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CkictorX 

I IflODUC1?XOU 

One of the baoio problems 	 ooiated iith ai 

oouznuniccttion oyotom [21 is 'Hoy to locate and connect 

to the terOt • The problem of locatinG ari..t connecting 

up with the proper coamunioationco 	tarot is called the 

'ACqLt$.aitiOA 	ilm', 
In this chapter, ye discuss the acquisition 

problo that Cornea into picture in resin and multiple-
000D co uication Byatoma. 

In section 1.1, we discuea the acquisition problem 

in rokin aplicatjons and in section 1.2 the eme 

acq4pitiQ4 problem in a multip 	cotzuntcation 

yatom. 

1,1 Tho AwzLzia Problem (11,[ 21 - 	- 	-. 

&h° problem of WOO urix143 the rco of a di tant. 

cooperative Vohiole orioco in a variety of problemo, e.c., 
iraokinL a doop epaco  vei4olog  misoilo  tvaokiiV V  trajectory 

detorrninaton o atifioi1 aatollitea, navigation, ourroi-

3.1axce oyoternzi oto, For these applications the problem of 

dotor4fliU& range is oquiviLent to that of meacurinG the 
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diotcrnoo botwoon tvR pointo; 120%Z)VOr 0 it aiou1d be noted 

ICy in Vuich roCo  data ic obtoiUod dU'oro from 

o)j)iiCcitm to ap1iaetiono 
The c.coaioa radar toOlu2iquo gor rarUJi2k jo to 

tranoi4t a pulse and rnoaouro the time until the return of 

the reflected puloc. The olcoed time multiplio4 by the 

iroDaGation velocity in the modiurt io tco the range. As 

QrA! atCI1t)tQ moaanro 1rjer wd larger rangoo, as in doep  

cpaco zliCtiOn, it boc000 incroacingly difficult to 
detect the reflected pulee, oven if a traaepondor is uaod 
to a ianoo tho echo. One moy  roeort to t OmittinG many 

pulooz or even eanding a equro wave or sine wave CAd opply 
comol aton inotbodo to detect the rotund oiial • flowovor, 
thia loado to an rnbigity 	the rage ncaourcneut if the 

ropotitioi poriod of tine puloco or period of the oqucro 

wave or ciac wove to boo than the time required for the 

014;1cl to travel to tic target nnd bac* in situation ouch 

ao tiOOo, Q1e often turno to tho tranainiooton of a btnarr 
CoçjUonco of digit (called ranging code) no a cignal cioco 

period for certain classes of oodeo can be dooic4 to be 

arbitrarily bore hence, range onbtgu.ity proaonta no probbori. 

On the otborhend, the uce of a digital ranCthC aignal bringo 
u.ith 

 

it the prabioza of raugo resolution#  in the the range 

mOaOUrO13,ont on the returned signal .uoing correlation toc1ni 
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-quee Can be resolved on1y to vithin one coder-digit time inter- 

vei.0 .cax1y a trio o exists here#  since the finer the 

ruja rocolu. iou (that Lo, the shorter the duration of a 

code 	it) tho longer the code sequence must be to avoid 

range ombiuity. If the range moo omont in performed by 

elidin (in cane code dJit Increments) a replica of the  

tranoittod code sequence pcit tho received 	7. and 

ooarci4ni Lor the neziinum correlation, then, lone code OOq 

ue 1eoo necessarilyimply large acquisition times# In fa t, 

since one Usuatly has no 'a priori' iufQrmEtiOa ebout the 

range to be doterined, era orro1iat; the received eiGxzel  
tip 'pie rtu 	$e k signal r1ioa ehi ed one digit at a 

time vocal d, in Casea of distant  ryew load to unacceptable 
r cuiei iou time porXorawe. 	m tho dissuasion, one can  

suarizo that a ran, code of old have the foliovinC four  

1) O avoid btu.ty in range neoeuronout, the length  
of one complete cads cycle (code digits per period 
times the duration of one code 	bol) should be 

Greater tuon the m mum anticipated round-trip 
transit time, 

2) The code symbol repetition rate must be euXftcienty 

.c to meet the desired re olution or curacy of the 

range me aE.uremont.  
3) Bbd out .co elation function of the code should .d be 
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Of the tvo 3.# el typoi the aoquoris3o &OU1d be a 
xitc.l corr ittm then Oomps?od one. correlated 

*iitb i ao1 •t 	uz-itorx + o e ofmiGrnato t1on 

compared r1t its tt i s k# My zw ► )* 

4.. 	To Improve ofActeney in tr azieQLOn, it to + t abl 

d +^, t S€. A~ 1 ,° 	i 	" ! 	f ; •, 	! ¢ 	At 1. F, I w 	b, .dk ¢ rr 	! 	¢ ¢, 1 qt 

proportio ae øommoniygore.. from a clasa of bind 
sequences kwvm .tea ,g e do" is (Pit) eet uaoe TiO rd. 
+ o ! is s d to denote the r 	biance bcts7oez the Ito" 
co..r ton Anetioz. of thoce eOlaUoflOec axid that of baud 
United t o raudorn flotO t b untf0 speotrtLdoatty over 
a v4do rnio of equencics. 

u
enor- 

mo s1r in tho pact 0v7 dooadoo to provide a b 	rye of 
oo i000 required by modern cLiUaation. One aonooaonce 
Of t, a rot h ia that portions of the radio opeetrum are very 
cro od rttb usor,  , and yet there to roquizement to moot 
»ott&nato Hooch of att11 more uaera.T to Preaonto More 



0j 

ob]..oms in 4ovo1oiLnr pr000&Zr03 for ccriri, allocatinG 

cud GDOILAing t1W. mpectci oo as to cittiafy tho zood to 

aCO11mOdtO oven more wo of opeOtAm. 

Ono poetbiiity of alloviating some of the damcudo 

for cpeOtAul lot  of COUDDO, to move to over higher frequencies 

dioro there is loot, or not  current usage. llovaver#  the ixcio 

of thoso ii1ior ZeqxencLts may not poriit the kind of yotom 

performance reqirod, or oq4pneut and tehiqoo for 

oporcitin at hiGher froqlienoios moy not exist or are too 

costly for the sorvico required, Thue, other ool.utiono oust 

be founds 

T-110 principr one ap1oyod todcr to that Of rod ciJZ 
the bcindv4dth used to provido a service, oithr no a result 

of isproved tooheiquor for ro&ioinC, noccssc*xy bidv4dth or 

a forced reduction of csiod brndidtb by administrativo 

decision, That roducli3C tho aed bciudvidth dLso has 

obvious liitiono, for the bdvttb noniGaed coutot 

coutimtUy be reducod vLthout dogradin syotoi porforcmeo 

quality or roquirin more costly eqipnioxit • So in recent 

years# thoro has boon incwcaooA interest in a clues of multi' 

pie acCoDD tooiios 1rnon as CodoDivisiou multtplAe000s 

(Ox). The UWA toolmiques are tio,o nuiplo-ceceEm 

icthods In vaiob the multiple- cccoeo ceabtlity is duo 

iiciily 10 Co(1,th and in n.ieh wiiio traditional time 
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prob1ozo in ciovolopinij pr000duros for obriflG, QI10OCt1flC 

and aoclodn, the xpootrUi 00 as to Gat1O1T the nood to 

accommodate oven more uoo of opeatrur. 

Ono possibility of alloviatinug oonio of the Lon&i 

for ojeOtwi to, of course,, to movo to ovor bthor froajonoieo 

viiioro thero to 1eo, or not  ourront imao. Uovievor, tho uoo 

of ta000 ihar frequencies may not porit the kind of syotea 

porforiaarioo roquirod, or oquipiuit and techatquoo for 

oorcinr at ULhor frequencies cior not oziot or ore too 

eooia, for thu oorvtoo required. Thuo, other co1uiono cunt 

be Zouxul. 

Lie principol one xpioyod todoy to that of re4uci 

the bondvtdth uoed to provide a service, either ctci a refit 

of inprovod tooiquoo for roduoiix ncoosexy bvidth or 

a forced reduction of aooicrtod bdvzidth by a&thiiotativo 

decision. But roiuinijthe aoat(ned bcndv.dth olco huc 

obviouo Iiittion, for the bandkIdth aociC1od cannot 

contimtc.1y bo rd dtbotzt doctdin tTOtOfl  port'orznco 

quality or ro4juir;LnG more cootly oquipm2t. So In rocort 

yearet there haw boon increaeci interest in a claoo of Multi- 

ple CCOOO tOOb icic lain w CodoDivioton 	ipioIeOo03 

(CAW. ho  UMA tochniquoc ore toce QU1tip1O"CCO0O 

cothodo in vthtcb the multtpio-ccooco Oo?oM11ty is duo 

p?imciriiy to coclinjj Cnd in vf4cb - uWo tretttioncL time 



and fre LIoncy-4ivid. on multiple'cootw- thore is no require 

rnGnt for precice time or £roquoncy coordination botvieon the 

trana1nitter3 In the Dy:tE2. 

The most cOnn foti of CILIA to Spread $peotum 

iuitip1e ACQ ($Si) viore a certain cLLooated frequency 

baud Is ShU?Od by a number of ueera, eth of vhiom ocouie 

the whole bond (a oppoocd to 	quecy divIsion multiple 

ocene, rMIA, %liere ec,ob uocr t8 rootrictod to operate vztthin 
oozno £raction or the band) vth a duty cycle of 100 per cent 

(ao opposed to time division iultiploaeceee, T]LIA, there 

eacil uoor hao ezc1u.ctLvo two o the x1iui for a certain 

xvwtlon o:: 

In SLt, mW - Wotme vl1 be operatirkft, in the aerno 

noibourhood aM ecich user cdiii be cceigno4 a distinct 

oncodin coquence uou.cQ.ly a pocu&,noieo (pit) code. 

Ich actiVe user then modulatoo his meounao onto his pooudonoiao 

(pii) carrier and traim4totry 	it throaah the actol1ite repotor 
to thQ receivin[, tozLnale. Lola rcCei1tint otxtiou onp1oya 

a phase cohereit corre3.ator cEablo of 1QC1jXJJ. onto .azw one 

of the tronttod sio v4iijo rojectin,3 the others. Once 

tho receiver is looked onto one of the P1 carrioro, the mesco 

can be recovered by a correlation detector. 

In crnercL, the crosscorrelation fuwtioa botwoen 

mazirn), eoçjuonceo ajr be relatively lGe. Thus difforcut 

oyotozrn QpoDatino in the so noihbourbood can intorf•ro 

¶it1 tho QucOcafu1 attainaent and maintenance of proper 
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n 1ronctior by havizvj the receiver of one communication 

I"" l001C on the oroco Cora + latioz peaksobtained by 

colatinj tzLth thoeneodl oe ucneo of a different  

cm... uric ation iixr. ¶2hus 'the  .acoeosW U80 Of spread 

oo rw cornnunieation a, otetzo in mua.tiplc n ap1icatione 

day do upon the dooi of he codes v Lah ba e Good c&to- 

oorolatio,i pro ortieo for each indtvidw armor, v ii1e at the 

oa c Liao the Oro oe Dorm. ation botw n the oo leo of aW to 

coo cooxit w sera muot be uniformlylow* 

:Dom tho above diocuooion vie ccii conclude that 
u 	ci4oition rob1oxn in oproa.d apcotruz ycrteio involvoc 

the dooi of a lair, c nbcr of codoc viioh have Coed aut 

Coz'r&atioi proportico r en correlated itb itself, r/Wl 
t v t120 o ! tixio the arose correlation between the codoc of 

`A 'tr di'l* Oro t ucoro muot be unifozly low. Go (1i) haa  
described a method to senerato a large family of on4Uin  

AQCuciicec, thicb bEivo levi oroc wrrolation values, Instead 
of €bav a o li coma,, .cation link employ t different tazmel 
coquo a, we aooi to ones un a moabor of the encoding 
£ciiiy.  

1.3 Oriiatioi of the the a 

'. 1O OratLjzatioU of the t o io to an follovie; 

III WI ;o II, we have etudio. the vorioo approaches 
to tho ocuioition problora. Ia so$  the ueo of combination 



eoquoncoo mid their 	liea.tios in acquiiton problacr 

have bean diocucood. 

In OctorIII, the properties of the combination 

cequcaWoo have been diocuood at lonrth. And, eoiiputor 

reoult c for pcLrti L end full corral ationo of 2 and 3  component 

cobincton eaquonooc are tabulated and are dracin in £i(. 

1co, the partial 	and full erooccorrelation of combination 

ooqcroco Uhioh axe twoful in etudying the acquieltion, time 
porfor1iatico, have been tabulated. In the scio chatter, the 
acquisition time parforzionco in a multiple accooc communication, 
ovironucnt hc20 boon auycod. A Let onplcc are done in the 
roord, 

In Chorto-IV the awzicxy and conolucionu are clravin up. 
In Appendix, the promo used for obt.etninc the 

abovø cold computerco 	x• oulte are riven. 
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ACQUISITION SOHJZE3 
- 	-T----1--1_ 	 - 

2.1 Introduction [8j,[9) 

A reeurintj cotiunicatLon iyotocio problem involvoo 

the dootjinatton, vit1i rolativoly ii( prociton, of the 

Phase of a poriodict no o-corrtptedsignal* Ecrbca the 

most 	Q1y proposed inrLo for each puzocco are paoudo 

random coq txcncee, Indoo'i, each eiCcLo kwrz to be opt 

at lemat mien the noioo La v*Ltte and Gauaoian, in the canoe 

oi mm iint the time needed to Lind the correct phase with 

a apociied reliability, 

In particular, oupoao the recoivod aifSAiL is biom 

to 10 of the form y(t) = x(t-4a") + u(t), with x(t) a ainc, 

periodic with period T. and n(t5 additive vbito Gauccian 

noic3o. Dio iroblom jo to detorwirzo as roliably and r4dly 

00 pocib1c the phaso . Of the received 

kij procent day communication c7atems xtlio 

pcouuotce (ni) apread*'.opoctrurn modulation 1br variouo 
roaconri, otcb ac rtuj, intcrorenco protection, power 
£jut dowity reduction, low detectability, or multiplo-acceoc 
oabi1ity . AU thoce q7ston.a uuat be ale to oyncbronize 

totiio received code 	the receiver codo by eoarohinG Over 



10 

tic code pbczco aid in addition, oornotimoc over a frecjuonoy 

uncertainty roion. Then once haviz)r, 'acjiirod' the code, 

the oyc3tcrn must tcJ the code tiith wall error. 

In the next cectiorx, we di ocuori the varioua  
opj?roaebos to the ocqioition p3xbla1, theoc aro 

(i) Stopping Correlation mothod. 

(ii) liolmea and Chon method. 
£tASI Ojotem 

(iv) 	ERAS ayctox, 

2.2 mcerrnt âppoaehoo to AQquiattion 

teppiu correlation method (8),f 141 

corduon requirement in the receivers of opread 

apectrwn 0YOteme is to act the thitic. state cad maintain 

the phase of a recoivor generated replica of the transi4ttod 

2il o1ia1 in o,, nchroj n with the received P11 oignal o, Thi o 
acquiallAon pr000so in root simply done by stoppina the phase 
of the rcpli,ca vhilc orco orrelating the replica acainot 

the rcccivød1 aignel until the croo orrolation output 

rioo, i.e., if the trwittod coquenco is 	 19N]  
VaOO ii Is he sequence length , the desired infoximation io 

obtained by ascortainin which of the  cyclic permutations x 
of x is bein r000ivod, vAero z 19i+11  
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the cubooripto interpreted modulo-U, In the abocmeo of oj 

equ.tjraont Oouotoir,t , the optimum procedure for dotoiin 

I to 'iol1 inorn. If the atdittvo noico to white and Gauooian, 

tue 01)titauln receiver vrnld 	eouoly form for each vcLuo 
3 	 the correlation I. U  . 	I 	U 

j4 Tj where 

vzjtb•y(t) donotjxi the received oicncl and T the sequence 

poriou* AD  aQon  an a ouitab].o number of tc=o yi  ore availablot  
tiao j is accepted as Xnitcatiui the phoac of the received0  
ooquerco, whore 'noz I j J = 1jo Typically, however, 17 IC 

larisD ati ocjupxiont ltx.ttationo procludo the otaultonoouo 

dotoraination o oil u of the cor olatioo 	. indeed, 

often ouly one ouch correlation can be dotezzni.nod at a tine. 
hie aoti.iod to oiov, boccuoc it taboo no aocount of what the 

pI1aCO of the Incominr, Pit sitmol appocwc to be. 

Zia integration time over which the correlation is 
to be perfornea to iud out the phase of tho coquonco, to 
(1C)OUdOL1t ttOn the probability of detection error. If '.70 

wat to iocp the probability of error low, the Integration 
tine would be more. 

In this aothod, the coquioLtUou tinc of a code i 
rolctiv,j largo bocrno of two roctoono : 

a) the intogration time of the correlation ohould bo large 

in ordor to keep the probability of error low and 
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b) tho nuzibo* of correlattono that iiao to be perforticd 

Li icio beOLluZ)O the phaoo of the incoriinj PIT eiinna 
i un1novia, 

£A i;io no .aotbocl diOQU000d, the jut oCration 

time io done tvzico is order to ootiurxtcltio phaoo of the 

caain ooquoiioo, the result io a reduction in acqiitoition 
time 01 

(ii) k1Q1UO3 and Chan method (g) 

The next approach we diocuoc, wca SIven by Io1rioo 
ot ol. 	io acquiojton jotozi rich tboy otudiod is called 

a ciou.blo dvzoU time- sytom aince, to inteDation tiaco (or 
dvell time 	Li utilized in the code ooarch pr000so. The 

fit tto($ration is done to soaivh the code phaboci quieltly 

is oac11), oud the cocond to provide a 'bottor1  

of Ttactilcr the 'irnch' code phase has boon fod. The 
baoic idea is to apportion cone of the Oo Blarni protoction 

ii the first intoration and place the roiiointhG (usually 

rcator) rrotoetjon in tho soconi into'ation. 

cquictouzodo [9] :- 	Conoidor the model cihora in 

4c model (aocuninr no iopplor) to ao £olloo: £oouno that 

hcrc are crocus to bo coez'obod ( q mcj bo op.&4 to the 
lOAJth o to 2J code to be coachd o coc uuliplo of it). 
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or ozcmplo, ii the udto aize ie one-'hcilf Chip, q tall 

be tzLco tho code 1oriith to be searched. ypicc11y, the 

soaro starts by adv=oinG the reference code phase to the 

oxtremty oi the coda search rye abiuity region and 

tieii a trial Lnteration of c cecoado is made on the 

received Oial plus noise. 	U the threshold is not 

exceeded*  then the reference (ayoten) code is dcl'ed, for 

ozlo, by one-half chip and coin the dwell intoCrion  time 
eoconio. Vic process continuoa in this rncnior until 

a hit (threshold is oeccdod) occurs, r2hezi i7ithout cbanGth 

trio code phase tho inteGration time is increased to v 	oecond. 

this dwell provides both a hi.)ior probability of detection 

and a lower probability of false la=u- If the s000nd 

throsAiold is excoodod, thei typicollT the coda loop is acti-

vated ad a third intonationo the input aiiial plus noio 

is pOZ'fQruCCI (in practice it could be the same duration as 

t ). If the threshold wore not e:ceedcd at tiJ.e point the 
2 

soarcii would Continue, Tao final inteGration  period forms 

the basic of a loci; detector, Bricily, the idea Is to detect 

oaj, three coeocutivo times in tthicb the outpt does not 

exceed the threshold, ;ion this ovoat occurs, the code loop 

is declared to be out oC lock and the search is started over* 

&o no acquisition method, lipid acquisition by 

oqUontial Estimation (RASE), was (ivon by a•d [ 13). It is 
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14 

uooful for moderate input 	o-noo r&io (sm) 
ooriinon condition of may hi cjcaity trcoIzix oyotciu. 

OA? 4xsAfo doVAI t .O to -15 dB, ho 	WotoM en Gtve 

o14fiatit1y shorter acquicition tiraoucv than ivopt Oyatemo 
or oivas correlation step pin eoq4oition Eyotee, 

In this øyotøui, the first a received bite are 

to bo loaded into the receiver ecquecc Generator and 1ciftbc 

cuorator atart from that initica conditiono It viill then 
coutinuc to pro dace a sequence thtcb in approzdmately in-

pJ.iao with the incoming,, oecucr,ce. A trackinG loop can 

tutcju the phase from that time on, LollovinG ,y variationo 

o .)opler due to torijet dnamioo or other caucee 

The .tASE j&texa ac -oo ito boot ectinato of the 

a received b&to1 1odo the roca-1vox coquonco onoror 

Aitho ocrimato, and etarte oporatioL o the cottence 

enorzo and the trackin3 circuits. I. the coroct estimate 
to loaded, traekjn, d.li occur, Lt the otie tine , a MGM- 

correla:~:Lou to performed botceen the taut ctw1 and the 

81G01 from the local ooquoiioo Cancretor. If the croo 

corro1ctioii indicator3 tIj receiver to oontiJ.n the correct 

couonco ona trackiu to. be oecurri, no furthoi acttoa to 
tacu , 12 the croap-correlattou indicatec that an Incorrect 

estimatetae made, a now estimate o2 the in2ut to made, 

loacicci end tracked. This proc000 in continued until the 

coroct ootirnato to finally obtotnod. 



e i san £mprovod. rnethod of hta ratem, gtven 
br (14) has becA diaousse +► 	Ls 	ed fl id Accutaition 
by eo nor'.?d4 sequential 1oUmation '(aARA& )o 

)rat m,[x,41
.  

AU JxprovoA nthod of oLatio*of eeozotie 
siW sIsdisCxbe. br crd, analT:u 4. ht m ho+ 
Aarnoa itØd 	aLtion by Bea + ►.A de 1 $ezcrnttL BIirntton 

RAUS IS an ou1jrowtth of the ].ASE method. 

This et o : uses the recursion toLstion of tho P 
3i(fla1 for improving t 1x i ; phase a .zat•e In this 

method the )o14n 	 $ 0b3C ed for a tine much 
tone r $hn th mininium needed to detørmin the p xao in the 
ab3ofl O of .UQ eo The additional bits c 	.t are hood 

to detozmine hothe the oetite a peara to be ororfree  
rd 	 z efo i s Vth at 	tixLcj to trok, A hLgh poportLon of  

incorrect 
 

L3ti Øeestimates O . be 4ioewed v4th 
relativeLy oLapl e lot 	The oatimte for b1Mh trakin 
isaemptea ha1tO a hiI p hai3it ' of boin oorzeot. . t 
prOviLoa a bete .* er ormaEiQe then YWBO, but does Sao`'Lth a 
moderate increase in ioio hrdwae.  

OOr . **r n 14) :- 	The recursion aided ayGte i.e based 
on the Use in tho receiver P1 noz"ator of t t t al eod' 



1oic to that usot in the ttt$oz (the reoursion 1oto) 

end the UOO of a Ofl:etLch io eau a wno rninoue 

jto (s) to flzd reons of the input data stroom  

are probably o=or £re. 

Tho 6jmjAet  RAUSE implementation is shorn in 
Pie, 2. 	 mtewmce Sonerator idontioal  
to that used in the troitter foede baek the outpato of  

Aope 3 and .5 through a i>d2 adder to the iut to 
jrot*e the 8equooe then the ioad/traok Ioe haü the sv4tch 
in the upper Position* Tho acme ii -lop outputs and the 
procont reOeive4 bit are oonparo4 in the 81I, th tUa OBSO 

c aUale 34nput mod-2 addo, in order to Aotornine sen the 

load /track e.eh should be raised,* 

The eecpmoe of operatio controilod by the load/ 

E1C logic is E3 follovos ViVe LUCOIIIirIJ oati*atod bite 

are oUood to Ali the ohito waisteri Then as more bits 
ov teh the restater the output ot the SJL La permitted 

to rciso the owitch so soon as xnad2 arotmoxi.t MOUG the three 

SV/Z inputo la Observed j $rial track and in1ook eorrolatLon 

Is th poro•zed ie the atCb is m4ntai=4 in the upper 
oeittoA cad viic the abUt reLotor continues to produce 

a repUca Of the JAoom:LzC soVmao with Initial phase oorr(eN 

pon4tni to the eou$cnts of the aWt 	tater vhion the sr*tCb 

not-in-lock dociotoi is matat the end of  

the trial period the aviteh is 3owerod and the pOOao Is 

ThLO continues trntil the contents of the shift 
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:register v&on the vic1 io raised ora eorA'oe Then tho 

phase of tio atnL produced by the obi t register matobor 
that being roocivod and the i.00k detoetor pzevouta the 
ot1,irao logic groin loading aothe eetiatc 

2.3 	U00 of Coinbjntjon, Sequences t2 
0.srr1_r-1   

Az has alresy boon discussed to aChieVe Lnc 
ro roaGltion•, one deatrod a bioh pulse xefltion rate. 

ifor Ions razes this implies a long aequenco, or rieo 
also imply a 107 roturad signa level and therefore a long 
jntøaton time to detect the signal. Dna OaA use oor: 
lstxn to dettrznno the phase of a 1N sequewdtby anoc ecrnivo 

trL: and orror I that La, one ehoocos u phase and trico a 
ore3ation If the phaso ohoaon is not corroet, one ban 
no better choice -than to try the next one . If the aocjcmoe 
were a million ditto lor& one might have to try all of the 
million possible phases to find the 	ono. Rowevoro from 

an information theory etandpint one should have to a for 

only 1082p  Yes or no qeationo instead of 10 qeot&ona. 
Sequonoco have been found vhicb have the property that the 
as onn, be dtermincd by oorrelation uains 9tw fewer then 

the full number of trials. These aoqtenoos, clod comhtntiou 
0OQ.tO1CQ$ Q2 Conpooite sequences are Lorniod by oombiniwj 
several abort PH ooquences digit by digit[], It the periods 



a 

of the several seqtxMOeahWo 40 oomnou ttt 	3 the period 

of ooiabtzatio ouence to the product o the periods of  
several eeqeuce* it la posable to doterine the phase 
of the oombi atiou oeen•e by daternining separately the 
pb.ssea of the component oequenoes, Tas requires at moot 

P1 + P2 +..*+ Pa 

trial CQr2e1cti0fl13 to detenine the paso of a zeqasnoo 

ve the parethethof 
the component vaquezoos, 

Eastez2.in t16) 	 ecr 	one intorectin 
means for oombizing at odd ntbr of bLzary soqu=oat  the 

coquences are simply combjed In a majorLts 10400, Por oz1e 
the composite code e(i) cau be the majority tote combination 
of a number ot Shorte:cqucas t(i) oi poviod  

= O4 

or B o4A, where 	+ 1. 
The a,tha uae4 by MIstoin (1] boon $oen 	rom 

 

hoo 

Ateworth. 	Given , acquencos of lougtbe n1•, i = 
wbere the a. are p.eo relatively primes  a composite 
seenoe is toea,  of length i; 	Bo1i chip of the 

ifal cornpoito sequence is a 1,ogica cornbj.3atior of *no chip A'oii 

OaOh Of tho eouponent oequoneø, Thor ozp1e, oupoce the 
owponent øeøUcCG vmre StVen by 110 =4 00101 and that the 
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,loatcal function vas unio! The composito sequence 1ouU 

then be as follows 

LtoomIonont 	11011011011-0110 

=endouezt 00'101001010010 

0111  

That rnoOp by tazrtn with seqa0moo of IOAZths 3 and 5,. 
a ooquouco Of longth 3 z  5 = 15 tiaa eoneretE4 

To OqUtre otøb a c30AeflCG, it is necessary to 
crooa Corralato tbo eonpo4to soqmco 4th Oaala OX to 
OOUO404tØ to doto=IAO at that rdativa shit the oor1xtio4 

!ptaze up!, in pat1ax' the i 	o2apo32ert: roquirea up to 

ouch 00rr1atLona and thaafore atmot f u OGrr?eiattoflø 
'4 

are roquirod to a0quIre a sequeAce of 10118th 	9fl. 

Tbla Is in contrt to a P17 aeeuoe v&GrO lor a 

Ot 1ejth ns ozzo requirea up to ii correlationQ to 	utre 

The boce of v4izt Booleez A*nton to use OaA be 

made by CoAaderinG the.to.*o o ry diatiox propertieo* 
ttsviorth proved that to mazinize the 0terenee betwem the 

In-phase oorre1tion vcUze of a Oompooito $ectzeUOe t4tJi one 

OT tte, eoiaouent oezer4oeo aud wW out- of 
VtUO the Boolean tunotton to wo is  that  of majority logic# 
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loeicel 9=tion w4s unjon. Vao Oom3Gatto sequenCe %Ud 

tJ20n be as foUowss 

rivet cornnot I 1 0 I10 11 O2 10 330 

D3 $oOOndCO Oft QoQoioioQIQ:L 

JjJIJ3 Oomposito . 	1 I 1 I 1 0 1.1 0 1 1 o 1 

That ze=P by startima vith settoxcea of 1049the 3 and 5t 

a LeqUen0O Of Iwigth 3 at 5 = 15 was Oer%t0d* 

o acquire Suoh a sequence# it is neooaeozr to 
QZ'OCS correlate tjo coxuotiim euenco vth '0004 of its 
oornouants to dotemim at ttst 3?eI otiUZ3 ahifto tho correlation 
!peaks up! • in p5t.iOUIp the i component rot4roa up to 

H 
 Cush CorrolationS and thoretoo atmoet 	correlations 
 rn are voquired to euire a 3euence Of length 	n 

j1 
hio Is n contrast to a PN sequence vtherC for s soenoe 

of length % OAO requires up to n CorrelstOUa to eCUirO 

the COiO4 

The choice of of Booloen fumtIon Rionto use can bo 
made by CoUidoxing the autQoorrlatiOA properties# 

ittsvorth proroa tbat to rni2gze the d £ereno between the 

iase Oorvelatloa value of a øotO $eUOACO vAth one 
02 its, component Oeqaewec and aV Out- of -*pbwd 00r018tO2t 

veluo, the Boolean motion to use is that of majority 1oic. 



It abou1d be oted that nt all I3oetrn ntiona lea to 
code 	oso oornozents n be separated.or ezaupe, mod 2 

adds l.oa Of Componouta` 4U. nt LeM to a Dodo ioii is 

aoçuirtb3O On c , component - by co oven bads, 

aOCxce of the long time o ui3ed to c.cuLto 
the £u U. coro3tL bOci two longbir ssgd noQsm  

the p ti. Correlation i. a othnoo used t s an p4nttori 
to the ±41 0a r ttjo 	Xn aot, the T#uo e objective of  
OOIUbLfl&10 	,U +) s to e Zit more r is aOaX0h and 

qaou.t4tion. eat La, for the aeiueoee 	end Ivii,  
rathor th than caloulatc, 

.r: u i 
one settles for 

0 

£or some M0  mt c1 n1ler than IL 
, o full anti partialcorrelation properties of 

-o ibin 10 . aequ o that are za u. in rengtnj 	tip . 
acoeaa Coz 	o ti ox yatos, at &t$ s?Od in 	. # . 
the next Ch  



CQBREiAIOR PaOPEfl8 03) ACQUISITION TXI2 

jul CS or 094XQ 	 MBS  

14 this oba9tr, the jartit.and 1)41 oorrolation 
Propertios of ooizbination sequence soquencee that are UeUi in 
rca&ina and mt2p 	000øo coarnunicatton opplicatioAs ho 
boon disou000do Computer zciits aro obtoinea .zttho: fal 

and partial oration of 2 and. 3 eomoucut combination 
ooqtoncc$ 711iOh =e forne1 bW ur3iflrJ vmiouv 1oaXo& functions 

and thee correlatIono are aonxparot, PzaUy the wquioition 

time perlb=woe In multiple-* access eozUntCtio.fl systems 
bcs boon discusse44  A few exnpios  are gLvtn to calculate 
tho c0i4sition time t4 probabiit3 of noqasition oar 

in si multiplo-woose ennrnout 

3#1 Propotica of Combination soçwros (61,fio) 

As ue have atrea8y diaoussed in section 2.3, 

combination ceçuenoen come into  picture v*en there  in  a 

need for I.ozier aoqueacozo  in $h1O aectiou we vAll discuss 
the corro1ctio.n properties of the combination ooquences. 

Por a cobiutin nequenco to be . U60faL for p4 

oqjia&ton, It must ooroi.toval itch 	of the uboo 

uonoo. That iaj tio ctociition 
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L c,Q (i) &2f0(j) 	
ia) 

should be xnzzirniiâ at 3 = 0 for all ub qaenoes . 

Tuavrtthe and Bravemwi hrc ohøvin, an Olven by SpUier[iO], 

that the Mejority 3otc (QE1pG5ite code Maximizoo this 
era co1ation and is th oie for all of the component 
aeque=ea %j  i.e., 

oue eombintion$ OS acquenoeo have correlation 

£uriotioo tMob turn out to be of epectal interedit, There 
tSI4) poifltu that ahould to of about, the autocorrelation 

fulnetIoXx 09 the coiuhinttioi aocuoes* I-Irstp theze are 

peaks Zoo all V&uos of (phase Xt) iich are 4ivialble 
by the period of eithet,  components Second , the correlation, 

viho both compouerta tve out Of phase, 10 not 
VhCO zils 2  are tho lengths of the component, dOUefl<eQ 

W'o is a OOAaeq.ueuoe of the fwt that the combination 
oequezce is very unbLoed* 

rrat all combination socuenees haveauto-oorz,oiatton 
Iith petg-.rjv  at, the multiples of the porlods o 

000ncnt 	riecc', 
ho 	Of 	has boen. conputed from oqn(1) 

as 	 ' 
l>P(u)=E/ 1  

vt1k*l 
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V.ues of P() for a majority vote of U code oubsequmoo  
oorpnentø aro given 

ø ,ao alrecAy been disaussod in Cbapterl, 
in a CMA qrstem)  e imve a nwmbor of uera, e uLn 
an ifldOpOXLclOnt combination coo eequenoeo In this type of 
Biiu1iOAe the oroca correlations of Gn000rnbnattoa 
ooquorao With tbe oornpouonte of otzer combnaflmi aeqzonceo 
tt).1 be received as noise by that particular combination 
t3cqueACd 	eUlatetn44J dXtd simple bounds for the 
Oros cOrolatiou funotiono. 

Coeider my On oop:.si'to. oequanoes I and Y 
M umo that OWh one visa 4werated by combjxiLwj tto shorter 
OOUOflC 06. That .i, lttiri 	Z 	4uoto the i 	chip of zo 

MA 
6.. (A 	+ A) 

Ii 	 +B) 

V02 [A j 
  

3(U1 [DjIJ are indopondCnt random binary soquonoea 

of lex*t1i Ajis i l,2 and 2. 

Jaurne It is deetred to aoiro I by flSt 
oo1aj With 	 Since I arA Y rIll be r000lvLed  siim1 

esy, the (wiau1o4) oontribztion from Z WiU be given 
by 	

= 
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XrnpUcit in the above equation are the aBsumption that 

L the siguals have boon aorwertod to the t 1# that all 

incM aze arriving V4th eqdl Strongtho and that they 

oro all arriVing Mnohronouay, Ui3.etetn hae derive tht 

the vorinne O 'the *tobase eroao Orrelation to 

bounded by the equatio 

+ ..j 

211 

2 	
rL1 — 

Eko? U3." 1 and Up>> I. 

It tzeo component Sevenoes am uaea In Zo4z 

the oobrzat.ou SOqUon000p It can be 8110m that 

02' so va) =[i+ 

Lor U, ~?> 1 v U2 3. au4 	! 

ALSO 	 U 0ozaponout cGqUeriOO are UOd t403?O .0 

IS on o44 Ai!UbQL, then chon ni,>> I Lor oil i 

the vee O the Cross corrolatton botzm t.-he compocito 

aoçenOe and the Sirst coznonont ioquenoo of a dioront 

c2 rJ  -i-, 

L 	)IJ2 J 

tt' 
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Upto tbta pint, oay.  the unwanted correlation 

has been di CUS8Ods 
Consider now Vie correlation between a combination 

Sequence ax4 one of its own coponeitta. The most importAt 
property oX mob a correlation Is the expected value iim 

are 
the tvoyin phaco. Under ouch conditions the foIewLn8 

eeu1ts OM be shovin to bod4 

(a)  

xf A, egn (Al  + A 

(b)  

E f !A, o ( 	+ 	+ . • + 

The roason for the emphasis on the 9=2 oase (beoidev. 
the tm$ioi.ty)., Le that it leads to the largest component 

longth 1%, for a given composite length N (amine that Nttb 
r componenta, each component has length OpproAmatay 
But one UsadVentago dth M a 2 to that It loads to unba1wiced 
Qombination sotuncee; i, e* the Aumber'oi ones is nOt eqiL 
to the number of anus ones. Because of to faot j, theec 
composite osquences are more Vanerable to certain types of 

Wing thou those in mob the number of ones equals the 
number of anus ones, With such jaAing, it Leo scuae to 
use an oad number of compote,benoe an oa number of L 
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Tho vtolo object of wing Oornbtrstiou sequence 
LS to porit t uore ropid aarob and aoi4attiou. Ando  
because of the long time rioqairod to ea.cu1ge the uU 
oorro],tiOx betveonto long 144ci COQU6MOSi the partial  
oo=oistioa i$ used 013 an pDo4!UOfl to the fuU 

QOtiOfle So the 	cor'xoiatm propertieo of the 
eombination code are rnoio Important tbrn the tu1spoto4 
Oorrolation 9  ado thee partia oorrLntions sot In 
rcpid aoaCb and aoui ettion0 

Dow tt7O 0equences 	) ond C 	rather than 

ccoi4ato the Z41 porlo-d 0ooetLon 

if  f V;LVJ  

One autlattoo *4tb the partial orcLtion 

L 

for come LI0  much Smalor than 11 = 
It the U 4n the above oquozs se the c4po 

09 one Qom9onorxt Of a oombjna,tjon sequence and the V,are 
the ohipo Ct a ooniplete combination sequowop thou the 

,follordug Deouts, derived by Uiici$ein (?J, hold tor tIZO 
'tt component ojnbination oquen0os •;  
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(or) 	It the U fle0e2e is one o t the *00pO2lortS (4) 

•et V (t.o. V 	agn (4 A2 .) Vtore 

then the in-phase value of has a VwAawo 
boun4e bt 

Na  
(45.4 1 -W <1 5t I 	, > + 

+ 	13 4w ~ r 13 	> + 
vihorot xj donotlea the greateat intogor Iona th04 X ( L.e. 

(b) 	U tho Vj aro one of the oo ononta of V but 

the potiol correlation is perfoae4 over en outot 

phaso 	 tvG a4$ or U the U is a component 

a combination aoqenoo of 	than 44 then 

tbo varie:o of 	 a bounded by 

o iQ 

there n to the AurtcntL porioL of U, 

(a) 	ThO eeotoc2 vLw o 	tor any of the above 

oonit2ono oUalo the ezpeeoa value of R 
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fl4late4u (7] iiae tabulated as rbown 	o 

varlous bo=de on the va4ez4o of couibLnationsoqi4enoes,*  

b1eL 	Bouno on the orwioo of o nb%xition sequencoi: 

!We of correlation 	Total coreLtton PWtIal COIrO]!A%i*fl 

Correlation of one 
Oooite with 
cornponeut of 	 211 

4iffaim1 eompo4to 

Qorrc3.ation of one 	+ 	+ 3 
composite vAth ir 	 ____ 
pAae veluo Of one 	0 
of Ito O7A oompOnorta 

f <tEgi-o 

+ 	< 	> +3 

Correlation of one 
corapocio TZLU out-* 
ok-phoso value of 
One of its Q1fl 
components. 

The propertie3 of oornbi.utjon oequenoes#  uhich 
have Uscassod up to thia point, haVo been verified 

rAth the prctio, vom4ts obtato8 b,r using computer..Tblo 
is dono in the next aoOtion 



D 

Combination ootuencoo foxvartona rntIto of 
4 ♦ 	! :# 3 t -C 	 4 A3tY k ♦ +! Z X: 	1~ 	C 	~` ! EXw 	• 	- 1. 	i 	w 

jgfoxaut 1ogLczi. Gp8tiona. :Au 	or 1 a n 'values of 
thoco eODbinaUon aeluonooc for c U poo ib G phasea of each 
ooLDonmthEAro boon a cua ' e 	Also-, thepartialo rb 
t ions O "CC` differentdi 	patio1 j 	of the .eoquouctea ho 
boon copted. And also$ the c "oa oo;rre won, # .G 
phi  oaxzo1ation of !C bin1ijon oou 	oa ttb oornponoto 
of Other coabinttOn So urea arc o ,c ate 

ooiibintion oeuonoo the v 	nt 	octo . operations that 
avo 1)0021 carried upon .mom 'U o; t oio'(v4oh to, the 

G + 
 

the OR pp rat p t 	o oh s 	WDI and ' # ' 
¶ o Z0a tO"0 GrXU30d in the tbu3ar Xorii and ore dra.  

in 5 . * 	and 4# T . p; ; am:•e for tb4J is ,ivon in 
Indtz = Pro 	, 
(1) 	 to oo rro1 a totno of 2~ cc tpo2 nt ; combination  
oecjtLeoea USIA& Ooponenta of 	► c 	?, 

£drat C 	 . 
d conpunoi (7) 	1 	*I 1- 1 

a ws~w+*—**w..Y.,ww:.«w ...w w+rrr«+r.ew...+i..rw.rw«rw t.M+w.w w.«+ ww.w M+ ..r+r~w«.»r+i r.. ,.. w«.■w.rF,r:r+sw:r~:r 

To Tho fiu3,o0 in the brcjoto indicoto the Ieztba 
of the O qUefl0Oo 
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Phase 
	 WGQ-COrrQiatjoZ Coot cienta 

Ucjority 10 e 	 Llo+ 2 

iLvs component 
Pbaaov t3.  

2 
CJ 

Socond co ono t 
P1uao Ir = I 

6 
E  

4.761904-2 
4.7619Q4 2 
6. 6v9Q4 . 

4#761900-2 
46761904B-2 

7619040-2  
4. 235 14*] 

.333333 1 
-3, 3333333. 
4. 10-1. 

4. 763.904w 2 
4.76L904 
1 423 571Di1 

.*423571flN11 4,761904s2 
4. 4257UXL 4. 7619047- 2 
..4 571B- . 4.7619O42 
6.1047 1 -3 333333-3. 

Usin components of tits 7 oxid U. 

Second 00 on t(U.)=11-1111 -1 -1 -3. 1-1 

AUtG-Corrolatjcu ooctticiontB 

-1, 4 5' .B-1 1.293703.B-2 2 
—1 428 571 	I a 293701)-2, 

.O : 	—9.090908B-2 

P1rot Compo rt' 

?btLO0 =1 

0 

eCond COxpQnAt  
Pico T . 

3.0 
0 

1298701i2 
1 	7011- 2 
5. 	 751 

1298?01 2 
2987Cm- 2  

4,80 .9G I 

-9.090 	►2 
-9 4 90 -2 

5.324675B4 

1 2 70I 2 
3..293703.B-2 
.x4235' 1 
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om i eo tcbloo and the iba it Cry, be oo lut od 
that Uc3Ozty - LO c Combtnatton of 2 eoniponei 	on000 

VO G the rate dio?o1oo bot c oa 4110 1,-ph aoo cad 

1 to LttoDonoo ObOU3It b + no lame 	p000tb1+ ;y tho U o ;$ - 
1otc ooxbinctioa 09 2 component ooqut ao £i1c £i1 coo4 

pitcatoit ECho not boat lo,t ct £uuotLon to the iX 
opozctiano 2Iie Lio 2 3occL operation vi tc atvoo the 
xajnizuurn di ' orcngo bottieen, the r phaeo an oou-oaf-'ph c 
oorrttona of 2 copponont cozabinction oocuonc • L anot 
uooAQ. £or ronin, purpoLeE 

p °Haut t t binatt 	aquonoco s 	i'or thoco combination 

oOjLenOO8 tho v ioua 3.ocdP functiona t CC t htvo boon ucod i 

Oro the three oompou o) rho romatc tro moodin the 
t cbu1 tr or na a, oc n bob, ovz ~ d o + crin in r. Go. 5 cad 6, 
ho prorae for th&a to givort in Appon 	p !t r o Cr3. 

(1) 	to-corro1 atjono of 3 ooponont conbtuuioaooqtoncoc 
taetna o po nto Of bo tb 37 ,,tad 7* 

?.rot component (3)  
second co onont(7) = 3. -'3. 	. -'1 1 3. 

rc1 00wpO Ut (7) 
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1~utocozro1atioA ooaff,cjento 

a joz .1 r-Lo o 	OR 	A1+ I2. . J? 

0 

04?6 90 

-4. 76i9O5 2 
3,333334  

-4. 7 19Q 
7x 1423 %ml. 

1 4 3 511 *1 
23809 5B 

3 333333 1 

-46761905B-2 

•.4, 76190 5 2 
7.456► 

-4o 7619052 
1.4571D1 
I.1,4 35fl 1, 

-4e76 0 aD-2 
1 423571D'1 

-4.763.9O5I.2 

i rc w cork- UOn1 

2 
0 

Soo and 000uent 

halo -C 1 4761905&2 	v 43573J D» 

1.423571p,»1 I.4 571D- . 
le 41. 43 5711 1*4 ? 

'4 !71 	- . 6190 
1— , %0922 2 -4461905B-2 

U `C o o n 

` 	161 	5 	2 Z.4 M  '"4w 761 	5B-2 

2 -2.38O952-1 4b7619052 1,423571D-1 

3 "4o 35714iH '°'a 4, 76190., D 2 -4,,761905B-2 

4 1.423571I-1  1.423571-4 194 35 11 
5 4Z511i1 1x4 	5Ii-- 1p4 	5 	I-1 

-`4.+76190 1 4 J3 l -4 76190512 
0 7* .42B%. 	3. 3. 33 	33D-1 3 333333'1 
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(j) 	lJeiug o oz 	s o9' 1e' c 	c U. 

Pivot ooQpo nt (3) = 3. -3. 1 
$ocGna compou (7) 	I -1 -1 1. -1 1 1 
Tbico i () 	I1-1 1 *-1 -1 

Cl ow ~ Loo 	OR 	+A2 li3. 

2 
0 

S0004d ooponoui  

7 

0 

iL4 CQU?OZ3OUt  

o 

0 

-1* 55411 

-1.25541.3 1 

215 

30$ 96iO4n.  

-38%1O4D2  

5453.fli 

-2,164 2 2 

-2464502'2  

4.978355E3.  

2O " 21 1 

2O34632J34,  

, 4.6 2034 1 

19%7O3 3 2 

So 

2*  721273D-1 

6.4.95Q62  

60495O6Th2 

2 i 99 1  

-1, 254UD4 

-1.2554U 3 

.7. 922O77331 

4.7 1 04 

4. 761 41 2 

2 554121 

3,O 0 2 

3, 
2. 3809 2 1 



1?rom boo i c bl o and cbo vio Dan conC1uo that 
it 1on3or coxrqnoriu ooctcn000v 	e r o: 	.ot o Oomt * 

naUon of 3 Qo aO 	coqi.crncoa 3ivGo a bo or p000neo 

bo 	O o'tnin tom► o, Ccb functiono uw04 

avon 	It t o ooit inlor.tor 	orox cornpoxor  
ooquoflQOø. RUC .I+!2.A3 Loc.oaI opo eUn Lvoa the nott  

boat porformonCo -Zt ccn Leo bo oboozvodfrom U ° 
isthai thet eorr tion moon of corono 

oocbtncdiOz OoqUox2cOa Lt1i øLorto oopononia,  
to-iovo motion 

(b) Ez1ioi CO Do ttono  

AG ho c Doc r boon 4iogu ooO. in the prcv o= 

ob torc, portto oo roLotions of 00EbLXzcttOU 3eqUoncOO 

nt : oonci.vo .ao 	. t c►nc c`g1ic tto o. 	xr ic1, 
oorroLctono over c fforon.u" 	rioo o;' .on, o a 	riouo 

ooiubinoflon aacjjc000 o all p000ibLc pti000 o , oc,a1 
eoiironont Novo boo orformod endU.eoo refit o ore 
tbu3cd. 

Car o 	COtIbiflttofl co o oO :,- 	The lo# Ool Au2etiOz 

tI 

 

ho boon uco, in fori4n the oixabincttou soquenco is 

the u o .'r to io ciUioo 	found frog the provieuo oolo 
thct Uajo ity lo Lo oporaaton io the booi a ttizblo foz 
. r NiZI ,► pUZOOOOo Tlio 	io 	thLa to apron in 
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p di=-P a  "" ae fr 2, 9ho b"ou"t o ore tebulatotl tie aho 
bolow 

 
and t o drawn I n riGG, and S# 

j) P t4€ CorrcLationo of 2 cornponont combination 
eagtto Q0 4fl 0oflOflenta of lergtbc 3 a4?. 

the data to the awe that used for gull 
eor rol 3' i Gt r 

Pmt . correlatjoru3 ovar 	to 
?130 

£ici oonponext  

	

Ph€ o v 1 	l 4 5iU l 

	

2 	4.5?14D.l 

4. 54 l 

S000nd component 

	

1 	1* 4 ?1 »l 
6 
0 

4.'76l904-2    
4 761904B2 

6.l90476B"1 

4.?6l9042 

4 761904- 2 

44 X4]3 
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ii ! 	444 	7 y 

	

L 	
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tL 

	

c R r 	+ 

~ x 

! 	4 

r-:  r 
} 

♦ F. 



COMP. 

L. I 

- L 

r / 
/ \ 

I / 1 

I' I 

- 	r-ç 
d 	: 	lu.  'r: 	

r 	i 
-• ••! 	I, 4,j, 



(ii) 	Uaiuz oomI onouto of  lOIIIJthO  7 and U. 

'Qrticti co ro tioxm ovar 	Bito 

Iiirou 0aitpoxont 

3 

z' 1 
2 
3 
4 
5 
6 
0 

9.0909o812 
9 Q 90Oi»2 
90090903D-9 

"9. 090 903)"2  
-9.09V9 11 I i.2 
-2.7272?3I3. 
6.363363. 

2.7;272731 
-9.09091312 
9.O %8 2 

-'2. 722727 3. 

	

-9. 0909 	2 

	

2. 	3. 
, 09090313..  

-90090903B-2 
-4* 54545413."3, 
-9.090908i 2 

3636363. 

9009, 09108B-2  
-5Q3O3O3fl"2 
-3.0'303032 
-9.•090 D- 2 
3. 0"32 
51,' 7 5 3 

3 30503 
3.030303D"2 
-7.0909 
1s 515151 1 
3.0303031"'2 
3. 03030332 
3.03030313-2 
3,4303032 

-9.09090813-2  
-9 Q9090813''2 

5. 43445E 2 
3*8 1 	2 

63.8*2 
u 4001183.- 2 
5.4545452 
5. 272727]4 

1#81018. 2 
1 *018181 2 

- % 45454513-2  
9.0909083.'2  
9,09090313-2  
9010 9 }-2 

-'5.4545452 
1.61010113-2 
-5. 44545t 2 
1.313 3 . »2 
95454 3. 

&cqM oomonont 
Phaeo fi 	I 

2 
3 
4 
5 
6 
7 
8 
9 
t 
0. 

3-Oori9ouont ooxabinctjoA 000joucoo;- 2.r 	t . CO OlcittOUE3 off' 
3-ooxaonont xc1bina,Ucrn aaaaoncoa Izivo boon c, LQ 1e od over 
"# iouuj . , Ito Of ' acq ,orioeaw iic1oity  3.o 2o oporctton is 
porazoc u ormz t oorabinctou eQaerzooG. rho date the 

o ucod ho ̀ o ,a the oho  two a for £.# oo lobo 4 
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To oau3.io oc t auk p e4 oa shorn b ars and pro dzcttra in 
jjp,9 rd Q, The pocmrnie for those roa .ta to gtvon In 

(L) Uo.nG oo G nt •oaf 3.entho 3.7 and 7 

Pilaw 
	 Partial corrálationo ovov LI0 

 Bite _ ----- 

ThLidconi c 
'a► = 1 

7,14 55.3. 
1,4573.jJ1 
744a3 55Ii. 

*4 5 1 
w.1, 428 571D1 
-1 o 428 5 
-1. 42857lB3. 
-1.428 	. 
-1. DOo onO 

x.4 5 3. 

-7.34a3553.  
4. 235714. 
4023543. 
1.42 IL-1 
4 M l 

-4357li1 
2 3743 2 
o145Th1 

-8. 5714 
1.4235flflL 
l.4285711 

-4,,235714B-1 
-2. 000000D-1 
-8 571430D-2 
7.143 	3. 

3, 573 430 
-2, 000000D-3 
-4. 285Th4TI 
1e4 5 .]»l 
1• 423 571D4 

-8. X43 
7 .4 	'-1 

- , ?63.904D.2 
-4.7619041 2 
30 33 333 4 

. 0  7619O412  
3.o4Z3571JJ1 
3..428571L1 

-4.3357  4E-1 
0- 2. O 5 
-4.?613344-2  

14 5 

-4.76].%4D-2  
-2. 33O952l 
-4 23(1413-1 
1.4235711 
1.4 5 1 

-4.7619041-2 
7.14255'3. 

lPirat oonouont 
3. 

0 
$OCGU4 ooiupouont 

Phase T 	1 
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(ii) Ur 2 c,x)ouoAto Of 1 oz' .' 37 c d 11 

I ' t1. P?tt1. oorrictio 1 oVo do U L 

2WDc1 oornpOax  
4'hcLOO t,= I 

2 
3 
4 
a 
6 
7 
8 
9 

0 

8. 1010 1 

9,0 
o363636 3. 

2.7277313-1  
727213D4 

-%09o9001322 0 
.' 772'1133, 

4,545454321 

72i2731 
-2.721273134  

9.09O9313 2 
2* 7272'3 4 
9.O9ogoa132 
4,54545413-1  
.72731 

--2.7!'731'3. 
4o 545• 	1 
-2,727273134  

4 54541323. 

-3.,6 36363134  
'5. 36 1 

^1 »+~O 	1» 
-3.. 272727134 . 
5,4'4542 

u5. 4545451322 

4 900090Z3-3. 

5, 4f3454513-2 

-14, 71 
4 545 - 

9*0909032 
-1. 272727134 

2.00000Q13 
-545454513' 2 

1*33.23.011322 
27272711 

—2*1 "+ .M*l 

*-I# 	31134 
5. 555555F,61 

-5.0505041322  
-1* 3131 x, DWI 
7 O707 " 2 

-5.05050413-2  
1.03.010113-2  
3..03.Q103.132 2 
4, 9494941  

-3.. 010100 
1. Q1O3.00Th 2 

-1.010100J- 
-5,050504 2 
5.0505042 
3,03033312 

-3., 01010OD-2 
4. 3133.33J34 

3.0303031322 
.4 74747413-3. 
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m th000 t c bioo CoD p ctit : OOrr'C . ioncD L:o 

oo oboor o that the piths. co o eviona ovoz 1oci n boo 

o bite o 	of , Vo rnzch. d Orono o botmou i -hoe trnd an af. 
pdrnoc oor latio i. Indood aomotiticü the o t o -pha o 

co oic on to no inro no the t pbnoo oorroation 1c the 
numboz'of bits ;t over siic2 the potin1 oo 	atione arcs 

j>oz o d inoczoo the poromanco to aeon to " lmp vin 
In thte port of e computer re a .to vie have 

e.u3nod the coor Lntto c of a ooiabinntion coquom o r1tb 
i o o a. oopononto tad corrdLnttono of the o o combination 

o q a O .th the oomponc to Of other c mbinat +n oo ijoneoo, 
V ewc coro1 ations are uoAU. in 	yiin the eocjutnition 

iao por2oricmeo in a t pl 	c000 oronnont. 

iLooulta no obtcinc or to excrn1oo. In one 
O p a*  is hnvo t on 15 orzd 31 no e 1orjthc of the 
cozonont oo v000 and in the :second ozwj10o 	and 6. 
arc tóon no the component lonijtho. ice via have on1r t 
t"if2aront q c 	s oo (IZJ of 	 L5 	ôi of1onjth 31. 

and 63 vie can £'ozu only tvi d ferent oorbthation eoquoncoo 
Of 1O vb 1z 3l 465 in the first t ►plo and ctt different 
ooancoo Of 1rnitb 3163 +3 1953 in the eocond o ple . The 

io ,onl Cation thcit hea boon need in fjtn the combination 
ootjaonoóo La the f. njo '1 10 o. Thew cau1to arc tabulatod 
no o'ot;t bola* The p 	ro for 'thic io Given in A,ppt 
Prouto 5. 



Cu  cu c cu cm Cv 

Cu 
Cu 

 Cu CU 

c 
c, uo 

I 

04 

C 

1-4 

1-2 

1-3 

13  C 	0 

0 

g 

NO 
d.1 

1'7 '4  

1.! 
x 	V WF 	 / 

r 

0 	I i 
O I 	I 

Ici 	 0-i 

	

t► 	ter, 
f 

+" 	r0  



Al 

(U) In tbo o00ond ozcti1o. via ht va unod .f ,̀ .vv dif 'o ►rt 
aog aov oo 02 l the 	! 63 , It Jao boon oba o4 far, 
tk o of ipu ao rooiat tbcy the oro cio eovoiflono of Ono 

she CompOflotta of on otbor coi oo to 
ooçUoflQO ro OoXAiflcOc. So hozo tie ova ijvo4 the data 
of only 	orozrt ooquoncoo of Ion xa . rind 63 ooh 

63: 	. 1 	1111111~► 	~- 	- . 1 , 

. 	 1 11Vol-10-1 

63 	11 	. 	11-11 	111-1"11]. 
]1].'11. 1,1 11 .'].]. 1 1 13. 



r,1 <t! CJ ttf 

o 1 	a 
c 	O 	N c N N N' 

0 14 
IN C4 CY 04 0 	 -. 

p m 8 
Q 	0 	 0 4' 

0 
40 
t3 0 0 	 0 	0 

C-

I 	00 

Q 
0 

04 	 A r4 
04 

4 

C) 

000 

uc 	 1 	4 

o 

	

0I 	 44  I 

42 
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3.3 	0rmOon1cro 

cDOeT boon din rood in th iro ebotor, 
c, ro00trxUimthodo o uoo6 to obt h 	ttp1&'ceooco 

v cb lty. IA a tiutipl 	000o cornun.testtoA too 	r . 
u0wo too type" n Lu ' fl xio on omc t • 80 ab roe o vor 

wC o xop Lo oin oLaica  eLonvithtoot of other uoroD v 4eb 

o a&iod as ncoo 	o nutabo O u o o incotaoop 	e 
no .co , o f .iuortoreneo pOtlorp in O53Oo nM as a rooito  
t; o ooitLon 	a O tk&o oi1i3 . n os 

g  a pr000ura u30 boont v 	r oc ou eui 
the q"OL La : 'inn in a x. tpio Oeca onvizonmt. 

The tra c ittod aLcnat . c fold by QoduZciutj  

source da by a uoo2 0040 (uowL2y PIT coda). 8ourco data 

rai o ari4 U00 coder 	o tz.1I bo donotod by I/ 	and 1 	. 
binm 'jtto / cocond oapocvoy. Itia oonvonimt to 

that r►uz co data o4 toot coda aM o 	ohroiizad co that 

onlyj o o ciij 0 ` o user 0040 oU into a to co 	k. 

LutortL, 	2bo ijntQ1 into i v o thoroZoro cont . 

ohipo 9  so v*1I , in oT ot, ourco data ie bed coded into on 

(Ii,) core viith a cor?000ndin r bOU7XMAth inOvecc o over tbo b 
baud bsndtAdth by a iaotox 09 UU* 

: Q the inoreico p0rw r000ivcd by a i,ocoivor La: 
yi()  (fl4)2 	 () 

OrO 	= , . ?. parer rc 	.v ." 
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go od o:' t aba bit (oo co.Ucd Inteccion ti o) 

L = Iiuibor of uooro, 

Crooc * OOOtiOI1 000Cieioi O 0110 Cot2biflltiofl 

cocauoncc tLth i ` oonponon o of or eorbiittion 

[ otez liore vice liava aoawoI the zbrni value oZ 	Ob 
too e o eorQ1at on o ' one oorlhtnatton o+ t+ Oa 

tii t component of eli thor* combination oo t coc 
a =rot +e aea. 

i1 intororonoo povior VfLl. be addot to the bad kit v'e " fai o 

G adca no ea ( 0 ) already proaout there. NOW the total 

name Power tItU become 
st 	O  + 116 

. a rotit of this he ad flo .oc povor, the oi : t 	ieo 

ratios  (. ), avati10 at the rocoivor uLU by ro 1uood to 

Say 

uboro iL 	Corr attou rah' a coribination oocuonoo vd.th 
i to of I' ),  coriponont. . 

And D  f r ovary SIM avail m&1 o we can of the oorDocondinL  

probability  o.r couioition error ( ) from the tabloo LVon 
by Lind" and won, (1),, 

The iaoqiieition txuo oL ith  ConpoAot noti be ealolc - 

tart a3 
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rthor flj ' ionth of tbo ,i ' compoziont oequenco ad 
a ,ute ion tirno corre oz d to that probabiUy  

of err  
ccq4- 

otioa time porforiinnco. 

Chip e iod (.) 	= I z 10" 000• 
I ou th of t ht oombivation ooC .io .o  (ii)' zifl2=` 5=31 

• 46 5* 
Ucithm sm avIbLo at the recoLver 	, 

., 	= 3,Ø62 (ratio) 

$poctrel dencity of thito + c en noise 
(n0) 

there 	 o 	f o cons ant = . ' l.0i 	'/'O X 
t 	.AbOOIUte t por tUro = 300 0  
sa 	no = 1. h .0 232300 = 4.. .4 

11017 

,Data bit ,period ( tegra o time ) = fly.=0 46,541 001 ao 

0465iQ 

The probability of ear ( 	) h a boe ccuIatod 
for aifferont intoration ttmeo and or different numbor of  
uaoro uizit the forzzu1cao ttvozz La tho bo(jirniin of tbio oocti 



TI o rot 5 a e f aced coo bhovm bo1ev7 and ar ."a in 
11 * 11. 

For findinty the eqtzist tion time of € componen 
with come i eu probabi1itr of oquicition ovor we obtoin  
t1 o core 	ndtn int , * on `limo of that OOrnQnO11t  

Fig. on1 uei Eck« ( ) we Ou ciLeu1ato the aequiciiou 
1irrxo of that cozrx,onezrt, 

ivro 09 	she tueo Of 	end at aro taken from the  
comp to oouit thich are tcbuiated in the 
proviou 3 section.)  

?hcu the nuiber of users (D) 

Co 	onont Intocratiou 
tino (E) avail  avt1eb1e 

Probi1ity of 
acquisition 

3oneth flj  (Boo.) (c) error (Pc) 
15 0.062 z 10 1.523 6.  

31 1.997 1*7 Z16" 

15 U»124z i040  3* 514 to 2 	14 3  
31 3.783 2 z 1O " 

1 a 0*186 
	

id"' 4.713 9x 1075  

31 5.276 5 z 

.15 0 248z 10 5.669 1.5  
31 6*389 2+ 	x .r 7  
1 0, 3. r 1+D 6,O1  

31 .'r 	..-. 7#494 10410 

15 . 0.465 a 10' 80695 3 i 10 8 

31 J. 251 14 	z. -107 0 
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0ompon+c 
till 

 A, IntOtioa 
iizao () 

(coo) 

Stet 
ovc. to 
(GB) 

P ba,Mty 
o 	cuiat1t0u 
oar 

15 0.062 z 1Q 3  10 223 101 	»f 

10911 24 	20x -̀*  
15 0324 	0r 34% 2,2 

%633 2.1 t
10 

15 0406 	1073  46119 5 5 	`4 

33. .053 5.0 z 
15 0248 n 0 4.323 8.0 	1Q 

.31 6O39 50 Z 1O 
0310 	3.0 3.724 1.2 z 	. f" 

31 7431 3.5 = .e 
15 0.465 	1 6.753 .► 5 n 	.0 
31 3 604.E 10 0  

0 	t € ]y thoro oo oz3.yj ' v tvo 	or 	couQ000 0 ' 10064h  

c `eroAt comb o *n ccquoncoc o, c ta 
t of  jo bcio øzioip v the c o- o convo4ouoo that 

Ieoaroa3t on bcc(u to 5)o2 c oo .eob2. «* 
ntjouoo rat o Xnoo4 ocan fr o 25 ioon4 comb,* 
aog  Boa bj  ucinc oo oMo o 3iJi 255 cad tboVo, J. 	N 



(iii) Cron L = 10 

siut pt 
(Doc) C 

15 0.052 z10 0.097 20 Z 1Q 
31 1.021 2.6•x1 	2. 

15 0.124 1 2,821 4.8z2.07  
31 455 45210 
15 0406 n O 3, 471 1.3° a #0 
31 4.788  
15 00248 Z0 3  95 S 
31 5.14. 1,3z1O 
15 0.310 , 	10 3  4.647 1, 2° 	d*4  

15 0,465 t 0 5.139 4.2 , 1(0 
31 

• 
846  

f 

(•v) 	15  

(Qo0 

15 0.062 ii 10's 0,584 3e5 
31 17Z3 3.2 Z 10 2  
15 0.124 z 24t3 1.0 1O 
31 3.29 6.8 t '4  
15 0406 10 2.903 4,0 (0 
31 4;33 2.0 z 1(0 
15 0.248 z 10 3.237 24 t 1(0 
31 5.423 2.8 

15 0.465 x1,0' 3,65 5.0 n1© 
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flj  2 SIIR PO  
(coo) 

15 0Q62 10 0.' s9 5,7 
1. 64  

15 0.124 249 1#0 z 0 
31 3423 1.0 z 1O 
15 0.*3.86t1O 2.43.2 1,0z10 
51 4303 5.4 	10 
15 0.243 z 1Q 2.611  
31 5.125 6.3 Z 106 
15 0.310. 10 3.073 3.0 t1 
31 5.2 
15 0,465 a 10 3,042 3.2 z Id 
31 70175 00 xI .*o  

(74) 	bou . 0 

0.062 10 ' 0.013 9.0 a 1071  
4.8 a 1 

2.5 0.124 3.0 a to 
31 2.963 1.6 z 10 
15 0,6186 r: 0 1.967 206 	z. 	.+ 
31 • 4.079 9.. 	0 5  
15 0.248 z 	O' 2.075 2.2 z 10 2  
31  ., 3 z 10i 6  
15 0.32.0 t 2.453 •1.0 z1072  
31 5,698 1.6 z1 6  

15 0e4652.0 •222 .1.41Q2  
6.756 805z3.0 
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(b) 	Uoicoouoo1øutho 31cd 63  

flora 	o r.o cu krvo only cbt i o 	cant 

ton oOUOflCOD boCtzø tI£r'O oro only Oi t g 'O 'QUv OOqUOnCOO 

02, 1orjtbo 31 auI 63.  

?zio iaciumptiona tuaflo z e 
 

£orth off" oornbthstiøn a q~ eno U) = 	z 	31 It 63 = 1953. 
Max. 
:F 	( 	o ) 	20 dB = 100 (rc tto ) 

poo* duty of etooaoo 	l* 4*11 z 1 

Iot  

Datr3 bit p orLod (.) = ii z ' 	1.953 X 16 " aac. 

4441 r. 10 	a 100 
8,n potter (P) 	 ,,.. 	2,104z10 

1,953E10'  

The probabprobabilityof qutaitio error (P0) has boon 
OQ41atOd Xo d orent iuoiratto2►° 	D c A or ., :stunt 
a 	r og ,wwera. 2hovoculto °o tabutatact. as a120r.4 baby 
and o#arminX8.12. 

17r?O,7 

M l l n"Y UUl" .Rsvr OF 
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(i) Mon L1 

T 	 sxm 	PO  (000) 	 (dB) 

31 0012a a 3,03  10643 3.8 
63 2.997 6.1 x 1074  

31 0.252 z 1073 5,49 2.5 x 10 
6 3 5062 2,2 z 
31 0,378 z Z0 3  7.41 1.9 x 10 
63 7.60 4.4 z 10 
31 0,5Q4x10' 3  8.44 
63 8,64 7.5 x 10712  
31 

IA 

0,63 z 10 898 3.5 z 10 
63 9.2 -9 

(ii) Men L = 5 

Z1L 	 aUR  
(see) 	 (d) 

31 0.126 x 10 1.52 6.0 xi0 
63 2097 7 x 10 
31 0.252 x 1 3  51037 4.0 .z io6 
63 5,% 2.6 z 10 
31 0.378 z10' 7.19 2.9 x10 
63 7.91 6.0 z 6,10  

31 0 504 z 1 0.19 2.5 z 10 
63 8.52' 2.0 x 10,11  

31 0,60 x 10 8.63 8.0 x 10 
63 9,06  

vaLuoo 09 P aro not tAvea 	 Gh 31W3 in  
Lifldr3r Dril $ticrn'o tcb1ea.] 
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10 

MR 
(Dec,) 	(di) 

31 0.126 z 10 1.40 1.0 x 10 
63 2.94 6,0 a 10,4  

31 0.252 z1.0 54 50 -6 z 10 
63 5.49 3.0 x 1C7  
31 Q.?B z 10 6.91 1600 z 1Q 
63 7.41 6.0 z 16-10  
31 0.504 10 7•90 
63 8.30 7.0z10 
31 0.630 z 10 8.24 2.5 z 10 
63 8,90 1.0 z 10711  

UV) 	%1iin ii = 15 

U 	T 	 OR 	P 

31 0.126 z 10 
6 3 
31 0,252 z 10 
63 
31. 0.378 z10 
63 
31 0, 30.4 z10 
63 
31 00630 z 10 

63 

1.27 9.0 z 
20 90 7.0 x 10 
5.07 8.0 z 10 **6 

5,43 4.0 
6,66 13 x 10 7  

7.31 1.2z10 9  
7.63 1.0 .z 10 
0,16 1.0 z 16*10  

7.8? 3.0 z 
867 2.0 
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1f) 	ti cn L '= 20 

31 0.2.26 x 10 1.2.4 24 10 
63 2066 9.0 x 10 

0,252 z10 4,93 16 2.4 
63 5.6 50 z10 
31 0.78 .z 10 3 6.42 23 x 10 
63 7.22. 1.5 x x079 

0.504 z10 737 22 10 
63 8.04 10- 3 .6i 10 
31 0,630 x 2.0 7.53 1...2 z 10 
63 8.50 3.0 1  11 

L) 	l7hon i= 25  

a c IS- P 

31 0.126 z.0 1.02 1,5 z 1O"). 
63 2.825 2.4 
31 0. 2.2 z 10 4,79 1«5 z 10 
63 5410 1.0 10~" 
31. 0,378 z10 6.19 40 z10" ' 

63 742 2 221!.9 

51 0# O4 a 20 7.2.3 3.6 10 a. 
63 7.91 2.2 z 10 
:. 0,630 z 10 72 2 2.9 t. 1O`"8 
63 9.33 6.5 z 1 10 
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om I .t  U d 12 it cru be obøor ed that the 

p babili of qtd o tion ormr docz`oaAba ac the intoration 
time iwrowea vbiab autoriaticouy roan ai inareaco In 

gr.c uLci1aon time* So it i. a point o cc z p r o ion botioo 
probability of ecquioitior arar and the jztaitirn time - i.00 
the cuUor the into n .on tine the htor the 	babiU.ty 
Of aOgL4otti4A error. 

it atm talao be obeorvod that 	 the loutjth o the 
+ am « ~ 	~ 	x « • 	,~ s « 	►,. w 	; r r 	r ; 	as a .. 	.. 	r 	;~. 	x ': 	s 

r 	t. 	►: 	► y 	 r 	#, z g 	r raa 	.. 	w.® 	Asa • 	r 	.,~: 

.arc s 

t atm be concluded fir" the ,above the in 
ltip1 	ceps comnunicatian rotes 0 there a uuuber of uooxe 

o gporaUnL t3irnultonaoual7, it Ic advio10 to uo toner 
cozonont `eoj cXoo to civo a batter orfornco (i.o.lovi P0) 

for a fid £ to 	ion time, 
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For 	► it t a oquoaeo t Ve tiae+b~ 3. rn vria 

3t1d,IO 	t 	pl OntioW, it GI1OIA d be t iok ' 

ao ui ?abi O 

To ol4ovo quiok aoçutottion, the flrot thine 

couoidoo4 io the formation, of comb u t o4 ooquoneeo by 

u . tnunibor of 	r'ter aoonqop. The not p3pb1Cu Lo 

hot to '4.nu the combination Gettonoeo. Oombinctioa se{ aeneoI 

h o been 	 jQfltJ iO Ca1 £riot one siob 

Uk o ty to o, A1D and 	2 for tto compost oo jionoeo 

and Lajority o, .# o QIt cud + * A3 ( : oa c v A2v 3 era the 

av as rta) for three component oeienooa* And it has boon 

obaorvo that the maJor&tr 10 .a ootabinoto of ecquenoco 

.voa the bout rcetto. 

Tho eceorid the that he boon con orod to achieve 

quick acquioiti,on io the ptrtiri car oiationa Bch , oatly 

roducea the acqutoition time, 	the number of bite over 

Bch the Correlations are t 'o doorceoco, the propertioa of 

the ooqucu000 become voreo, cud the probability of error larger. 

So it io a comromie ass to Quay hon many bitO the Partica 

00=01 ationo are to be token,  The mz thin; that affoote 

the outoition time is the method of cquioition Vavlouo 



coqiiaition methods havo boon 4ioouawd In this  

Zll2aliy, the coquidtion of PT einaLo in 

MUIUPIO accoss eonmiu.utcction onviroxaent ha been oon4aoro& 

It hao been ehoi that ao the number of users iztereaoeo, the 

intorforerxoo noioe iuQroaaóo proportionatolyp thereby roituointj 

the SIM available at the xocetvor. As a reculto the probabi'. 

iity of aoquiaitiou error Incron0000 On the of 	htma, if 

czo want to acquire the oincLo vith the acme probability of 

error, 'the iuboovalon time of the aiguoic thcroeoo correa-

pofldiny* 

In order to zLlot an indoonaont aoquoneo to Cuioh 

uoorg  a rnnibOr of difgbront aown400 of acme 1orith must be 

reuiroL* Vot od fl8U different aequonooa of ehortor len13he 

can be ezorto4 *'aov; 'a dciya A 2noano rruat be providod to 

oerte a laro nbor of different aequoncea of shorter 

1 onctba. 

So are the pjoizdo noise aoq onoa that have boon 

eoid*rod tl.CLVO all boon binary or tVel codoo, ciitb 

bincrj levoth 4, and —1 	Sinco the moot applicable of thoso 

La the binay mazLmcL lonith aoqtuco, it Lo interootinG to 

note that the birazy wamximal leujth eoq,uonco it but one claco 

of the more gonor 	1ovo1 Ci7l mcimuz lorzth aoqueucoaero 

q to a prime mbo) of period I(1* One mW tllOrOfOrO*  by 

uoin a velue of q other thou 2(o.&q=3 or  5) con euorato a 

P11 of  olaacl o4tablo for rouging aad rooaoetruw cpUCotiOAc3. 

IN 00— 



APPiXIflXX  
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C:AUTO CORRELATIONS OF 2 COMPONENT COMB . SEQUENCES RVRAO 
DIMENSION At(4n),A2(4n),SIJMI(4n),SUM2(4O),RKI(30),RK2(30) 
N K= 0 
REAP K1,K2 
DO 10 I=1,K1 
READ Ai (I) 
10: C)NTINUE 
DO 20 J= 1,K2 
READ A2. (J) 
20:CONTINUE 
K=Y 1*K2 
22: DO 25 J 1= 1 , K 1 
SUM1 (j I ) =n 
25: CONTINUE 
DO 2eS J2= I,K2. 
SIl( (J2.)=n 
2F: CONTINUE 
DO 151) I: 1,K 
Ni: I/K1 
Ii:  I-NI*KI 
IF (ii) 30,30,40 
3n: 11= I1+K1 
GC TO 50 
0: 11:11 

5n: N2= I/K2 
I2= I- N2*K2 
IF (12) n,60,7n 
en: E=I2+K2 
GO TO 9n 
70: 12:12 
Sn:P=AI (II)+A2(I2) 
IF (NK-1) 51,82,53 
S 1: I F (P) 90,100,100 
82: IF (P) 90,4n, inn 
53: F (P) qn, 1 nn,90 
qn: C:-! 
GO TO Iln 
Inn: (1 
110:fO 14n .J1=1,K1 
I11=I1+J1 
IF (111-K!) 12n, 120, 130 
12n:I11=111 
GO TO 135 
130:111:11 1-K! 
135:SUMI(Jl)=SUMI (JI)+A1 (Ii 1)* C 
1Mn: cNTINIJE 
DO 150 J2 = 1 , K2 
I22= I2+J2 
IF (122-K2) 1 50, 15n, I e3n 
15 n: I2.= I22 
GO TO 1 035 
1 Fn: I22= 122-K2 
165:S!1M2(d2)=SUM2(J2)+ A2(I22)* C 
15n: cNTINIIF 
AY=K 



DC ton -)1= 1,K'1 
RK 1= S!JMI (J1)/A1< 
WRITE 190 ,RK1 
190: FORMAT (/,"  
200: CONTINUJE 
DO 220 X12=1,K2 
RK2 = S IJM2 (,J2) /AK 
WRITE 21n,RK2 
2 1n: FORMAT (/,"  
22n: a)NTI N11E 
N K= N1<+1 
(O TO (22,22,230) , NK 
230: STOP 
END 

Bey -T _  smw-u 

C:PARTIAL. CORRELATIONS OF 2 COMPONENT COMB . SEQUENCES RVRAO 
DIMENSION Al (40) ,A2 (40) ,SUM! (40) ,S!1M2(40),RK1 (3n),RK2 (30) 
RO 23n LL=1,4 
REAP Kl,K2 
no 10 I= I,KI 
READ Al (I) 
10: CONTINUE 
DO 20 J= 1 ,K2 
READ A2. (J) 
2n: 1INTIN11E 
K1 1= (K 1+3) /2 
DO 220 NK= l,K11,2. 
K= NK* K2 
DO 25 111=1,K1 
SUM! (dl )=O 
25: QPNTINtJE 
DO 2 	X121,X2 
SIJM2 (J2)=0 
2S: (31 NT I N iJF 
DO 1Sn I=1,K 
NI=I/Kl 
I1I-` l*K1 
IF (Il) 30,30,40 
30: I1= I1+K1 
00 TO 5n 
40:11=11 
50: N2 - I/K2 
I2=I-N2*K2 

IF (I2) 6n,en,70 
6n: 12:12+}(2 
GO TO fl 
70: I2= 12 



59 

8n: P= Al (I l)+A2 (I2 ) 
IF (P) 90,100,100 
90:C=-1 
GO TO 110 
1110: C=1 
110:DO 10 J1=1,K1 
Ii1=I1-►-JI 
IF (Ill-Kl) 120,120,131) 
120: I l l= I l l 
GO To 135 
130:111=111-K1 
135:SEUM1 (J1)=SUM1 (J1)+Al (I11)*C 
140: CONTINUE 
nn 1211 J2=1,K2 
I22= i2+.12 
IF (I22-K2) 150,150,161) 
150: I22= .I22 
a0 TO 165 
160: 122= 122-3<2 
165:SUUr (J2)=SIJM2(J2)+A2 (I22)* C 
1R1):CONTINIJE 
AK= 1< 
PO 2011 J1=1,K1 
RKI=SIJM1 (J1)/AK 
WRITE 190 ,RK1 
1911: FORMAT (/,"  
200: C)NTIN!JF 
DO 220 J2= 1,K2, 
RK2= SIJM2 (,12.,) /AK 
WRITE 21n,RK2 
210: FORMAT (/," 	••, F-) 
220: cDNTINIJF 
230: CONTINUE 
STOP 
END 



t 

C: AlTO CORRELATIONS OF 3 COMPONENT COMB . SEClUENCFS RVRAO 
DIMENSION Al (40),A2(4n),A 3(4n) ,SJJM1 (3n) ,SUC2(3n),SUM3(30) 
DIMENSION RKi (30) ,RK2 (30) ,RK3 (3n) 
DO 250 LL=1,A 
NK= n 
READ 1<1,1<2,1<3 
DI) 10 I= 1,KI 
READ Al (I) 
ln: C NTINUE 
Do 20 .17 1 ,K2 
READ A2 (J) 
20: m NT I N IJF. 
D0 21 I_= 1 , K3 
READ A3 (L) 
21: CONTINUE 
K=K1*K2*K3 
22:T)0 25 J1=1,K1 
SUM! (J1)=n 
25: 4~NTINUFE 
DO 2 	2=1,K2 
SI1M2(.I2)=n 
2: QONTINUE 
nn 27 e13= 1 ,K3 
SUM3((J3)=n 
27: rNTINUE 
DO 15 I=1,K 
N1=I/K1 
11= I-N1*K1 
IF (I1) 30,30,40 
30:11:11+1<1 
4n: N2= I/K2 
I2_I-NP*K2 
IF (12) En,60,70 
Vin: I2= I2+K2 
7n: N3= I/K3 
I3= I- N3*K3 
IF (13) 81,51,92 
91:I3=I3+K3 
52:IF (NK-1) S3,RS,si4 
83:P=A2(I2)+A3(I3) 
IF (P) 84,24, R5 

(30 TO SE; 
85: B-1 
S6: QA1(I1)+B 
IF (() 90,ion,!no 
88: P=A1 (I 1)+A2 (I2.)+A3 (I3) 
PQ=P+2. 
I1 (P() 9n,l0n,1nn 
89: P=A1 (I 1)+A2. (I2)+A3 (I3) 

t 1Y 	
d~~311' ~;1•- irl1 f r1?iJ17~1~  



IF (P) 9n,Qn, lnn 
on; C ?-1 
GO To 110 
100:0=l 
1 ln: nn 140 J1= 1,K1 
Ill:Il+J1 
IF (Ill-K!) 120,120,130 
120:111=Ill 
GO TO 135 
130: I1 1= I1 1-K1 
135: SIJMI (1J1) =S1JM1 (Jl)+A1 (Ill )* C 
140: CONTI NIIE 
DO 180 J2=1,K2 
I22= I2+J2 
IF (122-K2) 150,150, 160 
150: I22= 122 
GO To 155 
1 6n: 122:122-1<2 
I55:SIJM2 (112)=S!1M2 (J2)+A2(I22)*C 
1R0: Q)NTINIJE 
DI) 185 X13= 1 , K3 
I33= I3+J3 
IF (I33-1<3) 1.1,181,182 
181:133- 133 
GO TO 13 
182: I3 3= 133-K3 
183: SIJM.3 (J3) -S1JM3 (J3)+A3 (I33)* C 
195: CONTI NIIE 
AK= K 
DO 200 t11=1 ,KI 
RK1=GIIM1 (J1)/AK 
WRITE ! Qn,RK 1 

	

190: FORMAT (/," 	",E) 
20n:CONTINUE 
DO 220 J2= 1 ,K2 
RK2=SUM2(J2)/AK 
WRITE 210,RK2 

	

2 10: FORMAT (/," 	",E) 
220: CONTINUE 
DO 240 J3= 1 ,K3 
RK3=S11M3 (x.13) /AK 
WRITE 230,RK3 

	

230: FORMAT U," 	",E) 
240: CONTI NUE 
NK= NK+1 
GO TO (22,22,250),NK 
250: CONTINUE 
STOP 
END 
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._,. ie'2: I22 
GO TO t F5 
1 rn: I22= I22-K2 
165: 9J112(J2)=S(Jt,12 (J2)+A2(I22)* C 
181: CNTIN!JE 
DO 1 S5 J3= 1,K3 
I33= 13+.13 
IF (I33-K3) 181,151,182 
181:133:133 
GO TO 13 
192: 133= 133-K3 
183:5(JM3(J3)=SUM3(J3)+ A3(I33)* V 

185:CONTINlJF 
AK=K 
DO 2no ,J1=1,K1 
RK l=S11M1 (,11) /AK 
WRITE 1Q0,RK1 
190: FORMAT (/,"  
2no: CONTI NUE 
DO 221) J2 = 1 ,K2 
RK2=Sf1M2 (J2)/AK 
WRITE 21.fl,RK2 
21n:F"ORMAT (/,"  
220: CONTI N(JE 
DC 2111) 13=1,K3 
RK3=SIJM3(J3)/AK 
WRITE 23n,RK3 
230:FORMAT (/," 	",F) 
240: CONTINUE 
250: CONTINUE 
STOP 
ENT) 



IF (P) gn,Qn, l nn 
9n:f;=-1 
Go TO Iln 
inn:C=1 
110:00 140 J1:1,}<1 
I11=I1+J1 
IF (III-K1) 120,120,131) 
12n:111=111 
GO TO 135 
130:111:11 1-K1 
135:SUM1 (Jl)=SUM1 (J1)+A1 (I11)* C 
140:CONTIN!fE 
no 1Rn J2= 1 ,K2 
I22= I2+,12 
IF (122-K2) 15n,15n, 16C) 
150: I22= I22 
(3n TO 1~5 
I Sn: I22= 122-K2 
1 F5: SIUM2 (J2)=S!1tT2 CJ2)+A2 (I22)*C 
1Rn: CONTINUE 
DI) 15 J3=1,K3 
133= T3+J3 
IF (133-1<3) 191,191,182 
1S1:I33= 133 
GO TO l3 
1R2:  I33= I33-K3 
1R3: SUM3 W3)=S11M3 (J3)+A3 (I33)* C 
195: CONTIN!1F 
AK= K 
no 20n J1=1,K1 
RK1=fi!!MI(JI)/AK 
WRITE 1.9n,RKI 
190:FORMAT (/," 	",E) 
200: C ONTI N!JE 
nn 221) J2=1,K2 
RK2=S!)M2 (J2) /AK 
WRITE 21n,RK2 
2 1n: FORMAT (/,"  
22n:CONTINUE 
no 24n J3= 1 ,K3 
RK3=S!1M3 (113) /AK 
WRITE 23n,RK3 
230: FORMAT (/," 	",E) 
240: CONTI NI{E 
NK= NK+1. 
Gn TO (22,2.2,25n) , NK 
25n: CONTIN!1E 
STOP 
ENT) 
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C: PARTIAL CORRELATIONS OF 3 COMPONENT COMB . SE0!JENCES RVRAO 
DIMENSION A1(4n),A2(4n),A3(4n),SUMi (3n) ,SlJM2(30),SIJM3(30) 
DIMENSION RKi(30),RK2(3n),RK3(3n) 
DO 25n LL= 1 ,G 
READ K1,K2,K3 
DO in I: 1,K1 
READ Al (I) 
10: a)NTINUE 
nO 2n .1= 1,K2. 
READ A2 (J) 
20: CONTI NJUE 
DO 2 1 L= 1 , K3 
READ A3 (L) 
21: CONTINUE 
DO 250 NK= 1., 11,2 
K= NK* K3 
DO 25 J1= 1,K1 
SUM! (,11) =n 
25: CONTI NIJF 
DO 2F X12.= 1,K2 
SEJ 	(J2)=n 
2: CONTINUE 
DO 27 ,13= 1 , K3 
S JM3 (J3) =n 
27: O1NTI NtJE 
DO 1S5 I= 1,K 
N1=I/K1 
I1=I-Nl*Kl 
IF (I1) 30,30,40 
30:I 	I I+K I 

n: N2= I/K2 
I2= I- N2*K2 
IF (I2) 6n,60,7n 
6n: I2; I2+K2 
7n: N3= I/K3 
I3= I-N3*K3 
IF (I3) 2! ,%1,22 
21:I3=I3+K3 
82: P= At (I 1)+A2 (I2)+A3 (I3) 
IF (P) 9n,4n, 1. nn 
90: Cn- 1 
GO TO 110 
100: C=l 



110:1)0 14n J1=1,K1 

I1 1= I1+Jl 
IF (I11-K1) 120,120,130 
120:I11=111 
rn TO 135 
130: I1 1= Il 1-K1 
135:SIjM1(J1)=51JM1(J1)+ 	(Ii 1)* C 
140: Q~NTI NUR 
DO 1S0 J2.= 1,K2 
122= I2+J2 
IF (122-1t2) 15n, 15n, 160 
15n: I22= I22 
GO TO t5 
160:122: I22-K2 
165: 9Jf92 (J2)=SIJM2 (J1)+A2. (I22)* C 
180: 	vTIN1JE 
1)0 185 J3=1,K3 
133: I3+J3 
IF (I33-K3) 181, 181, 182 
181:133=133 
GO TO 183 
182:133:133-1<3 
183:811113 (J3)=Si1M3(J3)+ A3(I33)* C 
15: CONTINIJE 
AK=K 
DO 2n0 J1=1,K1 
RK1=SIJM1(11)/AK 
IVRITF IVin,RKl 
15)n: FORMAT (/,"  
200: C ONTI NEJE 
DO 22n J2=1,K2 
RK2=SIJM2(,.12)/AK 
WRITE 2210,RK2 
2In:FORMAT (I," 	",E) 
220: CnNTI NIJF 
DO 2/in J3=1,K3 
RK3= IJM3 (x.13) /AK 
WRITE 23n,RK3 
23n:F0RMAT (/,"  
240: CONTI NIJF 
25n: CONTI Nj1F 
STOP 
END 

63 



C: CROSS CORRELATIONS OF COMB. SEQUENCES 14ITH COMPS. OF 
OTHER COMA. SEQIJENCES RVRAO 
DIMENSION A(16n) ,B (320) ,P (6) ,C (6) 
READ N,K1,K2 
1)013n M=1,N 
Doll) I=1,K1 
dl: (M-1)*KI+I 
REAL) A(11 ) 
ln: InNTINIJE 
DO 20 I=1,K2 
J2= (M-1) * K2+ i 
REAR B(J2) 
20: ff)NTIN►1F_ 
K=K1*K2. 
SUNN;1=n 
SIUM2=n 
7C) lnn 1:1,1< 
N1=I/K1 
11= I-N1*K1 
IF (II) 3n,3n,40 
3l):I1=I1+K1 
4C: 2:1/1<2 
12= I- N2*K2. 
IF (I2) 5C,5C,~ 0 
50:12:12+1<2 
6l): J3= (M-1 )*K1+I 1 
J4= (M-1 )*Y.2+I2 
P(M)--A(J3)+R(JL) 
IF (P(M)) 7n,FO,Rn 
70: C(M)=-1 
GO TO 90 
Sn: C(M)=1 
q0:Si1M1=SIJM1+A (13)*C (1 ) 
SIJM2=S11M2+R(J4)*C (1) 
inn:CONTINUE 
AK= K 
RKI=SUM1/AK 
RK2= SIJ! 2 /AK 
WRITE 11n,RK1,RK2 
1 1 n: FORMAT (/," 	", E," 	", F) 
13n: CONTINUE 
STOP 
END 

M 
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