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Abstract—Magnetic Resonance Imaging (MRI) is a very 

versatile diagnostic tool for non-invasive analysis of human organ 

functions, without use of ionizing radiations. Loud operating sound 

is the major challenge associated with the MRI technology, 

reaching up to 130dB. This paper analyses and compares the 

spectral properties of acoustic noise produced in the examination 

room of the mobile imaging trailer based 1.5 Tesla MRI system, 

during different scanning sequences of image acquisition. The 

analysis is useful in understanding the dynamic behavior of the 

sound generated inside the examination room to develop the noise 

reduction strategy. 

 

Keywords—magnetic resonance imaging; acoustics; spectral 

analysis 

I. INTRODUCTION 

AGNETIC Resonance (MR) Imaging (MRI) is a tool 

used to analyze the internal functions of human organs 

by utilizing a strong magnetic field and radio waves to produce 

detailed 3D images. MRI holds significant importance in the 

medical diagnosis field and is safer as it does not use harmful 

ionizing radiation [1]-[3]. One major challenge with MRI is the 

high acoustic noise levels associated with its operation. This 

noise is primarily caused by the generation of the Lorentz force 

(electromagnetic force) when electric current passes through the 

gradient coil in the presence of a strong static magnetic field. 

The clarity, spatial resolution, and quality of the acquired image 

are proportional to the magnetic field strength and the fast 

switching of the gradient field, leading to higher Lorentz forces 

and, consequently, higher acoustic noise levels. Studies have 

reported acoustic noise levels reaching above 130 dB during 

image acquisition in MRI systems with high magnetic field 

strength [4]-[11]. Along with psychological effects such as 

anxiety, stress, and hypertension, this noise can cause serious 

issues, including temporary or permanent hearing loss in 

patients [12]-[13]. The noise generated during MRI can also 

interfere with brain signal stimulation, potentially leading to 

incorrect results in functional MRI (fMRI) of the brain [14]-

[16]. 

The use of hearing protection is mandatory for patients 

undergoing MRI scans. Although it reduces exposure to 

acoustic noise, it does not eliminate patient discomfort [17]-

[18]. Noise reduction methods are divided into two categories: 

controlling the generation of sound and controlling the 

propagation of sound. Modifying and optimizing the electrical 

input to the gradient coil can reduce noise but often at the 
 

 
This work was supported by the Faculty of Mechanical Engineering and 

Robotics, Department of Mechanics and Vibroacoustics, AGH University of 

Science and Technology, Al. Adama Mickiewicza 30, 30 - 059 Kraków, Poland 
from the finance source: 16.16.130.942.  

expense of image quality [19]. On the other hand, hardware 

modifications to control noise propagation can be financially 

expensive and technologically challenging [20]. Classical noise 

control strategies, such as enclosures, barriers, absorbers, and 

silencers, along with active noise cancellation systems, can 

provide more reliable solutions for reducing MRI noise [21]-

[24]. 

The MRI system is surrounded by the air inside the 

examination room which acts as a medium for propagation of 

progressive sound waves generated during MRI. These waves 

are received by the human auditory system as a noise [25],[26]. 

This acoustic signal has harmonic characteristics and possess 

significant components of frequency spectrum in the audio 

frequency range. Due to the harmonic nature of the MRI 

acoustic signal, spectral analysis methods similar to those used 

for voiced speech signal analysis can be employed [27],[28]. 

The main motivation for this work was to compare the 

spectral properties of the acoustic noise generated near MRI 

equipment during image acquisition using different scanning 

sequences. The input parameters of the electrical signal 

provided to the gradient coil vary with different scanning 

sequences, leading to expected changes in the spectral 

properties of the acoustic noise. This study investigates the 

dynamic nature of the spectral properties between and within 

scanning sequences. The results will help tailor noise reduction 

strategies to make MRI more comfortable for patients and aid in 

designing acoustic walls to minimize the transfer of vibrations 

and acoustic noise to adjacent rooms, such as the control room 

[29]-[32]. 

II. MATERIALS AND METHODS 

A. Acoustic measurements (data collection): 

The sound signal data was collected for 1.5 Tesla MRI system 

(Make: Phillips, Model: Ingenia 1.5 T MR) having maximum 

gradient strength of 45 mT/m and slew rate of 200.00 T/m/s at 

the test facility of JMP MEDICALS, Ostrów, Poland. The wave 

signal of noise generated during MRI was recorded with free 

field condenser omnidirectional microphone (SVANTEK 

7052E) of ½ inch diameter with frequency range of 20-20000 

Hz. The microphones were positioned at 2-meter distance from 

MRI isocenter at the height 30 cm above the patient bed and axis 

was aligned with MRI bed. The microphone was connected to 

the sound level meter (Make: SVANTEK, model: SVAN971) 

by shielded cable and controlled by Zoom H6. The doped water 
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phantom was kept in the MRI scanning cavity. The data 

collection setup is presented in the Fig. 1. The investigation was 

carried out for the scanning sequences, namely: Diffusion 

Weighted Imaging (DWI), Diffusion Weighted Imaging - 

Oscillating Gradient (DWI-OG), Diffusion Weighted Imaging - 

Turbo Spin Echo (DWI-TSE). The parameters of these 

sequences are listed in the Table 1. 

(a) 

 

(b) 

Fig.1. Sound measurement setup (a) Inside the examination room (b) Setup 
in control room 

 

B. Spectral analysis of the s MRI noise: 

A spectrogram is a best way to visualize the basic spectral 

properties in the signal processing. The interesting parts in the 

acoustic noise signal form MRI are identified as region of 

interest (ROIs) and are important for understanding the dynamic 

behavior of noise. In the preprocessing the recorded signals 

were normalized to amplitude to ensure the signals were in 

suitable format for the spectral analysis. The normalized 

amplitude of signal is denoted by 𝑠(𝑡). The smoothed spectra of 

the signal can be calculated by using the Welch’s method. The 

periodogram of the signal indicating the estimate of the power 

spectral density (PSD) is calculated from 𝑁𝐹𝐹𝑇 −point Fast 

Fourier Transform (FFT), where 𝑁𝐹𝐹𝑇  represents the number of 

points for Fourier transform evaluation. The obtained PSD from 

𝑁𝐹𝐹𝑇 −point FFT is expressed in the logarithmic scale as 

𝑑𝐵 𝐻𝑧⁄  .The difference between the PSDs of the signals can be 

estimated by spectral distance (𝐷𝑅𝑀𝑆) evaluated in dB as the 

root mean squared value up to one half of the sampling 

frequency (f
s
). The mathematical formulation for the PSD 

estimation using the Welch’s method is shown in Eq. (1).  

𝑃𝑥𝑥(𝑓) =
1

𝐿
∑ (Ϝ(𝑤(𝑛)𝑥𝑖(𝑛)))

2𝐾−1

𝑖=0
 (1) 

where 𝑃𝑥𝑥(𝑓)  is the power spectral density which is function 

of frequency (𝑓) , Ϝ denotes the Fourier transform, 𝑤(𝑛) is the 

window function,  𝑥𝑖(𝑛) is the 𝑖𝑡ℎ  segment of the signal, 𝐾 is 

the number of segments and 𝐿 is the length of each segment. 

In addition to the basic spectral properties such as spectral 

centroid and spread, the complimentary spectral properties such 

as spectral skewness, kurtosis, and spectral flatness. These 

properties provide deeper insights about the characteristics of 

the sound signal.  

The expression for the spectral centroid (𝐶) is calculated as 

follows: 

 𝐶 =
∑ 𝑓𝑖𝑃𝑥𝑥(𝑓𝑖)𝑁−1

𝑖=0

∑ 𝑃𝑥𝑥(𝑓𝑖)𝑁−1
𝑖=0

 (2) 

where, N is number of frequency bins in the signal.  

The spectral spread (𝜎) is calculated using the following 

equation: 

 𝜎 = √ 
∑  (𝑓𝑖−𝐶)

2 
𝑃𝑥𝑥(𝑓𝑖) 𝑁−1

𝑖=0

∑ 𝑃𝑥𝑥(𝑓𝑖)
𝑁−1
𝑖=0

 (3) 

The expression for Spectral skewness (𝑆𝑆) is presented as 

follows: 

 𝑆𝑆 =
∑  (

𝑓𝑖−𝐶

𝜎
)

3

𝑃𝑥𝑥(𝑓𝑖)
𝑁−1
𝑖=0

∑ 𝑃𝑥𝑥(𝑓𝑖)
𝑁−1
𝑖=0

 (4) 

 

TABLE I 

SUMMARY OF THE SCANNING SEQUENCES USED IN 1.5 TESLA MRI SCANNER 

Sr. No Quantity DWI DWI-TSE DWI-OG Unit 

1 Static field strength, (B0) 1.5 1.5 1.5 Tesla (T) 

2 Repetition time, (TR) 2623 3329 2957 milliseconds  

3 Echo time, (TE) 83 72 85 milliseconds  

4 Number of slices 22 18 22 - 

5 Slice thickness 1 1 1 millimeters (mm) 

6 Field-of-view 79x79 x131 230x196 x107 230x230 x131 millimeters (mm) 

7 Duration (T) 36 261 36 Seconds (sec) 

Table shows the configuration of the 1.5 MRI scanner sequences 
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The expression for Spectral kurtosis (𝑆𝐾) is calculated using 

 

Fig. 2. Flow chart of spectral analysis 

the following relation: 

 𝑆𝐾 =
∑ (

𝑓𝑖−𝐶

𝜎
)

4

𝑃𝑥𝑥(𝑓𝑖)
𝑁−1
𝑖=0

∑ 𝑃𝑥𝑥(𝑓𝑖)
𝑁−1
𝑖=0

 (5) 

Spectral Flatness (𝑆𝐹) is calculated using the following 

equation: 

 𝑆𝐹 =
exp(

1

𝑁
 ∑ ln 𝑃𝑥𝑥(𝑓𝑖)𝑁−1

𝑖=0 )

1

𝑁
 ∑ 𝑃𝑥𝑥(𝑓𝑖)

𝑁−1
𝑖=0

 (6)  

The spectral skewness evaluates the asymmetry of the power 

distribution around the spectral centroid indicating presence of 

outliners in the frequency domain. Spectral kurtosis measures 

the multi-peaks of the spectral revealing the extremity of 

deviation from normal distribution. Spectral flatness is the 

measure of the periodicity of the sound signal comparing the 

geometric mean to the arithmetic mean of the PSD. The 

flowchart of the analysis is presented in the Fig. 2.  

III. RESULTS 

The acoustic noise generated by the MRI scanner in the 

examination room, during the different scanning sequences such 

as DWI, DWI-OG, DWI-TSE were recorded. The sampling 

frequency the measurement system was set to be 12000 Hz. The 

WAVE data of the sound signals were stored and transferred to 

computer from the sound level meter. Before analysis the sound 

signal were preprocessed. The preprocessing of the signal 

involved normalization of the signal which was important 

aspect to ensure uniformity of the signals for comparison of the 

spectral properties. The normalized amplitude of the signal is 

represented by 𝑠(𝑡) over the duration of recording and the 

waveforms of the recorded sound signal using the microphones 

during the different scanning sequences are shown in figure 3. 

As shown in Fig. 3, the spectrograms of the signal were 

evaluated to depict the dynamics of the frequency content of the 

signals for all scanning sequences. The power intensity in the 

spectrogram is represented as dB relative to 1 Pa2  Hz⁄ . 

The single sided FFT spectrum referring to the half of the 

sampling frequency was evaluated for the waveforms of all 

sequences and are shown in the figure 4. The Welch’s method 

was incorporated to obtain the smoothened spectral envelope of 

the signal to identify the dominant frequencies with high power 

spectral density. The frame duration of for computation of PSD 

was taken to be 25 milliseconds and the hamming window was 

applied to each segment under analysis. The overlap coefficient 

of the frames was taken to be 75 % in order to improve the 

frequency resolution of the PSD. The comparison of the 

Welch’s power spectral density estimate calculated for the DWI, 

DWI-OG and DWI-TSE is shown in the Fig. 5. The statistical 

comparison of the spectral flatness evaluated for different 

scanning sequences is depicted in the Fig. 6.  
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Fig. 3. Normalized waveform of acoustic signals and their respective spectrograms 

 

Fig. 4. Single sided FFT spectrum of the acoustic noise during DWI, DWI-OG, and DWI-TSE sequence 

  

Fig. 5. Comparison of PSD estimate by Welch’s method Fig. 6. Comparison of spectral flatness of signals 
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TABLE II 

RESULTS FROM SPECTRAL ANALYSIS OF COMPLETE ACOUSTIC NOISE SIGNAL FOR DWI, DWI-OG, AND DWI-TSE 

Scanning sequence 
Dominant frequencies (Hz) Spectral features 

(1) (2) (3) Spectral centroid Spectral spread Spectral skewness Spectral Kurtosis 

DWI 1091.9 1333.4 450.42 1055.1983 (Hz) 592.014 (Hz) 1.4468 8.3546 

DWI-OG 512.63 1101.6 1523.4 834.058 (Hz) 482.9576 (Hz) 2.1214 11.7917 

DWI-TSE 539.06 1265.6 1078.1 1162.3818 (Hz) 653.644 (Hz) 1.1726 5.348 

The spectral analysis revealed the distinct characteristics for 

DWI, DWI-OG, and DWI-TSE scanning sequence. Each 

sequence shows unique dominant frequencies and spectral 

features as represented in the Table 2. It was observed that the 

dominant frequencies are varying in between 450 Hz to 1525 

Hz. Notable, DWI-OG had highest spectral skewness (2.1214) 

and kurtosis (11.7917), indicating a more asymmetrical and 

peaked spectral distribution compared to others. 

The spectral analysis of the region of interest with shorter 

duration allows to detect the transient events which might be 

averaged out of missed in a longer signal analysis. This is 

particularly important in developing the noise reduction 

strategy. The 2 second duration ROIs in the acoustic noise signal 

were identified visually and considered for spectral analysis as 

shown in the Fig. 7, which depicts identification of ROIs in the 

acoustic signal from DWI sequence. 

The comparison of the ROIs in each sequences DWI, DW-

OG, and DWI-TSE is presented in the Fig. 8. The difference 

between the PSD of the ROIs was calculated with spectral 

distance. The 𝐷𝑅𝑀𝑆 for the ROI1 and ROI2 are 3.91 dB, 2.34 dB 

and 6.91 dB for scanning sequence DWI, DWI-OG, and DWI-

TSE respectively. The spectral flatness of the ROIs was 

compared and presented in the figure 8, which depicts variation 

in the flatness measure withing the signal. All the spectral 

flatness measures for the ROIs of sequences are less than 0.1 

indicating the voiced nature of the signal. The spectral 

properties such as spectral centroid, spectral spread, spectral 

skewness, and spectral kurtosis are listed in the Table 3. The 

ROIs of DWI-OG were observed to have high spectral kurtosis 

as compared to other, indicating the strong noise during the 

sequence. 

 

 

  

Fig. 7. Depiction for identification of ROI in the DWI sequence

 

 

  
             ROI1           ROI2 
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(a) (b) 

  

(c) (d) 

  

(e) (f) 

Figure 8. Comparison of ROIs of acoustic noise, (a) PSD comparison of ROIs in DWI sequence, (b) Spectral flatness of the ROIs in DWI, (c) PSD comparison 

of ROIs in DWI-OG sequence, (d) Spectral flatness of the ROIs in DWI-OG, (e) PSD comparison of ROIs in DWI-TSE sequence, and (f) Spectral flatness of the 

ROIs in DWI-TSE. 

TABLE III 

COMPARISON OF SPECTRAL PROPERTIES OF THE ROIS OF ACOUSTIC NOISE DURING DWI, DWI-OG, AND DWI-TSE 

Sequence Region of Interest (ROI) Spectral Centroid (Hz) Spectral Spread (Hz) Spectral Skewness Spectral Kurtosis 

DWI 
ROI 1 1075.5646 536.8498 1.3755 7.7733 

ROI 2 1082.1688 593.4671 1.584 8.52 

DWI-OG 
ROI 1 828.1218 488.7577 2.2762 11.9522 

ROI 2 843.5903 489.9879 1.9617 11.081 

DWI-TSE 

ROI 1 1200.0907 666.1893 1.1178 4.9512 

ROI 2 830.1233 483.9986 2.0782 11.6263 
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IV. DISCUSSION 

The comprehensive spectral analysis of MRI sound signals 

performed for three different scanning sequences (DWI, DWI-

OG, and DWI-TSE) offers deep insights into their spectral 

characteristics. These findings have revealed significant 

implications for diagnostic imaging as well as therapeutic 

applications, specifically in the development of noise reduction 

strategies in the MRI scanning room, which can enhance patient 

comfort and the overall MRI experience as well as ensuring 

safety of the staff in adjacent room by reduction of transmission 

of the noise. 

The spectral centroid values from the three scanning 

sequences under analysis show distinct difference in their 

frequency content, revealing the critical insights into the energy 

distribution of the signals. Here, DWI and DWI-TSE have 

higher spectral centroids (1055.1983 Hz and 1162.3818 Hz, 

respectively) compared to DWI-OG (834.058 Hz). This implies 

that DWI and DWI-TSE scans possess higher frequency 

components, likely due to the specific gradient encoding and the 

rapid switching of gradients inherent in these sequences. The 

low value of the centroid in DWI-OG indicates the dominance 

of lower frequency components, which is likely resulting from 

the absence of rapid gradient switching. DWI and DWI-TSE 

contribute to the perceived loudness and discomfort during the 

MRI scans because of their higher frequency components. 

Analysis of the spectral spread revealed the dispersion of the 

spectrum around its centroid, which provided a measure of the 

frequency bandwidth of the signal. DWI-TSE exhibits the 

highest spectral spread (653.644 Hz), followed by DWI 

(592.014 Hz) and DWI-OG (482.9576 Hz). The broader spread 

in DWI-TSE implies effect of the additional gradient and radio-

frequency pulses used in turbo spin echo sequences, which is 

main cause for a wider range of frequencies. The narrower 

spread in DWI-OG suggests a highly concentrated frequency 

distribution, arising due to its simpler gradient structure. The 

broader spectral spread in DWI-TSE reveals the complex 

acoustic environment, which poses a challenge for noise 

reduction but also provides an opportunity to design more 

effective noise absorption panels tailored to these specific 

frequency ranges [33]-[35]. 

Results from the analysis of spectral skewness and kurtosis 

provided insights into the shape and symmetry of the spectral 

distribution. DWI-OG presented the highest spectral skewness 

(2.1214) and kurtosis (11.7919), resulting a more asymmetric 

and peaked spectrum. This implies the predominance of 

frequency components in DWI-OG, resulting from gradient 

interactions that emphasize specific frequencies. In contrast, 

DWI and DWI-TSE have lower skewness and kurtosis values, 

suggesting more symmetrical and flatter spectral distributions. 

Spectral flatness depicted the uniformity of the power spectrum 

during the scanning sequences. The analysis indicates varying 

degrees of flatness among the sequences, with DWI-OG having 

a lower spectral flatness, which indicates a peakier spectrum. 

This confirms with its higher skewness and kurtosis. DWI and 

DWI-TSE, with higher spectral flatness, exhibit more uniform 

spectral characteristics, indicating a more balanced distribution 

of power across frequencies. For all scanning sequences the 

overall spectral flatness we observed to be lower than 0.1, which 

signifies that the sound signal is tonal, with very pronounced 

peak in its frequency spectrum. This implies that the most of 

signal’s energy is concentrated about certain specific 

frequencies making it less noise like and more alike the pure 

tones. The low spectral flatness reveals that the noise has 

distinct tonal components, which could be more discomforting 

to the patient under examination as compared to more uniform 

noise distribution. These findings are crucial for understanding 

the asymmetry and peakiness of the spectral distribution, which 

can guide the selection of materials and structures that are most 

effective in absorbing these specific frequencies [36],[37].  

Further analysis of specific ROIs within the sound signals 

provides deeper insights into localized spectral characteristics. 

The ROI analysis highlights the importance of evaluation of the 

localized spectral features, as they reveal subtle differences in 

signal behaviour that may not be apparent in the overall spectral 

analysis. The RMS spectral distance between the ROIs showed 

notable difference, emphasizing the distinct spectral properties 

associated with each scanning sequence. The values of 

𝐷𝑅𝑀𝑆  indicates the DWI-OG sequence is most spectrally similar 

among the three sequences, which indicates consistent spectral 

profile within the sequence. While, DWI-TSE has highest 

𝐷𝑅𝑀𝑆  of 6.91 dB indicating most variation in spectral 

characteristics of ROIs. The spectral properties of the ROIs in 

the DWI and DWI-TSE sequence have higher spectral centroids 

and spread, revealing that these regions are brighter and gave 

more varied frequency content. ROIs in the DWI-OG sequence 

are characterised by higher skewness and kurtosis highlighting 

their asymmetrical and peaked spectral nature. This localised 

analysis reveals the dynamic nature of the signals and are crucial 

for identification of specific frequency bands that require 

targeted absorption. By focusing on these critical areas, the 

effectiveness of noise reduction can be significantly enhanced, 

leading to a quieter and more comfortable MRI environment. 

V. CONCLUSION 

This study presents a detailed spectral analysis of MRI sound 

signals generated by a 1.5 Tesla MRI scanner recorded from 

three distinct scanning sequences: DWI, DWI-OG, and DWI-

TSE. A comprehensive analysis of the basic and complementary 

spectral characteristics was performed. The power spectral 

density of the signal was evaluated using Welch’s method, and 

the dominant frequencies associated with the scanning 

sequences were identified to vary between 450 Hz and 1525 Hz. 

The DWI-OG sequence revealed the highest spectral skewness 

(2.1214) and kurtosis (11.7917), indicating a more 

asymmetrical and peaked spectral distribution compared to 

others. To obtain a more detailed analysis of the signals, the 

ROIs of 2 seconds were identified, and spectral characteristics 

were evaluated and compared within the same scanning 

sequences. The analysis of ROIs revealed a high spectral 

distance in the DWI-TSE sequence, indicating a significant 

difference in spectral profile, while DWI-OG ROIs showed a 

consistent spectral profile. The spectral flatness (Weiner 

entropy) analysis revealed that DWI and DWI-TSE sequences 

possess higher flatness, indicative of a more uniform frequency 

distribution, whereas DWI-OG’s lower flatness denotes a more 

pronounced peak. The overall spectral flatness for all sequences 

was identified to be below 0.1, indicating the signal's energy is 

concentrated around specific frequencies. The focused analysis 

of ROIs within the sound signals allowed for a granular 

understanding of localized spectral features. This is particularly 
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valuable for designing noise absorption panels tailored to 

specific frequency bands, enhancing noise reduction, and 

improving patient comfort during MRI. Future work should 

explore advanced materials and methods to further optimize 

acoustic environments in MRI facilities, ensuring both 

operational efficiency and patient comfort. 
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