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ABSTRIST

The verlous coquipltion cchenmco hcsve been gtudied,
vPie combination of poquonses ia ono 0£ the methods for
feotor coguisitions f%he corrclasion propertios of various
conbinotion scquoncon hove been compuiod for wso in ronglng
end oultiplo-accops comaunicaiion coplicationg. 'mo logical
netioas thot hove boen uped in forming theono combinntlon
coquencos ave Migjoriiy~logict, *AD' and *liod=2! for |
2-componeis equeatos and Minjority-lozic! s 1OR! ‘mnd ' AL+A2. A3
207 F=coayonent CoqUENces. - | '
urthery the gequisition tinc performmmec in o
ouliviplo=cecoos commileation caviroanond iias been digeuvopod,
I% hao boon chowvm that as tho nuwabor of upero incrcosen, the
probobility of geauisition ooz incrocses corvespondingly
for o fized intocretion timos A fow excuples ore dono to
oubsteatioto thio £oode |
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Chaptor-I

TRODUCTION

One of the basic problems accociated vith any
- conmunication systom [2] is 'How $o0 locate and connect
to tie target!. The problem of locabing and cohnecting
up with the 'pi‘oger comunication target is called the
fAcquisition Problenm!’,
' In this chapter, v divsauss the acquisgition
problei thaot comes into picture in ranging ond midtiplo-
aecess commmicntion pystomo.

In section 1.1, we discusc the ncquisition problem
in ronging aplicotions and in scetion 1.2 the sane

acquigition problem in o multiple-asccesn commmnication
gy ston.

1.1 The Ranging Problea [11,[2]

The problem of moasuring tho ronge of a digtant
cooperpbive vohicle ariseo in o varlety of problems, e. Gos
trooking o deop gpace vehiclo, miseile tracking, trajectory
determinntion af‘ aptificlol satellites, navigation, survei-
llance ayotens ctec. For these applications the problem of
dotoridning range is cquivelent to that of neasuring the



diotonoc betwoen tw pointoy hovover , it should be notod
thav the woy 4n viiich rango doto Lo obtained differs from
goplicasion to applicotion.

the ¢lapeical radar tochnique for renging io to
trousmit o puloo and nepoure tho tine until the x*otum of
tho reflocted pulsc. The clopoed time multiplicd by the
propagation ¥elocity in the medium is tvice the range. 48
e aottemts to meaoure larger aud larger raoges, as in deop
opree moplications, it becomes incrcasingly difficult to
dd"aeet the rofloctod puloe, oven if o trausponder io used
to cuhonce the echo. One mgy regort to tronomitting mony
puloos or oven ponding o oquare wave or sine wave and opply
corrclotion methods %o deteet the roturned sigmgl. Howover,
thio loods $o on anbigaity In thoe romge meaourcment 1f tho
- repotition poriod of the pwlacs o:::'. poriod of tho cquove
wove or plac wave is lose thon the timo roquired for {the
cipncl 0 trevel 15 the target nnd back. In oltuation ouch
a.d theoe, oac ofton turno to the tronpmicolon of o bingyy
sequémc of digits (eclled renging code) ao o pigadl vhose
poriod for corteln clossce of codes can be desi¢ned to bo -
arbltrarily longy honce, renge anbiguity prosents no problem.
On the otherhond, the uge of o digltal ranging sicna brings
Vatll 4% theo problom of range rosgolution, in thgé tho range

moagurcilols on tho returncd cicnal uging corrclation tochni-



~gues ¢en be resolved only to within one code-dlglt time intor-

val.Clearly a trodo oif existe here, since tho finer the

renge resolution (that io, the ahartaﬁ the duration of a

code digit) the lenger tho code sequonce must be to ovoid

renge ambisuity. If the range measuroment is performed by
aliding (in one code digit increments) a replica of the
tranamiﬁéed code sequence past tho received signol and

- gearching for the maximum correlation, thon, long code seg

uences necessarily imply large acquisition times, In fact,

pince one usually has no ‘g priori' information sbout the

‘range to be determined, crossecorrclating the recoived sipnal

wiitn tie tranomitted signsal repliaa.ahiited one digit ot a
time would, in cases of distant renge, lead to unacceptable
acquisition time porformence. From this discusoion, onc con
gucnarize that a ranging code should have the following four
charaoteriatices[1]

1) Yo gvoid zmbiguiisy in ronge measurenent, the length
of ona complete code cycle {code digits per perilod
tines the durption of one code gymbol) should bo
Gregter Suen the maximum aenticipated round-trip
tronsit time.

- 2) Tho code symbol repetition rate must be sufficlenmtyy

high %o meet the desired resolution or accuracy of the

rangoe méa&urament.

3) Yho auto-corrclation function of the code should be



of the tvo level typos the sequonce should have a
nodmun correlation when ocompared end corrclated
yith itscl? and uniform depgree of mismatch viaen
compared vAth Lto k-dipglt shifte (k; any mumber).

4o To improve efficiency in tropsmiccion, it ie depirable
to provide a balanced nese of power in the cerrier
pidebands by requiring the ranging code to have
nearly the game number of gnos and goros vithin ono
complete poriod of ths sogquence,

Ronging codes possepsing the sbove desirable
properbics are commonly foxrmed fxom @ class of binary
scquencos knovm as pseudo~noise (PH) aeqﬁemem The vord
wpooudo! is nsed to donote the recemblance betwoen the anto-
corrclation function of thooe soquonceg aud that of band
Lint%ed vindte rendom tioise vith uwniform speotrsl density over
o vide ronge of fmquemms.’

1.2 Hultiple-Accoso Communieation [3],[4],{53,[6],[11]

The uge of redio communications has grown enor-
mougly in the pact few deccaden to provide a broad range of
gervicos requirod by modern civilization. One consoquence
of this growth is that poxrtions of the radio speolrum arve very
crovdoed tdth usors, ond yet there ig n reguirement to moct
lopitingie necds of sgtill nore usersn, Thip pregents nore



problema in déveloping procodures for charing, allocobing
and aoesioning the apéctmm 00 as to oabiofy the noced %o
accommodato ovon more une of ppectrum. |
| One posgibility of alleviating some of the demando

for eped'bmm is, of course, to move to evex' higher fmq;zemies
vhereo there is less; or no, current nsnge. ilowever, the woo
of thooe bBighor frequencios maoy not pormit the kind of syotenm
perfornance requirod,; or cquipment ond techniques for
opergiing ot higher frequoncios may not cxiet or are too
cootly for the sorvico roquired. @hm:a; other solutlonn tmot
be found.

The principdl ono.omployed today is that of reducing
the bendwidth used to provide o seorvice, aithe:;: a3 o reoult
of m@mved tochudqueos for reoducing necoosary bandvidth or
a forced reduction of asshpsned bomdvAdib by admindotrative
ﬁebiaien. But i*oduaing the poglgned bondvldidh dloo has
obvious Linitations, for the bondvAdth nosigned connot
continé&ly be reduced vithout degrading gygton performomnce
qimlity or rogulring more coptly equipmeﬁﬁ. 80 in rcoont
years, there has been lnereaped interost m g claos of nulti-

ple -oceopp teohniques kmoun ap Codo-Divipion muliiplc-Accens
(Cnia).  ‘tho CHIA Sochnigues ave $uose multiplo-aecoss
methods in vhich the miltiple-cecess Copcbility is duo
painarily %o coding ond in viich - unlike treditional time
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prinavily do colding ond in videh - wnlile treditional time
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ond frequency-division multiplo-~accens~ there ig :io reqnimf
ment for precice time or frequency coordination between the
tranomitbers in tho systeéng '

The moot common form of CIEIA is Spread Spectrum
sdultiple Accons (8SiA) vhere o certain sllocated fregquency
band is shared by a nunber of usors, eseh of vhom occuples
tho whole band (as apposed to frequency division multiplo
aeccens, FRIA, ﬂhere ecch user is restricted to oporgte vd.thin

pome fraction of ¢ho band) wkth s duty cycle of 100 per cent
(ao opposed %o time division nwitiplo-cccess, TINIA, vhere
each user hao ezcluslve use of the modiun for a certain
froction of time),

In BLiiA, mamy oystems vAll be opeorating in the same
- noipgabourhood end ecch user sdll be cosignod a distinet
saxind, encodin; scquence upaally a poeudonoise (PN} code.
Zceh aetive user then mpdulates his meosage onto his poeudonoige
(PN) carrier nand tronomdte 4t through the sotellite repester
éo the receiving tormindls. Dech roceiving station employs
a phaso cohercat correlator cspable of locking onto gy one
of tho tranoiited signdls vhile rejecting tho otherss Once

tizo receiver ig locked onto one of the PJ aarri'era, the message
can be rTecovered by a correlation detector.

In genercl, tho crosse-correlation functioa between

naxinal aéqucnaes ngy be velatively large. Shus diffcrcnt
oystoms operating in the oone neighbourhood con interfore
vith the succesoful attaimment and maintenmmce of proper



gynchrondcotion by hoving the receiver of ono communication
liniz lock onto the crops correlation peaks obtained by
corzeloting wth the encoding pequonco of o different
comunication link, Thus the successful use of sprend
gpoctrun communicobion g stenms in multiplexing aspplications
dependo upon the design of .he codes vhich haove good gato-
corrolatio. pioportics for coch individual user, vhlle at tho

pade tino the croos corrclgtion beotween the codes of any two

\i’i‘»emzrt: uoers ouct be uniformly lov.
Frou tho above dipcussion we ¢cn conclude that

tho geauioltion problem 4n gproad opeetrun ayotess iuvolves
the ﬁeai@ of a large mumbor of codes vhich have good ento-
corrclavlon propertios vhen correlagtod with itself, maile

at the soane timo the cross covrdlotion between the codes of
oy two diiferent userc must bo uniformly low., Goddi[l1] has

doscribod o mothod to generate a large famiiy of em.:bding
sequoncen, tiilch heve low crosg~correlation valuesn. Inateaﬂ
of hoving ca.,h communication link employ a different faximgl
sequoacec, WO oseisn t0 coch link g menber of thc oncoding
fanily.

1.3 Orgoalzotioa of $he thegds

e orgoalsation of the theolo lo ao followss
Ia Cagpler~II, wo have studied the varlous approaches
to the poquisition problem. Also, the use of combination



seguences ond their goplicaticas in scquisition probloenmo
have been diocuoped.

In Choptor-III, the propertics of the combination
pequelcen ﬁawe been diseuosod ot longth. And, computor
regults for partisl ond full correlations, of 2 and 3 componont
combination sequencos are tobulated ond are dram in figs.
Moo, the parviad. © ond full croso-correlation of combination
goquences vhich avo usoful in gtudying the sequisition time
perforagace, havo boon tabulatods In the sane chapter, tho
acquioliion time performauco in a multiplo accoss commnication
cavironuent oo boen andlysed. A few oxgmples are done in this
regord. |

In Choptor-IV the summory ond conclusions are drowm up,

In Appendix, the programoes used for obtaining the

cbove opid computbor rooulis are glvon.



Chopter-Ii

ACQUISITION SCHELIES

2.1 Introduction [8],[9]

A recurzing coumunicotion gyotoms problem involvos
tiuc dobormination, vith rclatively hich precision, of the
phose of a poriodic, nolse-corrupted signol. Perhopo the
20g% ©0...0nly proposed sifndlp for cuch purposes are pscudo=
rondon peg uences., Indecd, ouch sigadlo knovm to be optinunm,

ot lenct vhen the noise io vmﬁe ond Gauscien, in the sonoe
of mininiging the time nooded to find tho correct phaose with
o ppecificd x*eliab:lli‘ty, |

In particular, cupsope the recelved spignal 1o kmowm
to bo of ihe form y(t) = x(t-f &1) + n(t), vith x(t) o olgndl,
poriodic with poriod T, and n(t) edditive vhito Goucoion
noioc. 4he problem io to determine as relisbly ond rapidly
ao poscible the phase N of the roceived signdle

Wany present doy communication gystems utilizo
pooudo-noisc (PNN) opread-spectrum nmodulation for various
TCQOOND, aueh.aa ronging, interferenco protociion, powvier |
flux donolty roduction, low detecctabilily, or muliiple-cccess
copobility « ALl thooe pystens uust be oble to gynchronize

tiie received code vAtis the roceiver code by socarching over
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tho code phoso, and in gddition, gometimos over a frequency
uncertainty region., Thon once having ‘acquired! the code,
tho gystom muot treck the code vAth amnll error.

In the next section, weo dioccuso thé variousg

opproaches Yo the acquigition problem, These aro ¢

(1) Stepping Correlation mothod.
(11) Holmes end Chen mothod.
(1ii) RASE aysten .

(iv) RARASE sysben.

2.2 Different Approaches to Acquipition

(1) sStepping correlation method [8],[14]

A comuion roquiremcnt in the receivers of sproad
gpectrum gyotems is o oset thoe initiol stote ond molntain
the phage of a receiver - gonorated roplica of thoe tronemitted
2i signcl in g, nchroniam with the recelved Pil pignal, This
acquisitlon process ie noot ailmply done by stepping the phase

of the replica vhile croos-correloting the rgplica agoingt
the received PU pignal until the creopecorrclgtion output
ricod, de0sy if the tronmitted oequence io K’"Ef}l"’;z“"%}
viaore i Ao e gequence length , tho doplred information is
obtained by ascertaining viich of the cyclic permutations x
of x 1o beiny rocoivod, vhere xi = %?iﬂ’ §4 +0 “"?im} »



1L

thie oubseripts intcrpreted modulo~lls In tho absence of auy
equipnient conoilaints , the optimun proceduro for determining
i io well bnmovm., If the pdditive noiso is vhite ond Gouooion,
tie optinmum recelver would simultoncoudly form for cach value
or j (J=0,1,e...1) the corrclation 1= % §14j Tyo vhere
((if@‘l Yo AT
ip/n

L4

vAdth y(t) denoting the received pignel ond © the sequence
iaoriou. 4o soon ap o oultoble number ol termo y; ovre avoilable,
tho :}o io aeceptod as indicnating the phase of the received
poquenc g, where m:mj EIJ} = Ija‘ Typicolly, hovwever, I io
large and oquipment lipitabiono preclude the olmuliancoun
deternination oi all ¥ of the cormolations EI ;}j » Indoed,
oilten ouly one such corrclabion cgn be dotermined at o tino,
“hic nothod ig slow booouse it tores mo account of wat tho
phage oi the incoming Pul signal oppeorc to bo.

Lhe integia%ion v:isz:;e ovor vitich tho corrolaotion is
t0 bo perxformed to find out tho phase of tho scquonce, is
dcpondeat upon the probability of detecetion errove If we
vaat b0 koep the probabllity of error low, the integi'ation
tie would bo more,

Iu %hio mothod, tho gequicition time of a code isg
relativaly largo beeonse of two roasono
a) tie iategration time of the correlation chould Yo large

in order to lkoop tho probpbility of error low and
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b) the numbe® of corrclations that hao to be perfornmed
iu lorvie becouse tio phase of the incoming PUI algnal
ig uniknovi,.

In th0 pext acthod discussod, the integration
tine io done twvice in order to cotinatotho phose of the
iccomdn, socquonce, the resulit io a reduction in scquicition
ting,

(ii)  Holuoo ond Chen mothod [9]

tho next mpprooch wo discuss, vus given by Holneo
ot ol. Yac acquipition gyotem viich they studied ip called
o double dwell time gysten since, tvo integration times (or
dvecll time ""B) is utiliced in tho code scarch proceso. %he
firzot integrotion is done to search the code phoSeo quiclkiy
(v, ic sncll), and the oecond to provide o ‘botter' ootimate
ol wicticr the ‘in-gynch' code phaoe has becn fomnd. The
bagic idea 1o to gpportion como of the foloe alarm protoction
in %o first iotogration and place the romaining (wouclly

creater) protection in tho socond intesration.

icquisitlon model [9] s~ Conpider tho modol showm in Pig.l.

Tais nodel (ooouming no Dopplor) io follouns Lpoumc thot
wiere aroe greclls to bo scarched ( q noy bo ogual o the

lecajsvh ox tuc 24 code to0 bo pearched ox pome mliipleo of it).



Tor exemple, 1% the updato size is one-half ohip, g will
be tvice the code loagth to beo-secarched. %ypically, the
soavrci starte by advoneing the reforence ¢ode phose to the
oxtrenbty of tho code pearch ronge aubiguity region and
then o triol integration of 'rDL ceconds 1o mode on the
recoived oigndl plus noisc. If tho threchold ic not
cxceedo@, then the reference (gyobem) code is dolayed, for
czauple, by one~haolf chip ond cpoin the dwell integrotion time
is v "1 geconds. The proccss continues in this manuer until
a hit (threshold is cxcecded) occurg. Shen without changing
Tie Qsde phaoe tho intesration time io imremcd to tDasaconda.
2hig dvell provides both a ki hor probobility of dotection
and o lover probebility of felse alarnm. If tho second
thresiold ic excoeded, thea typleglly the codo loop is ceti-
vated oud a third inteyration oy the imput sipgnol plus noigoe
io porformed (in practicc it could be the sanc duration ao
T Dz}- + 1f tie threshold wore not oxcceded ot tuio point the
pcarca vould continuce Thio final integration period formo
thno basio of o lock detestor. Bricfly, tho idoa is to dotect
safy three consccutive times in waich the output docs notb

exceced tae threshold, \hen thic ovent occurs, the code loop

10 doclared to be out of iock ond the search Lo started overs

(Lii) 2488 systenm [13)

ine next pecquisition method, Aapid Acquigition by
Soquentiol Dotimation (RASE), wac ¢ivea by Vard [13]. It io
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ugeful for modorate imput signol~to-noloo ratio (SiR), o
common coundition of many high-quellty trocking oyotons.

for guilo dova to ~L0 to ~«1%5 4B, tho JASD gyotea cam give
Gianiﬁéan‘aly shorter ocquisition timco, than swopt aystomo |
ar orops coreclotion sbepping scquicition gystens.

in this gyotem, tho first n received bits arc
t0 ve loaded into the recelver sequence gonerator and 1ef'the
generator gtoart from that initial condition. It will then
conblnuc ©o praﬁuée o seguenco vhich ls gpprosimately in-
phooe with the incoming sequocnce. A trocking loop ézm
nointoin the phase from that time om, following eay varigtions
0y wdoppler Que to Horget dynomicé or other causes »

The ZASE gysten nohos s best ectinabte of the
firge n received bito, losds the receivor scequonce genorator
vivia thot oovimate, ond sterto oporatiod ol the sequence
generguor and the trachking cirecuits., IL tho correct estinato

io loaded, trocking vAll occur. 4% tho oome tine , o crosos-
correlavios ig performed botveen the imput sigacl ond the
sigacl from the locpl sequonce scncéa'i:ar. If the croco=
correclgbion indicagbes tho reoeiver to conbtoln the correct
‘soquenco ond tracking to. be ocenrring, no fur‘ciior petioa io
vaten » 1L the crogpge~corrclation indicatecoc that en incorroect

estimate vao made, o now estimate of the injut is medo,
loadod ond %racked. This procoss ip contimied until the

coxrecy egtimato 4s finally obtainede
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flexty on improvoed method of this gystem, glven
by [14] has been discusced « It is named ‘Repid Acquisition
by Reoumsion-Aided Sequential Estimstion *(RARASE).

-

(iv)  BARASE System {14]

A improved method of soquisition of pseudonoise
signals is diseribed by Werd end Yiu[14], Thic method ,
ngned Rgpld Acqulsition by Recursion-atded Sequentisl Estimation
{ RARASE) is an outgrowth of the RASE method.

Ibis method uses tho recursion molation of fhe PN
gignal foxr improving the initinl phase estimgbe. In this
method the Iimaminé; PH glenal is observed for a time much
longer than the minirmum needed $0 determine the phase in the
absonce of noloes The pdditional bits estimated are uped
to detormine vhether tho eotimabte sppears o be orror-frec
and thorefore worth attempting to tracks A high proporiion of
incorrect initial stote estinmates oan be discarded vith
relatively simple loglc, The estimates for whidh tracking
is atlemptoed have a high probability of being correct, It
provides a bettor performence than RASE, but does oo vith s

moderate increage in logic hardware.

Dggoription [14] :- The vecursion alded system is based
on the wse in the receolver PN genorator of idonticel feodbagk
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logic to that used in the trangmitter (the recursion logio)
end the use of a dovice which wo csll g gyno worthiness
indicator (SWL) to £ind reglons of the input dato streom
vhich are prodbably orror froev.
fhe simplest RARASE implementation is showm in

Pige2s There; a five-gtoge m-seguence gonergtor idontlogl

Yo that used in the trensmitter foels bavk tho outputs of
f1ip-flops 3 and 5 throush a mod-2 adder 4o the input to
produce the sequonce vhen tho lood/track logie has the switch
in tho upper popltion, The sane flip~flop outputo and tho
propont received bit are compared in the SWI; in this tasc

o clngle J~input mod=2 adder; in order 4o deotormine vhen the
load /irook swilich ghowld be ralsed.
The sequonce of operations controlled by the load/

track logic Lo as followss Flve incoming ostimated bite

arc gllowed to £i11 the shift rogisters Then as more bito
flov through the regloter tho output of the SUL ls permitted
t0 raleo the ewitoh as soon as mod-2 pgreement cmong the throo
SVL inputo ig éb-aarvem A trigl treck ond inelock corralation
Lla thon porformod vhile the gvitoh io maintained in the upper
position mnd vhile tho shift regiotor continues to produce
a replica of tho incombug sequence with initinl phese corros-
ponding to the contonts of the shift veglster vhen the switeh

von reiseds If o not-inelock decision is made ot the end of

the trigl period, the oviteh is lowered end the procesn is
repeatods. This continues until the contents of the ghift
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- regioter when the switch io Telsed ore error-froe, Then the
phase of the cignal produced by the shift reglster matches
that being roceived and the in-lock detector preveuts the
lopd/track logic from Lloading another estimatos |

2.3  Use of Combination Soquences [2]:[7].{20],[261,

As has dlresdy beon dlgoussed to achiceve fine

zange rogolutiony ono deasired o high pulse vepetition rate.
For long ranges this implios o long sequence, Long renges
also imply & }.éw roturned signol level, and therefore & long
Antogration time to detoct the glgndl, One ¢an use corro-
lation to detormine the phasc of o PR soquence,by succensive
tribl end mom that isy; onc choooos g phase and trles a
correlation . If tho phnse chogsen ia not correct, ons hao
no hatter cnaieé than to ‘bry' the next one « If the sequance

vere a mblilon diglte long, one mz.&ht'ha‘ve to txy &l of the
million possible phages to find the right ono. Howevor, from
an information theery steondphint one should have to ask for
only 1.0@2106 yes « ox « no quegtione instoad of 106 quentions.
Sequenccs have been found which heve the property that the
phaoe can bo determined by corrvdlation using far fower then &
tho full numbor of tri ai.s. These sequences; callod combingtlion
goguences or compopsite soquences are formod by combining
povaral short PN pequences dlglit by digit[@], I£ tho poriods
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of the seversl sequences have no tommon divissrs, the period
of combination sequence ie the product of the periods of
severgl sequences, It ig possoible to determine the phase
of the combingtion gequence by determining separately the
phoses of the component sequences. This requiros at most

Fl + P’g Ftoon ¥ Py

triel correlotions Yo determine the phase of o svquence
wiose length ip Py Pp s»+Py vhen the p; are the lengths of
the component sequencos, |
Easterling [16] has deseribed one intervesting
means for combining an aéa mabexr of ‘bmemy sequencesy the
soquences are simply combined in a zﬁajox‘my logic, Tor example,
the compostite code ¢(i) cen be the majority yote combination
of a mumber of shorter soguences (i) of period j

i) = s [2 a.(1) ]
o) = o a0

fox N odd, where p (i) = %1,

The model used by IMleteln | 7] has been 'sai.en f£rom
Zitsworth. Glven m sequences of lengtho By &= 1p2yeseyly
vhere the B, are palrwige relatively prime, o composite
sequence is formed of length § = X ny« Eoch chlp of the
composite sequence is o loglcal %amhmation of one chip from
sach of the component sequences. Yor exomple, suppose the
componeny peqrences were given by 110 and 00101 and that the
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lopleal function wes 'unfont. The compogito socguence vould

then be as followss

A = Wrst componont 110120110331 0210
B Second component 001010010100101

C = AUB = Composite 1111101101101 112

Thot moangy by storting with sequences of lengthe 3 and 35,
o cequonco of longth 3 x 5 = 15 wps gonerated.
0 soguire such o soguence, it is necessaxy to
croos corralate the composito sequence with cech of i¥s
componsnts to doternine at vhat relotive shifty, tho corrolation
peaks up!s In partiouwlar, the 1% component reguires up to
‘“i such tzarml ations and therofors gtmoad % :zi eorrelations
are rooulred to sequire o secguence of :‘aenﬁth s: ny .
Thip is in contrast to & PN sequence whers fox & aeqczanee
of length ny onc requires up to n correlations to atquire
the codes |
The cholce of vhat Boolean funotlon t0 use oan be
made by congldering the mtowcorrelation properties. |
Pittoworth proved thet to maximize the difference between the
in-phase correlation velue of & composite sequence vith onme
of ite component peguences and any out~ of ~phaso correlation
vcluo, the Boolean funotion to wse is that of majority logles
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lopgdcal function was 'union!, The composito scquense wvould
then be as followm '

A = Diret componont 1101120110331 0311310
B = Second ¢omponont 0010100101001 01

C = AUB = Composite 111110131031 012112

That meangy by sharting with sequences of lepgihs 3 and 5,

o pequonce of length 3 x 5 = 15 was generated.

To acquive guch o goguence, it is necessary to

croos correlote the composito seguence with esch of its

somponents to dotormine st vhat relgtive shift, tho corrclation

‘paai:s up' In poarticular; the iw component reguires up to
By such correl ations and therefore atmoot % ng correlationa

axre rogquired to soquire o seguence of length ig g

Thio is in contrast to a PN sequence where for s seguencs

of length n, ono requires up to n correlations to aequire

the gode. |

®he cholce of vkt Boolean functlon to upe con bo
nade by conghdering the mto-corralation propertios.

Zitisvorth proved that to meximize the differcmoc betveen the
lo~phaose correlation velue of o campoaité pequence vith one
of ite component peguenses end any out~ of =phase correlation

voluo, the Boolemn funotion to use is that of majority loglcs
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It should be noted that not sll Boolems functions lead %0
codes whose componente can be separated. For exomple; mod=2
addition of componente will not lead to a code which is
acquirakle OB & component - by - component basis,

Beepuce of the long time roguired to cdlculabe
the full corvolation botween two long binary sequenceos,
the partial correlption ig somotinmeo used as an oyproximation
to the Dl correlgiion. In fauot, the whole objective of
combination sequences is Ho perdt more vrapid gearch and
acquisltions DThat is, for the sequences -Eui} ond E’v’d ’
rather then celowlete . g S

wag' o U Yy

one settles for o A=l

LB
B, = ‘ﬁ;ggl Vs
for gome ¥, much gmeller than H.

The full and partidl correlstion propexties of
combingiion ssquences that ave useful in renging end multiplee
gccess commundcation gystoms, are discussed in debtail, in
the next chaptewn,

-0



CORRELATION PROPERTIES AND ACQUISITION TINE
PERFORIANCE OF CONBINATION SEQUEECES

In this chppter, the par‘bial and full corrclation
properties of combination sequences that ore useful in
ronging and multiple-access cormunioption gpplicotions have
beon discusoed, Compuber reowlts are obioined farthe full
and particl corryelations of 2 and 3 component combination
poquences which are formed Yy wsing veriouw logiedl fMunctione
ond these correlations sre compared, Finglly , the scquisition
time performance in multiple~gecess combunication systema
bos been disousseds A few oxemples erc givon o cdlonlabe
the acquisition time and probability of acquisition crror
in o multiple-oocess envirvonment, |

341  Proportics of Combination sequences [6],[10]

A8 ve have glready discussed in section 243,
combination sequences come into picture vhen there is o
nood for loner soquences, In this section wo vAll discuss
the corrclation proporties o;f the combination soquences.

Por a combination soquence to bo useful for rapid
aoquisition, it must corrciaste woll vdth esch of the cuboo-

guencos. fhat is, tho cross-correlation
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‘3),%3}52 o(1) ak(m) «e{1)

should be meximisod at J = 0 for nll pubsequences By
Tansworthe and Bravermon have shovm, no given by Spilker[10],
that the majority logic composito code momimizes this
crosg-cofelation and is the come for gl of tho component
0eqUences aus e Cey |

P(m) Qﬁ}_(g) o Reaa{&) £ oawww = R HM(Q)

bome combinations of soquences have correlation
functions vhich Yurn out to be of cpeecisl interest, Thero
are twe points thad ghould be noted sbout the gutocorrclation
function of the combingtion soquences. Firgl, there ave
peaks for all values of T (phase shifts) vhich arc dgivipible
by the period of eltheg component. Second , the corrclabion,

wron both components ore out of phase, 1o not wlfnlﬂa ,

vhere 1,5 B, are tho lengtho of the componont . sequencea »
This is a conoequence of the foot thot the combination
sequenice is vory unbgalanceds

flot 211 combination scquences have outo-oorrelation
funotions with peaks, ab the nultiples of the poriods of
component sequences. -

fhe value of P(11) has been computed from ogn(l)

o (2/m)*/2
1> P) = L~ 3
> p(u [ %/ — U>>1
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Values of P(H) for o mejority vote of I code subseguence
components are given in. (3,0]‘

A8 hos dlready baen discugsod in Chapter=Il,
in o CIIA gystemy we hove a mumboer of users, ecch nslng |
an independent combination codo sequenses In this typo of '.
situations the crogs correlations of one combingtion
pequonce with the componente of other combination sequences
1ill be reteived as noice by' that olmieuiar‘ conbination
sequencds uger.lilgtein] 4] ﬁemlapaﬁ a&mple bounda for the
crogn corrol gbion functions.

Consider any two composite sequonces X and Y o
Agsume that ek one was genorated by combining two shorter
soquencess That isy létting % denote the 10 chip of Z

and

vhere {Ajz.} and {B‘tﬁj ave independent rwiﬁam binary | soquences

of length n‘ai’ d =32 0484 = lo2yeeslls

Aesuse 1t is desired to mc;uire X by first
correlating vith e Sinee X and ¥ vdll be recoived simul-
toneosusly, the (mnvwanted) contribution from ¥ vill be given
by | § ‘
B = @) B + B, )

T A, Ry Ry
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Implioi‘iz in the above equation are the assumption thot
ai.l the signdls Rave been converted to the £ 14 that all
pignolo ore arriving vith equal strengths and that they
ore all arriving synohronoudly. !ilsbein has derived that
the voriance of the out~ofwphase cross corvelstion io
bounded by the equation

. n - ]
72 3. 2«‘;3‘ N e
for n£7'> i and n,>> 1.
If threo component gequencos are used in forming

the oonbination secquentes, it con be showm thatb

o* = var(;a} = -é;iim %3-'2 + %—5 %r-glzw,%} ~_ -%gl
for 17> 1y 05551 and 837> 1l
ALso ¢ 3f M component scquenceo are used, there I
is on odd numbor, then, vhon ny>> 1 for all & = 1s2se sl
the vadaace of the cross corrclobtion betvoon the composite
sequence ond the firgt componont soquence of a difforont

composito eaqﬁanca is approximzted by

5]

P afera) | -
.- | {(L%g”f K w(lel) o,

for I 7> 1
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Upto this point, only the wnwanted correlation
hag been digeusseds

Congider now the correlation between a combinstion
gsequence and one of m;s own componentss The most importent
property of such o correlation is the expected vidlue vhen
the tmj;fzex phasa. Under puch conditions the following
resulte can be shown to hold,
{a) It ¥= 2

Eﬁeg% ogn (4, ”‘2133 =4
(b) If M= mi*l * kﬂljagmt
[%§ Am a&n(.&l R RIS A%&)}azim‘( k)'

The reamson for the emphasis on the H=2 case €baa1ﬁéa
the simplieity), is thab it leads to the lavgest component
length u, for a given composite length N { assuming that with
r components, cach component has lensth spproximately tl@)l/ Y,
But one dsadvantage wlth M = 2 ig that 1t leads to unbalanced
combination sequenceny l.e. the mumber of ones is not egual
%o the vumber of minus ones. Becanse of this fect, these
composite sequences ave more vuim:eable to Gex’tzam types of
Jonming thon thoge in which the number of ones oquals the
number of minus ones, With guch jamming, it mokes sonse to

ne
uge an odd mamber of compoﬁ&a,heme en 044 number of M.
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The vhole object of using combination sequences
is to pormit more ropid search and ecquisition. And, |
because 0f thoe long time required to coleulate the full
corrolgtion betweonto long binary seguencos,; the partial
corralation ie wsod as an spproximation to the fwll
corrclation.,. BSo the partlnl-corvelation propertics of the
combinntion code are more important then the full-period
corrclation , since the partial correlations result in
ropid seorch snd esquigition,

For two sequences [U,] end zva_},;. rather than
cgloulste the full porioed corrclation |

§ Uivﬁ. ¥

onc gpobisfies vith tho partisl corrclation

- 4 L f L

for come I.’Io mach smallor than If = '”1“1 #

If tho Uy in tho gbove oquations are the ohips
of one componeny of a combinabtion scoquence snd the ’% are
the chdpo of a complete combinotion sequence, then the
following results, derived by lilotein {7}, hold for tho

o component combination coquencos i
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(o) 1f the U soquente is one 0f tho compononts (Al)
o2 ¥ {e0ep ¥y » agn {Al + A2 ) vhere ¥ A}. )s
then ’i;ha inephase valus m:‘ Ry, fms a vMame
bounded by

“’gmoﬁ zﬁ (ZIE%K ]"”<{§f3~ 1)+
”’ig%?*(f%?“)w)

vhore [X] denotes the grestest intogor less then X ( i.e.
[2:3] = 2, [3] & 2 ), ood vhere

15 E & X>0
ﬁ )
< 0 x<o-
{v) J:f the Uy are one of tho components of ¥y, but

the ppriiaol correlation is performed over an out-ofe
phaso reletive chigh or 4if the U is a component
oL & conmbination sequenco othor than %k V, thon

the vorionce of Rﬂo is ham&a&’by

'ﬁ(ﬁ-&[*&})

there n, io ene fundanental period of U.

(o) The expectod valuo of B, 7 sy of the above
oconditions oqualo the expected value of B



2

lilotein [7] hag tabulated go showm below, tho
various bounds on the varlanco of combination sequences.

Tablo~l. Bounds on the varkance of combination sequences:

Type of correlsilon

g

fotdl correlation Partial correlation

Correlation of ona
compositeo vith
componart of
difforent composito

Corrclation of one
composito with in~
phase velue of ons
of its ovm compononts

. Correlation of one
compogite vith oute
of~phage value of
ong of its ovm
eorponents.

xxg‘ + 1
o

n, + 1
-

<% o 03 ]

b

I 1,
< g feri- iz

oo 1
+ dg2 (@) a}

5%QE2*{§13J}

-

The properties of combination sequences, vhich
ve hgve discussod up to this point, have been verified
vAth the practicdl rooults obbalned by using computor. This
io done in the next seotion. |



342 Computer Rem%m

Combination sequences for various longtho of 2
components ond 3 componento have boen found by using
di £Leront loglenl oporations. auto=gorrclation vdiues of
thopo combination sequencos for oll posmible phases of esch
samponcnt have boon calowlateds Alsoy the particl corvdlos
tions over different particl lenghhs of the gequences have
boon computeds. And alsp, the cropo-corrclations, ond
poriicl coxrelations of combination sequences vAth components
of other combination soquontes arc calculgbed.

(n) il Qggxﬁlﬁti@ﬁﬁ %

2 Component combination sequences = For these

combingtion sequences tno various logicsl operations that
have boen oarried upon ave ‘lUajority Logic!(waioh s the
geme as the OR pporatipon fpr 2 cppponants ), 'AID' and tlod-2'.
Tho zeoults ore arranged in the Yabulor form and ore drewm
in Pige. 3 end 4, The programe for $ids is glven in
fppendix - Progran Al
(1) Aato correlavions of 2 compononts combination
sequences using components of lengihe 3 and 7.

first component {3@) =111

‘Socond compunont (7} = 1 =) *1 L § 1 1

" - Py

[13 Tho figures in the breckots indiccte the leng’clw
of tho oeguenaos J.
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— | davo~CoTrrol aion coofficients

Phaoe ,
Hajority logie AHD Hod=2
Tirgt conponont
" Phase % = 1 4,761904D~2 ~3,3333330%1  44761904E~2
2 44 T610048=2 =3,33335330«1  4.761904D=2
0 6.190476B«1 = 4028571481 =1.488571D~1
Sccond componont |
Phaso t = 1 4:T61904Tm2 =1 .4285TLI=1  4,T61904B=2
2 4. 76190452 «1.4285T1B-1  4,761904D-2
6 4076190482 =1 4285T1B1  4.761904B~2
0 4+ 285TL4Bw1.  6,1904761%1 ~3,33533558=1
(11) Using components of longtho 7 ond 11,

Mrot componont {(7) = 1 =1 -1 1«1 11
Sccond component(ll)= 1 1 =1L 1 1 1 =L =1 =3 1 =1

Phose

Auto-correlation coefficionts

_Hajortty Logio

Firot componont

Phaoe 1 = 1
6
0

Sccond component
Phoso v = )L

10

Q

AN 1io0=2
1.298T00E~2 =1.4285TLB<l  1,298T0LB-2
1,2987015-2 =1.42857LB-1 1, 29370LB-2
5032467501  4.805L96B-1 =9.090008B-2
1.2987008=2 =0,0000080+2 1, 20370LD-2
1.2087010+2 =0,09090802 1. 29370152
4,805L96 -1 -1, 42857101

5e 3246758~1
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Prom theso $abloo ond the grapho it con Lo concludod
that Uojority = loglc combination of 2 component soQRORCOD
Givoo tho mmimumv i £Loronco bolwoen the ia-phoco and
out~oi~phage corrclotions, So in ranging applicniions, vwhore
vhio Gifi’ommo ghould bo oo lorge oo pooodblo, tho Lnjozdty~
logic combingtion of 2 component poquencos finds food |
opplicoiions The next boot logionl function is tho ALD
oporotions The [od=2 loglocl opcrations walch ghvoo $he =
ninimun differcnce between tho inephase ond out-of-phase
corrclotions of 2 component combination beqmziaaa s L8 no%

upofud for rm&ng PULPOBED,

3 Gomponont comblnotion ooquenceo = Tor thoso combingtion

poquencos tho various logicd functions thnd hmrc boon uoed .
are unjority - Logic », OR , ond AL + AZ.4% (41, A2, ond A3
ore tho throo edmgonenﬁa). Tho rooulto aro nrrongod in the
tobulor fora oo ouomm bolow pud owro drown 4n Plgo.5 ond 6,
ho progesane for thic ip givon in sppondis-Programo fm3e

(1) mto-corrclationn of 3 componont combingiion coguoncoo
naﬂ.n@ compononts of leagth 3,7 onud 7.

Plect componers (3) = 1 -1 1

Second componont(7) = 1 -1 =11 -111

Thizd componomt (7) = L -l =11 11 -1
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Mrot compoacnt
" Phose T = 1
2
0

Sccond component
Phooo t = 1
2

O O ;1 o

Phird componond
Phooe 5 = )

Aato=corrolgtion coofficiento

TSy Y A e e b e~ A

Uojoriiy~Lopio OR AL+A20 A
“4,761905002  1,4285TLF-]  =4,7619058~2
~4. 76190552 1,42357L0-1 =4, 76100582
3.3333330%  5,2390058%1  T.142356B-1
~4,7619058-2  1,4285TLB-1 =4 76190502
L.4B5T0-1  1.4257LB-1  1.42857D-1
14285710 L.42B57AD-1  1.428571D-1
~4y BETLABL  =4.T6L00582 =4 76190582
~2,330952B%2 =4.76190582  1,42857LD~1
=4, 76190502  1,42857LE-1 =4, 76190552
TWL42856B-1  3.3333350<1  3.3333330-1
~4.T619050-2  1.425TLB-L -4 T619058-2
~2:3809520%1  ~4.7619058-2  1.428572D-1
=4y 235TA4DmL  «4,7610058-2 4. 7610052
1.42B5700-1  L.42BSTLI-L  1.428571B-1
Le4235TAl=1  1.4ZBSTAIFL  1.423570L0-1
“4,7619058-2  L,42B5TLE1 =4, 76190502
Tel42BBD=1 . 3,333333D-1  3.3533338-1




(i1) Using compononts of lengtho 3,7 and 1l.

Mret componont (3) = 1 =11

33

Sccond componert(7) = 1 «lL -1 3 «1 1 1
ibird camponort (11) 5 1 1wl 11 1 =l «) =1 1 =L

Mto=correl osion coofficionio

Phano o — —
uajamw - Loglo OR AL +A2, A3
Firht component
Phooe % = 1 ~1e2554110m3 2,0346328-1 =1, 25541101
2 ~l.255L1DL  2,034632D-1  ~=1.2554110-1
0 5¢ 324675D-1  4,632034Tw1  7.922077B-1
Sceoad componout ‘ v
Phage T = 1 ~3.8901045=2 9,9567002 4, 761904D=2
6  ~3.806104B-2  9,955708D-2  4.761904D2
0 54151 51502 2,727273B-1  2.5561120-1
Thixd componont |
Phose T = 1 =2,164502B-2 6,493506D-2  3,030303B-2
10 =2,164502D-2 6,495506D-2  3,0308030-2
0 4. 9183558~1 2:2077920~1  2,380952E-1




4

Pron $hopo tables ond grepho wo can concludo thot
il longer componont sequoneco, tho Lajorddy logic combis
antion of 3 'eomgonam‘: sogquencon glven o botlor ponformanco
tipa $ho pesdencrmes roaalning o logledd functlons used ,
ovon though 4% lg comothiat infowior tdih ghortor component
poquencogs The Al+A2, A3 loghopl oporauion gives tho noxsy
boot porfornpncos. ‘If: ¢on alzo bo obooxved fron 'i:mga
grepbo that the mto=correl ntion functiony, of 3~componcad
conbination cequences 4.th shortier components, io not a
tro=lovol funoiion.

(b) Particdl Corrclations

Ao hoo odlrondy Loen disgueopod in the previous
ochmploro, portid, corrclations of combination seguencos
find oxtenocilvo uee in roaging epnplicatlons. Poarvicl
corrolationo over difforont frcetions of longhlo of various
conbination soguensop o2 all poscible phapon of orch
componont hove been porformed and these repulis oro
tobul otode

2Comnonont coubinntion soguencoes s- The J’.oéian‘.!. function

$hat hao boon ucod in forming tho combinabion soguences Lo
the Uajority logie gince wo found Lrom the psrévioua ropullo
vhat lajority logic oporation is tho boot oultable for
ronging purposes. Tho progrome for thio ic given in



AppendineProproume fw2,

(4) Paortid correlations of 2 componont combingtion

éoquome ugdng components of lengtho 3 ond 7.
Rhe doba ip the smue as that wsed for full

55

Tho rosulte avre tobulatcd as shom
bolow and are dravm in Flgs.T7 and 8.

corzolations,
Partisl corrclations over Ii, Bits
Phooo . :
Mowlmaz g = 3 0y = myhy
Pirot component |
Phase 7 e 1 1.e4235TLE-1 4, 76190482
2 4. 28571411, 4,7619045~2
0 44 BSTL4BL, 6419047681
Sccond component
Phase v = 1 14235721 40 T6L2045~2
6 1.4235TLB-) 4, 76190412
Y 1.42857T18-1 4 BSTLAD-1,




Rl

"
&

]

[ S

~

2

&L

Aty

‘
.
-
.
i L
-
H
'
H
i
§
¥
‘
!
.4
'
b
»

R

e

Ed .
v i
K
Ky 4. P 8 4 ;L
& i L . -

4 4 L SN -’L
i : - =
et

DELE ) AVEL

-

’.!"l;.

[

1

(&

"\

| N
4 '
‘4
.
i
i



P
4

COM™P

.
-
- Lll
g
‘lw.'l'/;rf
T
-y I.\I\t!
—
—
e
~=_d
o -
e -
— -5
-~
un\ﬂw/o
- >
“rg \\
g
e - - o &
-
“S
- —_—
o T~
- )
\
*
—
1
0 .
Y
-y
+a =
L~
- ifs u\
-
‘\.om
C die
..
&
R -
- iu\.\
L A i S i3
e Ty Iy ~t 7
<) LS < J«
-t

L

T
- - Jm...
L —
P 4 ¥
—
T~ -
Af
Yy,
Wf -
1
.\L-\ ”
¢4 e
[V
) PR S
\..u\-ll
=T -+ el
T e
S
- L. A m e )
- ~N o
P, o) <
[ R
& ]

ry
]

- -
T - -
-
. !
[ L — A e e = A
‘e .!.val ....4 o3 -t
- -~ o -

R Y



(i1)  Using compononts of longthe 7 and 1l.
PRADO Particl corrclationg ovor il Bito
Bymlm, Ly=3xm, Ly= 5mm,
Diezgt componont
Phase v = 1 9.09090810-2 5405030302 1.8181818B-2
2 9.,0000088+2  9.090908B-2  5,4545458-2
3 9.0909080-2 ~3,030303D2 1,81818) 12
4 =~9,090908B-2 «3,0303030+2 ~1.818%81E=2
5 =0.00090312 ~9,09000303~-2 <1,01818LIm-2
6 =2,7272738-1 3«030303D-2 5e 45454502
0 06.363636D-1 5s 19757580 5, 27272781
Sccond component
Phose 7 = 1 2.7272730~1 3.0303035~2 1,8101818-2
2 =9.090903p=2 3:03035030=2 1.8018181B~2
3 =9,00000882 «9,090008I=2 ~5,4545450.2
4 "2»7272753*3. 1 5151-513‘1 9&9090&13*2
5 =9.0909088-2 36030350382 9.0909038=2
6 2.72727158-1 3:03035035~2 %.0909088~2
T =9.0909030=2 305030582 ~5,4545450-2
8 =~9.09090ap~2 3.0303058~2 1.8181818~2
9 =4,5454545-1 ~9.,0009088-2 =5,4545450=2
10 =9,090008B-2 =9,090908B-2 - 1,8181810~2
0. 6.363636B~1 = 5.15L5L5DP-1

40 545454 B~1

Poriicl corrolations of

J=Componont combinniion goquoncooi=

3~-componeat canbinaiion pequoncos have boon celculatod ovor

Varloug longhts of soquonces. Iajority logic oporation is \
poriormod in forming tho combination scquencoss %Sho dote thot:
oro ugod bore 40 the ogno ap that unocd foy full cozvclations, ‘

i

\
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The rosulte oro tabuloted ag ghowm below and arc drowm in
Tige.9 and 10. The progromme for these resulto is given in
LppondiT=Pro prammotes, |

(L)

ko Lo ot e et et e = Yt e " i e e TR i T L rr P P or e et e vpt

Uoing components of lengbho 3,7 ond Te

Portigl corrolations ovor I, Bite

Phase _
H{,?% [y=5 X 1y Ileaf):;{zg
Pirst component | |
Phaog ¢ = 1 ~7.1428558-1 =L.4285TLB1  =4.761904D-2
2 Le42B5TLE-1  2.8571435-2 ~447619048-2
0 7.342355D+1  3.142857E-1 3¢ 33333301
Socond component ’
Phose T = 1 ~L.42B5TLBel «8,57L4301+2  =4,7619045-2
2 =l.42B5TL0L  1,423571D-1 1423570 0-1
3 =Ll.428571De1  1.4285708-1  L.4285TiD-1
4  =1,4285T1F1 =4.285734F1  =4,235714B-1
5 =l.42857TLB-1 =-2,000000I-1  =2,3309525-1
6 ~1.4285TLEeL ~B.5TL430D=2  =44761904D-2
0 =1.000000540 7.2423561m1 7414235581
Thixd component
Phooo 7 = 1  =1.,4285TAD-1 ~8.5714308=2  «4,761904D-2
2 =le4285TLD-1 ~2,000000B~1  =-23309528-1
7 =1:1423550+), ~4,2357140=1 =44 B5TLE =D,
4 4.235TL4Be)  1,42357LE-1 1.423571 11
5  4.235T14B1  1,4235T1D-1 14428571 Re1
6  =1.42857101 «~8,5T1430D~2  «=4,T61904D=2
0 4.285T4B1  7,1428560e1

714285501
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(44) Uolns compononto of longhhp ’5’;,7 mad 21,

Partlicl ocorrolotionn ovor Uo Bivo

Phano .
M Opodag - Oy=ong
Pirot component
Phopoms= ) ~8.1810L08D1  =2,T727273B-)  =2,12.20.20)
| 2 9,0900085=2 ~1,6363638=1  wl.JL3L5LD=)
0 6436353681  5.8363630+1 5. 55555581
Socond corponont | .
Phoso v= 1 2. 72727581  =~1.010181D-2  ~5,0505041~2
2 =2.7272T30-1  ~1.2727278-1 =L, SAZL5LD-1
3 =0:.0909001%2 =5,4545450~2 ~T.0707030-2
4  =9,0000008=2 ~1,8091015~2 =5,0505041-2
5§  =0,09090882 =5,4545450-2  1,000L01D~2
6  =2.7272730%1  =9,090900D=2  1,01010)B2
0 4s545456T) 4490909001  409494948-)
Pward componoms | ‘ '
Phooe ©5 1 =2,727273BL  =5,4545450-2  =1,0L0L001=2
2 w2,7272730»1 L 01040132 =1,020L00D=2
3 9,0909033-2  9.0009632-2 =1.010100m2
4 =2,7272730-%  =Le272727T01  =5,050504D~2
5 9,0000030%2  =5,45454512  =5,05050402
6 44 54545411 - 9,08090312  3.050303B-2
T w2,7272753De) =1.2727270°1  =1.0L0L00D=2
8 =2, 721275D-1 ~2,0000008=1 ~l,JL5LJLDe1
9 4.545450T1  «5,4585458-2  =5,050504T2
10 =2,7272730-1 - 1.00810LD+2  .5.030303D=2
0 5, 27272701 Lo T4T4TETHY,

Be 54 5454‘5‘1
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Irom thoce tobloo for partigl corrdlptiong, wo

con obgorve that the particl corrdlaiionog ovor lons nunmbor

02 bito do not give much difforonco botwmon in~phase ond out=of=
phape coxrolgtions. Indood, gomotimes the out~of-phose
corrolavion 1o ao largo oo vhe imephooo eorrclation. Ao the
auovor of bits 4 over vhich tho portid corrclations aro
poxformad irerogsos the porformance 1o goen $o be improving.

In $his port of tho compubter reoulics wo havo
caleulaved tho ¢orrd.gtions of o conbiantion ovequomee vith

40 owa compononto ond corrdlotions of tho pane combinptlon
ooquonco WAtk the compononto of other combination soquencos.
Thooo corrolations sve usofud in molyalsang She sequipiiion
$imo porformmnco in o multiplo~oecooo cavironnont.

Rooulto omo obtalned o ¢ exomploss In ono
czemplo, wo have Yokon 15 and 31 oo tho loagbho of tho
componont coquenses ond An tho socond oxorplo, 3L ond 63
are $ozon oo the componont longthss Since wo havo omly v
&ifforony pequences [12] of longth 15 cnd &is of lensth 31
and 63, w con form omly twm Mfﬁeﬁm’a gonbination poquencoes
of Longth 15251 = 465 in the firctd oxmplo end adx difforont
coquénces of longth 3136% = 1953 in tho vecond oxcaples Tho
logicdl function thot hao boon uped in forpdng tho tombingtion
ooquencoo Ao the liojority logic. Theso reooulis are tebudotod
0o oeovam bolow. Tho progerame for thio Lo given in Appondin -

Progrome IeSe
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(44) In tho cecond exemple, wo have ugod five dlfforont
soguonses of longths L ond 63 « It hao boon obsorved from
tho compuior roowlta thol the erons corrclations of ono
corpopite ooquence with the compononts of mny othor commooiso
DOQUONEO oI coming Ouice S0 horo we havo given the dato
of only Uvp difforent scquencoo of ;.onq%hn. 31.‘cmd G3 ooche

s 1-lelel~li-~ll-llll-lll-l-lelili11131
1=l 1 Ll |

631 Lelwl-lelelll21211-l1-13=111-1-111
“1111-1112-11-1-11-1-1111) )11l
1121 wlwllollelelodllel=lel=l

13 1l=l=l~l=~llwlelblelliel=lllillD2ewl«le«
111-2111-11-2

633 1elel =l owlellllelelelollelelle=lel=l11
“111=l-l1-312= 1-2 21 1-21 1 1 1-1
Wlllelelellellellelellll2ll el

)
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3.3 Acquisition time porformpnoo [15)s[8]

As Boo dlyocdy boon dipcuooed in tho Lirgt choton,
oprocé=gpooimun mothodo avre uped to obtoln mulviplewnccoos
ccochility. In o muléiplo-coccss commnicotion syoten many
uposo oo opergiing in tho pono cnviromoat « 8o o reccivoer
recoives 1o own sigadd oloagvith thooo of other usors, vhdch
oo odded os novdoe. Ao tho nunber of wpors incrocson, thip
noioo ; cdlled interforenco powor, incronsco and ao a roculty
tho coquichtion timo of the pAgncls 1n0ZOADOBs

Hore, o prococdure hoo boon glven for sclewlatiag
the cequisition Uimo in o multiplo~oocoon environment,

Tho troncmittod signdl Lo formod by modwlabing
pourco data Uy a user oode (uouslly PH coda). Source dato
zato ond uoor oode roto 1l bo donoted by L/T and 1/%,
binary dights / oeccond o zogpeetivaly.  1U.io convonlont to
ascumo thot cource deta ond usof codo oo gynchronisod so thal
only tiwlo chip of the uoor codo fpll iato o sourco ocipgncl
inborval, To Tho slgual intorval, §, thezeforo conboino

n o= 2/ es (2)
chipo , oo thas, in offcet, pource dota Lo being coded into on
(15,1) ocodo vASh a corzogponding bomdvddth intreaco over the da
boso-bond bondrAdsh by a feetor of I
vow the intorforonco pover retoived by o roceivor ios
5} = PO(i~1) (“13;;)2 oo (3D
vhoro P = gigndl pover ecolvod
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T = Poriod of o dotn biv (aloo callod Indegeotion $ino),
L = ‘ﬁumbar 0f uoors,
Rf‘:. = Croge corrclation coofficlont of ono combination
goguonco vith b components of fothor combingtion
BOGURENCOD,

[iUotei- Hore wo have opoumed the naximun vdlwe of RL ob
the exosn coxrolation of one combingtion aeq&enca
wth 1%h componont of il othor combinatlon sequoncco-
vaich 10 o voret caso. |

Phis inserforence povier vill be added o the additive vhdto
Ganpolon nodso (IIO) alrcody prosont thore. HNow the totol
noino pover vill become |

mf = I + II@ v (4)

A6 o repoult of this inorcapod nolse pover, the cignal=to-noise \
rotio, (SHR), availablo ab the wocoiver vill bo roduced to |

!

PERE
Sim =] "'—;}"&"“ ’s (5)

tiore Rki = mto-corrclation of o combingtion soquenco vAth \
1o owm 198 componont. @
And , for ovory SUR availeble wo ¢gn get tho corrcoponding
probability of coquisition errox (,Pa) fron the tableo given
by mn&gw ond Simon [1], ' |
The acquwition timo of 1B component now be calowlp-

04 ag
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_vhoro ny "= longth of tho ith eompomm sequence aad
T © Aintegrotion time corresponding to that proboblligy
of error ,
Dou vio chell do tvwo oxgmples to study the coqui~

pition tinme porfornmico.

(o) Using components of lengthm 15 ond 31

Aspumntions mede aroe s |
Chip period (T,) = 13107 oeo.
Longth of tho combination sequence (1) = 0, = 15231
= 465,
ligwimam SNR avoilablo ab the recoiver (PT/H,)
=15 dB = 31.62 (ratio)
Spectrel dencdidy of vhito Goupslen nolse
| (0,) = &kt
vhere L = Boltomean'o consbont = Le37m0° 27 a'/"x
¥ = .Abgolute “camporsture = 300 °¢
o B, = 1,370 222300 = 4,10:00" %
How :
Daa it portod (kategration tiuo 2) = Nalg=0, 465210 " se0s

4.11200" 31,62 16

signd. pover (2) = = 2.795m0" 6y
954651’&0“3

The probability of oxrox (P,) bao beea calculatod
for differont integrotion timep and icx' dl £foront number of
uooro, using tho formulao glven in tho beglmning of thio oection,
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The repults are tobulated ao phowm bolow and are dram ia
Figille

Por finding the pequisition time of g componcat
vith come given probability of scquisition orror, we obianin
$he correspondm@'mteasian time of that componont from
Fig.1l ond using Eq.(6) wo con cdleulato the poauinoition
timo of thot aomgamz'm
[ Fotes= The velueo of .- and B! erc taken from the

computor ropultnt which * aro tchulabted in the
provious section. ]

(1)  vnen the number of users (L) = 1

e T S, SRR
Llongth 1, _{sec.) {dB) orzor (Po)
15 0,062 11073 1,523 6.4 x 1072
ik 1,997 1.7 x 2072
15 0124z 1077 34 514 2.2 x 1072
R 34783 2 x 1074
15 0,186 x 1072 84703 - 9x1077
31 5,216 44522070
15 0,248% 107 5,669 1,5 & 1077
6,39 2.6 x1077
15 0.3z 1077 6,0LY 1.4 %207
3 R 7494 1,4:0"°
15 - 0,465z 2077 84695 3 11078

1) 9, 250 1.5 x 10720
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(34)  thon tho mumber of ugors® (L) o 5.

49

SR

Componcat  Intogrption I’xnbabilaty |
Eoagth ay timo (a) ca{g%:siame of ¢ eg%s%ﬁion
29 0,062 x 2077 1422 142 x 2072
5L | L.982 2.1 z 1072
15 04226 z 2077 3.9 2,2 % 2077
38 | 34633 2,7 = 20™¢
15 0,286 = 2073 4,129 545 x 107%
3 54053 5.0 x 1070
A5 0,248 & 2072 4,825 8.0 = 20™7
3 | . 64089 5.0 % 2077
15 0,310 x 2077 50724 1.2 x 2077
51 Tol3L 345 = 2070
15 0,465 x 20°7 Ge753 1,5 2 207
) | 84750 6,0.2 10720

[o mﬁually $hora oo omly Svo difforont coquoncos of lengih

15 ond six of longth 9.

differont combinabion cogquencoo of longth 15 x 31 = 465,
Hoxe, w0 hovo apounoel, S0z the onko of convenioneo thab
there are o levge mumbor (up $o 25) of difforont . conble

&0 vo con pencroto dxly St

\

nations gomorpted. Indoed, wo con gonerato 25 difforont comb,

ooguencos by uoing commoncnte of long“iz 255 oad above.]

\

N

\

\

AN



BoEGEGEG

{441) thon L = 10
ny 2 SIIR P,
{ooe) (aB)
0,052 & 107 0.897 2.0 z 1072
| | 1,031 2,6 = 1072
0:124 x 1077 2,821 4.8 5 2072
. 3,455 405z 10°%
0,186 x 1077 30471 1433 2077
44788 A5 x207’
0,248 % 2077 3,95 5 .w"“iﬁ
" . 5 741 1.3 220
15 0.320 x 2077 84647 1,2.3 2077
54 ‘ . ' 607:?5 10002‘5 2.0#7 :
15 0,465 1 1072 5,139 462 5 2077
51 8,16 2.8'x 10“‘9‘
{iv) thoh L = 15
g STR P
" (060) (ap) o
15 0,062 22077 0,94 55z 10°-
) LIB - 52 E207°
15 0,224 x 16 2,403 1.0 32072
31 329 6.8 z207°
15 0,106 x 107 003 4,0 = 1077
3 O 4.5% 2.8 % 1077 .
15 0,208 % 1072 3,237 2,1 & 1072
3, | 5,423 . 2,8 1 1070
15 06465 z 1077 34065 5,0 = 10™¢

1) 7064 1,0 22079



49

(417) thon L = 20

By T SR Be

(sgc) (as)
15 0062 3107 0. 289 507 x 207>
12 _ 1.64 348 .2 10‘?2 ‘
15 0:126 x 107> 2,159 140 22072
3, i 5,123 1,0 21077
15 0,186 = 107 2,412 1,0 x 1072
2 44503 504 1 2072
15 0.248 100 2,617 To2 x 1072
51 | 54125 63 52070
15 Gu320 2 207 3,073 3,0 x 1072
3 o 5,92 7.8 x 2077
15 0,465 x 1077 3,042 342 5 2077
51, ‘ ?»175‘ 540 X lﬁﬂs

(v&) Thon L = 25

By 2 STR P,

(soe) (as)
15 04062 x 2072 0.0L3 9,0 x 107+
pil - 1,554 48 z 20725
15 0,224 5 20°2 1.9 340 72072
R | 2,953 1.6 z 1077
15 0,186 x 1077 14967 2.6 22072
; - 4,079 9.5 110 °
15 00248 x 2077 2,075 2,2 1 1072
23 ) - .5«:»6% 'LeD R ld.s “
15 04300 x 207 ' 24450 ‘1,0 = 2072
5 | 5,658 146 3 2070
15 04465 = 20°° 20202 2.4 22072

T, 6o TS5 865 x 2070




{b) Uoing componontc of lengtho JL cad 63

Hore oleog wo cen hovo only six dliforent conbing
tion coquoncos beopuse there aro onmly oix difforont soquencoo
02 lomaths 3L and 63. "

Lho gosumptions mado gre ¢ :
Chip pericd (Z,) = i x 10”6 Geoa

Longth of combinstion sequence {0) = n oxn, s 3l x 63 = 1953,

Max. ‘
SR treasmittod (P1/,) = 20 @B = 100 (ratio).

Spootral denaity of Geusclon moloo (H)) = kb = 4.1k x 1072

o
Dobo bit poried (2) = Uz ¥, = 1.953 x 16*3 00C.
4,11 z 10”2 z 200

sigmal pover (P) = cy— = 2,104:.0 2%y
- Le 953 10 -

The probability of coguicltion error (P,) has boon
cdlculatod for different intogration tinon anﬁ .f:aﬁ i lferont
nubezr 0f usero. RJho regullp are tabulated as showm bel.ov
md gre dravm in PAged2, ‘ '

1757 90)

pAL LITRARY yRnERSAY OF ROLRKER
ROORKEB

Ly
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(1) Thon L = 1

! (000) | ?%)_ | o
51 0% 2107 14648 3.8 x 10" 2
63 i} 2,997 6.1 % 10+
3 . 0.252 x 2077 5,49 2,5 x 1070
63 5462 2,2 x 10°7
31 0,378 x 1077 To 4L 1.9 x 107
63 7460 8.4 1 1070
31 0,504 x 1073 8444 1.3 z 1079
63 8,64 746 = 10-12
31 0,63 % 107 8,98 3,5 z 10710

(ii) then L =5

" (g20) (@) o

3 0,126 x 1077 1452 6.0 % 1072
63 | 2,97 7 x 107
31 00252 x 3077 5,57 4.0 z 1070
63 ' ~ 5o 56 2.6 = 1077
31 0.378 210 7 7419 2,9 x 1070
63 7451 6.0 x 10" 0
3 0.504 x 10°° 8,19 2,5 x 109
63 8452 2.0 x 10744
3, 0,630 x 107> 8,63 8.0 x 20710

63 | 90_ 06 w——

[ ® The va.s.uog of P, ore no*t gwcn for high SHR's in
® Lindsoy cna Siman's tablosg. ]
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(111) Vhen L = 10

7 | SOR p

By (oeo, ) (aB) ¢
g1} 0,126 x 107 1440 7,0 x 10™°
63 | 2494 6.0 & 10™*
51 0,252 x 1077 5020 5.0 x 2070
63 | 5049 3.0 x 1077
n 0,578 x 1077 6491 6,0 x 1078
63 | 3 Tefl 840 x 10740
%1 04504 x 10"~ 7490 5,0 7 20"
63 ) 8430 7.0 x 107
3] 0.630 x 10 ° 8424 2,5 x 1079
63 8490 1.0 x 207+

(iv) fhen L = 15

" (g_ga.} . ?}g‘g} Fo

31 0,126 % 10 ° 2427 9.0 x 10™2
63 | 2.9 7.0 z 2074
) 04252 x 107 5,07 ' 8,0 x 2070
63 | 5443 " 4.0 22077
31 0,378 x 1077 6,66 1.3 x10°0
63 %) 1.2z 1070
3 0,504 % 1077 . 7.63 1.0 x 1078
63 u 0416 1.0 x 10720
3 0,630 x 1072 . 7,87 3,0 = 1079

63 B.6T 2,0 x 10"+t




(v) .X;’nen L= 20
B (500.) Con) %
?; 0,126 x 1077 2:;2 J;: % ig:z
| e . %0 x 10
:; 0,252 %10 g;::g e 3 ;:g:?
| - . U X
g; 0,378 z 1077 '61: ;2 f,;z « ig:’;
' | . 2 5 x
ST nia
21; 0.630 x 10”7 7453 1.2 ¥ 107
850 340 x 1072t
gvi) Vhen L = 25
" (csim} %1;%) %
- R e
g; 0,252 x 107 e 79 1. 5 z iozg
;5; 0,378 x 1077 z:ig i:g i ig“' '9’
g; 0,504 x 10" ;:ig ;g » ;:g“‘i
3 0630 x 1077 ez oo x iz*;
8433 6e5 x 10720




54

From PAgo. 11 and 12 4% con be obsorved that the
probobility of coquiocition orvor deczoasos ac the intorration
timo incxoaceo vhich outonagticdlly means an incrcose in
cequiocition times So it is o polnt of compronmloevion botwoon
probability of ecoquipdtion orzor and the coquisition time =~ 1.0,
tho omallexr the intogration $ime the highor the probobility
of goquioition owwor,

It oon gleo bo oboorved that as the lengbh of the
component gequonces increansess tho probabillity of poquisition
orror (oco dowvm » Turther, wo con ébsma that the probability

of acquigition crror kecps going up Lox lorger number of
WUoOXoe

it oen be eﬁncluﬁaa from tho above thn“wm a
mulmpmwgéeem comnunication gyshem , thorc a nmumber of usors
arg oporating simidtoncoudly, it io advioable Yo use longer
componontd mmmm %0 glvoe o botter porforngice (i.e.low l’o)

for n fixod inSogrgtion timo.

4

wfifl~
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Chonter-IV

SULTIARY  AITD  CORCLUSIONS

For gny Glgitel soguonce $o be wseful in ronging
and gpreod cpeotrum cpplications, it should bo quickly
pequirablo « o

To sohiove quick moquisition, tho firct thing
conpidoxed Lo the formntion of combinagtion goquencep by
ucing o nunbor of ghorter soguenccgs The noxt problenm i
hovu to form the combination sequencess Combination sequences
hove been foxmed by using verious logicsl fanctions such no
liajority logic, AHD and Dod-2 for 4w ﬁor&ponem soquoOnces
ond Linjorlty loglc, OR ond Al+A2.43 (wherc Al, 42,43 arc tho
componente) for ﬁhréo corponont aeguémem ind it hoe beon
obgorved that the mnjority logie cotbination of ccquences
Givoo the bogt reouwltos

The seccond thing Shot hes beon considored to cehlovo
quick pequisition is the partisl corvelationo thich pgroatly
reduccs the acquipition ¥ime. Ag the number of bito over
vhich the coxrelations are token dooroanon, the propertics of
tho ccquoncos become worsc, and tho probability of orror larger.
S0 4t ie o compromige as to ove§ hov many bits the partidl
corrolations ore to be token, The noxt thing thet affocts
tho coquioition time is the mothod of ccquioition. Varioug



pequisition methods have been diocuoped in this ropard.

Mnglly, the sequicition of PU signdls in o
miltiplo accoss communicotion environment has been congidorods
I$ hoo beon chovn that ao the number of uperp increases, tho
intorforence noloe increases pmpax’bmna%&y, *z;hbmby wedueing
the GIR ovolleoble ot the roceiver. As o Temult, tho probabie
140y of scquicition error incronses. On the other hand, if
wo want $0 acquire the olgadis with the somo probability of
error, thoe intogrhtion timo of tho signdls increases corros-
pondingly. | |

In order to dllot an .inﬂoz;enﬁém ac@uenca %0 oach
uoery; & number of dlfforent scquences of ‘aame longth .mucaﬁ bo
reguired. Uot oo many ai £ forent BeQRONCCS af‘ sharecr lengths
con be genorgied uow o Agyss A neane met be pmvmaﬁ_ to
genergbe o lavge number of difforent cequoncéa of chortor
longthoe | | |

So Law, tho pocudo noiso soquonces that have "ﬁacn
congldorecl have dll been binavy or two=level codes, with
‘bmexy lovels +1 and -?-1 + Sinco the moot spplicoblo of those
Lo the binary moximal length sequence, it is intorooting %0
notc that the binory mamimal length soquonco 16 but one clooo |
of tho more gonorcl g-lovel [17] moximum longth soquencos(viero
q 1o o primo mamber) of poriod is':-.'z;n-l»' Ono mgy thereforo, 'by
wodng o value of g ofhor than 2 (0ess =3 or 5) oan gonoragio o
PIl odgnol ouitable for »onging cscla' sproaa-spocﬁm z@}pliéaﬁionm

-l g-
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COMPUTER PROGRAMMES IR FORIRAN
P o el

C: AUTO CORRELATIONS OF 2 COMPONENT COMB ., SEQUENCES RVRAD
NIMENSION Al (40),A2 (40) ,SUMI (40) ,SUM2 (40) ,RK1(30) ,RK2 (30)
NK=0O '

READ K1 ,K2

DO 10 I=1,K!

READ At (DD

10s QINTINUE

DO 20 J=1,K2

READ A2 (D

20:CONTINUE

K=K 1% K2

22:D0 25 Jl=1,K|1

SUML ¢J1) =0

25: OONTINUE

DO 26 J2=1,K2

SUM (J2)=0

268: MNTINUE

DO 180 I=1,K

Nl=I/K!

I1=T=-NIxKIl

IF (I1) 30,30,40
30:I11=11+K!

GO TO 50

40:I11=11

50: N2=TI/K2

I2=1-N2%K2

IF (12) &0,680,70

€0: P=I2+K2

GO TO &0

70:12=12
gOsP=A1CI1D)+A2(I2)

IF (NX~-1)> 81,82,83
81:IF (PY 80,100,100
82:IF (P) S0,90,100

83: F (P) 90,100,90

SNe C=1

GO TO 110

100: &)

1100 140 J1=1,K1
I11=T14+J1

IF (I11-K1) 120,120,130
[20:I111=111

GO TO 135
130:I11=1I11=-K1
135:SUMICJLI)=SUMICJI)+A1 (I 1Y% C
140: ONTINUE

DO 180 J2=1,K2
I22=z12+J2

IF (I22-K2) 150,150,160
150 I2=122

GO TO 165

160: 122=122-~-K2 4
1€5¢ SIUM2 (J2) =S UM2 (J2)+ A2(122)% C
180 ONTINIE

AK=X



DO 200 Jiz1,K!
RK1=S1UMI (J1) Z7AK

WRITE 190 ,RKI

190: FORMAT ¢/," ",B)
200: MNTINNE '

DO 220 J2=1,K2
RK2=S1IM2 (.J2) /7 AK

WRITE 210,RK2

210 FORMAT ¢/,  ",®
220: OMONTINUE

NK= NK+ 1|

GO TO (22,22,230) ,NK
230: S0P

END

Brogverme o

C:PARTIAL CORRELATIONS OF 2 COMPONENT COMB ., SEQUENCES RVRAO
DIMENSION Al (40),A2 (40),S1ML (40> ,SUM2 (40) ,RK1(30) ,RK2 (30)
DO 230 LL=1,4
READ K1,K2

no 1o I=1,K!
READ Al CI)

10: OONTINUE

Do 20 J=1,K2
READ A2 (D

20: MNTINNE
Ki1=(K1+3) /2

DO 220 NK=1,K!1,2
K= NKx K2

PO 25 Ji=1,Kt
SIMI¢J1)=n

25: MNTINUE
no 26 J2=1,XK2
SHM2 (J2)=0

26: MNTINIE

PO 180 TI=1,X
NI=I/K!
T1=I-NIxK]{

IF (I1> 30,30,40
30:11=114+K1

GO TO 50

402 11=11
S5S0: N2z I/K2
I2=T-N2x K2
IF (12> 60,60,70
6€0N: 12 =12+K2

GC TN 8O
70:12=12



g0sP=Al (I1)+A2(I2)

IF (P) 90,100,100
90:Cz=~t

Gn To 110

100: C=1

110:D0 140 Ji=1,K1
T11=T114+J1

IF (I11-X1> 120,120,130
120:111=111

GO TO 135
130:T11=T111=K1I .
135:SHUML(JU)=SUMICJ1)+AL (I 1) *C
14C: CONTINIE

No 180 J2=1,K2

122z 12+.J2

IF (I22-X2) 150,150,160
1502122z 122

G0 TO 165

160 I22=122~K2

1685 SUM2 (J2)=SIIM2 (J2)+A2 (I22)% C
180:CONTINUE

AK=K

NO 200 Jl1=1,Kl
RK1=SiMt ¢J1) /AK

WRITE 180 ,RK1

190: FORMAT (/," A )
200: ONTINIE

DO 220 J2=1,K2

RK2=8!IIM (.J2) /AK

WRITE 210,RK2

210: FORMAT (/,” "y D
220: ONTINUE

230: CONTINUE

STOP

END

59



60

; , -ty

C: AITO CORRELATIONS OF 3 COMPONENT COMB . SEQUENCES RVRAO
DIMENSTION Al C40) ,A2(40) ,A 340> ,S1IMI (30) ,SUM2 (30) ,SUM3 (30)
PDIMENSION RK1(30),RK2(30) ,RK3 (30)
No 250 Ll=1,4

NK=0

READ X1 ,K2,K3

no 10 I=1,K!

READ Al1CI)

10 AONTINUE

PO 20 J=1,K2

READ A2 (1)

20: MONTINUE

DO 21 L=t ,4,K3

READ A3 (LD

21: MNTINUE
K=K 1k K2* K3

22:D0 25 J1=1,K!I

SiMt ¢Jti=0

25: MNTINUE

no 28 J2=1,K2

SHUM2 (J2)>=0

268: MNTINIE

no 27 J3=1,K3
SiIM3(J3>=0n

27« MNTINUE

DO 185 I=1,K

NI=I/KI

I1=I-Nl%xK]

IF (I1Y 30,30,40

3IN: T1=T11+XKl1

40 N2 = 1/K2

I2=1-N2* K2

IF (12> 60,60,70

0 I2= I12+K2

T0: N3=T/K3

I13=1~-N3%K3

IF (13) 81,81,82
R1:13=-13+K3

B2:IF (NK=-1) 83,88,89
83:P=A2 (I2)+A3(I3)

IF (P) 84,84,85

g4y Bz~

GO TO 88

g5: B=l

86: A1 (I1)+ B

IF (Q) 90,100,100

gg:s P=AL (T 1Y+A2 CIZ2)+A3(I3)
PR=P+2 ,

IF (PQY 90,100,100
Qe P=AL (T 1)+A2 (I2)+AI(T3)

CEINT L RIDWS T T IERSIYT OF L OGTTER
ALOULLED



IF (P) 90,090,100

QN C =1

GO TO 110

100:C=)

110: DO 140 Ji=1,X!
I11=T1+J1

IF (It1-K1) 120,120,130
120:111=111

GO TO 135
130:111=111-KI

135 SUML CJI)Y=SUMI (JID)+AL CTI11D* C
140:CONTINIE

DO 180 J2=1,K2
I22=12+J2

IF (I22-X2) 150,150,160
150122122

GO Tn 165

160: 122122 ~K2

1685 SHUM2 (J2)=SHUM (J2)+A2 (I22)*C
1&0s ONTINIE

DO 185 J3=1,K3
I33=13+J3

IF (I33-K3) 181,181,182
1812133133

GO TO 1IR3

1822 133=133=K3

1832 SIM3 (J3)=SUMI(J3)+A3(I33d)% C
185 CONTINIIE

AK=K

DO 200 Ji=1,K!
RK1=ST1IM! (J1) /7AK

WRITE 19N0,RK]

190: FORMAT ¢/," "y E)
20N:CONTINIE

No 220 J2=1,K2
RK2=S1M2 (J2) /AK

WRITE 210,RK2

210: FORMAT (/," ", B
220:CONTINUE

DO 240 J3=1,K3
RK3=SUM3 (J3) /AK

WRITE 230,RK3

230: FORMAT ¢/," ", B
240:CONTINIE

NK= NK+1

GO TO (22,22,250) ,NK
250: CONTINIE

STOP

END

6l



X222 122

G0 TO 165

1602 I22=122~K2

1685: SIM2 (J2)=SUM2 (J2)+A2(122)% C
180 MNTINUE

DO 185 J3z1,K3

I133= 13+J3

IF (I33-K3) 181,181,182
181:133=133

GO TO 183

1822 133=2133-K3

1832 SUM3 (J3)=SUM3 (J3)+ AXI33)* C
185: CONTINUE

AK=K

DO 200 Ji=t,K!
RK1=S1Mt ¢J1) /AK

WRITE 190,RK!

190: FORMAT (/," "y )
200: CONTINUE

DO 220 J2=1,K2
RK2=SHM2 (.J2) /AK

WRITE 210,RK2

210: FORMAT /" " e E)
220¢ CONTINIE

Do 240 J3=1,K3
RK3=51M3 (J3) /AK

WRITE 23N0,RK3

230 FORMAT (/," "y D
2402 CONTINUE

250: CONTINIE

STOP

END



IF (P) 90,920,100
anN: C =1

GO TO 110

100 C=

110:DO 140 J1=1,X!
T11=T1+J!1

IF (I11=K1) 120,120,130
120: I11=111

GO TO 135
130:T11=111-K!

135: SUMI ¢J1)= 9UM1(J1)+A1(111)* C
140:CONTINUE

No 180 J2=1,K2
I22=12+.J2

IF (122-K2) 150,150,160
150:122=122

GO TO 165

160 122=-122-K2

1685:SIM2 (J2)=SIIM (J2)+A2 (I22)%C
180: ONTINUE

DO 185 J3=1,K3
I33=13+.J3

IF (I33-K3) 181,181,182
181:133=133

Go TO 183
182:133=2133-K3

123 SUMI (J3)=SUM3 (J3)+A3(I33)% C
185+ CONTINIE

AK=X

no 200 Ji1=1,X1
RK1=8I1IMI ¢J1) /AK

WRITE 190,RK!

190: FORMAT (/,” Ty D
200:CONTINIIE

PO 220 J2=1,K2 -
RK2=S1M2 (J2) /AK

WRITE 210,RK2
210:FORMAT (¢/,” ", E)
220:CONTINUE

DO 240 J3=1,K3
RK3=SUM3 (J3) /AK

WRITE 230,RK3 -

230: FORMAT (/," "y E)
2403 CONTINUE

NK= NK+1

Go TO (22,22,250) ,NK
250:CONTINIIE

STOP

END

61
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Rropgranmg A4

C: PARTIAL CNRRELATINNS OF 3 COMPONENT COMB , SEQUENCES RVRADQ
DIMENSION Al C40),A2 (40) ,A3C40) ,SIIMI(3N) ,SUM2(3N), SUM3(30)
NIMENSION RK1(30),RK2(39) yRK3 (30)
NO 250 1L=1,4
READ K1,K2 ,K3

NO 10 I=1,K!
READ A1 (D)

10: ONTINUE

Nno 20 J=1,K2
READ A2 (D)
20:CONTINIE

DO 21 1.=1,K3
READ A3(L)
21:CONTINUE

DO 250 NK=1,11,2
K= NKxK3

No 25 Jlz1,K!
SUML CJL)Y=0

25: CONTINUE

No 26 J2z1,K2
SuM t2)=n

268: CONTINUE

No 27 J3=1,K3
SHM3 (J3)=0

27+ ONTINUE

DO 185 I=1,K
N1zI/X1
IT1=1-NIxK]I

IF (11> 30,30,40
30:11=11+K]1
40: 2= T /K2
I2=1-N2xK2

IF (I2) 60,60,70
GC: 12z T2+ K2

70 N3= T/K3

I3z 1-N3kxK3

IF (13> 81,81,82
R1eI3=13+K3

B2 e Pz AL (I 1)+A2(I2)+A3(I3)
IF (P) 3Nn,80,100
Q0 Co1

GO TO 110

100: C=t



110: D0 140 J1=1,KI
I11=11+J1

IF (I11=K1)> 120,120,130
120:I111=111

G0 TO 135
130:I11=111-X1

135 SHMLCJ1)=SIMLCJLI)+ A (TI11)%x C
140 OONTINUE

No 18N Jza=1,K2
I22=z12+.J2

IF (I22=-¥2) 150,150,160
150:122=122

GO TO 165

180 I22=122-K2

185: IIM2 (J2)=SUM2 (J2)+A2 (J22)* C
180: MONTINUE

NO 185 J3=1,K3
I133=-13+J3

IF (I33-K3) 181,181,182
181: 133133

GO TO 183

182 133=133-K3

183: SUMB (J3)=SIM3(J3 )+ AXI3Z3)* C
185: CONTINUE

AX=X

no 200 Ji=1,X1
RK1=SUML ¢J1) /AK

WRITE 190,RK!

190: FORMAT (/," "y
200:CONTINUE

DO 220 J2=1,K2
RK2=S1M2 (J2) /AK

WRITE 210,RK2
210:FORMAT <¢/," ", E)
220:CONTINUE

DO 240 J3=1,K3
RK3=51IM3 (J3) /AK

WRITE 230,RK3

230: FORMAT (/," "y
240« CONTINUE

250: CONTINUE

STOP

END

U
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C: CROSS CORRELATIONS OF COMB, SEQRUENCES WITH COMPS,

OTHER COMB, SEQUENCES

RVRAO

DIMENSION AC160),B(320),P(6),C &

READ N,K1,K2

NOL30 Mz1, N

NDO10 I=1,K!
Jiz(M=1)%K1+1T

READ ACJ1)

1N ONTINUE

DO 20 I=1,K2
J2z(M=-1)*K2+1

READ B(J2)

20; ONTINUE

Kz K1%xK2

SuMiz=o

StM2=0

no 100 I=1,K
Ni=I/K1

IT1=zI-NI*K!

IF ¢I1) 30,30,40
30:T1=T11+KlI

40 N2=I/K2

12= I-N2*X2

IF (I2) 50,50,60
50: 12z 12+K2

€0¢ J3= (M=-1)%xKI+11
Jaz (M=-1)%K2+12
P(MY=ACJII+B(JL)
IF (PCMD) 70,80,80
T0: COD=~1

GO TO a0

8Os C(M =1

90 e SUMI=SUMI+A (J3I%C (1D
SUM2=SUUM2+B (J4)*C (1)
100:CONTINIE

AK=K

RK1=SUM1 /AK
RK2=sUM2 /AK

WRITE 110,RK!,RK2
110: FORMAT ¢/," "y,
130 CONTINUE

STOP

END

0F
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