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University of Zagreb, Faculty of Electrical Engineering and Computing,

Unska 3, 10000 Zagreb, Croatia
leonard.novosel@fer.hr

Abstract—Paper presents a method for generating maximum
length pseudo-noise sequences. The concept of 1/f noise is
explained and LabView is used to generate bipolar spreading
sequences from 1/f noise signal. Direct sequence spread spec-
trum (DSSS) system model is built in LabView and tested on
software defined radio transceiver system. Maximum length and
spreading sequences generated from 1/f noise are compared
using software defined radio transceiver model.
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I. INTRODUCTION

Spread spectrum systems modulate the information signal,
with bandwidth Rb, so that it occupies a much larger band-
width Rc. Spread spectrum systems originate from military
applications, but have seen more use in commercial applica-
tions in later years [1].

Main characteristic of spread spectrum systems is their
tolerance to interference and low probability of interception
[2]. In direct sequence spread spectrum systems information
signal is multiplied by a spreading code that increases trans-
mission bandwidth. Spreading the information signal lowers
the transmitted energy so that the transmitted signal is often
below the noise floor of the receiver [2] that enables the system
to hide the signal below noise levels making it hard to detect.
Spread spectrum modulation has a number of advantages [3]:

• increased tolerance to interference and multipath
• low probability of detection
• increased security.

The spread signal looks like noise to any receiver that does
not have the valid spreading code. Coding the information
signal with spreading code enables secure communication [3].
Spread spectrum receivers recover original data by correlating
received signal with locally generated replica of spreading
sequence, so a good correlation property of spreading se-
quence is essential in spread spectrum operation [4]. In this
paper spreading sequences derived from 1/f noise signals are
compared to maximum length or m-sequences. Comparison
is made by building a transceiver direct sequence spread
spectrum model in LabView for software defined radios.

In Section II basic principle of spread spectrum modulation
is given. Section III explains simple methods for generating
maximum length pseudo-noise sequences and generation of
sequences from 1/f signals. Section IV gives a high level

overview of LabView direct sequence spread spectrum model
for software defined radio. Section V concludes the paper.

II. DIRECT SEQUENCE SPREAD SPECTRUM PRINCIPLES

In direct sequence spread spectrum system, a pseudo-
noise sequence multiplies the information signal. Multiplying
spreads the information signal to bandwidth that is almost
equal to spreading signal’s bandwidth.

If the bit duration of information signal is Tb then spreading
can be written as [5]:

x(t) =
∞∑

n=−∞
angT (t− nTb) (1)

where an = ±1,−∞ < n < ∞, and gT (t) is a rectangular
pulse of duration Tb.

The spreading sequence, with bit duration Tc, can be written
as [5]:

c(t) =

∞∑
n=−∞

cnp(t− nTc) (2)

where cn is the binary pseudo-noise sequence and p(t) is a
rectangular pulse, called a chip, of duration Tc. Spreading
sequence c(t) has a much shorter bit duration than information
signal Tc << Tb.

Modulation stage of spreading the information signal x(t)
can be written as [5]:

xc(t) = x(t)c(t) (3)

Baseband spread signal xc(t) modulates the carrier
Accos(2πfct) [2].

It can be seen from 3 that xc(t) = ±1,∀t, so modulated
transmitted signal can be written as [2]:

u(t) = Accos(2πfct+ Θ(t)) (4)

where Θ(t) = 0, when xc(t) = 1 and Θ(t) = π when xc(t) =
−1 [5].

In direct sequences spread spectrum receiver, received signal
is first multiplied by a locally generated spreading sequence.
Multiplication operation spreads the noise contained in re-
ceived signal so that it has a low power spectral density.
Despreading increases the power spectral density of the useful
signal that can be seen in Fig. 1.

Good correlation properties of spreading sequences are used
in the despreading procedure. Signal is then lowpass filtered
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Figure 1: Noise suppression in despreading operation

Figure 2: DSSS receiver model

(integrated) and a decision device is used to recover data bits
from detected signal [2]. The process can be seen in Fig. 2.

III. SPREADING SEQUENCES

Generally, spread spectrum systems use some form of
pseudo-random sequences as spreading signals. Mostly used
sequences are pseudo-noise sequences that exhibit noise-like
behaviour and are periodic sequences that can be generated
via methods known to the transmitter and receiver.

A sequence generated from real noise would, theoretically,
have an infinite bandwidth so pseudo-noise sequence are
constructed to have properties that resemble those of noise
sequences.

A. Generating pseudo-noise sequences

Pseudo-noise sequences are generated using a system that
consists of a number of connected flip-flops with a logic gate
making a feedback circuit. Such system is called a feedback
shit register and is used to generate pseudo-noise sequences
of different length depending on the number of flip-flops used
[2].

Using a clocking pulse the state of each flip-flop is trans-
ferred to its neighbour. After a modulo 2 operation one bit
of pseudo-noise sequence is generated and fed, via feedback
circuit, to first flip-flop [2].

In this paper a form of pseudo-noise sequences, called
maximum length or m-sequences, is used. M-sequences have
the property that for some n-stage shift register the generated
sequence is of length p = 2n−1, and has the repetition period
of 2n − 1 [4].

B. Generating sequences from 1/f noise

Noise signals can be used to generate spreading sequences
due to their random properties. One of such noise signals is a
1/f noise that can be seen in Fig. 3.

The name, 1/f noise (also called pink or flicker noise),
comes from the behaviour of its power spectral density func-
tion that can be seen in Fig. 4.
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Figure 3: 1/f noise signal

The power spectral density of flicker noise can be written
as [6]:

S(f) =
c

fα
(5)

where c is a constant, and 0 ≤ α ≤ 2. For different values
of parameter c and α, different noise signals and different
sequences can be generated.

The existence of flicker noise was explained by Schottky
[7] using Johnson’s triode measurements [8].

Flicker noise occurs in many natural phenomena [6], [9]
and is considered a good example of a fractal signal. Fractal
explanation of 1/f noise comes from its time invariant nature
as it looks the same no matter on what scale it is observed
and can be described by Mandelbrot’s power laws [10].

A 1/f noise signal is generated using a block in LabView
that generates the waveform by passing spectrally flat, or
white, noise through a digital filter with a desired magnitude-
squared response of 1/fα where α = 1 is the desired
exponent. The waveform is run through a threshold detector
so that a bipolar sequence is obtained. The sequence is then
used as a spreading signal in LabView model.

IV. DIRECT SEQUENCE SPREAD SPECTRUM SYSTEM
MODEL IN LABVIEW

LabView is used to construct a direct sequence spread spec-
trum system model for software defined radio. A transmitter
and a receiver model are built separately. The transmitter
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Power spectral density of 1/f noise

Figure 4: 1/f noise signal power spectral density

consists of a data generation block that generates a frame using
padding zeroes, Barker code of length 13, data bits and tail
padding zeroes. Padding zeroes are needed because of filter
delay in LabView. The frame is then BPSK modulated and
spread using different sequences. Spread signal is upsampled
to 1 million samples per second and transmitted through
software defined radio device.

Receiver software defined radio device is connected using
a coaxial cable and a 30 dB attenuator on its input port. The
signal processing part of the receiver is modeled in LabView.
First, the raw IQ signal is despread, then a threshold energy
detector is applied so that only the valid signal is detected.

After despreading, signal is first equalized and BPSK de-
modulated where the phase ambiguity is solved using Barker
sequence in the preamble. The recovered bits are then sent
to frame synchronization and alignment block where the start
of the data is aligned using Barker sequence in the preamble.
Useful data bits are extracted and compared to sent bits to
calculate BER. The system is run until 1 million useful data
bits are received.

V. RESULTS

It can be seen from Fig. 5, 6, 7 and 8 that sequences
generated from 1/f noise signal, have the same performance,
even outperform m-sequences in some cases, especially in
noisier environments in high gain levels.

It may seem strange that increasing the gain of input am-
plifier increases the bit error rate. The cause of this behaviour
is in USRP architecture where the input amplifier amplifies
all signals, including channel noise. In time slots where the
transmitter is not transmitting or the useful signal is below
noise level, the receiver still sees some signal in the input.
This problem has been somewhat resolved using an energy
threshold detector before despreading, but that threshold de-
tector has a fixed threshold level. That is why the error rate
slopes up at higher gain levels where the detector is triggered
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Figure 5: Performance comparison of sequences of length 15
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Figure 6: Performance comparison of sequences of length 31

by the amplified noise. Further research into mitigating this
problem is needed.

Comparing performance of m-sequence but of different
lengths, it can be seen that longer sequences perform better in
noisier environment that can be attributed to higher autocor-
relation peak as can be seen in Fig. 9.

The same conclusion does not hold for sequences generated
from 1/f noise, that can be seen from Fig. 10. Longer
sequences have worse performance than shorter ones which
can be explained by lack of randomness that was potentially
lost either because of using a simple threshold detector to
obtain a bipolar spreading sequence or from the imperfect
method of generating 1/f noise signal.

The main goal of this paper was to compare two types of
sequences, which has shown that sequences generated from
1/f noise signal can be used in spread spectrum systems,
and even outperform m-sequences in the same environment
conditions.
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Figure 7: Performance comparison of sequences of length 63
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Figure 8: Performance comparison of sequences of length 127
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Figure 9: Performance comparison of m-sequences of different
lengths
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Figure 10: Performance comparison of sequences of different lengths
generated from 1/f noise

VI. CONCLUSION

Software defined radio enables us to alter different radio
system’s parameters by changing the programming and ob-
serve the results. Of course, the price is paid through imper-
fect architecture and lower performance than in commercial
systems, but SDR enables us to compare the performance of
different system elements. In this paper it was shown that
other spreading sequences can be used in spread spectrum
system with equal or better performance than pseudo noise
sequences. The main problem is to maintain randomness when
approximating such sequences with limited precision, where
further research is needed.
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