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Measurement of signal at low frequency and high frequency affected by noise is highly 

significant for wireless systems applications such as signal transmission and reception. 

Signal in wireless applications, termed as baseband signal or message signal operates at 

low and high frequency ranges where its measurement is challenging for obtaining 

amplitude in time domain at specific instants and magnitude in the frequency domain. 

Moreover, noise concatenation at any of the stages of wireless systems, either in the 

transmitter or in the receiver sections, is challenging. This research article provides 

research objectives to measure low frequency and high frequency signals when affected 

by noise following Gaussian distribution. To overcome the aforementioned challenges, 

digital filters are employed to reduce noise in order to recover the signal. Baseband signal 

at a high frequency of 10 MHz, sampling frequency 200 MHz and low frequency signal of 

20 Hz and 1 kHz sampling frequency are considered for simulation in matrix laboratory 

(MATLAB) software platform. Noise samples get added with the baseband signal and it 

is removed using digital filters such as infinite impulse response (IIR) filters specified by 

their transfer function. Signal parameters such as amplitude, time, magnitude, and 

frequency can be measured based on the digital filter output and can be employed for 

signal transmission and reception in wireless systems applications for present-day 

scenarios. 
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1. INTRODUCTION

Signals possess vital information irrespective of their 

frequency ranges, such as low frequency or high frequency in 

terms of resolution [1] and their measurement is highly 

significant. Low frequency ranges of the order of a few Hertz 

(Hz) to kiloHertz (kHz) can be employed in applications such 

as commercial radios, sensor control for automation, medical 

health care, electrical signal transmission, allied measuring 

and signal processing methodologies [2]. High frequency 

signals spanning from megaHertz (MHz) to gigaHertz (GHz) 

ranges and beyond are used in applications pertaining to high 

speed data transmission technologies like 5G wireless systems, 

wireless fidelity (WiFi), satellite communication, radio 

detection and ranging (RADAR) and medical imaging. In 

aforementioned applications, a signal can be processed either 

in continuous time or in discrete in time, where amplitude 

values get corrupted by noise [3], which is undesirable. Noise 

gets concatenated at any point in time during the system 

process and its elimination is essential. Noise elimination or 

denoising [4] leads to signal measurement, where it can be 

done by using digital filters based on digital signal processing 

[5] techniques, leading to signal enhancement for device-

oriented applications.

Measurement of signal operating in low frequency and high 

frequency can be realized by using digital filters, which are 

specified by their transfer function. In the analog domain, it is 

defined by using Laplace transform and in the digital domain 

by using Z transform which can also be specified by its input-

output difference function. However, when signals transmitted 

over a channel medium gets combined with noise in the 

receiving end it can be measured or assessed by using signal 

to noise ratio (SNR) [6]. SNR is a metric determined as the 

ratio of signal power to noise power measured in decibels (dB). 

SNR for correlated signals can be represented by 

autocorrelation with respect to the input signal and cross 

correlation in another perspective between input and output. 

Further, measurement of signal using low pass filters and high 

pass filters is also a distinct possibility where frequency from 

0 to fc is selected by low pass filters and high pass filters from 

fc to increased frequency ranges. Low pass filtering can 

denoise [7] low frequency signal from a noisy signal for 
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frequency ranges from baseband, radio frequency (RF) and 

further up to millimeter wave ranges [8]. 

Different types of filters can be used in noise affected 

scenarios based on application requirements. In Power 

electronics based systems [9], median filters are highly 

beneficial. For speech signal refinement, customized filters 

[10] are significant. Kalman filters are used for real-time data 

denoising when used along with artificial neural networks [11]. 

However, when images like ultrasound get subjected to noise, 

it can be handled effectively by hybrid speckle denoising 

filters [12]. Similarly, Gaussian noise affected digital images 

can be addressed by iterative minimum mean square error 

(MMSE) filters [13]. Gaussian phase noise effects in 

orthogonal frequency division multiplexing (OFDM) systems 

are presented in the study [14] and a research article [15] 

investigates phase noise considered in higher order 

modulation schemes. 

 Further, performance of new digital filters for electronics-

related signal processing is presented in the research literature 

[16] and phase noise suppression is dealt in the research work 

[17]. However, digital filters are also represented by their 

impulse response, such as finite impulse response (FIR) filter 

and infinite impulse response (IIR) filter [18]. FIR exhibits 

stability due to the presence of the zeros in the transfer 

function and poles at the origin. On the other hand, IIR filters' 

stability is dependent on the poles whenever they are within 

the unit circle. Research literatures from [5-17] present 

excellent work done with respect to various signals and its 

corresponding digital filters. This research article addresses 

research problem for measurement of low frequency and high 

frequency signal concatenated with noise where its research 

goal is to recover the signal using a digital filter. Further, the 

measured low and high frequency signals can be used for 

signal transmission and reception using OFDM scheme. 

In this research article, Section 1 outlines the introduction 

for signal measurement and possible filters for signal entities 

with research works done. Section 2 provides the signal 

transmission and reception methodology for low frequency 

signal and high frequency signal. Section 3 presents the noise 

statistics having Gaussian distribution along with its mean and 

variance. Section 4 gives the results and discussion for 

measurement of low frequency signal and high frequency 

signal and their data transmission using the OFDM modulation 

scheme. Section 5 pertains to the conclusion of this research 

work. 

 

2. SIGNAL TRANSMISSION AND RECEPTION 

METHODOLOGY 

 

Signal transmission and reception experience noise and it 

requires measurement for signal detection when used in 

wireless systems applications. Low frequency and high 

frequency signals generated from digital sources such as 

computers, smartphones, and digital cameras are prone to get 

affected by noise which is undesirable. A high frequency 

signal fh=10MHz with a sampling frequency of 200 MHz as 

shown in Figure 1, can be transmitted from a wireless system 

which is represented as 

 

𝑦ℎ(𝑛) = 20 cos (2𝜋 (
𝑓ℎ

𝑓𝑠

) 𝑛 + 𝜃)  ℎ(𝑛) + 𝑔𝑛𝑜(𝑛) (1) 

 

where, h(n) represents the wireless channel which can be flat 

fading or frequency selective fading [19]. High frequency 

signals offer very high bandwidth, such as OFDM and are 

prone to being affected by noise. Distribution of noise is given 

by its probability distribution function and probability density 

function where measurement of signal parameters such as 

amplitude, time, frequency and magnitude gain significance. 

Figure 2 shows a high frequency signal observed in time 

domain with a specified number of samples. 

 

 
 

Figure 1. High frequency signal at fh=10MHz 

 

 
 

Figure 2. High frequency signal for 100 samples 

 

𝑦𝑙(𝑛) = 20 cos (2𝜋 (
𝑓𝑙

𝑓𝑠

) 𝑛 + 𝜃)  ℎ(𝑛) + 𝑔𝑛𝑜(𝑛) (2) 

 

 
 

Figure 3. Low frequency signal at fl=20Hz 
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Figure 3 portrays a low frequency signal fl=20Hz 

transmitted and received with a sampling frequency of 1kHz 

and Figure 4, shows its time domain representation.  

 

 
 

Figure 4. Low frequency signal for 100 samples 

 

 

3. NOISE SIGNAL STATISTICS 

 

Noise is a random signal defined by its statistical parameters 

mean and variance which are relevant to the concerned 

distribution it follows. Noise affects the signal either in the 

transmitter or in the receiver, and it needs to be assessed for 

signal detection. Distribution followed by noise can be 

Gaussian specified by its probability density function (PDF) 

[19] with mean 𝜇𝑥 = 0 and variance 𝜎𝑥
2 = 1 . The mean of 

noise following Gaussian distrubution can be found from  

 

𝐸(𝑔𝑛𝑜(𝑛)) = ∫ 𝑔𝑛𝑜(𝑛)𝑓𝑔𝑛𝑜
(𝑛)

∞

−∞

𝑑𝑔𝑛𝑜(𝑛) (3) 

 

 
 

Figure 5. Histogram of Gaussian probability density function 

 

Also, variance of the noise with Gaussian distribution can 

be given as  

 

𝑉𝑎𝑟(𝑔𝑛𝑜(𝑛)) = ∫ 𝑔𝑛𝑜
2 𝑓𝑔𝑛𝑜

(𝑛)
∞

−∞

𝑑𝑔𝑛𝑜(𝑛)

− [∫ 𝑔𝑛𝑜(𝑛)𝑓𝑔𝑛𝑜
(𝑛)

∞

−∞

𝑑𝑔𝑛𝑜(𝑛)]

2

 

(4) 

 

where it is the difference between the second moment and the 

square of its mean value. Figure 5 shows the histogram of 

Gaussian probability density function, which is obtained in the 

form of bins. Figure 6 shows Gaussian density function 

observed for 100 samples. 

Figure 7 shows a noise signal based on Gaussian 

distribution where the maximum peak values can determine its 

mean and variance. Gaussian noise considered in this research 

article has a potential impact in frequency ranges starting from 

low frequency range of a few Hz and high frequency ranges 

from MHz to GHz. However, other noise sources are not 

deemed significant and are only available at specified 

frequency ranges. 

 

 
 

Figure 6. Gaussian density function observed for 100 

samples 

 

 
 

Figure 7. Noise signal following Gaussian distribution 

 

 

4. RESULTS AND DISCUSSIONS 

 

Simulation results are done in matrix laboratory (MATLAB) 

simulation environment for measurement of low frequency 

and high frequency signals using digital filter in fading 

channel environment using orthogonal frequency division 

multiplexing (OFDM) modulation scheme. Low frequency 

signals in the range of 20 Hz, a direct current (DC) signal and 

high frequency signal of 10MHz are observed when 

concatenated by noisy environment. The noise concatenated 

signals following Gaussian distribution are 

reconstructed/recovered using digital infinite impulse 

response (IIR) filter specified by its poles and zeros in the 
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transfer function. The reconstructed signal is transmitted using 

OFDM modulation scheme [14, 17] which uses inverse fast 

Fourier transform (IFFT) at the transmitter and fast Fourier 

transform (FFT) at the receiver.  Such OFDM scheme when 

used for data transmission and reception can be efficient as it 

uses different subcarriers. To assess OFDM based system 

performance, the probability of error against signal to noise 

ratio for different subcarriers is observed. 

 

 
 

Figure 8. Noise corrupted high frequency signal 

 

Figure 8 shows an affected high frequency signal following 

Gaussian distribution where the signal gets completely 

changed in terms of its amplitude, time and frequency range. 

However, noise concatenated signal needs to be 

suppressed/removed for noise and the signal needs to be 

measured for its parameters. To recover the signal and 

measure its parameters a digital filter [18] with IIR type can 

be employed having a transfer function 𝑇𝑑𝑖𝑔𝑖𝑡𝑎𝑙(𝑍) which is 

mathematically represented as  

 

𝑇𝑑𝑖𝑔𝑖𝑡𝑎𝑙(𝑍) =
𝑛𝑢𝑚(𝑍)

 𝑑𝑒𝑛(𝑍)
=

𝐾

[1 + 𝑝1𝑧−1 + 𝑝2𝑧−2]
 (5) 

 

where num(Z) is the numerator of the transfer function and 

den(Z) is the denominator to represent the digital filter in IIR 

modality. The digital filter pole values are -1.90 and 1 

numerator K parameter value is 0.05 which aid to reconstruct 

the high frequency signal. 

 

 
 

Figure 9. Filtered reconstructed signal at higher frequency 

ranges 

 

Figure 9 shows the reconstructed signal at higher frequency 

ranges. The filter used is a digital IIR filter which reconstructs 

the signal based on the poles and zeros of the transfer function. 

Initially, the amplitude of the reconstructed/recovered signal 

is very low and it gradually increases based on the poles of the 

digital filter [18]. Figure 10 shows the frequency response of 

digital filter having a magnitude response and a phase response 

with respect to its normalized frequency. 
 

 
 

Figure 10. Frequency response of digital filter 
 

 
 

Figure 11. Low frequency signal DC signal 
 

 
 

Figure 12. Gaussian noise signal 
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Figure 13. Noise corrupted low frequency signal 

 

 
 

Figure 14. Filtered recovered signal at lower frequency 

ranges 

 

Figure 11 shows a low frequency DC signal with a fixed 

amplitude observed over a time period of 100 samples. DC 

signal is considered to have the same amplitude of 20 volts for 

entire time duration and Figure 12 represents a Gaussian noise 

signal. 

Figure 13 shows noise corrupted/concatenated signal at low 

frequency ranges which infers that its signal parameters 

amplitude, time period and frequency cannot be measured. On 

the other hand, Figure 14 shows the reconstructed signal by 

using a digital filter. Table 1 provides the simulation values 

and their associated parameters considered. 

 

Table 1. Simulation parameters and simulation values 

 
Simulation Parameters Simulation Values 

Low Frequency Signal  20 Hz  

High Frequency Signal 10 MHz 

Sampling Signal 1kHz, 200 MHz 

Noise Signal  Gaussian Distributed Signal 

Mean μx = 0 and Variance σx
2 = 1  

Digital Filter   Infinite Impulse Response Filter 

Modulation for Data 

Transmission 

Orthogonal Frequency Division 

Multiplexing 

OFDM Subcarriers 64,128,256,512 

 

 
 

Figure 15. Probability of error against signal to noise ratio 

(SNR) for OFDM modulation schemes 

 

Figure 15 shows the probability of error against signal to 

noise ratio (SNR) for the orthogonal frequency division 

multiplexing scheme for the signal considered. The error 

reduces when the SNR value increases for various subcarrier 

values. To achieve a probability of error of 0.2, SNR is 11dB, 

when the subcarrier values are less. Further on increasing the 

number of subcarriers, it takes more than 20dB to obtain 

specified probability of error. Signal data is effectively 

transmitted and received in considered wireless system 

applications where it can possess a single antenna or multiple 

antennas employing diversity schemes [20]. Diversity 

schemes increase system gain, which can provide an 

enhancement in overall wireless system performance. 

 

 

5. CONCLUSIONS 

 

This research article provides measurement of signal at high 

frequency and low frequency concatenated by Gaussian noise 

for wireless systems applications pertaining to data 

transmission and reception. Digital filters can reconstruct 

signal operating in specified frequency ranges based on its 

transfer function. Efficient signal reconstruction is obtained 

via digital filters, from which signal parameters amplitude, 

time period and frequency are measured. Reconstructed 

signals are mapped using an orthogonal frequency division 

multiplexing scheme for data transmission and reception in 

wireless applications. As an extension of future work, by 

exploring possible signal processing techniques, digital filters 

can be considered for the measurement of signal parameters 

for upcoming present-day wireless technologies. 
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