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Abstract—Noise signals are needed for test and 

validation of electronic systems and communication 

channels. Available noise sources are however limited 

to wide band white noise sources while the arbitrary 

waveform generators are poorly suited for the 

generation of long random or pseudo random noise 

sequences.  

The paper explores the possibility of using a single bit 

pseudo random sequence, filtered with a FIR filter, 

for the generation of an analogue noise signal with 

programmable spectral features. 

The results show that the technique is suitable for real 

time applications. When implemented on a Field 

Programmable Gate Array device, the technique uses 

less resources compared with the state of the art. 

I. INTRODUCTION  

The test of the electronics systems largely depends on 
the availability of a wide range of precise and 
reproducible analog signals. As a consequence, the 
number and the complexity of the electronic systems that 
generate the test signals increases together with 
development of the electronic systems.  

Noise signals are needed in important applications, 
such as the test of communication channels, and the test of 
noise sensitive electronic systems. Unfortunately the 
available noise source on the market are limited to white 
noise sources which cannot be controlled in terms of 
occupied bandwidth and power spectral density. 
Typically, these noise sources are sold as auxiliary 
modules of Noise Figure Analyzers or Performance 
Spectrum Analyzers. 

Most of the noise sources proposed in the scientific 
literature focus on the generation of white noise with 
Gaussian distribution. With reference to the actual 
implementation, FPGA (Field Programmable Gate Array), 
DSP (Digital Signal Processors) solutions, and software 
implementations have been proposed. Many contributions 
are oriented to hardware simulation, thus the noise is only 
synthesized in digital form [1]-[6]. For these contributions 
the emphasis is on the accurate reproduction of the 
Gaussian distribution or on the maximum sample rate in 

the generation. Some contributions, [7]-[10], address the 
reproduction of digital noise in the analog domain for the 
development of test equipment and noise generators. 

Colored noise signals are needed to model physical 
and human related mechanisms that take place in modern 
systems, [8]-[11]. A band pass Gaussian noise generator 
designed to test wireless receivers is presented in [8]. The 
proposed system synthesizes the digital noise, which is 
stored in a flash memory, and then played. The sample 
rate is very low, e.g. 100 kHz, moreover the duration of 
the generated noise is limited by the finite flash memory 
size to a few seconds causing undesired periodicity in the 
noise. In [9] a 10 MS/s impulsive noise generator, capable 
of producing arbitrary pulses is proposed and 
implemented on FPGA. The papers [10],[11] present low 
speed DSP based systems for the generation of 
pseudorandom impulsive noise and binary noise, 
respectively. In [5] a digital circuit for the generation of 
comb filtered noise implemented using small scale 
integration logic is proposed. The solutions proposed in 
[9],[10],[11],[5] do not allow the generation of arbitrarily 
colored noise. 

Recently, a design technique and a real time 
implementation of an electronic system able to generate 
non repetitive colored noise with programmable power 
spectrum has been proposed in [12], [13]. The proposed 
generator includes a digital section implemented on FPGA 
and a digital to analog converter (DAC) to play in 
analogue form the colored noise. The generation 
frequency is up to 240 MHz producing one noise sample 
per clock cycle. The Nyquist bandwidth (B) of the 
generated noise is therefore equal to 120 MHz but can be 
lowered to B=120 MHz/N, where N is an integer selected 
by the user in the [1,255] range. The user can also define 
the spectral pattern of the noise in the Nyquist bandwidth 
by configuring the digital FIR filter. Upsampling and 
interpolation techniques reject the spurs that are outside 
the bandwidth in which the analogue noise is confined. 
Within the chosen bandwidth, B, the power spectral 
density of the noise can be defined by the user with a 
frequency resolution of B/512 Hz (0.2%). 

The digital section of the system proposed in [13] 
exploits a pseudo random number generator with 
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repetition period equal to 2
63

-1 samples that assures non 
repetitive noise sequences in all practical applications. The 
pseudo random number generator produces a white noise 
signal represented on 12 bit. The white noise signal is then 
filtered using a 1024 tap FIR filter to obtain the sequence 
with the desired spectral features. Experimental data 
provided in [13] demonstrate the complete functionality of 
the designed system. 

The circuits proposed in [12], [13], while providing 
real time operation and good flexibility, require a 
significant (25%) amount of logic resources of the 
selected FPGA thus impacting on the cost of the system. 
In order to reduce the complexity and the logic occupation 
of the system, in this paper the possibility of using as a 
white noise source a single bit pseudo random signal is 
addressed with the emphasis on the spectral features of the 
generated noise. The schematic block view of the 
proposed noise generation system is show in Fig. 1. 
System analysis and simulated results show that the 
significant improvement in circuit size are possible 
without impairing the quality of the output digital 
sequence. 

II. WHITE NOISE SEQUENCE. 

A. Previous art  - PR(n) composed by 12 bit samples 

The white noise generator in [13] is composed by 12 
Linear Feedback Shift Registers (LFSR), and a Finite 
State Machine for the boot strap phase that initializes the 
status of the 12 LFSR sampling the least significant bit of 
an Analog to Digital Converter.  

Each LFSR generates a pseudo random bit and is 
composed by 63 flip flops and a linear feedback network 
designed with XOR gates that permits to have a repetition 
period of 2

63
-1 samples. The use of 12 LFSR, each one 

generating one bit of the white noise signal, allows to 
minimize the correlation between successive samples and 
ensures maximum randomness of the noise sequence.  

The white noise generator produces a sequence of 
samples where every sample can be seen as an unsigned 
number in binary format with the weight of the Most 
Significant Bit (MSB) and the Least Significant Bit (LSB) 
are 2

0
 and 2

-11
, respectively. As a consequence, the 

maximum value of a sample is 2-2
-11

 while the minimum 
value is 0. 

Due to the random properties of the generated 
sequence, the average value of an input samples is very 
close to 1. 

B. Proposed - PR(n) composed by 1 bit samples 

In this paper the PR(n) sequence is produced by a 
single 63 tap LFSR that produces a single bit per clock 

cycle. The resulting PR(n) sequence is demonstrated to 
have: repetition period of 2

63
-1 samples; autocorrelation 

function that is unity for zero delay, and -2
-63

 for any delay 
greater that one bit. The spectral properties are hence 
equivalent to those of the 12 bit sequence and correspond 
to a white noise source. This is shown in Fig. 2 where the 
average of the spectrum of 10

3
 sub sequences, each 10

4
 

samples long, is reported for both the 12 bit sequence and 
the single bit sequence. In both cases the resulting 
spectrum is flat.  

When the proposed generator uses the single bit 
sequence for the generation of the colored noise, the white 
noise generator produces a sequence of bits that are seen 
as unsigned numbers that can be either 1 or 0. The average 
value of the input sequence is then 0.5, a value halved 
with respect to the average value of the 12 bit sequence. 
This is expected to have an impact on the magnitude of 
the generated noise that will be lower when the single bit 
input is considered.  

III. PROPOSED CIRCUIT 

The block diagram of the proposed circuit is shown in 
Fig. 1. The circuit is composed, from left to right, of: the 
‘White noise generator’ that generates a pseudorandom 
sequence with flat spectrum; the ‘Programmable FIR’ that 
confers the desired PSD to the noise sequence; the 
‘Interpolator’ that attenuates the spurs outside the desired 
bandwidth; the DAC that plays in analogue form the 
resulting colored noise. 

A. White noise generator 

It is composed by a single LFSR with 63 taps and a 

 

Fig. 1. Block diagram of the proposed programmable noise generator. 

 

Fig. 2. Averaged spectrum of 103 sub sequences taken from the 

generated white noise. Each sub sequence is 104 samples long. The 
1 bit pseudo random sequence exhibits a white noise spectrum 

similar to that of the 12 bit sequence. 

1091



20th IMEKO TC4 International Symposium and 

18th International Workshop on ADC Modelling and Testing 
Research on Electric and Electronic Measurement for the Economic Upturn 

Benevento, Italy, September 15-17, 2014 

 

 

 
Fig. 3. Spectral response of the FIR filter selected for the test of 

the system. The spectral response has been calculated in software. 

The simulated results of the system that refer to this spectral 

response are shown in Section IV. 

Finite State Machine similar to the one described in 
Section II.A. With respect to the circuit proposed in [13], 
the white noise generator exploited in this paper requires 
almost 12 times less logic resources.  

The randomness of the seed, in conjunction with the 
huge duration of the LFSR pseudo random sequences, 
makes the signal generated by the system, for most of the 
practical purposes, indistinguishable from a true random 
noise. 

B. Symmetrical coefficients shaping FIR filter 

The filter that produces the noise sequence 
characterized by the assigned power spectral density is a 
fully pipelined FIR filter with 1024 taps. The coefficients 
of the FIR filter are calculated using the algorithm 
described in [12] and are, by construction real and 
symmetrical. The FIR filter exploits the symmetry 
implementing a folded structure that firstly sums the 
symmetrical samples and executes only one multiplication 
for every symmetrical couple of samples.  

The input of the FIR filter is the single bit digital white 
noise sequence, PR[n], while the output sequence is a 
digital version of the colored noise named N[n]. 

The filter coefficients are real valued and represented 
on 1 bit. This largely simplifies the required logic for the 
FIR as the binary multiplication of the samples and the 
coefficients instead of requiring a binary multiplier with 
12 bit inputs, is simply implemented with a Boolean AND 
gate. Other significant improvement in terms of logic 
resources comes from the logic required to store the 1024 
input samples required for the FIR. In [13] this section 
required 1024*12 = 12288 flip flops, while for the 
proposed circuit with single bit input only 1024 flip flops 
are required. 

As in [13], the FIR filter of the proposed system is 
activated once every N clock cycles (with N selectable by 
the user). In this way it samples the PR[n] signal and 
produces a new sample of the N[n] signal once every N 
clock cycles. The effect of the N input signal is hence the 
selection of the Nyquist bandwidth of the generated noise. 
With N=1, the FIR filter works at its maximum speed, fClk, 
and the Nyquist bandwidth of the noise is B=fClk/2. With 

N>1 the FIR works at reduced frequency and the Nyquist 
bandwidth of the noise is B=fClk/2N.  

The selectable N value is hence useful to determine the 
Nyquist bandwidth of the generated noise that can be 
scaled down at will. In this way a more precise shaping of 
the noise, exactly for the Nyquist bandwidth required by 
the user is possible. 

C. Interpolator 

When the selected N value is higher than 1, the circuit 
is actually working at a lower frequency with respect to its 
maximum. It is then possible to take advantage of the 
spared computational power, to further improve the 
features of the generated noise. In fact the analogue 
version of the colored noise is obtained by feeding the 
digital data stream to a DAC which produces the 
waveform by changing the output voltage with step 
variations. Compared with the target smooth waveform, 
the one played by the DAC is characterized by spurious 
components in the spectrum originated by the 
aforementioned step variations [14]-[16]. The spurious 
components appear as replica of the desired spectrum at 
multiple values of the Nyquist bandwidth. 

In the proposed circuit the N[n] sequence is 
upsampled by the integer factor N and a first order 
interpolation is carried out thus allowing the attenuation of 
the aforementioned spurs. 

D. Field Programmable Gate Array Implementation data 

The proposed noise generator has been implemented 
on a StratixIV FPGA device (EP4SGX230). FPGA 
implementation, while not granting the performances of a 
full custom VLSI implementation, is a fast and low cost 
technique for the implementation of digital circuits. 
Furthermore, the performances of modern FPGA devices 
are good enough to be selected for demanding streaming 
applications, [17]-[19]. Preliminary results for the logic 
resource occupation of the circuit is 11597 ALUTs 
(182400 available) and 18219 flip flop (182400 available). 
The complete generator occupies no more than 6% of the 
whole FPGA with a more than fourfold reduction 
compared to the circuit proposed in [13]. 

IV. SIMULATION RESULTS 

The circuit has been tested using a FIR filter that 
confines the noise power within the frequency bands with 
normalized frequencies [0.08,0.10], [0.18,0.23], and 
[0.28,0.32], assigning relative power levels of 0dB, -20dB, 
and -40dB, respectively. Fig. 3 shows the filter response 
calculated in software. 

In Fig. 4 the simulated results obtained by setting N=1 
and with a clock frequency of 100 MHz are shown. The 
data are obtained calculating the FFT of a simulated 
output sequence composed by 2x10

5
 samples. Both the 

circuit with the 12 bit input and the proposed circuit with 
the single bit input provide an output noise with a 
spectrum very close to what is expected and is shown in 
Fig. 3. Note that, due to the clock frequency of 100 MHz 
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and N=1, the Nyquist bandwidth of the analogue noise 
signal is 50 MHz and the pass bands for the noise are 
located at [8 MHz, 10 MHz], [18 MHz, 23 MHz], and 
[28 MHz, 32  MHz]. 

A further simulation has been carried out imposing 
N=10 while keeping the clock frequency to 100 MHz. The 
Nyquist bandwidth of the generated noise is now equal to 
5 MHz and the interpolator circuit can be activated to 
upsample the output sequence by a factor of 10.  

Figure 5 shows the spectrum of the generated 
sequences in the [0 MHz, 30 MHz] frequency band. The 
spectrum is in good agreement with the imposed spectral 
density in the [0 MHz, 5 MHz] band, while attenuated 
replicas are shown at multiples of the Nyquist bandwidth. 
The top and the middle plots in Fig. 5 refer to the output 
of the circuit with the 12 bit input and the proposed circuit 
with the single bit input, respectively. The two plots are in 
very good agreement showing that the proposed approach 
is feasible. In fact the use of a single bit white noise input 
has a negligible effect on the spectral features of the 
generated noise but is able to largely reduce the logic 
resource occupation of the noise generator. The bottom 
plot shows the effect of the interpolation applied to the 
output of the proposed circuit. The spurs outside the 
Nyquist band are attenuated while no effect is visible for 
the Nyquist bandwidth.  

With reference to the amplitude of the generated noise, 
the use of a single bit, having an average value that is 
halved with respect to the 12 bit input case, provides an 
output signal with reduced amplitude. Taking as reference 
the output sequence generated by the circuit with the 
12 bits input, the output sequence produced by the circuit 
with the single bit input has a maximum absolute value 
that is reduced by 15%. Such reduction will obviously 
have an impact on the dynamic range of the sequence that 
is however minimal if compared with the potential 
advantages that the single bit input can provide in terms of 
performances and cost of the final system. 

V. CONCLUSIONS 

In this paper the possibility of using as a single bit 
white noise source to generate a noise with determined 
power spectral density is addressed. Simulated results 
show that the spectral features of the generated noise can 
be very well controlled by the user. The proposed system 
allows to select the Nyquist bandwidth of the generated 
noise and implements the operations of upsampling and 
interpolation in order to attenuate the spurs that reside 
outside the Nyquist bandwidth.  
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