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- ABSTRACT

, ‘ Analysis and Testing of a New Hybrid Parallel Search
Scheme for Spread.Spectrum Codes Acquisition

LY

L : Ho Tuan Minh .
!
K parallel technique for SS code acquisition will be presented .

‘The optimal parameter design problem involved in this technique is in-
vestigated. A prototype model of this acquisition acheme is built and

tested. Analysis models are described for the gifférent cases and
. A

the results of the teéting is presented. Also an improved version

. of this scheme is presented and analyzed. &he results of the perform-

ance are discussed and a comparison with other multi-dwe1}~{}}gand~

parallel techniques L4] is considered in terms of the mean acqﬁieit;on

time and standard deviation involved. i

’
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R , CHAPTER 1

INTRODUCTION AND REVIEW OF SOME OF PREVIOUS WORKS

-

o

1.1 General a ) —

4
Since the number of available frequency bands decreases and

/

existing bands become more scarce, the' Spread Spectrum (SS) Commu-

nication which’has originally beg&\:jjised for military application
).

. 15 now a growing interest for use im commercial applications espe-

cially in the mobile environs. By spreading the spectrum a lot of

benefits can be obtained[13].

Two main techniques of SS communication are in use: the

direct sequefice and the frequency ﬁopping spread spectrhm techniques.
\ -~

’
»

IthheZ%S method a carier is modulated by a binary code se-
quence (PN sequence) and this m1xe\\3ith the digitized base band
information signal to form the signal S (t) in a mechanism called

"spreading". After transmission a?d at the receiver the received SS
signal is despreaded and {hen demodulated to obtain the original

signal (Fig. 1.1).

One of the most important benefits of DS/éS communicationsis
M

the anti-jamming properties due to the fact that the tramsmitting band

is spreaded.
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3

_the  information signal. : r

. In frequency hopping (FH) spread spectrum systems the FH

_ transmltter mainly consists of a frequency synthesizer and & che

generator used to select ‘the PN frequency pattern.

. ‘ . o )
. At the receiver, a replica of the frequggcy pattern is oo

produced. by a ldcal}y generated PN code sequence which should rum

p) . N . -
synchronously with that at the transmitter.

-

)

The received signal is then recovered using this PN replica

and the resulting wave-form then approp}iately demodulated to receive-
4 . -

-

' . K - ' . . Ny, -
A typical block diagtam of a EM.system is shown in Fig. 1,2
*~ . N )

1.2 Acdu%sition techniqueSfor SS signal ; o

- . ' . . -}
To recover the information the original code of the received

SS signal must be synchronized with fhe locally generated code.

-

=

The synchronization process of the code of the received'siéhal

>

-

and the local PN eignél consists of two stagesc .Analignment,of the
two PN signals to bring the two codes to within one code chip of

each other al1gnment is referred to as PN ‘acquisition. ‘The second

stage is fine synchronizatidn to maintain thg_two codes in the fine

~_

. a )
alignment and is called PN tracking. — —

L}

In the thesi§ we will focus our attention on the PN acquisition

—_—

that is the coarse alignment of the codes. ’ . 2

| . . '
v .

¢
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There are severaf techniques gvailable for PN acquisition. In
the following chapter we will describexPQme of the basic ones which

belong to the gerial search subclass of the DS/SS acquisition schemes

-~

‘The simplest one is the single dwell'%yg}em, the others are multi-~

dwell serial search and serial search with matched filters. (Chapter 2),
- . : ’ «

1.3 Review of previous works , ) ) .

1%

we will review some of the previous works haviﬂg the same

“objective to reduce the mean acquisition time. Two werks we pay N

attentlon to are those of charlo and Milstein, wﬁfg"a.tuill describe

in' the followlng subsections.'

“3.1 Dicarlo's Scheme b

Dicarlo's'egheme is a multiple dwell serial search technique[1].

It is the generalized scheme of the basic single dwell serial search.
> < . \?

In other words the single dwell serial search teonique is just a

specific case of the N-dwell search where N o 1.

THe general form bf the N dwell search acquisition scheme
described in Dicarlo's paper is illustrated in Fig. 1 of [ﬂ‘. There are
N detectors each with a dwell time C; » i = 1/2,3,...,N where Ti-1$ Ty

" The operation of the multi-dwell scheme will be described in Chapter I1I

Dicarlo described in details the procedure of the derivation of
the generating function using the flow graph technique. Dicarlo alao
has derived the atatistical properties of the N dwell system (the mean

acquisition time and standard deviation), He described the derivation

_of @he'false alarm and correct detection probabiiitiee Pf.‘Pd and has

I . " ! }

3

¥
ws g
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‘

given the ralation between Pf\and Pd'

He examined the performance of the aystem by calculating the .
- )&(N) and 6(N) [3]which corresponds to a value of ? and Pf by computing -
‘the minimum value of F(N) for a given N, the corresponding combinations

of the dwell time were recorded. -

-

He ended with four Tables [3),, two of which (Tables1,2) will
be used to compare with our scheme.

The Tables showed the resulting values of M(N) and 6(N)

L]

corresponding to various valuee of Pd’ ff and N for SNR = -20dB and
Tp=- 1056. ’ 105 ’ ‘IO7 ,\1O9t>‘respective1y [5] . From these

_results he ended up in the concluaion that the multiple dwell technique

a

yields better performanoe than a fixed dwell scheme., The performance is
H

enhanced where the penalty time is increased.

According to picarlo the most significant result is the réduction

in.the average'acquieition time obtained by increasing the dwell number

(N) from 1 to 2. Beyond that increasement, only nominal improvement

w
v

is gained.
1.3.2 Milstein'!s scheme , .
‘ . Milstein's scheme is a technique uaing.parallel detectors. The

acqﬁiaition scleme is djisplayed in“[4] . 'The system can be described
as follows

An array of N convolvers (using surface acoustic wave (SAW)

'dovices) are used to detéct the correct code phase.position of the

—_ /



¢

received signal, each having as a reference input one of the subsections

’ of the codelength I.

1
L

The received code is fed ‘simultaneously into the N cohvolvere ,

Since each convolver is "programmed" to match to a subsection of {the .

[N

codelength L this guaranteea that the correct phase positlon will be

’

detected by one of the N convolvers eomefwhere in the integration

interval of the convolvers.

\
LY

Once the correct phase positio®has been detected, the system
enters into the lock mode in which the code\§s locked to that detected
phase position and verification is proceeded.

~ Z’
For verification purposes the code is fed into the N convdlvers

ueing the delay system, The convolver ouiputs are non-coherently summed

and compared with a threshold.

1f the verification is confirmed (i.e. the summer outpyt exceeds

upon, two more successive "hifa" at that ﬁhaae position are required in’
order to enter into the lock. Similarly two puccessive "misped" in the
lock mode will be necessary in order for that phase positipn to be rejected

and the search mode reinitiated. A flow diagram of the system is shown’
in [4] [ ; ) N

\

Milstein has derived expression for the probability that the

/
\ ) !
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S

c?rgect phase position has been found ( or the probability in the search
L]
mode), the probahilities of false alarm and gorrect detection in the

lock mode Pra('). Pd(") respectively which are shown in [1] and [4]
¢ :

- using the cahonical form of the transition matrix derived from this model
He derived the expreééion for the probability’ of entering lock, the mean
. , A

dwell time in an incorrect phase position and the expected time to loss

of lock. ‘ -

Finally, the general form for ‘the mean time ‘to acquire for both

the parallel convolver scheme and serial search scheme was derived,

—

7 ¢ - ’ ' 3
By assumming TfPe(s)(< T {4],the mean acquisition time of the

scheme can be compared with the serial search scheme

Tacq (p&?allel convolver) ~ % Tacq (eerfal search)

which is eguation (27) in Milstein paper [4] .
* 1.4 Thesis contribution

v Tﬁe acquisition or coarse alignment is the firg} Etaée of the
.synchro£ization in which the recgiyed code is aligned with the local
PN code to Jithin a fraction of a chip. The objJective of the present
research is to mini%ize the mean acquisitién time ée much as possible
;s p?eaented above there have been several works which have the same

”~

objective. The most recent and relevant is the schemes of Milstein and

Dicarlo.
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Our thesis can be divided into 3 main parts. We propose two

,Hybrid parallel scheme to reduce the mean acquisition time, For

simplicity we call them the static and the dynamic scheme . The static
scheme in which we use the sequence detection circuit to search for the
existence of the code has been studied and examined in a ﬁrevious paper

by Elhakeem and Shawn, Our aim heré to optimize the scheme,

The dynamic scheme in which while searching for the présence
of the code we allow some tolerable number of subcodes to be misased

but t%e synchronization is still declared.

1

Comparing with Dicarlo's and Nilstein's schemes, while Dicarlo
uses the multi dwell serial search technique and Milstein uses the
parallel search scheme, in our dynamic scheme we use a hybrid parallel/

sequential combined search lock method.

Like Milstein's scheme our dynamic scheme first has a band of
correlators to search for the code phase and after that some mechdnism

to check the correction of the code phase, However past decisions are

not thrown away as in Milstein's and new acquisition decisions are based

also on the past.deciaions and the inherent code sequence, Forgetting
pastxéggcode decisions (like Milstein) is like saying that uncoded

communication systems perform better than systems using coding techniques:

Milstein calls the firat stage the search mode and the second
stage the lock mode where the system is locked to the code phase choaeﬁ"
in the search mode and the verification is pioceeded. While 1Milatein

only uses an array of the convolvers to sum in one codelength t{me, we
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’Milstein's scheme the inde

- P 2l

use 'a band of parallel transition detectors. We also allow the system

L

to tolerate the missing detection of several subcodes which can be

N

caused by pulsed jamming and inteferénc% or noise, So our scheme has,

E
&

it has a m.emory and pash decipions are not thrown away. Aldgq while in .

'~

dance of the subcodes is assummed, in our

W A

system the inherent coding is utilized.

The third main part of the thesis describes “4he implementation

of a prototype model for the static scheme. It includes the testing

i

of the system to confirm the results described in the theoritical part.

o

We also do a analytical comparison of ou.‘ﬁ scheme with those

of Milstein and Dicarlo,

1.5 - Outline of the Thesgis

!

In this thesis we start in chapkex:'Z by surveying several basic

search techniquep of the classic S5 code acquisition.

In chapter 3 we optimize the mean acquisition time with respect

N

to all pé.rameters involved in the recently' proposed parallel search of -

Elhakeem and Shawn (2] .
We use chapter 4 to discuss the implementdtion and practical

testing results of the detection circuit described in chapter 3. 4

physical system has been actually built and tested. -

Chapter 5 is the proposition and analysis of the hybrid

parall'el\/ae&uent'ial aéheme' for combined acquisition/search lock. It is ,.'

‘ 3
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CHAPTER II ' :

] 4

ABASIC SERIAL SEARCH TECHNIQUE FOR SS CODE ACQUISITION
} ) }

o

2.1 Single dvell serial search method

. Here each of the possible code phases of the uncertainty
region will be examined for a fixed period of time (dwell time, in-

tegration time) in serial fashion until the correct one has been loca-

_ted and verified by sucessful tracking ‘tollowing acquisition.

The model of a single dwell sea;ch PN acquisition system is
illustrated in Fig. 2.1. The received signal plus noise-will be ac-
tively ?uf?éiased with the local replica of the PN code. Aftér passing
through a b;ndfyass(predetection) filler and square law envelope de-
tector the }esulting waveform will be integrated for a fixed time
duration ':d (the "dgell time") and in an integrate - and - dump

circuit (post-detection) and then compared to a preset threshold. -

For analysis purpose the_ system is modeled as a Markov chain

process, .
. . .

3

" If the(I & D) output exceeds the preset threshold , then a’ v

"hit" is declared. If this hit represents a true hit (i.e., the cor-
rect ‘code phase was reaily examined) tHen fhe_gystem has officially sz,

Iy

< : . § ‘ '
acquired the code and the search comes to an end. If the hit is a

\\
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.#,

false alarm then code tracking will fail and the searc¢h must continue.

However the time l('(.'d paid for the time‘;;)ent in unsuccesful code

tracking must be considered in the analysis.

If the I & D output does not exceed the preset threshold. then
local PN code generator is shifted into its next position and the

search proceeds.

o

We define PD and Ppy as the probability of correct detection

and probability of false alarm, réspectively of the systen.

~Assuming that the received and local PN code signals are to
be\hli«gned to within one half a code chip period (Tc/2) before relin-
guishi;;(passing) the control is the fine,syn.chronizatiop {tracking)
system. If Tu = NuTc is the time uncertainty to-be resolved then"
q= 2N, (Tc i85 the chip duration) would be the number of’'possible

code alignments and is referred to as cells. r

s

In the absence of a priori knowledge concerning the relative
code phase positions of the received and locall; generated codes, the
local PN generator is assumed to start the search at any code phasg

position with equal probability. . : .

The a priori probability of alignment Pk is assumed as s
»
1

P S ————————— 2.1
: K q-1-K ( )

tr

assuming the signal is not present in the first K-1 cells.

N
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A generatiné function flow graph for the q-state Markov cﬁain
which characterizes the acquisition process of the SDS is illustrad;d
in Fig. 2.2. Each branch iﬁ the flow graph i; }abelled with the product
of the transition probaﬁiiity aspociated with going for the mode at the
originated end?of the branch to the mode at its terminating end and is
an integer (including éero) pover of a parameter denoted here by Z.
The pargmeter Z is used to mark time as one proceeds through the grﬁph'

and its power represents the number of time units (dwell times) spent

—, in traversing that branch. Furthermore, note that the sum of the
, ) .
,,/’ branch probabilities (letting Z = 1) emerging from each mode equals
‘ unity.

»

Using standard signal flow graph. reduction techniques - -
\ v v
[10] - [12], one can show that the generating function for' the flow

graph in Fig. 2.2 is giveh by [1].

A% -6 ’

_W(1-p)2 1 &< EY2) (2.2)

. U(z) = "1'-92Hq,'1(z) ’[q 22-5) :l . \ )
vhere s

. =1k (2.3)

o | N O CAARNCE ST (2.4)

RS

~  —' The mean acquisifion.tlme TACQ is obtained by differenting -

]
B , o &
kl(itd) with regpect/£o Z and evaluating the result at Z = 1, After some —_
. - r
algebra we have : ) ) ‘
- t
’ - / -
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For qg»1 - -

%
=17 -

¢

EK — dlu(z¥) | ) .
acq = -1 100(z7d) . (2.5)

dz

‘ \ . z=1

24 (2B)(a=N)(-KPp)_ . (2.6)
r2PD 'tl :

T o (2By)(1-Kpy ) \q'f\ | (2.7)
. ) ﬁn

v

1

.The variance of ‘the acquisition time is

‘-a. - a & d 1 % 'fd \e (2/-8)

Siio - L3 v ety - (JERY ]|

Since U(l) = 1, we have ‘
(2.9)

.FQL q®1 and X%q I

concent

. sACQ [a 1nu£z 4y _ mu(z'ta.) ]

' 2 2 | 2.10)
Lt (ke ) g (g - L) (
7 Gaca = R RTURT G N3 FEOR]
. N * P
2.2 Multiple dwell tei:ﬁnigne \’ «

ra
. N

-the following description pf multi dwell search, ve will only -~ \

e on ;:hé ‘expressions for the agquisiti'on time and standard

devi'altion being the most relevant performance criteria,
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" The multidwell technique is the géne;aiization of the single
dwell serial search technique. In this scheme the examination interval

percell does not have to be a constant but consists ofu.a series of fixed )
short dwell periods (each larger than its prédeéessor) with-a’
0 - . . ‘
decision being made after each dwell. This permits dismissal of an
\ . . . ) :

incorrect alignment earlier than would be poésible in a single dwell

syétem. “This happens because tﬁe integration time in a given cell

3

examination interval- is stated with a smaller value than the maxi-
mum and is allowed to increase toward tﬁe maximum in discrete steps’
as per the~aﬁove.' Since most of the cell searched indeed correspona
- to @; correct/alignments, this ability to quickly discardvphem pro-
duces a considerable reduction in acquisition time, particularly for

'loﬂg codes. ‘ "

A block diagram of a typical N-dwell gerial synchroniiation
system is illustrated in Fig. 2.3.There are N detectors each is cha-
racterized by a detection probability Pp;, a false alarm probability

- Ppaiand a dwell time Ugy++. The dwell time for eagh non—coherent

delector is assumed to be ordered such that -

-

” di € Tdy £ W3 & 'ves € Udn

v

The decision to continue or stop the search at the pregent cell is
madg’by sequentially examining the N detection outputs (starting with

. the first) and follows the following algorithm.

Al \ -

2 .
s T ' / \

e

o’
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- If all the N detector indicate that the present cell is

correct then the decision is made to stop the search.

[}

- If any one detection fails t,o indicate that the present
cell ié correct /i.e.~ int doesa‘not: exceed the threshold,gthe‘n i:he,)fieci-
sion is made tq continue the search and the time delay 'Z of the lo-
cal PN generator is retarded by the chosen phase update incremenlt.
Thus as soon as,oné detection indicates z; misaligmﬁen; the search

: ma.y move on without waiting for the decision of the other rema%t'\'ing

w

detection. ‘ ﬁ : i I.

) -
~ .
. PRIRN

Thus the maximum search time for a given cell is tdn, while
the minimum is Td. Most of the cells can be dismissed after a inte-
- gration (dwell) time 'cdk; K« N, vwhereas in the single dwell systém

it is the maximum T.dn,

@ .
—_— N ! !

The system uses N integravie and dump circuit initiating their
. "t int;.egration at the same \instant in time, each one dumping, however
at a later and later t‘ime instant in view of above the probability
that Zi crdssed its threshold depends on the probability hag
Zk y K = \1, 2, +eey i-1 crossed their respective tiu'eshg. In ac-
' cordance with the search update algorithm the output of the ‘
integrate and dump is gampled and comparéd to a threshold only if
F?11‘ of the px:qvi%us (i-1) integrate and dump outputs have previ;usly

9

’ . ‘. - -
t

_‘\" C ‘

> ' »

.
. .
. . .
.

A .

| ’ / | —
‘ P .
- -
. '
°

C T T S ey . ~ a

- Y
,.exéeeds. Their respective thresholds otherwi?c}. the first integrate
» - Ay

™~

m, ¢
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"
1

and dump output does not exceeds its threshold causes the local code

to update its phase and search next cell - thereby resetting all of

the I & D ¢ircuits. p .
§ / -
E , )

| As‘in'éhe single dwell case a penalty Tp is qpecified for a

-——

false alarm. This occurs when all N detector outputs-.exceed their
respective thresholds for a cell which doées not correspond to thé.~”’. .
correct code ‘alignment. It is convenient to model Tp as an integer

multiple of the additional time required by the Nth‘dwell, i.e.

T, = Ky gy Topy) (2,11) R

. a

The flow graph representatiaon of the N-dwell system is il-

lustrated in Fig. 2.4. ) ‘ .

Analogous to Fig. 2.2 each branch is labelled with the pro-

t

duct of the transition probability associated with going from the

mode at the originating end of the branch to the mode at its termi-

‘nating end and an integer (including zero) power of a parameter ,

x, . -
Zi’ i= 1' 2’ svey No ' '
-

[
.“
I

Zis i -1, 2, «eu, Nreprésentsthe ‘additional dwell ‘time one A

must wait before testing the ith threshold after the (i-1)-st thres-

. - o
hold has been tested. ) (‘7 .
‘ .

The detection transition probability Pps/i-1); 4 -1, 2, .oy N 7 7

is expressed as , < : : A
j
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il

where i; i =1, 2, .., N denotes the ith threshold for cell contai- .
-ning noise only the false alarm transition robability PEAHi-lis : .

' jidentically defined .

-r

&

Referiné to Fig. 2.5a) the probability P¢ D aﬁsociated,w{tﬂ"
. ~ . ! -
travésing the entire branch is the probability that all the N-integrate-

—————

and—dump outpu s exceed - their thresholds or

.TT- 1,1 1 =‘ W

i=1 .
iy ; (2.13)
=P (2,50 2500002 My)
* From Fig. 2.5b) the'probability corresponds to the event of = '  ©

causing a code phase update will be the probability of any of the
4N(I & D)outputs fails to exceed its threshold as one progress through

» ’ ¢

"the N-dwell system.

i-1 ,
P?\IﬁZ(TY |k1) ~Ppi|1-1)

i=1

1 ¥4

L]

= Pr (2,00 0F ZyCh)p oF wew ox ) ) (5 14

Similarly Fig. 2.5c) and 2.,5d) give the system probability

/// of false alarm. ' : 3
(.3

il

- P@ps and probability of no false alarm

P@FA is clearly the system false alarm

[
n .
-
- 7 — .-
* .
N >
.
- °
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whereas ’ ,
LR . -
- 'PxFA = E

. N §
Peaz I\ Pragji-r .
i=1

‘= Pr (Z1> '710 z2>t ')2;""2“)')“)
. . . o

-

2.15
11 (_ )
{7\ Praicet ) (=Ppys1-1)
’ i1\ k=1
“ (2.16)
PI: (Z1< 01 or ?2< ”2 O see OT ZN<0N) :
Using the same standard flow graph ' ’

reduction techniques [10] - [12] the N- dimensional

generating function for the N-dwell system is [1]

v . 4

-1

(z) =70(e) [-‘—q He(z)} (2.17)

i

_The mean' acquisition time is given by,
¢ I . .
. _k. ) N [ =1 ) ‘ ’
m 2=-P P_ .. - . -7

2

where 3ij is the Knonecker delta function .

. ‘ gij.{lz i=1 S (2a9)
) \O; i# 3 ’ ,

The single dwell system is a specific case of the multi dwell

| system is a specific case of the multi dwell technique when N ='1 and

Ry = K, (2.18) reducesto (2.8) as it shoulf.

-

- An -approximate expression for the acquisition time:variance

GZACQ of the.N-dwell system is derived as

R ]

' (2.18)

'\
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‘1 N .
SACQ i,' 'ZBU z“‘ . + 7 (1_71,"- ' (2.20)
’ i=1 ' l"1 z‘ zﬁ 23l AGQ ACQ)
. .
* For }arge.q - N ‘ J
: ‘ (o ﬁ )
C6acq {2 [PFA111-1 ](rdj‘td.j-'d)
’ RELY ia ’ -
\- - 1.1 1 _—
AR (‘dn‘(d,m)” Gz ¢ 7F)  (2.21)

Yo
4
v

Again for N = 1 and K= K ,k2.21) feduc'esto (2.10)~for q9aw1.

.i'
-

Comparing we see that if

o N |31 . ~ o
. Z(TC PFAL\i—1) (ld;s"Td,;s-1)<'fd (2.22).
' Jul Mzt ' v

is satisfied, the N dwell search yields a smaller acquisition time

variance than the single dwell system.
]

——

‘In fact for large q, both Tacq and the standard geviation
6ACQ ‘are direéily 1propor‘tiona1' to.the same functijon F(N) of false alarm

probabilities and dwell times.

~

w st o .
F(N)f 321 (;)_E ‘Pmi\i-1) ( L@j'rd,;m)”‘up::u ) JN(_th..Td’N.1)]
- T (2.23)

[} "A . i - )
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2.3 Acquisjtion using matched filter techmniques

In these techniques a passive correlator device such as a '

Cw ' a . ,
matched filter (MF) is used.\ This device can be-inplemented ' either

4

as a continuous time or discrete time,

In thé.coniinuous tid@ case shich we focus in, the received
PN waveform plus noise is convolved with a fixed finite segment of

the PN wave-form (M chips) and the continuous output is conmpared

with a threshold to determine if aéqﬁisition has occured, In this '

3

configuration, the input continubusly slides Pas:the stationary (not

running in time) stored PN replica until the two are in synchronismd

N

at which point the threshold would be exceeded and the local PN gene-

rator enabled.

-~

A matched filter for afinitelength PN waveform can be seen

in the form of a tapped delay line (TDL) designed to match a single

PN chip wave~form with a passive filter which'follows..

-
_Using the diagram of Fig; 1.1}‘where‘the matched filter ac-

quisition system is a gpecial case.

* The mean acquisitibn time is for the worse caégjin this-

-

sense derived as

-~

- T,
TACQ = ACQ&(K#“) P + MPACQ

+ (v-1)F F .u:g(1 > )}T (2.24)
P

w

.
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Where N is'the number of state
Pacq is the probability of aquiring after any number of
dwells
A ‘ o :
L a AACQ(O‘) = 0(1) = Z P,
‘ . ‘ 1.-0 ° - (2.25)
T. = (=P, )+ (K¢1)P_ (1-1:‘“ ) '
- - ° FAo FA -
9 ) -8 0" "FA . (2.26)
. ’ -, N ’
. ' . Ty = .(1-PD°) ¥ (K¢ (1.pr1) : (2.27?
One can"model.the quadrature tojyal'.mdise composants. at the
,” matched filter output as’ independant gaussian random variable with
variance, ‘ LT ’
. t L) N E L4 ‘ .’:
6 - ,_2 C . 2.28
o PR e @] a0 (2.2)
t . ' ’ \ v' ?
- vhere 6i(E) is the normalized variance of the partial correlation.
. ¢ )
1 ' ¢ g
! / ' ‘ —
. i ) - /’/
./ . S
e 5

+ 0
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A For all wvalues of (M), the analysis algorithm will substitute

all cases’of differing M. -
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CHAPTER III

1

_OPTIMAL SEQUENCE DETECTION CIRCUIT APPROACH - .
TO SPREAD SPECTRUM CODE ACQUISITION

B.i Introduction

There has been a growiné-intErest lately in'using multi-dwell

-

[3] and parallel acquisition techniques [4) for minimizing the acqui-
sition time of spread specérum code » This was récently complemented
by a'parallel processing technique [2] for direct sequence (DS) aﬂd

(FH) codes acduisition. The mean'acquisitian ;imesvwere shown to be
legss than thﬁse of multi dwell techﬁiques. However, %t was assumed
among other assumptions that t;e number of necessary- tapped analog.
delays (N) equals the number of synchronization &etectibn circuits (NN).

In this thesiswe relax this assumptibén and free all parameters with

‘the final oﬁjective of minimizing the mean acquisition time.

‘ Thg total:gode length L will be fixed and at certain N (thus
fixing thé number of bitx in .each TAD (M)) the number NN and the dis- '

missal threshold (TH) will bé'iaried.

Of relevance to computing the mean and variance of the acqui- -
sition time"is the bit probahilities'Pb; Pé. These are defined as
the'intrinsic DS bit error probability as reflected by, the ‘channel

rd + ) .
conditions im the two cases of code presence or absence respectivelv.

. A

the same values for Py, P} thus guaranteeing fair comparisons among

o

.

t ) . . -
: . ae

L4

D RN ¢
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3.2 The parallel sequence -detection circuits code s

]

acqnieitioe method
L , '

The technique presented in [2] is based on the use of/tapped
analog delny lines (TADs) as matched filters for acquisition of a di-
.rect sequence (DS) SS signal. ‘The total DS code (L bits) is divided
into N segments of equal lenuigt.h (M bits). Each segment will be dete®L
L) | ted by one of the (N) TADs. j The number‘-oof “chipsrc(bit's) Aper TAD (M),

is relatéd to the total code length L and the number of TADs N by, 0
. ) T \

" M.= L (in units of chips) - : . ‘-

LI / »
0 -~ o . ’ N
+  Variations of M will ‘affect 't'he mean acquisition time as we will see
+ : ; . . . '
later in this paper. Using N TADs (see Fig. 3.1), each matched to,

T

one gf N segments of the codelength, the entire cocfelength will be

*’*"det.ected once the right sequence of TADs output peaks. Each TAD
- x ‘@hich can be replaced i)y prb;;x;ammabie SAW devices for higherj}em
t | - quencies) is composed of M taps.to be matched with M bits of a segment
of the codelength. The taps of each.TAD are weighted (to either one
. or zero) to match . the: sequence of M chipe of a segment of 'the code-
length Every time there is an alignment of the received segment with
the taps in the TAD, the TAD (with few logic extras) will give a peak . ‘
pulse out:puft. ' i,

s

‘The TADs are numbered TAD,, TADz. TADg, +.ey TADN according

to the number of the s;gments in the code it is sﬁpﬁosed to detect.

» . & .

' The sequence detection circuits (SDCs) sy\\em is used to detect the

in-sequence peakings of the TADs.



‘programmed to detect the unique sequence

‘the system will move to the tracking phase. @&
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; -
If the code received is the right code, each of its N seg-

~

‘ments will be detected . by the proper TAD, Thus, the peaking of t;he ‘
TADs 'will be in sequence (i.e.; TAD) - TAD; — TADj - ... - TADy) .

"The SDC (first SDC) w111 detect this sequence of -pulses coming from

't:he ‘N TADs and will signal an output pulse thus decla:ing synchroni-

zation., However, a band of SDCs is used. The first (SIJ_Cl) will be

s

1+2-)3->4-’~...('->,N_ L 4
The second SDC (SDCS) will be programmed to de'tect

. 2-»'3-»4-»....-,'}{

» . -

. The th1rd SDC (SDC3) will be programmed to dct:ect

' ) A3-74.-)....-)N

-~

and"so forth., The Nth SDC (SDCN) will detect only the peaking of TADy.

1. 2' 3 » 4. ‘e vy -N abOVe refers to TADI' TADZ' TAD3 » TADA. c;o [
N : ) .
TADN"corrbctyl matching the received input signal segments. It is ea-

sily seen that NN, the ruimber of SDCs cannot be larger than N (the

. number of TADs) but could be less. If one or more SDCs succeesfulfy

- \ - {w
detect their respective sequences, acquisition will be declared and

v

’ -

.

For illustration purposes (see the flow chart of Fig. 3.2),

we take a code=length composed of 8 divisions and assume thaft a cer-

q

tain portion of the received signal in noise and jamming have resulted

in the following sequence of TADs peaking. 3+172 2 9 L » 5 =

1 » 7.9.8. In this case, SDC; starts coynting at the 2nd received



o

Xy . T A
EE;' v .
i

"in wait seeﬁgq(;; 6 received). SDC; and SDCg both receive, their anti

N\t

rd . ’

division. goes to the waiting state at the 3rd, starts aéain at the

- 6th and goes to wait state at the 7th. SDC, starts at the 3rd and

goes to wait’ state at the Ath (heeing received A’not‘3); 'SDC3'start§
at the first and goes to wait“Ef the 2nd. SDC4 starts at the 4th
and goes to wait at the 6th. SDCS étarts at .the 5th and goes to wait

Y

at the 6th. SDC6 will not respond to this sequence and will remain

cipated sequences and both declare synchronizatibn at the right time.
It is.‘pss from this typical example that within 8 division G& e., one
codelength) the code was acquired in spite of the mess that the jam-
ming and noiSe have caused The key issue here is bridging the gap

between parallelism and sequental detection. Going back to the exem-

ple, we see that SDCl waited fotr 1 to peak, he got it in tbe 2nd-di-

i

vision, lost count, regained again at the 6th and finally lost and

‘ L% .
went to the wait state ét&the 7th. Similar situations happened to

SbCy, SDCg, SDC,, SDCg, but finally because of parallelism of ection,

SDC7. SDCg succeeded in declaring~correct synchronization. For this

specific example other mult dwell techniques [3] will skip the spe-

cific 8eerdr cell corresponding to the above received sequenci‘(having

one synchronization circuit racher than 8.as in our system). Our

technique effectively reduces the uncertainty region of the received

-

code phase, It is similar to [5] only in that sense but different in

>

‘the way of assumptions and implementation. While [5] assumes that

] ’

synchronization has just been .lost to reduce the .code uncertainty

R

4

e,
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region is reduced by having so many SDCs each sensitive to a specific

_ code phase (start). -

3.3 Analysis ’ ' X

S'imilar to [2] the flow diagram approach (Fig. 3.3) will be

employed to obtain the equation for the mean and standard deviation
3
of the acquisition time, The probability of alignmerit of a code

]

length L is given by,

¢

P =N=1
align = = = = (3.1)
8 L M . \

£ ’ ‘ * B . ' j i R .
id If-we define the total system probability of detection, miss,

. false alarm and no false alarm as Mg, Ay g and ), resp‘ectivel)'r, to~

i

gether with the following definitions pertaining to TAD numbeY 1!

. [ 4
® ; = the probability that the ith TAD will correctly peak and be (3.2)
h'detected. ' |

-

g1 ™= the'probability that the ith TAD will be aligned but will not (3.3)

’
Jpeak (due to noise, jamming, etc.).

Pi = the probability that the ith TAD will falsely peak (again due (3.4)

o
]

to noise, jamming, etc.).

-

¥ i = the probability that the ith TAD will not falsely peak - (3.5)
(1 = 1’.2.‘3’..0| N) ' N A ) ‘ (\
l t
N ' -
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. , - . "
¥; = the probability that- the ith"TAD will not falsely peak . (3.5)

£

1" A

(.i." 102v30--;0 N) '

3

. we hahve ‘ -

»

Bq =Ny o+ (Q-pypdy 4 (1)) (1-pd))pdg 4+ . +

(l—kdl) (1',“2) (l“wa) .| (X (-1"?dNN-1)PdNN . (3068{
. where' the different pdj's are calculated as in [2] i.e., ‘l -
_ ( ' N b _' '
-l ‘ , : 4= oty . (3.7
. , | imj ) o
. From Fig. (3.4) it follows thgt v
Rt S NN §=1 N
by = L pd, I (L-p,,) ‘
¥ d (4
e . ' =1 . A=] dA
v : 321
L . ‘
‘ NN N [ S S
- J=1 i=] A=1 ’ iwA .
T 1 '

v

Similarly, from Figures (3.5), (3.6), (3.7) and 'réferring to {2] we have

[
. MW N gl L
A= 1I. Z ¢ I a ' (3.9)
®  pel geh & t=h * '
NN N c-1 N
B.= I N0 g, 0 -1 ). ,
£ el gmc ! Bm1 i=B Py (3.10)
C¢1 ‘ . {*

If d_ is the probability of detection of the SDCj (3 = 1,2,3,..., NN), .
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—

[" . . ‘NN N 4*1 ¢
N A= s Oy It §
) ' ) r =1 q=s 9 jug ‘1

“ (3.11)

.

If we assune &, =« and p, =P for all_”i. th

- - n
g T a/(N-j*'l) m-¢ -~ a(N AH))

b (3.12)

=1 ’ +'A=1
o .31
| NN N S .
) h .
A= II T e a:(g— ) \ . \ (3.13)
® b=l geh o Lo -
. | ' o , \ ’
NN ' c~1 i -
. ‘ N (ametl) (N-B#1) \ :
- 1 (1 - ) i -
bp I P "gal A -, (31a)
c#l i) - -
NN N, _ )
x,-n'zya‘”,’ ' i
» . o=l ¢q=8 ° c
. o - e , (3015)

¢ N . N

To evaluate the préb‘abilities' o and% used in_(3!12) - (3.15) ‘
» N / ’ . .
one needs Pb and Pt'> i.e., the probability of bit errors\%as reflected

Y

by the noise and 1ntgrfefences‘) in the presence and absepce of the
correct code respectively. Actudlly, the dependence ,on b and Pt'a on -

the status of ‘the channel, level of i‘.nterférencesq etc., is 8 separate

|

. - ~ .
research problem and for the purposes of this paper Pb. énd P!') will be

assumed . ‘ : ’

,
% °

Each TAD contains M (DS) bits and we, associate with each bit
f L ' N .

successful or unsuccegsful detéction a; biriary random variablé taking

the probabilities (1 - P,) and Py respectively. It follows that th

’- ) L
—
"
4 A

XY
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- ~

M bits of each TAD will constitute a binomial distribution and if the .-

dismissal threshald is. TH we get' for the probability of signal detec-

tion per TAD (o), -~ SR co .
-~ ‘. * ( v b . e !
LV P M- .
h ' a= T ( )(1 - P ) (P ) -
' pTH (3.16)
. ‘ "/ " 3 . °

of false alarm -per TAD as, ) . : ‘) .
[ ‘ . ‘h he '
- o M Y Q v
o e B " L (Q)(l Pb) (P ‘ (3,17)
, _ QR , -—g - : ’,‘,(
° . . ot s ) .>

Finallyq’, b‘)} straightforvard application of the “éignal flovw graph of

Fig. (3.3) and similar to ['2] we .get for the mean and standard devia-'

" " tion of the aEquisiti&m time ‘ S ‘
. T = mean = ® .- m ) . . '(3.18)
- .. " align "d” . . .
4 ‘) . 5 .. i . - v‘._} toa , .2 ‘.
@ T > Lt
o, = standard deviation -, ] LT '
'_ y
= {O-P yyeata) [Kige (1 rnl:lgn)l * Kug(l PJlig )(2"*“3.14::’}
S . Palig . :
- . L . J . ) . . (3019)
R FN s Ay "’ ¥
e . ‘. - ? ¢ )
- A . W b a =
\ S

¥




. 3.4 Results and conclusions ' o -
B | , SO , . .

f : To ccmpute the.meaﬁ and- standard deviation of the acquisiti6bn
~ -~ . ~ N ‘(J‘.

time from'equations (3.18), (3.19) respectively, one needs the quanti- A

bt Pp

ting in Figures (3.8) - (3.15) and Tables 1, 2. - ¥
Q - ‘ n

ties M, N, NN, L, P TH. These.wegg~given different values resul-

.

Figures 3.8 show the effect of NN on the mean acqu131tion time e
for a varying probability of bit errors (Pb) The existence of an op-
timal RN at higher values of P (3.3 (giving m1n1mum acqulsltion time)
is clearly depicted from Fig. '3.8a. Fig. 3.8b shows" the effect of the ‘
threahold (TH = 10 M/16) on the shape of the BCQUISltlon time vs NN

curves. the optimal NN clearly moves to the r1ght in this case. More- . ,
" - - ‘-‘k .. . 7
"over, as TH increases (Figs. 3.8b,3.8c, 3,8d) all *curves tend to be & '

R monotonicall& dec}easing function of time and the optimal value of NN
s - . " f
.becomes the largest possible i.e. NN = 8. ‘ .
~ - ' N

©

Rt 5 Fig. 3.9a shows$ that: the optimal NN is the lowest if Pb is fixed

~ ‘ ‘at .3 and Rg takes lover values in the range (.01 - .5). The threshold

TH is‘raised to (10 M/16) in Flg. 3.9b with the result that o£t1mal va- ¢

\

1ues of NN now exist for those curves at which Pb = .5. .6, However,

with TH = 12 M/16, TH = 13 M/16. { Figs. 3.9c 5ndf3.9d\now give ‘monoto-
3 : T

nically‘decreasing curves in NN for all valueg'of Pé. All the curves

of - Figs. 3.8 and 3.9 were based on the sahe total code lenght (L = 256
g \ . .
bits). Fig. 3.10 reléxe; this apd assumes different code lengths and R

.. .
different number of TADs N, It is easily seen that shorter code lengths

. ’ /

LI
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yiéld better acquisition fimeg. Also, threshold bonds are well defined

3

from Fig. 3.10 i.e., the‘acquisétion times are almost constant Over 'a

certain‘phreshold range. Fig. 3.11 shows a situation where PG,NN TH
. A

are fixed and the number of TADs (N) is varied such that the total code

.1ength L is kept fixed (L = 256). All waves in this case are monotoni-

cally 1ﬂcreasing functions of Pb and the optimum N is the largest

{N = 32). However, this implies a larger system cost. However, this

!‘isunot'the case in Fig. 3.12 where a lower value of N = 16 bits yields .

the best results (the independent parameter is Pé not P_ though).

b

Fixing the code length L and also P!, NN, TH and varying the number of,

bits per TAD (M) we obtain Fig. 3.15a where an optimum value WM =.16)

results at Pb =,3."We note too that the mean '‘acquisition time monoto-

S

nically increases. or decreases with M at small or large values of Pb

respectively. In Fig. 3.13b, Pé, NN, TH, L are f1xed N is varied,

“and. the existence of two optimal values for N is~c1ear1y seen, Finally,
‘ Fl&ﬁ 3.14 and 3 15.show the effects of Pb' Pé regspectively on the mean

acqu151tion time.

3

In:all Figs. (3.8) ~ (3.15) one or two parameters only are aif '

LQlowed to‘changé. However, if we lety\free all the parameters TH, NN, N

at given values for L, Pb' '.'ue obtain Tables 3.1, 3.2.

In Table 3.la, L = 256, N = 1, Pb and Pé are given certain va-

" lues and the resulting best TH, best NN and the corresponding mean and .

Standard deviation of the acquisition time are computed and inserted

together in one square of the table.

- v [

BN
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‘_3.1c, 3.1d, 3.le with values of N = 4, 8, 16 respectively. The ambi-‘
tious designer will pick the results of Table 3.11 giving theiminimun
acduisition'times;f Howeéer, the minimums oceur'all at N y'NN = L

which is not aﬁ?ery'practicel solution. So, the choice of the desi-

3.2a - 3 2h are. similar to those of Tables 3.1 except that L is now 128

Comparing all corresponding results of Tables 3.1 and 3.2 reveal the
\
fact that shorter code lengths yield better acquisition times (note

‘ that‘pll the reéultslof Tabies_3.1 and 3.2 are in units of bits, not

N a

code lengths énd 80, fair'comparisonthetween diffesent cases prevails)

o

The final concensus out of all these results is that ihe use of subdi-

‘ vided codes and 'SDC lead to teducing the acqu191tion tlme.g The exis- .

/

tence of optimal values for the parameters involved was proven and fair.

conparisons were guaranteed hg starting at the intrinsic b{t'e;ror pro-

\ y '
bability Py, 'Py.

In some.cases (Tables 3.1, 3 2h) acquisitlon was obtained in
one code 1en§th tiée (vwhen N = NN ‘= L) a very logical result that pro-
ves our modeling of the acqpisition problem under hand. The extension
of the analysis to channels affected by code dopgler,(frequency uncer-

- ! ' -
tainties) is currently investigated.

Table 3.1b is a repetition except that N =12 end so are’ Tables )

gner will be one of Tabfes 3.la - 3.1i deoendinh on his bﬁhéet. Tables l

~—
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. . CHAPTER 1V o

IMPLEMENTATION AND TESTING OF-  THE

SEQUENCE DETECTION CIRCUIT ACQUISITION TECHNIQUE , :

\J

r

We have built a prototype inplementing the theory in Chapter III.
Th;‘systeﬁ is compose& of-zﬁe'tapped analogue delay (TAD) circuits and
the SD sequence detection circui;s‘(SDC). As.previoﬁsly mentioned'tﬁe
code length is di;ided into 8_subcod;s. The TAD circuit system is pro-
grammed and used to detect the presence of these 8 subcodes and the #°
SDC system is to check if they a;e in appropriate sequence. " If this ;
system detect that the' 8 subcodes are present and in-sequence it will

give a synchronous pulse for the system to go to the acquigition check-

ing mode (verification or tracking),
>

The system is t6 detect and synchronize to a code length.of
256 chips and a chip rate of 1 M chips/second. The code is divided
into 8 shorter subcodes each of which is of 32 chips. Each chip is 1

,xsec 1o?g.

..

*4,1° The TAD circuits

/

The TAD circuit consists of 8 Reticon TADs which are used to
detect the B subcodes of the code ‘length and 8 Ievel detectors (one

for each.TAD) (Fig. 4.1). o

s
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Each TAD is programmed so that wherever there is a match with
the subcode it is to detect it will give a'(detection) pulse. The le-
vel detector compares this pulse yith a referencg Qoltage used as the
threshold. If the amplitude of tge pulse éxceedslthis threshold vol-

tage. The level detector will give a detection pulse. These 8 detec-
. -3
tion pulses corresponding to the subcodes will go to+¢the SDC system to

be checked if they are in-sequence.
¢ . P

-

4.2 The SDCS . .

Each SDC receives the pulses from the 8 TADS. It hast8 inputs
and one output. The SDC will give a pulse when ever the TADS'pulses

are in sequence. In another words, the SDCi i% used to detect the

:

sequence

*

i i+l » 142 P oo/ > 8B

‘ . i = l. 2.| ces oy 8
a . - |
The SDC consists of the latches an 8 x 4 encoder, the counters

and the main part (where details to be shown later) (Fig. 4.2).

- The latches are used to reestablish the duration time of the

pulse to 32 - W sec long.

!

The encoder is used to encode the pulses. It has 4 outputs.

Y

' N\
If the pulse is pulse #1  (pulse from TAD 1), it will give a 00011

( | | ”
) i . \ N

A

oy,

», %

i
O A o
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pulses 7, 6, 5,..., pulse 7 has pfiority over 6, 5, 4, ... and so on. .

¢ oy
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\

and so on. If there(is no detection pulse the output will be 00002
(state zero or waiting state). In this way the presence of a subcode

will be represented by a 4-bit data.

If two or more pulsés occurs at the same time priority will

be given to the high-valued pulse, that is, pulse 8 has priority over

Pulse 8 has highest priority, wherever. Pulse 8 (it does not mether
these are other pulses or not) the encoder will encode as 10002. Pulse

1 has the lowest priority.

-

. The main part of the SDC is 2 J-K ’Fpr-Flops. The main part
has four inputs and four outputs (4-bit state). - For the ith SDC,
When ever the input is ilO (base 10) the Flip-Flops will be ﬁreset to )

ilO (for example if i, = 1 the state (outputs) of the Flip-Flop will .

10
be preset to 0001. Wherever,. the preset state is le where 310 = 0,1,2..,

and the input is (j + 1), the Flip-Flops will change state to (j 4 1), .
. ) 10 10

other wise the Flip-Flaps return to state 0lo (the waiting state). If
* ‘
the input becomes again 110'(the preset value)’ the Flip-Flops will be

e

preset again to i10,~as stated above. Co \\

By this arrangement the Flip-Flops will only change state
wherever their input has been encoded from a TQDs' detection pulse re- "
presenting the ‘subcodes which is in-sequence with the preceding subcode
otherwise it ;ill return to the waiting state‘(statg 0) or is preset

again if the inbut pulse represents the ith subcode.

’,
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To ' generate the preset pulse of each SDC,” a.4-input AND v

’gate is used. ‘It gives a'high' output whenever it detects the value

110 from the .output of the encoder. This high output will be latched
for the'duration of 16 chips. A couhter uses this 16- l.Lsec pulse as
its engble‘pulsé and starts counting at the positive -edge of the high
AND'gate output. . This mechanism will generate a pulse after a 16-chip

time. This pulée is used to’preset the Flip-Flops (the reason for the

14

preset pulse to be delayed 16 bit is to make sure that the Flip-Fleps
uiii be preset (or change state, as we will see below) at the middle of

the duration time of each input (Fig. 4.3)

. The preget‘pulse is also used to reéet a 32-bit counter: This
counter éftqr resetting to 010 will start‘counting and generates a pul-
se after every 3i-bit time. This carry pulse from the 32-bit counter
is used "as an enaﬁle pulse to the Flip-Flop. Thus a%ter the Flip-
Flops is preset it can only change state after 32-bit time. Thus this
will be at the middle of the next input; If the input.is again ilO
the Flip-Flo ps will be preset again and the 32-bit counter is reset to
010 and the procedure (checking for in-§equence pulses) will start over.

-

If the input pulse is not in-sequence the Flip-Floﬁs will réturn to

t
N

010 output (waiting state),

The detectipﬁ pulse of the SDC is generated by using AND gates.
These AND gates will give a high pulse wherever the present state of

;hexFlip-F;ops.is 710 and the input is 810. Since 710 is-followed by

s
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810 and state 710 occurs only when the previous state is 610 and state

: :
610 in turn only occurs when there has been state'5,,, state 410.'...3

and the preset state ilO éhus this ensures the AND gates only giving
the detection puléé when theré is the sequence i » i +1 9 1 + 2 <
eee. > 8, This detection pulse (fr&m the SDC) will be "ored" with

the output pulse of other SDC, and the results pulse is used for tracking,

p -
The details of the prototype sequence of operation will be

‘ - ] . =
o o
4.3 The detailed algorithm of the protgtype

“outlined next,

Tk "

1- Power-=on reset will clear the contents of all registers.

.
-
4

p . .
2- System 1 is waiting for delay line 1 (Fig. 4.1) to peak (other sys-
tems waiting for 2, 3, pr 4,,. to peak). v R
: /
3- When delay line (DL) 1 peaks, it forces a latch to momentarily go
'high (for a duration long enough to enable the sequence detector

to read the enceder output). . .

'-

4- The delay line 1 pulse will cause, the encoder out-put to be (0001).
This will propagate through the "AND" gate and appears as a high

signal at the "AND" gate output. . '
o - ' ’

.o ra
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54 This signal after prbpagatlng through some log1c delay* and being

A

~

o | transformed to a pulse will be used to
‘e - preset the sequence detector to state (ABCD = 0001). ° = ;
ak-. ; : , — Teset (clear) the timer and the timer will count start1ng again -
- - £rom 0000 | j I

) ‘ . ) r
/// 6- After a set time (qpe timer will count. 32 clock bits, sufficieﬁp—
. v .

. -
time for DL 2 to peak andothe value remains in the latch. Recall:

- - -]
ghe latch value will be reset shortly after its corresponding de-
1

-1ay line peaks - step (3)). The timer wi}i produce a carry, °

-

which will be used to clock_in the next encoder output. -

7- The next encoder output, corresponding to the next delay line pulse,

é? , *will appear a‘.the inﬁut of the sequence detector.

8; If it is correct (i.e. the proper one in the sequence) it will be

loaded into SEQ detector and the stfate of the SEQ detector will be

>, .seé to theé value’ of t?is.in?ut, “1f proper sequence string‘qccurs
(i.e. 1 > 8) carry wili result and be used for synch. (The carry
will be CAR. BCD + ;;2 because only when the state of cﬁé SEQ de-
tector goes from 1 through 8 there w111 bé ABCD = [0111] (state 7)

and WXYZ = [1000] ( » state 8) and the carry will be generated
i

(CAR. =1). - o SR .
-~
’
* Since this delay is -long enough the' encoder output will be wa1t1ng
' - to be Yoadéd into the sequence detector (if the delay.chosen to be

- of 16 clock bits (pulses) long, this (the load-ing) will happen
. approximately at the midpoint of the duration of the encod output
s - signal. K
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» i 1
’ /
9- If the new input is out of sequence, it will cause the seq, detector

" state to be reset to [0000] and the process returns to step (2).';

1 - »
A B

» L.

4.4 Testi;§ performance of the system. .

~

In our built system we used only 5 SPC; (from SDC1 to\SDCS).
Thus . whenever 1 orvmore'of these'5 SDCS peak the sysieﬁ will give a

detection pulse,

- r

S . ' s

S 1

, ~ To count the correct detection pulse N, wve "AND" .this pulse

~ ~with the SYN BIT of the received signal and use the resulty output to

: I8

trigge( a counter_display.
e
We also coupt the total number of pulse (false and correct)

directly from the "OR" gate output of the SDCs systé&: The number

- ®

© of fglse detection pulses N;, is then calculated by substracting the

FA
total numbef.oﬁ‘she pulses recorded with the number of correct pulses;}

We set up the circuit, feed the signal and use the signal
gene}ator to simylate the noise, Photographes of the testing system,

the prototype modern implemented are shown in Figures 4.4 to 4.7 -

i)
After feeding the signals and noise, we have the system activa-

!

ted for a period ‘of time, t , and count the number of correct pulse

and the total number of pulses which are counted by two counter dis-

F v

plays.
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N

The code acquisition time T is calculated by- multiplyfhg NFA v
/r

with the penalty time and added to the test time tuzm' The result . .
is divided by the no of correct detector pulses}to give T as shown in

" the following formula

=LTtest + (R + 1) x 256 x N., x 10°°

N

< . ' D /

4

We did a number of tests, in each tests we check ihe behaviour
of the system with rispGEt to a pafameter by changing the value of this

parameter in each test.

L

The results of the testings are shown below.

‘

-]
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* TEST RESULTS : - ' . -

o . A = TEST CONDITIONS

—

-

#* Power supplies

* TADS: Voo o 415v, VSS = GND

VBB = +14V, BIAS = +5V <
? ' g -, - s
* OP. AMPS: V¢ = +15V, (- = -15V

* TTL components: .VCC = +5V, GND = OV

! . ¥

* Clock: TADS = 2wwe®) = ARKE

oy C 2 e
| . . .

SDCs = CLK = MWy (Gated clo;k rom signal generator)
" #% SIGNAL IN: 256 bits of 8/subsect16n# (32 bits/subsection)

; / .
bit duration time: 1 n§ ‘ “
» Co R \ r‘% ) .
B - RESULTS * : Ol / - ’ .

. . !" / v ‘ \

4,4.1 Test result report 1 / '
In this test we avried the value of the SNR -

= 0,13V
= 10 min or 600 secs
Results: / Iy

/ [

- /
a) Test 1: SNR = 1% odb_

Npgp = 18,041 S
° Ny /103,704 » N, = 118,041 - 103,704 = 14,337
.o /, - 4 . . .
/ . . '

)
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& ’ ‘
’ . 600+ 27X 25 X 14,337 X 1076 - .
T : - ..
. Ao3,704 - {
g - B - 5856.48 i&secs br 22.88 code lengths
' b) Test 2: 'SNR.= 0.673% -2db, . .
, . Npop = 83,933 _ . \ SR
<o ““Np, ‘= 83,933 ~ 70,571 = 13,362
N, = 70,571 : .
. ~% . 600 + 2 X256 X 13;362 X 107° |
’ ¢
’ ] 70,571 ' !
w ’ . \(\ \ . - Py
DN = 8599,02 psecs or 33.59 code lengths P
o c) Best 3: ,SNR = 0.563 -3db - -
Npop = 764095 I ' -
< Npy = 70,695~ 57,256 = 13,489 \ "
N " . 57,256 . L ' ' o
5600 +2X 25 X 13,489 % 10° . S
57,256 -
1 ‘- -
} . .
, = 10,603.46 pM.secs or 41.42 code lengths
| ~. . B | o ‘
we see that whenever the SNR decreases, the acquisition time increases.
~+ - 4,4.2 Test result report 2 (Date 09-08-1986) '
“ - o . . at 12:00:00 -
| — Tiest ° 30 min or 1800 secs '
sir.= (/D2 = (.820)% = 0.673 2 —2ap o
T ’ : (1/0.820)2 12 ‘ ' . . N K -
,' ) i - ’
. . .
, SRR

—— . .
S B B . UL Sy 3
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-

’ Test 1z 5 SDCs 1 o, g
- SIGNAL + 1 NOISE SOURCE (PSEUDO-NOISE)
= 0,52V - .

NOISE sequence: 6A9E DCF7 - 6521 ‘3045 ,
- : . 89D2 165A ED5G 2BF7 s
¥ : " 39CD 8456 ADEC F9BA
Q L " 10A5 2E39 CF2G 'DAS4  (in Hex)
' ! ! R : . , %
. ) C el N . . K
Results: ) . ) ”
-~ . ' . Npgp = 1,108,557

. Ngy = 1,108,552 - 633*.2_76 = 475,281

D = 633,276

§ o 100 - 2 X 256 X 475,281 X 107°

. 633,276 ~

= 3,226.62 . . secs or 12.60 code lenghts

a
-

Test 2; 4 SDCS . P
/ SIGNAL (NO PSEUDO NOISE) - |
= 0.01 v . ) . ]

Npgp = 22,428 = NFA « 22,428~ 22,388 = 40 |

o ‘ CNy = 22,38 | < o
. . 7 1800 + 2 X 256 X 40 X 107° -

.
] ' v = . -

‘ | o | 22,388

- = 80 401.13 'iksecs or 314,07 code lenghts.

/ Conclusion: when -the number of SDCS changes from 5to 4
/ . . (decreases) the mean acqni\ition time increases.

14

] o
il ‘ e
B v .
s .
. ' - . N
A Y a ’ a
. »
.
. [




- L
ttest 20 minutes or 1200 secs

1) Under no interference noise )

.

SNR = (5)% = 25 = 1.5624.46 dB

; (% 16

Voltage level: 5 units (5V)

& v . i
- ref . -0.31V
"p = 27T Ly, = 1,022,3% - 63),277
Nror = 1,022,379 391,102
T = “test + (k+1) X 256 X N, X 107~
Np

= 1200 + 2 X 256 X 391,102 X 10~°

631,277

.21 .11 r\Sec or 8.66 che lengths

/ -

2) Singie interference noise

Ci Ve 03N :
' ) 16
e ' Np = 511,855 Ng, = 536,682 - S1I,855
Npop = 536,682 |
. - - 24,827
| T » 1200 X 2 X 256 X 24,827 X 107
’ 511,855 ¢

/

° =95 - )
\‘\ . “a
o - .
4,4,3 Test result set 3 . - {24-9-86)
" : X + 8:30:00 pm
NN = 5SDCS . , : : ¢

»

onp o (5) = 25 = 1.56 % 4.46 dB -

rl

—-—

it



= 2,369.25 '&Sec or ,9.25 doce l.mhﬂ

'3)'2 {ntenferepce noises akﬂ o
Vg : 20.31V SNR = 4.46 dB
Ny = 17,365
. XN, = 25,557 - 17,365
:  pop = 25,557 ]
% _ 1200 + 512 X 8,192 X 16°

17,365

, = 69,346 mSec or 270.88 code, léngths

‘ /
4) 3 interference noises
c N ,
v s -0.31V R = 4,46 dB
\ . ! .
' ND - 20 ‘ NFA = 38,072 - 20 = 38,052

NTQT = 38,072

= . 1200 + 512 X 38,052 X 107°

. | 20

"= 60,974,131 wSec or 238,180,206 code lengths

4.4.4 Conclusion . _—

9

From the above three tests we see that the result is in con- '

sistant with the result shown in Chapter II. The acquisition time T

‘+ for some values.of Pb and Pb' (i.e. the SNR or noise level) increases

%
as the noise sources number and amplitude increases and ‘decreases as

the number of the SDCs increases. r

-

x



CHAPTER V

: A_HYBRID SBQUBNTIAL[PARALLBL SCEE!E FOR

COMBINED ACQUISITION/SEARCH LOCK

) OF SPREAD SPECTRUM CODES

= ' 5.1 Introdaction

¢ N o

‘ acquisition time in spread spectrum communications.

Several techniques have been proposed for minimizin§ the mean

Among those™tur-*

rently attracting interest are the multi-dwell [3] and parallel acqui:

sition methods [4]. Also, [6] describes a dwell ]

nique for SS codes acquisition. Recently a parallel processing tech-

. Co nique [2] using the SDCs (sequence detection circuits) was proposeJ:

énd,the mean acquisition time was shown to be ihprovgd. The optimal

case of this scheme has-also been studied by the authors in [8].

atched filter tech~

-

w . : .
However, with this technique the threshold had to be exactly equal to -

a fixed number correspondifig to a certain SDC and all SDCs were pro-

grammed to end with the same code subsection (among other conditions as
- : ¢

well)., In this paper we propose a new system in which these assump-

¢~ tions are relaxed, meaning that, some subcode detection pulses may be

miésiﬁg but synchronization can still be declared.

ceive these different subcodes.

v

The new-techniéue can be described as follqws:

)

<

- des) and a bank of matched filters (M.F. ) is programmed to re-

e .

(1) A long code is divided into a number of code subsections (subco-

»”

-~
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14
> ' .

(2) ' A number of tranéitiéns counting circuits try to‘count the num-
S ber of subcodes coming in sequence. The 15 circuit starts at
the .very beg%nging.‘con§iders the first peaking subcode as le-

gitimate and counts the total number of subseqﬁent subésdes co-

, ming in the right ondg{;gnd"ﬁqmpatible'witﬂ the first subcode

"(pivot subcode). The 2nld circuit perfofms the same function ex-
cept that it sfarts‘its operation delayed by 1 subcode from the

A lst circuit. The 3rd circuit start is delayed by 2 subhcodes and

. so forth, » ‘ .
e \\ [ -

(3) At the end of one codelenéth.(trial period) comparison will be

made by a code éombiner block only among those transition counts

L4

of flifferent circuits which exceed their prespecif%;d’thresholds.

’ -~

The ht code phase then (i.e: whether the starting subcode pha-

LI ——

se should Je Jorl orif)etc.) will be the one identiﬁied by the

circuit having the maximum count.

» . [

To enhance subseauent search lock (codé verification) [1], it

- . A Y P
is seen that this new acquisition scheme while looking similar to [2]
’ VI

differs in the way of utilizing the inherent sequence in the long code.

. -—

While [2] assumes the reception of completely independent code subsec-

tions, our-scheme utilizes this inherent cod1ng‘hfficient1y and tole~

-—

-~ rates partial loss of subcodes due to jamming, etc. For example, if

»

the 15t received subcode samples are greatly distorted by jamming the

- -

kg

- 98 - l A »

-~



decision from the first circuit will be erroneous éﬁd will be neutra-—

+
- - . -

[ ] v

provides the first me sure of jamming tolerance during acquisition.
. . &

] . -

lized by hopefully t2; correct ‘decision of the other circuits . This |

The second measure is Pipvided by noting that each circuit can
° -\'>('
Jump few subcodes sections received in heavy jamming and still provide

o

the right code phase as will become clear shortly.

. . Y
N
¥ .

-In,the following,-we describe in details the new sequential/
parallel scheme. The mean and variance of the acquisition time will

be found and computed in'terms of the various thresholds and many para-
- » v . \ -

meters invoived. Thesa,meén and vardance actually pertain to the to-
v e . ) ,
tal (acquisition + verification times).
Ead = - - '
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5.2 The new acquisition/ae;rch lock scheme ' | /

The problem is to :cquire the phase (codelepoch) gf a direct
) sequenc;a§BS) spread spectrum signal. Fine acquisitign (tracking) is
assumed achieved by the use of the appropriate nGRicoherent tracking
or tau—dither 1oops [9]. Also, code rate changes due to Doppler and

other effects are not treated. However, their effects on the mean and

N
- . - N

standard deviation of the acquisition time can be easily evaluated [1].
The long code (or in some systems the short'synchronization preample)

is divided ihto N subsect1ons edth cons1st1ng of (M) DS chips. At the

-

receiver N matched fllters (M. F )° are programmed to match the N sub—

+

sections of the code to be acqu1red; In the process of™-programming /

the matched filters the effects of the carrier phase. will be accounteds:

for [1]. - e | S
) - ' " ) > ] S
The receiver is simplified in Fig. (5.1) with the only emphasis ~
put on the initial code acquisition inlding blorks. If the local code

is"in perfect coarse and fine acqu1sition with the received signal code

- . =
.

-then this will be indicated as a high 51gnal at/tbe output of-an inte-

grate and dump filter following 'the front mixer of Fig. (5.1). If this -

high signal exceeds a certain final threshold (THF) then gynchronizaT -
tion will be declared and meéhingful data demodulation will start. . '
“This 1ntegrate, dump and threshold comparison will continue with data
demodulatxon and the current tode phase (epoch) will be retained as .
long as this threshold is exceeded. While this is taking place, the )
. . < 3
| L4 t
b’ -
. - 1 2



101 -

*STIviXd

NOILISINBQY N0 SISVADKI RLIA WVHDYIQ X001 MIAISOM-§ @ & LG *OId
~ - L)

i ~

+ (1234403 ISVid 3003) GI¥V1I30 HINAS'SIA

.

M .

Siig vivad 03133130 “

NOTLVZINOYHIAS 3N1J

13000

/
4

- < {4007 9%1¥IVHL 300D

AV130 g

q N A i . ‘\ = »
001 DNIISIL OLIVH 3SITOM OL Twmdls | . - .
/| 31vabaav NS 371 "
1 10303313 i .
J{ H1) aronsIumt - .
. R
(8+37R)503(1)p().
—e e -y
: ) WNIIS SO
e —— (9+ H)503 | . 01A13)YY
¥31HEYI W01 .
- ONIXJVEL dyvis | .  »

ruvis L8 _wzz ! ¢

LINOO)D .

ZZA.U.G.PV .

NN 3SVH4 300D 9399181

-

¢ 3Svitd 3000 ¥3931u1

1 3%vHd 3000 ¥3991¥1

.

- luvls E il I .n, : ]
. " anngd |t 7 SCLL .
131901 . . (%901.N)
yanigwon [ o (727071) B2 » )
. ¥3002M3 -
e ttirsstenam—
18v1S (4w
. INN0) ;
- -
(a°1) | .
I|,|.T1 . : Waw) T

T " TP

art

U U

.
S e e s




- 102 ="

<

.

« received signal is continually fed into_t%e N matched filter banks.

However, the encodgr, the (NN) Transition‘betection Circuits ("IT.D.C.-)s
and the combiner logic (Fig. 5.1) are disabie& as long as the current
code phase is retained meaning that the recé}ved samplesd§torgd in

the N (M.F.)s are/not needed. Oncg synchrdnization is lost (ag indi-
cated by the aforemepntioned threshold comparator) or once yé start
receiving:~:Le (N*iog2 N) encoder, the kT.D.C.)5 and the combiner lo-
gic‘ére enabled. At the end of each M chips of the received code,

‘x"m

only one (M.F.) (hopefully one) will peak i.e,, the number 8t agree-
ments of chips of the rece1ved code sectlon Vlth the stored replica
exceeds a‘certain (M.F.) threshold (TH). 1In case more than &he (M.F.)

exceeds its threshold having received the same code subsection (M chips),

only one of them is randomly selected (by the encoder). The eqfoder

dumps a binary number consisting of (log2 N) bits (representing the

identity of the subcode received) at the end of each received code sub-
s§ction.to the inputs of (NN) (T.D.C.)5. The sequence of numbers.gene-’

rated by the arrival of successive code subsections is what is shown

_in Figures (5.3) and (5.4) (in decimal). Fig. (5:5) depicts the se-

ﬁuence of events taking place in the (T,D.C.)s and combiner logic one
the loss of sync is declared. - The loss-of-sync pulse triggers the
first circuit immediately, triggers the second'after M chips (delay’D).
triggers the third after 2 M chips (delay 2D)... etc. The reason for'

these delays will be exp1a1ned shortly.
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On;e enabled, ;heufi;st (T.D.C.) accepts the number of the
(ﬁfF.) that peaks as an established (pivot) and waits for the subge- W T
quent (M.F.) to peak in;the next code subsection interval and an accu-
is incremented with the occurence of each correct Qubséc-

1 \ S

tion transition. As an example, the following M.F. peakings
w »

mulator T

s Yo - - c . . ! .
412 78fﬁ1 5 7-implies T1 = 3+] = 4%, while during the same pefﬁrd of

" time the second (f.D.C.) will ignore the first number 4 (because of .
the greviouély mentioned delay), consider L!as the right start anq)

-3
count 1 i/;—;-;~;‘7 resulting in T, = 241 = 3.

2

Corrésponding to.the same received DS subsection; the third
(T.D.C.) ignores 4 and 1 and considers 2 as the pivot (right code
start) and count 2 ;ﬁh 1,5 7 resulting in only one transition i.e.

3

delay) and consider 7 as the correct code subsection -start and coupt

T, = 141 = 2, The foufth (T.D.C.) ignores‘b and 1 and 2 (having 3-D.

;ﬂgﬁi 57 i.e. T,

e | " l

Another typicél example is self-illustrated in Fig. (5.4)

note that it is possible that sometimes none of the (M.F.) will '
peak. -

- N
D ! T— s '. v
——— - - 1 - —— Y



i - J/// . i
- / -
\ 4 h © . ‘
” b - — r// \
- NS LY
‘. , . . ~ ) . T e &,
. “L0AId SHL ONIUDD SONIXTEA (*d°w) ‘ .
b .- ON SAVH OL FI1GISSOd SI LI *(A1I0NNHOONI HO A'LLONNEGO) JOAId TRE SLOKLAT S
. o . LINDHID STHL WIASINIHA (°0°0°l) ROVI 40 JNNOO FHL OF g SI | 40 SVIL Vv 'XILOH
“ ) Ama._ozmmzﬁ HISHL CEHOXA SLNOCO IHL 4O TIV IONIS) 2371
: xﬁ:ﬁuﬁ.ﬂ:.ps 3000 FHL GLOYTAS HANIEWOO FRL
. eoe ; = ¢l SINNCD aNODES SR ‘e = "LSINNOOD (°0°Q'l) IS4 ANL
‘ .. P - . o ~ .SSEEuquﬁﬁmnﬁsoSgangﬂﬂuonﬁué.nm.uE. .
/ . , @ )
- \ . ~ ® -~ - H R i , 1 M - - N . )
: o e . L . 9., & ‘ T~ WMol 1 aavdIonuNg
. . b= pon = 3 ¢ t Wt + + + - — e
8 L 9 < - ¢———————  SONINEM (°d°M) 40 ZONENDAS ]
R e 031331430 ATWVIAL ' . ~
’ 2 R i ! 3 .
. N [ s L 9 < v ) \ .
4 + + + * + + < e00000000 000Nt btRIRL,
N R Tl A A T 8 t - 9 ¢ b : o .
e . AN~ N . - R
1 .. ) - .
¢ e .° Ll " g ¢ v ¢ ———  §(*2°a"1) 14 CAVIIOLLIN e
! 9 =15 =7y T 1] e, s . & . EOMLXER (°d°M) 40 ENNDIS
. N e S N . 0313313a 5.33 . .
v . “ . . o~ _ V\ . - :
i LN Y SR S v &z %(0°0°3) 1N CRIVAIOLIMY
Letdg=l ! T e ¢ y ¢ 7z ¢—— sourxEsd (°&°M) 40 SoANdAS .
. e A e N . 03133130 ATWV3IdL S
¢ @ : . ) - N [ 3 ’
] : —
, et aty — bt 3 DU T =L AN S N... + m v Y(°0°6°1) 18§ amvaroLINY .
.. - 8 t ’ < ” £ —— sowIEERd (“4°M) 40 EOxENhIS -
T SNOLLISNVEL S N NN : 4w _
Y ’ . 4313313C A1WWIOL )
. g‘ N ~ s !
- ’ 1 . . ~ -
v . ' , _




e : . S 0="3 FSVO Ll NI ‘COTERd LOATd f-
AAL ONDING SAYR (°d°W) 40 INOX NWRA LIFOXY *3 TIV OF Gy ST & ‘MION . .
_ . . QALOTTYS SI YSVAI 3000 (€=(1)I)
. e . OWIRL WL ONV CTORSYMRL OWIQXYOXS SIN0OCO A.o.n.._.w SR ONOWY '’
, XINO JTVW ST NOSTHYAMOO ‘¥=(Z)1 *C=(1)I aAvE 3 (2) "old &0 . .
S - JAVHD AOTd SHL O ONIGHOOOY °*8/T=N/1H ‘¥=NR ‘g=N-ZW3R *DID0T vord
HINIEN0D ANV (°5°0°3) TR 40 NOLLOV NRL BOJ XIJRVXN TvOIdM v:g "ol SRR
P - -
, . R S S TN SN S {
. ("9°a°i1) RLENOL ‘2="BL ‘Z=iti='d P — - .
1 . , .
S~ 8 L S L4 ¢ ;
. 9
S own) qemm gefr gt g .
| ~ ) r N~ ~— N— g )
N O . 8 L 9 S A SR S
(‘0'a°1) amooss *9=RL ‘S=t4p=4 T . o ' 4 s "t -z .
—— N . . ¢
. ‘ L , . - - EWOLIONSUNG 300
| AR R TS S SN SEVUE S S i CRLVATOLERY
T (*0°a-1) dsu1d ‘L="RL *§=ie2=L T g, 9_ 9 S . € ¢ < gwoLomSEnd $TOO .,
: . . : : ~__ ST Tt
N ‘ ’ . o7 - -
™. . ;
PR ’ ’ - ‘ P
//// ) - ) . . . - .)
~ g )
~
-
' ~. -
“ 1 ///.,
. N ! L . , L.

LA
v
. ]
T
.
-
1
.
H
7
L
. i
-

gos



fl \

s - 107 - - «

Thé>acquisition %}gorithm (store& in the combiner logic) pro-
ceeds by comparing each of Tl' T2. weey Tk' ves TNN's exceed its.
threshold, %he cofibifer logic will find the highest T, by ordering

K
(U is the number of

these T.'s &¥<an integer valued array I(j) where j 211:,2. veey U

'sf exceeding their thresholds). In the afore-
mentioned example T1 = 4, T2 = 3, T3 = 2, TA = 3, if, for example,
Tl'

T2 and Ta,exceed their corresponding threshold then I(1) = 1,
o
1(2).= 2, 1(3) = 4. The code ‘phase indicated by 1(1), which corre-

™

Ty is selected as the right code subsection.

’

sponds to the highest

The code generator is adjusted accordingly, and code verifi-

cation starts (with' the code phase (subcode) 1 being selected in the

o
P

example)., However, if none of the TK's exéeeds its 'prcasn%nzd thres-
‘hold, this is an indication that the specific received subsections

t ) -
have been terribly destroyed due, for example, to a pulsed jammer,
etc., in which case—a new record’of the received signal must be shifted
into the?(M.F.)S and the above prdcedure repeated (Fig. ?.2). This
means inspeqtihg.another'bearch celi of the uncertainty region of

the code search.. There might be some cases where none of th? TK's ex-
ceed their'thre§hold even though the acquisition procedure has been
started over many tiﬁes. To prevent this deadlock from happening,

thé number of repeated acquisition trials is limited (in our case it
is 2, see Fig. (5.2). After which, a few bits (chips) of the incoming
code will be skipped and the code is reentered into the (M.F.)>.

4
3

.



5.3 Analysis .

We start fhe analysis by evaluating o and p, i.é.. the proba-
bility of one (M.F.zv cofrectly peaking and falsely ﬁeaking respecti-

~ vely. We prefer (since we are going to change the iength of the sub-
/

"todes) to define &« and P for dlfferent cases in terms of the intrin-

-

sic bit probabllities of miss and false alars P, and P!. These will

p b '
be the same for all cases of division of the code‘'into subcodes and

so, fair comparison will prevail. Assuming independence of the va-
rious chips constitﬁfing one (M.F.)-and a threshold (TH) for the M.F.

to peak we obtain—el and %. as follows. . ’
|
B \ ' M M R M-R
@= L () =PRI .
R=TH ©° b

[ * L)

(5.1)

and . . N
) M 8 Al
©oBmal (0 - " et S
Q=TH . : (5.2)

In the literature o, p are def:Lned by Py, P [9. P. 501] an(
they are based on a certaih integration time (in our case, the length

of one (M.F.) in seconds). It is important to compare the definition

of Pd and Pfa of our scheme to chose in the classie literature [2, pp.

492,501}, There, Pd and Pfa are based on a certain integration over

a certain dwell time following despreading. Our & and (5 can be rela-

¢

8]

[

-y
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’ 4
ted to Pd and Pfa if we makg the length of each TAD equal to the {well
time of these approaches. By all means, whether they are Pd and Pfa

or « agg&_.they have to be assumed a priori and jointly.

. : The analysis is involved by the complexity of the (T.D.C'.)S
.and combiner logic. We start by evaluating the following probabili- -
ties and postpone the presentation of the acquisition time Markovian

t . chain for now.

a = Probability that (the correct (M.F.) that should peak but did
not while one or more other (M.F.)s peaked, the correct (M.F.)

was one of them, but was not selected bj the random tie breaker

~ T e of the encoder).
N=1 N-1
i N-1-1 N-1 i b & N-1-1 *
.= - 5 (VT )e(l-ﬁ) +a I (,) 1-
1=l (=1 i 1+1 B (1-8) . ‘53)

‘ . where ® is the probability that a certain (M.F.) peaks when the
code subsection passes through (i.e. probability of detection

- - of a single—(M.F.))

b is the proba%ility that a certain (M.F.) peaks due to the .

' S, wrong code subsection (i.e. probability of a (M.F;j false alarm).

Lo ;' - In (5.3), (1-%) is the probability of mjiss of the correct M.F.

peak and the firstasummgtion over the binomial coefficients represents .

»

-

. hd Independence of all events leading to equations (5.3) --(5.8) is
. more or less sypported by physical independence of the (M.F.)%, Ho-
wever, it is ajsumed to prevail. / . .
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e

all possibilities of onexor more M.F, falsely peaking

L

#

(each with prob. p).

P
IS

The second term in (5.3) represent’s all those cases of exis-
tence ‘of a tie between the (M.F.) matching the signal (with prob., ™)
and somé of the other (M.F.)® (i of them) peaking falsely (with prob. f).
Multiplication by (__1_) corresponds to picking one of the (i) falsely
peaking‘(M.F.)s outig% the total (i+l) peabking (M.F.)®. The combina-
tion (N'i'l) of both summations in (5.3) represent all possibilities of

pickingii false peaking M.F. out of a total of (N-1) of them.

¥

b.= Probability that the correct (M.F.) (matching the arriving code
subsection) has peaked (és well other (M.F.)s) and was selected

by the tie breaker_(encoder).

‘ L '
N-1 '
1 N1 1, _ . \N-1-1
b=a I oy CoOMB Q=) (5.4)

o i=

‘

The R.H.S. of (5.4) is similar ‘to thé second term of (5.3) except
for the fact that the probability of picking the right (M.F.) by the
breaker (out of (i+1)‘peaking (M.F.)S is now _1__. Worth mentioning
here, is that for the first (T'.D.C'.) a, b arc(ei:&lat);e‘d on the first arri-
ving cede subsection following th?,initiation of the coarse acquisi-

tion dﬁring which the 15 (T.D.C.) will determine its pivot. Similary,

for the an (T.D.C.) a, b will be based on the sécond code subsection

f
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\ r where its pivot is obtained and so on. For all (T.D.C.)“3 and for the
code sﬁ‘bsection_s following that corresponding to pivot determination

“we deffng: .

¢ = Conditional probability that the expected (M.F.) matched to the

arriving code subsection missed the detection (did not peak) and: '

at least one of the remaining (M.F.)s has peaked conditioned on
correct identification of the pivot (M.F.).

D -
3 i=1 i

t

We note that the events constituting ¢ wilt-not increase the
/

- count of the applicable (T.D.C.). ' . -

°
d

d = Conditional probability that the~expected (M.F.) matched to the
. “
arriving code subsection has peaked together with zero or more

fication of the pivot (M.F.).

. N-1 )
= q T (Nzl) ﬂi(l-—ﬁ)
{=0 :

N

»

We note that the events contituting d will correctly increase -

r

by

of the remaining (M.F.)%. This is conditioned on correct identi- -

N-1-1 _ a " (5.6) '

N
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Y v.gr’l?iﬁ

e = Conditional probability that the expected (M.F.) has not peaked
due to-the passage of the wrong subsection (né: false alars) but

one or more of the o'}:hei‘ (M.F.)s have falsely peaked. This is

conditional on falée #letermination of the identity of the pivot
v . ‘N A

. . - , %

(M.F.).

N-2 '
= -p > " pia-pytit! (5.7)
. i=]

i

.
_ We note that the events constituting e will not increase the

count of the (T.D.C.). -
S~

Interesting to see in (5.7) that the index of summation is (N=2)
rather than (N-1) since the condition of the correct (with prob. o) or
not cobrrect (wiﬁh ‘rob. (1- X)) of the subcode in sequence following

the wrong determin t‘7ion of the pivot is irrelevant.
\Z/

f = Conditional probabil»ity/éh;t one of the (M.F.)® has suffered a

false alarm so has a zero or more of the remaining (N-2) (M.F.)s.

This is again conditional on wrong ‘determination of the pivot sub- N

code. . ) ot -
¢

“ N-2 ' -
. -p 5 MH ot a-phta (5.8) - 7

c ] - -
We note that the events.constituting f will falsely increase the - : s

count of the applicable (T.D.C.)k,



P

Here too we point out that c, d, e, f are calculated for the -

~ ! 14

various (T.D.C. ) only during the non-pivoted code sections, i. e.. ex-

cluding 1% code .subsection for the first- (T p.C.), eicluding 15t
m .

2" code subsections for che second (T.D.C.), etc.r
The second step is to combute the probability distribution of
the number of transitions counted by one of the GT.D‘CM)S say the Kth.
‘ ¢ ~ L 4
¥

This is cenoted by Pj’K(i).'where is the circuit number’ d is tﬂe num-
ber of (presumably correct) transitions counted-by Kth (T.D.C.) at the
end of the search interval (one code length) and i,= 0, 1 ‘used to in-
dicate wheﬁher thls count is correct (J =41) or not correctf(J = 0),

A probability tree for the succession of events leadlng to a certaln

AN
count i of cigcuit number K with probabillty Pj K(i) is shpwn in‘Pig.
- ’

) S~

(5.5). To draw such a probability tree we need to imagine a few sce-

narios of what could happen to circuit K, recall how the transitions

are counted..., etc. .
' [ v ’il - s

At*the end of code subsection K (the pivet of circuit K), the
(T.D.C.) will sto§e~the numberﬁpf the code eubsection that has been
h

\ ,
received COns1der it legitimate and expect to receive the following

code subsectlon in a log1cal order e.g. 3 after 2, 4 after 3, ..., etc.
R | y

Kth subsection, the transition count can be

At the end of the
1 or O. Moreover, there are two ways to get 1, ‘the first due to the

right M.F. peaking (with prob. (b) defined befofe) er the;ugeng M.F.
‘. i ‘3’
~ .

~

¢
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peaking (with prob. (a) defined before). The probability of getting
] 0 transitions is equal to (l-a-b). In Fig. (5.5) we write the accumu-

\

" lated number of transitions (encircled) at tgg end of each possible

‘transitiome and note that with probability (l-a-b) giving Pp(0). we do

not proceed any further in the tree.

- __.' The reasons stems from the action of the (T.DtC.) numbér K
which will rest itself (wait for‘thé next search (aCQ3isition trial))
if it finds at the end of the Kth pivot subsection that ail (M.F.)s
have not peaked (withﬁprobabiligy (1-a-b) in Fig. (5,5). We expect f(
. that this part of the acquisition polic& gives us the ability to ignore

received code subsections heavy in noise or jamming (as indicated by

having‘all (M.F.)S not peaked). Also, it will be meaningless for cir-
cuit K .to proceed further'aftgr that (in the tree and‘'in action) if )

this happens since.the next subsection is a pivotlfor the next (T.D.C.)

which then takes over at the (K#l)th subcode’

. Back to the tree, the Kth (T.D;C.)treceivgs now_the,aeff;éode

!
N

-

' subsection, if it is in order (with prob. (é) the transition count -
is incrementeq, if it is not in order (with prob.' (c)) the count re-
mains the same. If none of the matched filters peak kwithﬁprob.
(1-c-d) ®hen the coun£ remains the same. Thé above eveqts ;aking place
during the (K+1)th subsection are based on having the right pivét du-

th

ring the K Subsgstion‘(i.é. start with X3 on the tree Fig. (5.5).

It is also possible to arrive at the same count even if we staré/with
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‘e

i

e

the wrong cbde subsectidn in the Kth period»ﬁpbint X2 on the tree),
The transition probabiifties in this case'are given by:

‘ t
Probability of going from X2 to X3 = e

Probability of going from leto X6;-'f‘
e : R

Probability of going f‘rom“'x2 to X7 = (l-e-f) .

~

C R . \ ‘ : . .
where e, f defined previously, (s . -

-

The difference however. between starting with X, or X (Fig.

2

‘5 5) will finally show up in having, probabillties P K(i) for all

events branches emanatlng from X3 and PO K(i) for all branches emana-
1]

ting from-xi. . Here we recall that X2~c3rresponds td starting with a

false pivot code subsection and X3'corre5ponds to starting with the
A . ’

true pivot code subsection. -

-

To finalize the deécription of.tbé‘tree Qf’Fig.,(S.S) we take
few examples for possible évents and trace them through the tree. ' In
one example, if K = 3, N=5 and the following sequence of numbers is
dumped by the encoder 34125. The'3 (T D. C ) will ignore 3, 4 and
coqsider 1 as the pivot, receives 2, increment the transition count
tb 2, receiveg 5 and ignore it since it d not fall in fbe right
'sequence after 1, 2. The corresponding path on the tree is X}, Xg,
X9 X25, the corresponding transition probability is bd(1-c-d) and the

final probability of this combined event is P, 3(2)..
. - , ’
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The abdve example assumes. that the..pivot was correctly detec-
ted by (T. D C.) number 3 {i.e. the real transmitted code subsection was
1 in the pivot followed by 2. It is also possible to have (M.F.)1 pea-
king due to false alers while 1he real status of the code is & or 3...;

etc. This impliessthat for the sequence 34125 the corresponding path;

"on the tree is X X X6 14° the combined transition probability is (afe)

and the final probability becomes P0 3(2).
. [ 1]

In another example, X -*’L N = 8, and the received seguence is
&8121345 The 6 (T.D.C.) will ignore &8121, consider 3 as the, right
pivot, finally count 3. If the pivot was correct, then the path on .
the tree will be X1X3X9x24.‘the combined transition probobility is (bdd)
and the final probability is P1 6(3). On the other hand, for the later

. . .
example, if the pivot was ‘falsely detected then for the same sequence
and same circuit, the path.on the tree will be X1X2x6X15L_Fhe transi-
tion probability of this combined. event is (aff) and the final probabi-
lity is P0'6(3). ‘ -~

K4

Next, \-/e evaluate the various final'probabilities i@rm& of

- .the transition probabilities. We note that several paths on the tree.

may lead to: the same outcome i.e., same final probability. Summing

Q

over gll those paths we obtain:

The qistéibuﬁion of the final count of (T.D.C.) number K due to false

" pivot is, (summing over the apbropriage events of(F;g. (5.52} ' \
~
. ' . »
« L]

N
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}

W

PO,K(I)

P

1 vy

a(1-gyN K

Po g (N-K+1) = agN K

.

«

Po,k(3) = a(,NZ—K) £2(1-£)

- 1
O,K(z) - B(NIK) f(l-f)N-K-l‘

N-K-2

AL

.

(5.9)

- While the part of distribution due to correct pivot detection

»

’
~

P (1) = -y

2y ) = (Y dta-aN K

(N-K+1) = paV K

P
1,K x,

Kléo, for furiher development,‘we‘will need the marginal afs-“_

tribution Px(i) defined as follows:

Py = 3T an-at Kl

-

2

4

|

.

s
Py

'.

jt 5.10)

-

-

G
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PR(®)-= (1-a-b) . *
Pe(1) = Py p(1) + Bo (1)
, Py(2) = pl‘x(z) ¥ Py () )
A Pe(N-ks1) = P} ((N-Kt1) + Py p(N=R#1) (5.11)

~
w

. { P
blocks for the three basic probabilities Pf’\"d'\*n; to 'be used in the

Y ' Markovian state diagram of the acquisitién time. These are defined
N

. .

as follows:

L4

Wy = Probability that although the arriving code at the time the ac-
‘ quisition trial started was not aligned with any of the (M.F. ) ’
the combmer finally gave the code phase of one of ‘the (T D.C.)"5
based of course on erroneous decisions by this (T.D.C.) and/or
' ’ other (T.D.C.) (caused by noise or ‘Jamming in the received si-
. gnal), Of course the given code ;;hase\ is wrong and subsequent

—~_J code verification (locks) will fail,

- ! 19
Bn" Probability that although the arriving code at the time the ac-
T quisition triagarted Qas aligned with oi]e of the (M.F.)s.

the combiner findally selected the code phase given by the wrong

4

) \ ‘ .
-(T.D.C,)S, which leads naturally to unsuccessful locks. This may.

; ‘happen.due to erroneacus transition counts in the part of one
M - “
| ) v

.
-
) §

‘ . L N
All the aforedefined probabilitied so far®serve as the building

i ad
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or more of the (T.D.C.)s caused Ly ﬂdise or jamming in the recei- .

ved code signal.

Wy = Probability that the arriving code at the time the acquisition .

- -

“trial started was aligned with one of the (M F. ) , thehigybiner
finally gave the qgfrect code phase (leqding‘naturally to success-

ful locks (verification)).

THe word "aligned" has to be explicitly explained 'In'classic

serial seapch [I] this is defined as the probability that the arriving - . R

2 .

code is aligned with the stored replica (active correlation or’ passive
M,F.) chip by chip. Sd, if the number of such cells is q and the se- o “
rial algorithm searches one chip per acquisition trial [1], then the

probablllty that the local code is in epoch with the arriving code

> 4

when the serial search starts is,

7

P C(5.12) .

1
align = =
g q

Moreover, in many cases q = the total code length (in gederal)

i.€4,

/. ' ' q = L* o | (5.13)

* Unless special alterations are made to the acquisition scheme as in
[5] such that the system returns to the most probable cell after
loss of synchronlzqfi?n. - -
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- Also, P should naturally improve‘with the elapée of ac-

- aligh

quigition trials one after another, i.e.,

P

align © ’ : (5'1?)

—1
R : w (q-L+1)

g where/Q is the number of the gcquisition trial.
v

In our new parallel search, Pal n is undoubtedly better ‘than

ig

) that of serial search since we have N matched filters and so an arri-

-

ving code which is not aligned‘with many of those (M.F.)s will be ali-

-

‘J/) gned with ome of them in most cases. So, with our parallel scheme the

-~ uncertainty region is‘effeétively reduced and,

-

Pal&gn -‘é which is N times better than‘% (5.15)
> ' , Moreover,'Palign expectedly improves with each acquisition

trial and so,

£y

.

P = 1 (5.16)
align YE:EITY

where €is the number of the transition trial.

.
.
o

} We continue the development now by evaluating the probabilities
B’ P’ P’f,.- Wghstart with thé false alarm probability ‘\.f This oc-

.curs, because of false alarm of one or more of the (T.D.C.)s i.e.
S N Lo .
Mg,- 1 - (1%"fi)(1;“f2)'7'a;'“fnn)*. (5.17)
:"“. .t . o -

A : R S

-

YR SME A b ik
“

:“' o,
4
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wherepfl.}-f sese 3 |1g aTE the false alarm probabilit{es of different

2 NN
(T.D.C.)%." >

The independence assumption iMplied by (5.17) of thé decisions
taken by various (T.D.C.)% will also prevail in the calculati;ns lea-
ding fb‘ld, M This is more or less justified by the differing (M.F.)é
gnd also because the false alarm, or-detection decisions of different

(T.D.C.)s are based on a different offset code subsection (see the de-

, lays of Fig. (5.2) and Ref. {[1] pp. 73, part III which bears similar

meaning). In all, the independéﬁce assumption is a convenience tool

" for the analysis of elaborate algorithms such as that of Fig. (5.2).

The false alarm p robabilir.yy«.f of circuit K is given by,
BN k

! . L -
i N-K+1 ‘ ' -
- N-K. - .1i-1 N-K-1+1 ety
e =8 I (1_1) B &1-&) L ; 1 ¢ T, < (N K+1) (5.18)
K 1=TH, ) g
, .
‘ ]
vhere R d
1] _ N o .
p=1-0-p". - (5.19) .

@ is defined as the probability that during the period of determination
of the code pivot section of the Kﬂl(T.D.C.), one or more (M.F.)s will
3 . ,

falsely peak (each wich a given probability ) while the received code

’i§ not aligned. The summation in (5.18) represents the probability

that circuit K count of transitions falsely exceeds THK i.e. the pre-

fixed threshold of this (T.D.C.). It is to be noted that_during the

-

x

s
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determination of the pivot, we have up to a total of N (M.F.)® that .

"can falsely pefk and so in this case the false alars probability is‘f';

PR

' (eq. 5.19) rather than jusqp. ) v

+

Hawever, in succeeding transitions the (T.i).CJ counts only
thos; transitions that are in logical order (1'5'“ 2'following 1, 3
fdilowing 2, «oey etc.) M.e. (T.D.C.) waits only for a specific (M.F.)
to peak, and the prob;ability of false alarm in this case is for each

logical transition count. This does not necessarily lead ta correct

e

Bcquisition due to wrong pivot determination. | -

The evaluation of the detection prfobability R4 (of the whole
cohfiguration of all (T.D.C.)s and the combiner) is rather involved
- by the many situations that may exist. We write B in terms of the

, various distributions defined before, then explain those various situa-
." 4 . ¥ o
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The first NN fold agmmation of (5.20) represents all these situ- v
[] ~ [ B -

. . ations of transition counts (il. 12, I3s eees iNN) of the' NN (T'.‘D,C.)s
where the first (T.D.C.) c&unt exceeds the\couﬂts of all the other.cir-

cuits (12. 13. veey 1NN) and the count of first (T.D. C.) has effeeded its.

——— - -,

prefixed threshold (iy:>'rn1)‘ We note that the suhscript associated with
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Pl’l(il)'inditateslé correct detectien (see the definitions and pquagions )
(5.9), (S.iO). 3.11) wﬁilg‘those of 12, 13, cens iNN ha;e only one sub-
script. the events lea&ihg to all probabilities relevant to this NN feld

summation contributes to the probability of correct detection'(ﬂa).

-

The following ond and 379 h

«+e; and the NNt summations are

' : \
similar to the first except that the an or 3§d +eo €tcy (T.D.C.) count

' > > .
now exceeds the rest and its preassigned threshold. Again we note the

‘subscripts which imply a correct detection of one (T.D.C.). It is also -
possible for a tie to exist between a correct (T.D.C.) and a false alarm

" count of another. (11 = 12) and both %ounts have exceeded their thresholds

LA

and Ebey‘hre‘the maximum of the list of counts.accor&ing to Fig. (5.2). -_
In this case the right (T.D.Cs) will be picked randomly?.with probability
‘I%f'(P}eaSe see line 5 of (5.20)'and note the ;ubscript HI.L(il) indica-;

| ting 5"cqrrect CT.P.C.) count and PO.Z(iZ) indicating a falsé count).

The following NN summations of (5.20) all have the same'form'except the
identigf of the maximum count circuits (?1. 13) or (11. 16)’ crey (12.

i3),(i2 iﬁ) «+e €tc, .yielding correct detection.
T ? . : .,

Y

However,-a tie may exist between 2 or more coprect (T.D.C.)

circuits in which case the combiner of Fig. (5.2) will pick any one.

-~ .

'They all are correct,.so the finql decision regarding the code phase is
o . : '

afways correct, meaning .the factor %-or % eee €tc. will disappear from

the NN fold summationérand we will have instead %-or<%-... etc. The
_ reader ‘is urged to pick those cases of equation (5.20) and note that the’

subscripts of the circuits indicate correct (T.D.C.) circuits.

. . : . R )
Fig. (5.2) implies that the highest count (T.D.C.) exceeding its threshold

is always (not randomly) selected but in the long run, the reordering of .

(T.D.C.) count (to become I(j)) will scramble the circuits resulting in the ‘

v

" same effect on random selection of tied'circuits;/(



At

»

N-1 * N=NN+1 ‘ 1 1 11 1 1 e
’ﬁ- t‘. 1: se e E z z Z ,2 2 L' ae s '
1 =0 12-0 1NN-0 | jl-O kl-O 11-0 32-0 kz-Oelz-O
1 1 ). . + 4 ese
Lot , 3+ g, .

j =0 k -0 J}‘N-Q JI+J2+ eoe "'jNN"'kl"'kz'F coe “‘NN - ‘

‘ e (P, .U )511(9 (4 ))kl(p % o ) » kys 2
1,100 Fo 1 (1)) (B (E)) LRy H{15) (R (1) (R (e

-

PR
— . !

Inn kNN ‘ NN 7

P ) B ae)Y T Bgllg) | © (8.21)
gu%ject to the conditions,

R AP E R PR P TR TR ST

o whére'j1 =']1 (say) indicates a correct count on first (T,D.C.) and auto-
matically implies k1 = Ql

kb = 1 (say) indicates a false count on the at” (T.D.C.) and auto-

matlcally implies Jg = Qa =0

L3 1 (say) indicates a false alarm or true detection on circuit

number 3.

Also,‘if any of the j's or the k's is ‘equal to 1 the corresponding i's

must be greater than the thresholds énd,equal to each other. For example,
’ i .

if'jl - j2 -‘k3 = 1 then_:l1 >TH1’ 12) THZ? 3) TH and 11 '2 = i3.:

r. is der&ved 31m118r1y as PH but the ratio in each of the multlple

P

sums of (5 20) is. changed (s1nce the false (T. D. C ) is picked in this case)

) \ =,
.
. ! .
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NN N Lan
FrLowlmd) (g () o) . (5.22)

subject to the same conditions as in (5.21).

'
~

. - ’
«Having defined ra, Po Mg or the overall scheme, the Markovian »

state diagram representing the acquisition time is shown in Fig.'(S.é)._

Point T on Eig. (5.6) correspopds to the very beginning of parallel

hcqgisition search., At this point, the alignment probability fs Pl =

'IyM. The reader is referred to [7} for the general description of such

flow diagrams. However, we only outline here the differences and the

distinct feature of our diagram (Fig.l(5.6)) which reflect the new T

éequential parallel technique. ) . -
1, The system moves from state 1 to 2 to 3 ;.; and finally to M, thus

o | 1 1
1ncreasing'Palign from & to =7 to §T5 until it Becomes finally 1.

2. .In fach state, the probability'of‘reaching the final state‘(codéx
acqui?ed) is'Ld (if the code is aligned) and the time spent is one K
code length 8. .

3. .vm represents the detection offtﬂ% wrohg code-phase (d;fferent from

fq}sg alarm and unique to our scheme), however if it happens, un~ -
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successful’ tracking will take place and so an extra penalty of zk is

-

encountered during code verification. Following this gésuccessful KN
verification ;e go to the next acquisition gri;i. but naturaily
assume that the status of indoming code is now close to the stored
« . M.F. so we move on the diagram'from'l'tb 2 (better code alignment).
4, It is possible (with probability (1;|ka-ph)) to have no code phase
‘ ;hatsoever at the ?nd of the acquisition trial (neither right nor-
wrong, for example, if none of the pivoé (M.F.)® exceeded the'threshif'
old (seé Fig. (5.2). 1In this event we move from 1 to 1 ' on Fig.
(5.6) and if the éame happens again.(wiﬁh a very small probability)
in the next trial period (one cqde lengtﬁj few chips of the incoming
codé are skipped (as in Fig. (5.2)) which will guarantee the system

Y

to a better alignment possibility (Point 2). ~ -

moving from 1 "

5. The alignment probabilities Pl, P2, .++y have no penalty or time loss

(z) assoéiated with thenm. ’

6. The system eventually moves to state (M-1) then state M where PM = 1
and remain there until acquisition is obtained (moving to F). How-
ever, few oscillations might exist (as expressed by the branches )
(l-}‘:j— ,Lm)z and 'Lmzk+1) which may prolong fi;lal acquisition of the
code. '

The moment generating function for the acquisition time (U(z)) is now

'ﬁefined (from the flow of Fig. (5.6)) as, L

U(z) =;§ = Al(z)+H1(z)Az(z)+H1(z)H2(z)A3(z)+..J+H1(z)H2(?)...HM_I(z)AM(z)

M (-1 .
= ¥ M@ JT Hy@) (5.23)
jm1 *jml : '
’ i£1
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where . : ' : L)

A(2) = Pyl1 + Qpypyz + Qepyp)2iipgz  (5.26)

» ‘1 4+ [(l-pd—,u )z +’.,mzk+1] + [(l-pd-'.\m)z +’xmzk+1]2}‘d
, AM(z) - m ¢ . (5.25)
e
/ . S .
By(z) = Py [1+ (1-py-pylz + (I‘Ya'Fh)zzzlthk+l -
\ + (l;rh_rh)szs C5T2§).
C'i(Z)' = (I—Ei)[rfzk”, + (1-}y)z] | ‘ ’ , (3.27)
Hy(2)'= B, (2) + C,(2) \ | S G
where in (5;23). (5.24), (5.26), (5.27), (5.28); i=1,2,00., (M-1).
Now U(z) ig redefined as (to facilitate finding éhe derivatives with res-
Co ‘ . 3
_pect to z)
U(z) = A (2) + 6(z) + Gy(z) - - (5.29)
. "where : - o
(M-1) (i-1) _
G(2) = 3= (A (z) TT Hy(=2)]- (5.30)
' ' =2 =l ' |
. M-1) - L .
. Cyfz) = Ay(2) '71;' H(z) (5.31)
j= . !
A2 = PIL ez + (pep)’2pe  5a)

The mean acquisition time is defined as,-

T ' o T
du(e d)' . 45z 9

Ty T
|G (z ) da
M - dA, (2 ) . —
dz dz Zfl +’ "‘-—-——dz lz-l -+ 1 ,2.1 (5'033)

;. dz
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The evaluation of the moment 3eﬁerating function U(z).obtain'ed by

classic flow gréph_ teqhni:qués ar}d.its derivatives is a'simple (theough

tedious) exercise. The result is, .

N »

’ 1d ¢ » 2 '

= _ du(z - . udPltd(l + 20+ 307) .

T = - . P
. dz z=1 . . : .

. -~

&\ €M-1) ‘ ‘ 2) (1-1)
£ p,P,[(1 +206 + 30" n 4 . . .
d 1 ‘ T 4ml h I s .

¢
- -

S | € SRR ¢ s DI

w@Q+o+e) " vy, 0 ¢,
‘ k=1 =1
22k

M-1) M-1)  (M1) L : :
+|le 0 ¢+ I y. O ¢ C (584)
gm1 3 ke K gt : oo e
: - 1k

vhere » o ’ , . |

. 130 . . . N 7

b= @z D /) =17 Pl - A+ 6+ ‘e )- 07 - (5.35)
L - 1,2,.--, H"l - ’ . . *

-

vhere 1, is the.code léngth (L ch!.ps)

T, . ) S e,
" 'dH (z ) oo | ’
S i S - :
Yj . dz z-lltd . ©

= Plu Ctl) + (k42)0 + (k+3)07436°] + ({2 ) (L+kng)
o SR T U FOOPO ' I - I (5.36)
Ty p e . _ :
s %(z ) , (1 + kun) . .?’ ' 35.37)
L P 2=1/%¢ &4 - s

PN ”» . .

—

~

’O-Y-‘ud"'un, oL " (5.38)
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- ¥he variance of the acquisition time is defined as,

h < T, T, 2
e o2 |t e aed) o
‘ T . dzz dz © dez gl . (5.39)

o

»

‘where U(z) has deen defined in (5.33)., This time the evaluation of the deriva-

. . .
tives fills few pages (though straightforward) and the result is,

>
where 3
dz”. lz=1
. ~
. T T,
L 2 d T 2 d
. ) dZU . d) d Al(z ) dzc z:?) ' d Gh(z ) (5.41)
and 5 - — + 3 + —_— .
dz z=1 dz” _ |z=1L dz z=1 dz zel _ )
t SPURIE L '
e hl L e a%, (2 4 :
< —_— ’ -—;——7—— and 7
\ dz z=l. dz”, (z=1 dz z=1 ,
cau givén as follows: & -
< a TR ) ‘.
&z H| - o . L '
T.zq - plpdxd[jtd-l) + %(Zrd-l)e + 3(?11:(;1)9 ] (5.42)
/ - -
“ ; . -
. Y gm
. ) ‘
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d"6(z ) i :
. - T .H R {(x,~1) + 2(2<c ~1)0
a2t |zm ¥Y g ! a7 e
(1"'1) . T, 5
+3(3:-1)ez‘1 o+ T.(l + 20 +36%)
o j'l J ﬂ .
R € 5o VI €00 - (4-1) S T
L ' n 4’1. + T [-;d(~1 + 28 + 38 )yj
k=1 1 - gmy _ .
, ) 27K T
4, )
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: k=1 D
T ke
) , ! » ‘
) (1-1)  (1-1) :
R R L T -
, k=1 K gm1 *
k#] 2k
244
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vhcr_c d'J' Yy £, and O are given 14’ (5.35 - 5.38) and | . »
l ' i [ ,, . F ' R ‘ -
< ) ,
d (=2 d) ’
' ¢, - /<
3 i de z=1 d )
’ $ .
- PJ([(kﬂ)((k"’I)Td‘l) + (k+2)((k+2)1d-1')6 ‘é .
. ' ST T 3
- + (kt3) ((k#3)7,-1)07 Ju + 3(3t,-1)67]
) A . . ] ’ U
) o . + (I'Pj)[(ktl),((u'l)td-l)pf‘ + (td"l)(l'uf)l‘, .
“ \ . ¢ \
l.j - 1.2.-0-. M-1 . B ¢ ) , ! (5.45)
» - \ 1] v s
- -’ ‘ . . 2 ) '1d ) \‘\ - :
S . ' dAH(z ) R \ .
ﬂ - 2 /td v ' “ \
. dz z=] “\\ g ' ‘
\ . . I
"2 2
261+kg )¢ - (1-k“p)) 1+ ky
. } m m o
T, - - 2 - ‘td W —— e ', . . (5.46) ,
oo u'd J-ld o pd -
a-' . N ‘ ’ /, , -
«~ 5.4 Results'and conclusions - ‘ \ '
\The mean: and standard q;eviiciod of the acquisition time wet:e computed
: " from equa'tions C5.3Q). (5'4b) re.speccively using the Cyber 835,. 'Valyiné the value
of L M, Pb,Ph.NN, and TH resulted in Figures(SJ) - (5.12)and TablLs 5.1and 5.3.
) ',, Figs. (5.7) and (5.8) show the mean acquisition time (in! unLts of . code

lengtha) versus P and Pb' respectively for 'I'H.K - (N-l(+1) and THK - (N—Kﬂ) 2

b
(L.= 256, N\-~‘8, NN =5 TH = 1().1/16). We see thac in both figures for low

:_ ' " values of -?b and 3;’ the mean acquisition time remains uncha:nged or increases
: ‘. "slightly wi'th Pb an-d-TPl". Howevef~,‘ wvith hitgher values
N r < .- . : . ‘ « .

v . . . v - .~ ‘ -
‘ L4
z’; . Py T,
/. ¢
. - [ . - .

i
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- . = 140 - o8, .
of Pb and Pg as implicated for eianﬁle by heavy jammings the mean ac-

quisition time increases sharply. In Fig. (5.7) for low value of -
P (P = 0.01, 0 1) indicating high detection probability. and higher .
thresholds (THK = (N-K+1) the perfdrmance is better than those cases

with lower thresholds TH = (N-K+1)-2. However though. at higher va-

~%\\\ lues of P (P = 0.2, 0.3) the former/case’is better than the latter

T
case only W a certain value of P' beyond vwhich the situation re-
verses. The latter effect will be more pronounced at values of ) et
. . R
Pﬁ/ Ocl‘o : L . B . s

e
In‘Fig. ¢5.8) at values of'P;: 0.4 the performancesis better-
R v ' (4’\ »
with THy = (N-K+1)-2. For the values of Pé‘zO.A the case of THK - )
o . ik
"(N-K+1) is better than the other only below a certaim value of

<

Pb (Pb§;0.3‘at Pé = 0.5). The above results seem to suggest that the
'performance is improved ingsevere jammings (as reflected by'the high‘

values of Pb and Pg), wvhen the threshold TH(k) is decreased.‘
Fig. (5.9) portrays the effect of MM on the ‘mean acquisition .

r

"time for varying probabilities of bit miss and false alarm, P and Pb'
where MM is defined from the expression THK - (N-K+1)—MM as the tole-
Y rable number of transition for the KH detecting lqgic. MM hes the 4

_ values ranging from zero to (N-K+1) At high values of P, and P’ a

b.

. (heavy -jammings) the performance is improved as MM increases (T’Hx ’ . ©
>

decreases). _There exists an optimal MM at P = 0.3, 0.4 in Fig. (5. 9a) : .
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and at PLJ’O.S in Figf (5.9b), ahd this optimal MM clearly moves to -
the right in the case of Figs (5\@8) and to the left in that of Fig. y
b b

(5.9b) when P, and P! are increased respectively,’

I@e efféct of varying the ®ode lenétﬁer) and the;oumber of
bits per TAD (M) is depicbed in Fig. (5.10). The mean acquisition
time is plotted versus Pb and P' for L-= 256 (M= 32) and L = 128 .
(M - 16) (N is kept constant and TH = (N—K+l). it‘ls olearly'seen“

x .

that for lowér L (and M) the result is better, as we cdn predict, . ¥

e

“The curves for the case of TH = (N-K+1)2 were also plotted Toese

curveg are similar to those of the case TH - (N-K+l) L= 128 M= 16)
and L = 256 (M = 32). . |

k] . N0 N,

I In Fig. (S.ll)~the numbet'(NN) of (T.D.C.)S was varied for -

-

TH, = {N-K+1)-2 and we note the existence. of an optimal NN. This op:

K
timum moves to the right as Pb increasesi(at Pé = 0.5, Fig;&(§.11a) and

moves to the left as PL increases (at P = 0.4, Flg. (5. llb» Naturally,

as P and Pg increasegkzthe mean acqulsltion time increases.
B

- . The effect of TH follows from Fig. (5. 12), in whgeh.the curves
for the mean achisition time were plotted versus TH at Pb - 0 4 and'
P' = 0.5 for TH = (N-K+1) 2. There also exists anqbpt1mal TH at
P,/ 0.4 (Fig. 5. 12a)\ and Pb' £ 0.5 (Fig. (5. 12b)) The opuf,mal TH -

b and Pg increaSe within their

[

seems to be fixed at TH = 10M/16 as P

above respective range. e e \

Fal
{
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-detection (Pw for varying values of.P
A

.and L = 128 (M = 16), In Table 5.1, P! is set equal to 0,5 and P,

Pb\ ingzl'eases, ? does not change since.'Pl') is kept constant, P decrea-

A
%

- 142 - . . >

Tables 5.1 and 5.2 show t:.he*Jneap acquisition time, tle cor-

R

résponding.standard deviation (both in unit of chips), the (M.F.)s'
: \

probabilitiés of detection (a{)«'and‘false alarm (p), the overall pro-

\ -~

babilities of cdr,rect detection (pd), false alarm (rkf) and wrong phase

b and Pl') for L = 256 (M = 32) - A

b

is varied. As we can predict for both, L = 128 and 256,0{decreases as -

z
. ~ . [y

ses, B increases and ‘r'f is unchanged. The mean acquisition time’

chaniges slightly for Pb£0.4 and ‘increases sharply for higher‘value ; \:\(’"
of Pb;, so does the standard deviation, which has value roughly half .
. of. the value of the mean acquisition time.
‘In Table 5.Z, P, is kept constant at 0.3 and Pl; is varied. It
. . . v ' ] ‘ ,’ .o
is notlced that  remains unchanged ans as Pb increasesp ' M and M Lo

1ncreases, I*d decreases. The mean acquisition time and the standard:
b -7
dev;atlon increase . most obnously at P )O 4, If we compare the re- :

'asults of "the two cases (L =128 and L = 256) we see that in Table 5.1

(Pt;": 0.5, P is varled) pin the case of L = 128 is greater than that

. of L<='r 256. Also. o for L = 128\18 less than¥ for L = 256 where

P. £0.3, for hlgher P the situatmn is reversed. The final'outcome

b -
of t:he comparison between the cases of L = 256, L)L 128 revea¥s that
Py is less and Ber B, aTE greater. in the case of L = 128 compared to
those of L = 256. Amazingly enough, for L = 128, the mean acquisitien

time and the standard deviation is roughly one- fourth of those “in the

. , ——
+
- . .
4 S
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ding increase in P_, igh

‘Table' 5.2 supports the conclusions drawn from

~r
e
ey

(bt’:her panpmetei‘s being the samé).i

~ 1

o

case of L = 256 due to decxjeasfng'the code length and tlrz corrési)ori- P

1Y

Table, 5.1 in the

~ .

N
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CHAPTER VI

' COHPARISON HITB DICARLQ'S AND HILSTELN'
SCHEMES

\
13

Ip this chapter, we will cpmpare our new hybrid'écqhisition xQ\J_*pAa*w/

' scheme with those of Dicarlo and Milstein [3, 4] to see the advantages 2

and disavantages our scheme has over these two system. -

-

6.1 -Compar ison with Dicarlo's scheme ~ ~ o ’

i - s . -+

Dicarlo's scheme is bgsica11y~the'mu1tip1e dwell triai seaf&h C .

" technique which has beem described in the Introductipn. A brief des-

A

\

cription of'Dicarlo’é work [3] is givén ip Chépter 1.
\ . | - \
Rééders-unfamiliar with Ditarlo's'scheme are urged ‘to refer- to

that before considefing further reading.

L

‘ Y
‘Dicarlo's mean acquisition time and standard deviation were

BN

shown to be superipr'cpmpéred ta those of singlé dwell-search, prevera
our.hybrid search hééiprovidedfimportant factor of éhq'order of 30 and

more,

In Table 6.1 we compare the mean acquisition time ‘and standard

deviation of on scheme vith those of Dicarlo. .
8 . . )

-
-
)

To have an appropriate and fair compariaon between the two -

schemes, .we must note the different assumptions and input data'ket as..

we}l as parameters values in the two cases,’

f > .
o ' - I
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First there is.the integration time difference. The integra- |

tion-time in our scheme is subco;l; i:ime (32 bits) whereas in Dicarlo's
s . ’

it is in the range of thousand bits.,

. - « 7
Secondly, in.Dicarlo, scheme the offset factor (search step in
fraction of a chip) is 3 while in our scheme it is 1, o
. \ ? . v ) ‘ ‘ ’ . ,
- --—Dicarlo starts with a given value of PD and a 'breassigned va-

lue of Pp ard find the minimum value ‘of M(N) (the mean acquisition
time) and G(N) (tlhe standard deviation) where N is the number of

dwells in the search process., . ,

From PD' P i is cqlgulated by '
’ o ' - 1/N for all i
: Pag = Pp
- Pfi is calculated from equation (44) in Dicarlo's [3]
v N .. . ‘ . i .

Pey = Q &JC(SNR) - X V235HR } L (e) .,
, N 2 -2 (SNR) : .
Qhere

v - T __1' .
C=Yand X=Q (T=Pg) . (6.2)

.‘ Co 'E = the average intlegratipn’ time in Dicarlo's
: scheme ‘ .
e # =t
v . ",
bit duration time

v
’ *

~ N
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a . s !

'Q = Gaussian integral function

: S » .P? , - ,
. - Q0o =L j e /L“‘\t" ‘ (6.4)
e *"*‘—f' Pyiv P.; correspond to the pi per_EﬂftIes % and pin our séheme. '

Since as stated above the integration time in the two schemes are dif- _ -

ferent (E in Dicarlo's, and 32 chips in our scheme). To derived proper
I3 A , . -

. cotr'eéponding values for« and 14 in our scheme, we defined a factor

4

where

2 s ( | - (6.5)

o ‘ M | L (6:6) -

IR Bz=p 1K S - )
These values of & gnd %were used in our scheme as a stai‘ting

* point t\ calculate the mean acquisition time: and standard deviation,

. ' The results are com';ared\with' thdse results of (N) and 6(N)
e . ' w . L 5N
in Dicarlo's scheme (Table 6.1). ‘ . ‘

__ Since our results are-calculated in units of fclﬁips—.— The cor-

responding value of r«(N) and 6(N) will be

>
.

[ < . . - o ~‘ .
'%E).“ - 2 xt%m NPT (6.8)
L q . ' '
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Where

S Li. code’ lénght in chips R

: ? . q = 2L a5 assumed in Dicarlo's ’

. ' ’ b " .
Bince as stated above in our scheme we used the offset factor

of 1 while in Dicarlo's it is % so to have a fair comparison our T and

§ vere multiplied by 2.

The fair comparison using the corfesponding’ values of ofy F».“i_.
S

b ) SRR . ‘A A .o
K for different values of Pp, PF » N (taken from Dicarlo's [3]).

From the point of viey of penalty time, it is ipterésting_to
-see that our results in Table 6.1 are actually worse case results (we
included the penalty time) while Dicarlo's are best cases (i.e. ignoring

penalty time).

» . ‘.

— Finally considéring Table 1 we see that a typical mean acquisi-
tion time case is roughtly 63.5 x 2 & 127 chips which is better witbh
a factor of 3558 2 34 than the best case of Dicarlo's at

3 27 , P ;o
PF-IO and N'= 2, ! .

= 0.99’

6.f Co-parison‘_ivit':h Milstein's scheme x (

—— e —— -

’

Milstein's schefie is a search - and Jok mode-type using parallel’
detection in the sarch.mode. His method'is summarized and presented in

the -chapter I . ' " ‘

————

‘and 8(N) = 2 x §(N) (6,9)
.~ BL " Agq ' o ‘ :

i e
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As .proved his scheme is better with a factor 2- in' the mean

“ K
/ . acquisition time comparq,d with that of the serial search scheme. where
. o ) Lot : -

¢
¢ *

\ K is the ~uncertainty region‘length in chips, . . L
-To compére our sr;hemeA with his scheme, we have to ‘establish

. . | . |
. correspondence between Milstein's parameters and durs.

]

- In his'scheme.the mean achuisition time.is given by

L U T ¢+ope(8) o
v I . Tacq 2 £e (6,10)
- 1-'PezB’ |

" Where: Pe(s) corresponds to Palign.e( in our scheme and ’I‘f is

i~

* .7 the penslty time 'and is gi@;& as
- N . - 2 . - 2 ) B
S 25(1-P )" (1+Pg) + (Ne1)P°(2-R) (6.11)
2
(1-2,)" [1=p5(1-py)]

vhere P¢ corresponds to (1 - Palign.«) in our scheme as explained in
the. Appendix B. -

~ v
]

PL corresponds to our I‘f' i.e. the overall probability of false

alarmi,

.A'not f parameter différence is the integration time (2T in

Milstein case and NT in our case).

b

So for fair compai'ison. if was redevived. and 2T replaced by

! NT leading tq the fair

o I N(1-P) (hP ) u (No1)Rg 2(2— " (6.12)
(-, ) [1- s(1=Bg)] |

-

Pl

v ey
R
! -

¢

%

i
it

-
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m-d not consider the verifyina time spent after certain
code phase has been selected to the time when the detector is declared. ;

Th1s time is Ti as explained in {1). 1In our «scheme this time is auto-<

“

”

maticg}ly and implicitly as we 8o from one subcode to another. ‘

V

P

.So the expression of the mean acquisition time derited by

Milstein has to be modified taken into account Ti. ?f

{ .

Besed on the above the mean acquisitlon time of Milstein is then
rederived using the fluw d1agram techn1que (this will give the same

‘:esult).

The result is (the fair comparison versioen) -

NT - (s)y _pal(B) . ’
Tocq = P TPt v To(1-Pel”’) (in seconds). , (6+19)
. ) Pe(s) ) . N »
A3
o APt T(-Payyg) (in subcode lengths)
Pa1ign™ "
) - (6.14)
N«-TP Sn'('““ align") :
- N )
align \

(in code lengths) (6.15)

- ‘.
-2 S

““*where . )
' A FY (6.16)
T ‘
. o Tf = TIf (6.17)
i T .
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ch are the verification time and penalty time caléulated in units

. . of subcode length. .
'.’. ) w - , ) i : ) L g

' \ Lo K )
"Table 2 shows a sample of tﬁe\fair'comparison between Milstein's
achisition time and standatd deviation; and our corresponding results.

y . it is easily ‘seen that our technique outperforms Milstein's. s

” The initial search to choose a correct position is based on two

\m ‘ poasibilities. _The first step, is establishing the correspondance bet-
_' - 7 .ween the parameter so fair comparison will prevail i.e., the asgignt of

-, fair values to «; ‘b . It is readj,;ly seen the probability:
L , .

) . 1-P (8)-Palign°( ' (6.18)

which is the probability that the code was aligned and the correct

< TAD peaked and was selected. )

. .

+ ' ,'\ ' .
. ' - Similarly °' . -

R \ ey A : =
: . \ N Pe =1- Palign ol (6 19) e
:[.e. the probability that the phase position has been decided upon g

b LJ

’, Y ' two more successive "hits" at that ph#sge posﬁiqn will be required in

[ ¢
1 J -

A order to enter into the, lockmode. ’
| " ’ S | S |
" In the case of the correct phase 1g.selected the probability

.
’ ' , ° . N «
> . N

. of hit, I

8
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(6.20)
and in the case of incorrect code phase this probabil{ity', vill be .

Py = ‘(l-P‘,align.\l)’p . C L (6.21)

-

Where (1-Palign®) is the probability where fhére is no align-’a

‘ment and the right TAD not peaking. o ‘ o

' P is the probability that the TAD correspond to l:lie wrong code

T . phase peaking and asswed automatically selected. & .

4
% Follow the same procedure in Milstein's 'paper using the new \

adjusted diagrem and [1].
4 .

3, ]
« - !

s

n . Tf was derived as N

. . 14 p(1-Pa1*in‘;() ‘
1-P(1-Palign°‘)(1-7'(1-13611@“) | '
L . + ?’2(1'Pa11gx°‘)2(2"‘f)(n’1) U I |

¢ | ' C ;’ S (1-’)"1-)2 [!'F(1;Pa11@"~( ),(1-P(1-Palidn'( )] ' (6.;?) '

) /'4. _ ‘ ‘ . R ’ . ' ) ' ) ¢ ’ B
- _ ' :
and v o -/ ’

1

S N ’ . ‘ Ti = 1 *.Palign“ L ‘ . (6.23) _
' # - Pa.lign" (1-qui@°‘) _ .

-~ ) i A .
‘ - © . The m,ean\lacﬁuisition is derived following the flow diagram is

. ~ '

L N e ) (1P .. ' .
Tpoq = ooialign® ¥ (1 -Parygm) (6.24)
Falign™’ ) . -

'
-
. ! .
I ’ ° ¢ .
e - T ¢ ! ! ~.\
. . L ) , ‘
. A . > [}
. R .
‘
. [y
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With the_ above analysis, to include our scheme is better than

Milstein's wfth a factor of about 2.

E TABLE 6.2 3 COMPARISION WITH MILSTEIN'S SCHEME
\ - | , . . ‘
' B 0 0.2 0.3 04 0.5 0.6
Tacq | 40.57515° 4?.45663‘ 51.52922'1 59.24348 | 70.13420 | 94.13996
N ) ) ‘ ‘ ‘ : ~
.y 17.98705 | 18.39093 | 20.05697 | 24.56842 | 35.52173 | 64.49111
L |
X, ,
t ‘
k] :‘\ ) .
-
S R :
o »
’ ‘i)
. !' ° .: .
A }'x' " &
N .i

"Hilstein

scheme

—

Our scheme

oW
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) CHAPTER VII

SUMMARY,, CONCLUSIONS AND SUGGESTIONS

Two new approaches were presented in this thesis to reduce the

" mean acduisition time, yhich were the optimal sequence detection circuit

. approach and the hybrid sequential/parallel acheme for combined acquisition/

search lock of SS codes.

Synchronization is the most important aspect in a SS communication
system. It is importanf because it allows the receiver to despread the
received signal and then demodulate it to get the original information
signal. The PF acquisition or coarse alignmeq} is the first stage of éhe‘
synchronizatign.'lt is to bring the local PN code to, says within one
chip of ‘the received signal. After the code ppase‘has been décided upon

then the signal will go to the tracking phase. We have concentrated

only in the acﬁuisition phase. There have been several techniques which -

have the objective to minimize the,mean acquisition time. Two moLt

relevant techniques were those of Dicarlo and Milstein,

4

The scheme of Dicarlo is just the multi-dwell serial search technique

which is the generalized version of the sing}e'aerial search technique,

‘ ’ t‘
It allows the code phase Wo decided upon/}n a.time less than the maximum

»

dwell (integration) time. .
,

Miletein's scheme uses a parallel technique to detect the synchro-

nization., It has a search phase in which the code is fed into a band of

parallei convolvers to decide the correct code phase, After the code %

-

r

-
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phase has been chosen the code goes to the lock phase, The code will

be locked at that code phase and is fed into the convolvers in a sequen-
}ial manner. The output of the convolvers is now summed with the inte-
gration time equal the whole éodelength time.KIf the output of the summer,

exceeds the threshold then synchronization will be declared and demodu-

lation is proceeded. .

"~ As stated above we proposed ;wo new techniquediwith the objective
to improve the results of Dicarlo's and Milstein's schemes. In chapter 11
we described some background concerning some basic methédes for .the
acquisition phase; Two most essen:ial methods to be familiar with are

the(aingle dwell serial search technique and the miltiple dwell serial

search acheme,

2

We used chapter III to deacribe the optimal SDC approach. The
- SDquechnique has ??en studied and examined in a previous researcﬁ by
' Elhak;em and Shawn, Here we t?ie& to optimize the system. We rederived
some of the equations and relaxed'some assumptions in éhawh paper
espec;ally,that the number of the SDCs (NN) can be different from the
number of TAD (N). ‘ - , |

To optimize the scheme we changed—all the parameters and tried
to find the optimal mean acquisition time and standard déviation along .’
with the beaf}‘;hhreahold (TH) and the best numbexr of SICs “(;m:) we should

-
[ &

choose to have such an optimal result. i o v

A

- We recorded the results in a number of Tables to help the -

desigher to choose the suitable parameters in designing his system.
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We also piot a :pumber of curves of the mean acquisition time for varying

valuéé of several of the parameters,

-
Al

We have built a prototype”model for the SDC acqui.sition scheme,
The details of ihe design and componenta of the system were described A
carefully in chapter IV.we also did three set of testing on the circuit
built, @he obJective of which was to confirm the results in the theori-
tical part and the results sh\own’vere hconsiet’.ant with t;he theory in .

chapter 111,
() -
~. v In chapter V we described and analyzed the hybrid parallel/

- ) sequential system, It was nothing but the dynamic version of the system

fthe presence of some subcodes could be missed blit the eynchronilzation
was still deslared. In tﬁis scheme we also used a band of parallel corre=-
latofs in the search mode to detect the presence of the subcodes. In the
lock mode instead of having the SXCs we have the traneition detection
circuits (T.D.C.)%. We hada band of parallel (T.D.C.)° each counted the
in-sequence transitions of the su_bcodeé. .Aft?r the whole’ codelength '
had been ;'.nvestigated the c;ounta of the (T.D.C.)° were comnared. with
¢ the preset thresholds and then were ;ompared with each other to -gecido
the highe'st count, T;;e rhase of the (T.D.C.) with the highest _count
'was chosen as the code phase and synchronization was docila;'cd. This
acheme waé similar to Milstein's but_in the lock‘mode" Milstein only

) uee}zna.n array of the convolvers to sum up all the subcodes in a

code” length time while we used a band of parallel detectlon, circuits

L]

L in chapter-III, in which when teating for the in-sequence of the subcodes .

S IV

L

%
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_to decide the code phase.Our scheme had advantage since several subcodes
could be missed (probably due to heavy Jamming and interference or noise)

however synchronization was astill declared.

For this scheme wo also plo’t a number of curves for the mean ac- ,
quis’ition time versus some of the parameters especially tMe number of
tolerable transitions (M) to show that if we allowed certain number of
subcodes to be skipped the performance was better, There was also .the
optim here and the optimum moved to a certain direction depending on

the variation of the parameters.

Finally in éhapter VI the hybrid sequential/parallel scheme
described in ’chapter V was compared with the schemes of Dicarlo and
Milstein., To do the comparison we recorcied the reéu\ts in the papers
of Dicarlo \a.nd Milsteio and used tl\ae same input data with some modi-
fication to be suitable with our scheme to compute, the corresponding ]
mean acquisition time in our scheme. The results have shown that our.

~ scheme outperfoms these two systems (the mean acquisition time is

~ better with a factor of 34 compared with Dicarlo s scheme and a factor 2

with Milstein's). : , . o

[

Future Research S\_lgggst:iona _

' - In thia thesis only the IB/SS system was conaidered; fine ac~- .
-quiaition (PN; fracking) was asummed to exist and also the effect due to
Dopplor m;.a1 a0t treated, Approaches for the FH/SS type, the. code-rate
change of Doppler effect and furthér investigation in the tracking .

phase are suggested in future reseaches, -

o
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