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ABSTRACT

This Paper surveys different techniques of acquiring Direct Sequence

Spread Spectrum Systems.

It classifies different systems, indicates the strongpoints and weakness

of each, along with some applications.

One method, The Single Dwell Serial PN Acquisition System is then
focused on in detail. The detail includes analysis of standard version,
derivation of the mean time to acquire, the variance, the probability

of detection and the probability of a false alarm.

In the last section of the paper the analytical results of the Single
Dwell Serial PN Acquisition System shall be confirmed by computer

simulation.
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BACKGROUND

A basic definition of a Spread Spectrum System is one in which the transmitted
signal is spread over a much wider frequency band than the minimum bandwidth
required for transmission.

A typical Spread Spectrum System takes a base band signal (with a relatively
small bandwidth; for example a few kilohertz) and distributes the signal over
a bandwidth of many megahertz.

The bandwidth spreading is accomplished by modulating the information to be
sent with a pseudorandom code which is independent of the information.

When the Spread information reaches the receiver, it must be despread. The
information recovery is accomplished by a synchronized reception with the
pseudorandom code at the receiver.

The general types of Spread Spectrum Systems in use today employ Direct
Sequence, Frequency Hopping, and Chirp Techniques.

A "Direct Sequence" Spread Spectrum communications system modulates the
information by a digital code sequence whose bit rate is much higher than the
information.
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Where Rc equals the chip rate.

Figure 1 Ideal Frequency Spectra for a Direct Sequence System



Figure 1 shows a typical frequency spectrum for this type of system.

Next in types are the Frequency Hopping Systems. These systems shift the
carrier frequency in discrete increments in a predetermined pattern, which is
determined by the pseudorandom code.

In the Pulse Type Systems, the carrier frequency is swept through a wide band
of frequencies during a pulse interval.

After understanding what Spread Spectrum Systems are, one would 1ike to know
why these systems are used, who uses them, and when they are used.

A simple example using an expression by C. E. Shannon will illustrate one
reason why Spread Spectrum Systems are used. For the purpose of this
discussion (and of particular interest in Spread Spectrum Systems) the noise
power is due to narrowband jamming.

C = 1.44W Tog, (1 + S/N)

Where Capacity in bits per second
bandwidth in hertz
Noise Power due to narrowband jamming or narrowband interference.

Signal Power

" == = O
1]

for small S/N ratio 0.1

C = 1.44W (S/N)

rearranging

(C/1.44) (N/S) = W (1]



For a typical system with an information rate of 4KBPS, and an environment
where noise is 100 times greater than the signal, the information must be
transmitted in a BW of

W = 4x10°x100 = 2.78x10°HZ
—T7

As can be seen from Equation [1], that for a low information rate for a given
N/S, the bandwidth W must be increased.

This increase in bandwidth is obviously, the spreading we've been talking
about.

If the noise power was due to white noise with a Power Spectral Density (PSD)
of NO then one would have N = Now and for small S/N

C=1.44 (S/No)
which is the 1imiting factor and one cannot expect to do better than this by
increasing the bandwidth.

Some important advantages are enabled by Spread Spectrum Systems. The order
of preference would be dependent on the user and application. See Table 1.

The properties in Table 1 are a result of the large bandwidth and of the
pseudorandom code used to modulate the information.

The area that Spread Spectrum Systems encompasses is so vast, exciting, and
filled with numerous applications. The application of selective addressing
is described by the following scenario.

A military environment consisting of a ground base, air fleet of some
bombers, helicopters, fighters, naval fleet of carriers, destroyers, escorts,
etc.

The fighters want to talk to the carriers about landing while the bombers are
receiving information from the ground base on a target. Using selective
addressing this is easily accomplished.
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0f course, most of the advantages are seen to be important to the
military; they are becoming more and more useful to Industry.

Code division is possible for multiple access by many users. An office
systems might use this type of set-up.

Interference rejection may be needed due to natural or man made
disturbances, due to buildings, mountains, etc.

Since the signal power is spread over a wide band, the low-density
power spectra in any small bandwidth is small. Therefore, Spread
Spectrum Signals are perfect for signal hiding or low probability of
intercept (LPI) communications. Again, a very important aspect in
military communication systems.

In concluding the what, why, when and who's of Spread Spectrum Systems

we leave knowing that a Spread Spectrum Systems expands the bandwidth

of a signal, transmits the expanded signal and recovers the desired
signal by remapping the received Spread Spectrum Systems into its
original spectrum. We also note that there has been a trade of increased
bandwidth for the purpose of error-free information in an environment
where narrowband jamming is present.

When designing Spread Spectrum Systems for use in a noisy or jamming
environment it is necessary to take into consideration the losses of
the system, and a useful system output signal to noise ratio.

Jamming margin is the term in a systems specification that relates the
above to the processing gain of the system.
+ (S/N) ]

Jamming Margin = Processing Gain - [L

system output

In a Spread Spectrum Receiver, if the received signal is in phase with
the local reference signal the desired signal shall collapse to its
original bandwidth before spreading. Any unmatched signals such as
jamming is spread by the local reference to its bandwidth or more. A
filter then rejects all but the desired narrowband signal. Hence the
Spread Spectrum Receiver enhances the desired signal while suppressing
the unmatched signals (jamming, noise). This enhancing is known as the
"Process Gain".



The processing gain which is developed from a sequential signal bandwidth
spreading and despreading process can be estimated by the simple rule of
thumb.
Processing Gain = BNRF
info
Where the BNRF is the bandwidth of the transmitted Spread Spectrum Systems

and Rinfo is the information rate of the baseband signal.

DIRECT SEQUENCE SYSTEMS

0f the Spread Spectrum Systems in use, the best known and most widely used is
the Direct Sequence Systems.

The reason Direct Sequence Systems are in such wide use is due to their
relative simplicity. They are éimp1e in the sense of their hardware
requirement.

Specifically, these systems do not require a high speed, fast-settling
frequency synthesizer. The latter being required in Frequency Hopped
Systems.

As a result of the above, it is 1ikely that Direct Sequence Systems will
continue to be very popular and commercial applications of such systems will
also be evident in the foreseeable future.

The intent of this Thesis 1s not to give an in-depth look at every aspect of
Direct Sequence Systems, but for the purpose of background information, it
shall briefly mention some aspects or characteristics of Direct Sequence
Systems.

A Direct Sequence Systems as mentioned eariier is modulation of a carrier by
a code sequence. In general, the format may be any type of amplitude or
angle modulation, but 180° biphase shift keying is very common. Figure 2
shows a typical Spectrum for a 180° biphase modulated carrier.
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Where Rc equals the chip rate.

Figure 2 A Typical Spectrum of a
180° Biphase Modulated Carrier



As seen in the figure, the mainlobe null to null bandwidth is equal to twice
the clock rate of the code sequence, and the sidelobe null to null bandwidth
is equal to the clock rate of the code sequence.

The suppressed carrier which is a result of 180° biphase modulation and the
constant envelope level (so that the transmitted power efficiency is
maximized for the bandwidth used) are some reasons why this type of
modulation is the most common form of modulation in Direct Sequence Systems.

The Block diagram in Figure 3 illustrates a typical direct sequence Spread
Spectrum System. In the receiver, the received signal plus noise

(intentional or non-intentional) enters the mixer and the following processes
happen, assuming synchronization between the received signal and the local
code generator.

The received Direct Sequence Signal is remapped into its original spectrum
(carrier bandwidth) while the unsynchronized signal (noise) is spread into a
bandwidth equal to its own bandwidth, plus the bandwidth of the code
reference.

The system information bandwidth shall determine the postcorrelation filter
bandwidth, thereby determining the amount of power from any unsynchronized
signals. Hence the processing gain mentioned previously is realized.

Due to the nature of Spread Spectrum Systems requiring wide RF bandwidths,
some statements shall be made in regard to this topic.

The obvious reasons for desiring a large RF bandwidth are to reduce the
amount of power transmitted per hertz, and for maximum process gain for the
purpose of interference rejection.

A not-so desirable effect is the sidelobe energy, which may be high. In
Direct Sequence Systems, where other systems operate in the same or adjacent
channels, the sidelobe energy can contribute interference.

To combat this problem, different types of modulation schemes may be used, a
comparison of Direct Sequence Waveforms is shown in Table 2 . It can be
readily seen that in Direct Sequence Systems, the mainlobe bandwidth is a
function of the waveform and code rate used.
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WAVEFORM MAIN LOBE BW 3-dB BW SIDELOBE ROLLOFF RATE
BPSK 2 x code clock 0.88 x code clock -13 dB 6dB/octave
PAM 2 x code clock 0.88 x code clock -13 dB 6dB/octave
QPSK 2 x code clock 0.88 x code clock -13 dB 6dB/octave
MSK 1.5 x code clock 0.66 x code clock -23 dB 12dB/octave

Note: The bit rate is to be kept the same.

Table 2 Comparison of Direct Sequeance Waveforms
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It should be mentioned that although 10% of the signal power is lost due to
rejecting the sidelobe energy, much of the harmonic power is contained in the
sidelobes.

By restricting the sidelobes, the rise and fall times of the modulating
code are also restricted, and the effect is rounding of the waveform.

In turn the triangle correlation function of the coded signal becomes
rounded. In ranging systems this would have an effect on the range
resolution, due to the inability to measure timing precisely.

As mentioned previously, the process gain is dependent on the RF bandwidth.
If the RF bandwidth is increased, by increasing the code rate, the process
gain shall increase. Another method of increasing the process gain is to
reduce the data rate.

At a first glance it might seem that the process gain can be increased
indefinitely. However, there are practical limits and some problems that
bound the process gain.

The data rate can be sTowed down to the extent that the user is willing to
transfer data and by the stability of the transmission 1ink. The code rate
is limited by the technology of circuits that can generate high speed codes
and operate error free for hours, and even days.

A typical process gain 1imit might be 69dB1 for Direct Sequence Spread
Spectrum communication systems. '

As seen in previous figures, the spectrum of a Direct Sequence Spread

Spectrum Signal is of a |sin x 2 form.
X
A linear maximal sequence is a code sequence which is the longest sequence

that can be generated by a linear feedback generator. The pseudonoise code
is actually a series of variable duration pulses ranging from one code clock
chip to n chips for a linear maximal sequence of 2"-1 bits.

1. "Spread Spectrum Systems”, 2nd edition, Robert C. Dixon;
A. Wiley Interscience Publication.
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For linear maximal sequence, the number of pulses with a duration of one code
clock chip is generally one fourth the total number of pulses.

Since the code sequence that is used to modulate a Direct Sequence System is
made up of pulses and the fourier transform of a pulse is a

sin X
X

function. Therefore, it can be seen why the power spectrum is of the

'sin x 2 form.

5=

Also since one code clock chip is the shortest duration pulse, it is equal in
length to the code sequence clock period. Hence the width of the mainlobe
corresponds to twice the code clock rate.

INTRODUCTION TO ACQUISITION

In my opinion the process of Acquisition has been and will most 1ikely
continue to be the area of Spread Spectrum Systems that government and
industry spend the most time and money researching and developing.

There are many reasons why in my opinion the above statement is true, but I
will touch on some key factors. Since communication systems of this type are
usually for military communication systems, and the government needs better
and better systems, (by this I mean faster, more secure, harder to jam, less
chance of errors) they continue to invest time and money into researching and
developing methods of acquisition.

In industry, as different applications for Direct Sequence Spread Spectrum
Communication Systems develop, the need will also develop for different
acquisition systems. This need may be due to efficiency, cost effectiveness,
time, etc.

13



Acquisition is a process that searches through a region of time-frequency
uncertainty and determines whether the locally generated code and the
incoming code are closely enough aligned (usually within 1/2 chip).

Without successful acquisition, the information that is being transmitted
cannot be successfully received. Therefore acquisition of a system is vital
to the system.

Take for example the following two systems. In System One, the transmitter
and receiver are said to be fixed in location, and no multipath propagation
occurs. Assuming the receiver has knowledge of the code sequence only, here
is what would happen in the receiver.

The received signal is multiplied by the locally generated code sequence
which is out of phase with the incoming code sequence. This being the case,
the output of the multiplier is actually another spreading process. The
received signal is spread further by the local code generator.

If the conditions of the second system were the same as those of the first
except that the local code generator is in phase (or aligned) with the
received signal, the Spread Spectrum Signal will collapse back to the
original spectrum signal. Hence the importance of the acquisition process.

It is not enough that a system be able to acquire, but once it acquires
synchronization, it must be able to maintain synchronization. The process of
maintaining synchronization is called tracking.

Another area of importance in acquisition is the methods of evaluating or
comparing different acquisition systems. The methods used for evaluation are
the performance characteristics. One of the most important of these
characteristics is the mean time to acquire,-?;cq.

This time depends on the type of acquisition system used, and also the

application. Generally it is desirable that the mean acquisition time be as
small as possible.

14



One reason, and an important one at that, for having the mean time to acquire
be as small as possible is the obvious. The more time that passes, the more
information that is "lost", assuming the system transmits information

without knowledge that the system receiving is not synchronized. Also, and
more importantly, is that tactical communication systems are comprised of
systems that are bursty, and must synchronize instantly, or they can miss a
transmission.

Many applications of Direct Sequence Spread Spectrum Systems are in use
today. The following describe some systems that are in use:

SPACE SYSTEMS

Spread Spectrum methods have been proven effective in space systems,
especially communication satellites. The main purpose for using Spread
Spectrum Systems is for reducing interference.

AVIONIC SYSTEMS
By far the most interesting to me, has a major unique consideration.
This unique element is the large and unpredictable range of doppler
frequency offsets. Avionic Systems have received heavy Spread Spectrum
emphasis. Several systems have been in use or are currently under

development. Some examples are the ARC-50, the oldest, produced in
early 1960's, Have Quick, and JTIDS.

Other applications include test systems, test equipment, and also position
location systems.

Due to the wide range in applications, there is a need for a range in
systems, and performance parameters, and criteria for optimum results. Hence
many methods of acquisition systems have been, and are being developed. Some
acquisition methods may be combined, or modified, again, depending on the

particular application.
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