 6/8.12n19 4n/9 A

ll 71116 11/16 15d16 { -
17a],6 t:n/16 int\6 \ 9n/t6

I I aal25 t4ntl5 13n125 ?Atu S

-6nt75 "3n 125 14a125 8^n5 a

-22tr)25 14n115 -2at)5 30nt15 ,
1oa]25 -12d25 l4ntZ5 -12n125
1On125 -2ALD,5 -2i125 l4il25

rhe fuuf ( 2 ) is rhe auto-
corelation lor thc GCL sequence
whm N = 9. tl,. fig (l )torN=

Chirp si8ilh are widely useJ ii
Edar applicrrions lq pulse
conpre$ion and wde also proposcd
lor us. indieilsl conmuiiuarions by
several rutho6. TbeJ, ftfer 10

crcition of srch r \sv.forn whcrc
in i'ElaianeoN frsluenry of rhe
sign.l .hanges lirarly be6veen the
loNer xnd uppn fiequcncy lin s.
Thjs js Erdphisll] illu$aicd in
fu.(d), lhrch presenr rhe No hsic
IrPd of chie puhcs ,nd the;
inn.iheous freq@n.y poriles [3]:
We can s.ite a fdtutrl! defiiing .
.omplex p.rr-phasc .hirp sequ.nce
for lhe ibove single chtp pulsc:

Bn^(h)=xp1j2,bn), n = i,:. ..N
(r4)

bn=(nr DN,?N, 0,
lnd h cm hke my lrbilEry non?r6
.edl vrlue. fi!(5 3) is rhe sulo

corclotion for t[. sinBle chiQ
*quence lor N=ll,l6.i2&25

nre maiR 3drodage ol chnp
sequoncss co paEd ro orher knoivn
se6 of sequences, li.s i. 0rar we !!0
Bsi! geneBrs the sEt lor ,) sivon
lmBh N. on the other hand, Dron ol
rho kio*n sst of seqncnc.s ..n he
genented onl! ror tr cerair ra u.s oa
N . The valD6 dl pritoetr h for the
s.'tue!.es can b€ oprirnized 10

L Minlmum muhi.a.ccs
inteftence (MAI) by
ni,rimiziig rhs hean squar.
apcriodic cros-coirelarioD
(RCC).

2. Thc bes sr*m
sFchrcniabiliy by tinimizin3
the 6em squiE apdodh .ulo-

3, Minimun peak inrellcrcmo 6y
mini'nizirg the 

'naxinur 
wlue

ior ihe apc odic CCFS,
ACCFIET, ove! rhe *h.le ser.l

A puls h refer.d lo as a ohnp puhe
of th. oder s, ilud otrly ifthe fiEt
lnn. deriva{ive of ir inshncneotrs
li.quemy ha *.p lun4ion snhnr
.umber oltime inieaals is equa 1o

I f(t)dr =o
1heD, sucl a pult h called a
baseh,nd chirp pule ofrheoders.
As an example. a ba*band chlrp
pul*dodss 2&4 are shoFn in fig
(9)&lig.( I 0), the pE* nEd pu lses are

The lomulaolrhe elemdh(d,) &
(q") for cohplex dotrbLe &quadrdple

cr'nD sequenes rcsDe.rircly are :



T(2, ry-(DN) o i l

I r 2n nrr(rn4vl, ir 2<n 
I

L0 o'h*wFq
(rn

Thc amplex double chi'! s{uence
.lemen$ d11atu rh(clorc Bivsn by:

D^tr=xp(?,hd,, )in= ,2,,N (13)

And co'respoding io ihe d,irp
pulse ollho ode, 4, rhe elemetrh q,

(an nI-(nN) ,

cann)+(hNll ,
(4n ,,1!)- {5tr4.,r)3/2 .

(anAl17d4.l)3 .

0,

leqtren.{ (Br,lrn&Qn) have soor
coftla.ion prop.nies, bur ifle usc i
superposition to obrain andrh.r iso
scb old,irp s.qciccs which'rc

cr)
Q'n=.xp(2nic,bn:cr dn+.rqn)

(22)

^ "" I
I
Lu." 

I

(re)

(2h^,J-( N) .

C2n nY+(3n-N)].

I
(an AD-{nN)
( 4n a$+(l'rNll
(4n Al'(5rN) l/2
(an ,N - on-N)i

atrd the ele.,enis ol ihe co'nplex
qurdruple chnp sco!cnces iic glvsn

Q^n=exp(j2rhq n):n- I ,2. ..N (:0)

The auto-cotr.loiioD l'r the double
.nJ qtrddtuple chi+ sequences de
showo io lie( lr - la ) lor

Aiorhf clrs ol hiEher order chiry
sequen@s, oai b€ ol]laiiEl if !
siper?dsniotr ol chiry s.quen es oi
difthrc .rdd s is u{d to . ne

The ne* sds ofpol$hass s.qucn.e!
obrained hr i liiphi,g drese ohii!
*quefces br oder sequei.eJ, uhicli
halc good ap.rnrdr correlarioi

POL\?iL{SE SEQUENCDS
As shoun ii section(3), tlro sinAle.
doubl. 3id quadruple chirp

a)Chirp - S.qa.nce Murirlcd by

li d,n pipci Br(er ard lvilard
sequcnc. codes are used As a 

'esuhol tc hllriplicltion prcces, orhsr
polrThas xque.ces .bhin.d wlln
diflerenl pha$i Mulliplli',8 thc
r lnEle ch, rp po llphase sequcnc. (Bn)
hy Barkei code, the coftlation
ptupcn,es ec &ner dm mrhiplynrg
(!n) by ihe willard .ode. bur thr
double chnp (Di) Nd 1Nn) by
Willad has bdG' sirelation
plopenies rha lhar oI(wL) & (Dn)



by Bar(cr code, rs shoM i', the tig (
I5-13).

b)Cldrp S€qnenc. Multiliyine by
Othe. Pdlyphlre Slquenc6
In rhir papd modularable orthogonat
*qu.nce whh dE sequcn.e Lengilr)r
(N r) a.d Ceneiilized chil?.itko
(CcL) seqm..e \rnh d!tr*enl
sequen.elcrgrhr(N-9, 16 & 25)

On= BnlModuhbbl. lorN =9
On= wnlNlodulaiable tu.N =s
Oi ._Bn*wn fo.N = ll&16
On= BriOCLforN - 9,16&25
On= Vn'GCL for N = 9,15&25

Seb ol poilpbd* seqrcnces *hL.h
have good aFrildic con.larion
pmDenies iauto ad nos
coftl&io.l ouained .s shown io
fis(le-rg). the vahEs of
h.cr,cr&cr orc obralDen by

I Tens ol prcp.sed sets wilh
rho auro & cro$ con€larion

I. order to @mparc difaere.r seb
of speadln8 s.quences, a skMard or
quanthaiive ms$re needed lor 1lr
judBmcnr Thet ore bas.d on ilE
corelarion fnocrion! of rh. rd of
*quclces. sin.e borh the lerel ol
Bulii-accss inredemc. aid
synchroniali.n amiabiliq depeDd oD
the cros-.omlition brti.cn 6e
scquendes xnd the dDto.co elatioi
lunctidft ol rhe seqki.es,

AUTO"CONiEI,ATION AND
CROSS.CORRTLATION
FUNCTIONS AND TIlEln

f.t trs consider rwo bmpt.x
seq.en..s la, ], and ib4). b.dj

having ! pfiod N. Thcr di:.rere
ctu$.uoftlalion rtrndior R"r (.) is

R,, (t)= ra,D;,. (:i)

$here b; de'otes nt. com0ler

T[s disuete ruto-co' 
' 
elarioD

rundio! R.(.) or rhe $qrci.e{t

R,(rl= )a,,..

(:-l

2.The poak aorHorelatioi occu6 ai
t@dclay: Ri(0)>R,(,1. . +0

(13)
3 T1t! ctu${onelatioi functions
h:ve rhe 6llo*i',9 syrn.ty

Very olie., iislqd ol rhe ahole
unnrmitized .ore1a oD tuncrions,
th.ir iomaljued equivslenrs a.c used

R,,{r)=1r^)Id,r",, 12'

R,{, )lL/N) Ia,,',-. 126)

Thc ,leined aboye disfiete periodi.
corE hiio tr iiciions h ave Co*evoa r

useirl propenles, below k rlE slrcn
s'mniry of sne olrhe nGi usn'l

I nre auro-corclatioi is an even



\lod lauble Double .l,irp sequerce

Ior rhe propo{d ner sets.ICCL
Chi.p rid rhe Modulrdble Chirp -
polyphar s.quen.cs- lheE is no
limi(arion inseqtretrre lensrh, bul for
the Blrk.rahry a n wilhrd.crnD.
the lengrh ir li'nired a.odrdl's ro rh.
limnrrioi ol rlrc tsxrke' rlld uilla.d

ln rhG l)lps, *a olonho8onll
pllyphaee $queices arc pEpo$d
'l hc proposed *ts bavd on uti izins
a polyphas chnp rqus co -Ihe

complox coetncicrts are oboined
fiom rhe superposition ol bae brnLl
dri.p seqn nccs ed oli.r sequences
like Brrkcr, Wiu.rd, nodul.loblc
.{hoSodal polrphase s.qu.ncc ard
ei'sallzed chirp like (CCL)

4.Cro$-oo elarn i fu.crions e
not, $ geserelj evetr lur.tiotr.

d dEir ptal raluos c& b. at
diflcrcnr dela)s for differcii

RESITLTS DISCUSSX)N
C.ncrtlizrd Chi+-LiLc (CCl,)-Chnp
polyphrse scq@ue show ilt han
perlormlnce a a b.r:or corelation
propenki for rlE lengib N=9, I 6 &
l5 ,vhicb m uider 1ee. th3 pcok
slde"lobe bvek ol rhe nom{lized
luta-coftlariotr lDction ae
0 r5.0.13 &0.15 lor GcL-singte
chiQ. dd 0.11,0.29&0.21 tbr CCL-
DonhJe chnp Esp€dikly. Otr the
oth.r hmd, the ped cro$-coftlgtion
oragnindes are 0.49,012&05s lor

l,{
05.0.33&0.45 tbr ccLDouble

For {he Bqrker,Chim poltph.sc
sequence, rhe BIker-sin8le chiP
hds rhe lrnq corelatioi ptup€ries
ihar thc Barl@ Donble ohnp
.eolninP r'o rhc gdreor.Lation lor
which ir k 04 lor RlrkeFsi'rBle
.hirp lnd o.il lor Beke.Double
chil? seqtrence. On rrE odrs hand,
Wilhd-Dorbl. shiip h.r heter adto
and crd$-coucleron pop.nios Lhd
rhe wi llard -snrgle chnp, foi whicl i1

is 033 pork rideJobe rnto-
coa.laiioi Bagnirude and 04 peak
..o$-corelarloi da8nirude aid tir
rhe $iLhrd-Dotrble chirp $quence,
the peak side-lob. anro..orftlariln
magrnkle h 0.22 dd pe.k ctus
co@lalion hagnirude is 0.32.
Fiially, for lhe Moddarible Chiry
sequeice, tu ModulaGhlc'Singlc
chiD polyphne seqtrence hls h.ttcr
c@${orelitiod p.opdi.s which is
.qual ro 0.19. bur for rhe

seqneNas c,n be opri'niar ro
.chlcledosiftdcorcla!,ou propenies
oi the sei. I cm t€ considered that I
siigle chilp Barker polrphEe
s.querc. has bcr* cofthiion
ptup€nie $m a nouble chnp-Bark.r
polyphas. seq!or... otr lhe otlEr
brnd. rhe douhle cbirp-Willard
pollphs. xque.c. hrs bdrcl
coflelarion prcpenies rhe a sinsle
chiD-Willard polrphtue soquonce.

ModulalablcJouble cl,irp
pollphde sequerce $'rclarioi
propdies ,re bcrs Ih.i !h.
nodulatabie.irBLe .hn, polyphase
ssque'ce. Gcl-doublc chnp
.otrelailon prepenles aor tne Gqrh
N=25 is bener $.i lhe Gcl.singie
.hir, but tir lhe squence length
\:9, GCL sirgle chiq, polrpha*
ssqu.icc has benor conelarion
propetues thai OCL dooble chi.p
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Iiigu.e (l) :Auto-coiielatioD

nroC ulakble seqlence,N=g

Figue (3) : Aulo-coftelaion
for CCL,N=]6

Figure (4)rcii@lulses ed their
nsranlmouficquelcy profi les
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FisuE (5) i Auto<onelalion for
single-chiry*quene.N=13

Figue (6) : Auro-coftelation lor
sing lc-chiD seqGnc., N=i6

Figue (71 : Auio conelaiion f.r
single chnp sequcn.c, N*:l?

lisure (8) : Auro-lorelation
1br snlgb chir! seqrcnce.
N=2I

Iig.( 9 ) Exanrple baseband clnp
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Eq & lich'dqr. !d ,r \q6 ,oo5

t,o

!_iB.(i2), Aulo coreh n b.
double chim seqNnc.,N=25
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rig{lr) Allo con.La!o.
lbr si.qle-chirp sequcn.c.
N=32

Fis (l r) | Auro{oftelarion tor
double.him sequence,N=16

Fig.(14) : Auro-cor.lation fo,
dorbl.-clirp sequen.e,N=9
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Fig.(15) i Anto-.onelation .l
Bn*Beker seclence.N=ll
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lig,o6) : Auto{oft iatio,
of WnxBrko sequence,

Fig.( I 9) : Aulo-corel.liotr of
Bn,Modulatable orthoeonal

t

ris.(17) : Auro,cotreladon ot
W..willard sequence. N=t3

Fis.(20): Auto,corelation of
Wtr*Modulakble onhogonal

[iC.(l 8) : Auto-cotretadon of
Wn{Bdter sequence, N*11

corckiior lor wnl\rrahh

i.
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Fig.(2tl : Au.o corelaiion
for Bn'GCL secucnc.. N=16

Fig.(261 : Aulo-corclali.n
fo! \,r'n"Ccl- sequcncc, N=16

Fig.(27) | Auto.ooft lalon loi
Bn*OCL sequence. N=25
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rig.(22) | Anro conelarion ro,
N.rvahh se$ence, 

^-=l 
l

Fie (23) : Auto-cotrclalion
for BntCCL sequence, N-9

Fis.(24) i Aulo-coft lalion
lor \vnIGCL scquenee. N=9
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[ig.(28) : Auro-cor€lation
wr*GCL sequence, N=2s

Iie.(29): Auro&.ross.6delaiion

Fig (il) : Ctuss cotrebrnlD berrvcc.
rwo Dn+CCL sequenccs- N:16
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Irig.(32) : cros codelarion betwee.
trvo Bn'GCL s€qu..ces. N=25

Fig.(30) : Aulo- coftelaLion for
Fig.(31): cros cor.elltion bdwen
Lso w.'Barker sequcnces, N-ll



lie (34): Cro$-cotrelidon belseen
tu! Wniwillddsequences, N=13

""t

r!8.(3?) : co$-corekrion
beL$rcn so wnrGCL

Table (1) Bark$ and Willard

Fis (35) , Cmss'corelation !et**n

lig.(16) : Gosecorelalion betweer
xlo W n*GCL sequences. N=l6

two WnTCCL sequences, N=9

ii

3 I10 ll0
I

I101
1 t00

l] t0l n0t0

I 11100010010

tl i]l]t00110101 1] l ll00t0l1l0!




