
 
Plagiarism Checker X Originality Report 

Similarity Found: 12% 

 

Date: Wednesday, April 07, 2021 

Statistics: 506 words Plagiarized / 4247 Total words 

Remarks: Low Plagiarism Detected - Your Document needs Optional Improvement. 

------------------------------------------------------------------------------------------- 

 

Bulletin of Electrical Engineering and Informatics Vol. 9, No. 4, August 2020, pp. 

1468~1476 ISSN: 2302-9285, DOI: 10.11591/eei.v9i4.1956 ? 1468 Journal homepage: 

http://beei.org Machinery signal separation using non-negative matrix factorization with 

real mixing Anindita Adikaputri Vinaya 1, Sefri Yulianto2, Qurroin y a kt ia 3, Dhany 

Arifianto4, Aulia Siti Aisjah5 1,2,3Department of Engineering Management, Universitas 

Internasional Semen Indonesia, Indonesia 4,5Department of Engineering Physics, Institut 

Teknologi Sepuluh Nopember, Indonesia Article Info ABSTRACT Article history: Received 

Aug 16, 2019 Revised Oct 18, 2019 Accepted Dec 11, 2019 A big challenge in detecting 

damage occurs when the sound of a machine mixes with the sound of another machine. 

This paper proposes the separation of mixed acoustic signals using Non-negative Matrix 

Factorization (NMF) method for fault diagnosis.  

 

The NMF method is an effective solution for finding hidden parameters when the 

number of observations obtained by the sensor is less than the number of sources. The 

real mixing process is done by placing two microphones in front of the machine. Two 

microphones will be used as sensors to capture a mixture of four machinery signals. 

Performance testing of signal separation is done by comparing baseline signals with 

estimated signals through the mean log spectral distance (LSD) and the mean square 

error (MSE).  

 

The smallest spectral distance between thestimatedsignan e aselie al fondin 2wit e 

LSo12.Thesti gal 2is e sest e aselie al with MSE of 1.15 x 10-2. The pattern of bearing 

damage in the male screw compressor can be identified from the spectrum of estimated 

signal through hnfreqenas e matedsignS ichis enat 1 fundamental frequency, 12x 

fundamental frequency, 15x fundamental frequency, and 16x fundamental frequency. 
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process in industry can not be separated from the use of machines. One of the 

important machinery and widely used in the industry is rotating machinery. Monitoring 

of machine conditions is very important to do in the industry [1]. The acoustic signal can 

be used to analyze the condition of the machinery beside the vibration signal.  

 

The characteristics of each machine can be distinguished from the pattern formed [2-4]. 

Mixing of one signal with another signal is a common condition which can make 

destruction of the original signal. Separation of machinery signals is needed to get a 

signal that approaches the original signal [1, 5]. Blind Source Separation (BSS) is a 

technique to separate a mixed signal in a "blind" state. In this case the "blind" is not 

knowing the mixing signal, only knowing the mixed signal [6]. In the BSS technique, 

several methods can be used to separate acoustic emission signals. One of them is 

Independent Component Analysis (ICA).  

 

By an assumption on the statistical independence between the source signals, BSS has 

been successfully tackled by ICA, which has become a standard statistical Bulletin of 
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ICA derivative method, FastICA, has been used by Ghita et al. to separate signals both in 

artificial mixing and in actual mixing. Mixed signals from 4 human voices were obtained 

from 4 sensors. Each source signal in the two blends carried out was reconstructed 

successfully [8]. The same method is also used by Farhat et al. to separate gear signals.  

 

Healthy and damaged wheel components were identified [5]. Ajami et al. used ICA to 

identify the condition of a real turbine system. The PCA approach is also used to help 

reduce the dimensions of the data obtained. The results showed that the method was 

effective in identifying damage [9]. The combination of ICA and SVM was proposed by Ji 

and Zhang in the diagnosis and classification of engine damage [10]. The combination 

of ICA and ensemble Empirical Mode Decomposition (EMD) methods succeeded in 

separating multiple failures on bearings with different speed variations [11].  

 

The ICA method can generally separate signals well with fast computing time when the 

number of observations is equal or more than the number of sources [12, 13]. One 

method that can be used to find out hidden parameters when the number of 

observations obtained by the sensor is less than the number of sources is non-negative 



matrix factorization (NMF). This method was proposed by Lee and Seung where a 

guarantee of signal independence such as the ICA method is not needed [6]. The NMF 

method has been used to separate audio signals [14, 15], vibration signals [16, 17], EEG 

signals [18], and others.  

 

The signal mixing process has been done in both artificial mixing and real mixing [8]. 

NMF is used by Liang et al. to decompose spectral and frequency bands that indicate 

bearing damage through vibration signals. Verification of the results of the study was 

carried out with a fault machine simulator with an accelerometer as a sensor [16]. 

Separation of machine signals with real mixing is done by Miao et al. using blind source 

separation based on second order statistics [19]. The research object used is two-span 

rotors. The mixed signal is obtained from 3 vibration sensors. Random noise can be 

separated in that study [19]. Wodecki et al.  

 

used the NMF method to identify damage to the gear box on the conveyor belt at the 

real plant. The spectrogram of the vibration signal is used in the analysis of the gear box 

fault [17]. The NMF method can also be combined with neural networks[20] and K 

nearest neighbors[21] for fault diagnosis. The NMF method added by Jiang et al. in the 

incremental broad learning approach (IBL) is more effective than without the addition of 

NMF in diagnosing damage to a three-phase induction motor[22]. The NMF method will 

be adopted to separate the machinery signals in this study.  

 

The real mixing process is done by placing two microphones in front of the machine. 

The microphone will be used as a sensor to capture a mixture of machinery signals. 

Signal representation in the frequency domain will be used in signal analysis. 2. 

RESEARCH METHOD 2.1. Blind source separation Blind Source Separation is a mixed 

signal separation technique to predict the original signal in an unknown condition of the 

mixing process or mixing matrix A. The information obtained is only a mixed signal X. 

This method of signal separation aims to rearrange the original signal S which has been 

mixed [7, 12]. Here is an equation of the BSS method: ( ) ? ( ) ( ) 1, S2, ... .Sl]T.  

 

J is the column vector matrix l x 1 (collection of sources), x consists of [x1, x2, .... xl]T is 

sets of l observed signals, A is m x n matrix. m is the number of sensors and it contains 

mixing coefficients bj(t), and n is the number of sources. Equation 1 is a convolution 

equation in the time domain. We should convert it into the frequency domain using a 

Short Time Fourier Transform (STFT) to increase sparsity through equation [13]: ( ) ? ( ) ( ) 

( ) is window function. In this study, sine window function is used with an overlap of 50% 

and the length of the STFT window is 1024. Signals will be converted into the frequency 

domain by using STFT in which each frequency band can be known independently.  

 



Equation 1 can be written as follows: ( ) ? ( ) ( ) ? ISSN: 2302-9285 Bulletin of Electr Eng & 

Inf, Vol. 9, No. 4, August 2020 : 1468 – 1476 1470 2.2. Non-negative matrix factorization 

In the BSS technique, several methods can be used to separate acoustic emission signals 

[12, 23]. One of them is non-negative matrix factorization (NMF). NMF is an effective 

matrix factorization method for decomposing multivariate data under the boundaries of 

non-negative components[12].  

 

NMF aims to facrthe rh[ W]× H] it n e eddin imesio is mixe twill e decomposed into a 

mixing matrix W and sound source H. In the signal separation process, the matrix [V] 

represents magnitude or spectral power of the signal. The matrices W and H are 

decompositions of the spectrogram [14, 15]. The matrices W and H are randomly 

initialized which have non-negative components. The problem of minimization of 

factoring W and H will be overcome by minimizing divergence: ( ) ( ^ ) is used. The 

Itakura-Saito equation had a statistical solution to the problem of minimizing the 

non-negative matrix [14].  

 

( ) ? ( ) is Itakura Saito based scalar divergence which measures the closeness between 

two signals. The cost function based on Itakura Saito is written in equation 6, where is 

W, H paramaters and ^ is the sum of variance. The likelihood distribution is known to be 

more maximal with the iterative process. One method that can be used is the 

multiplicative update algorithm. The iterative process carried out by this method is a 

process for updating each parameter. The goal is to bring up hidden parameters in each 

channel. The likelihood estimation of W and H is based on the Itakura Saito divergence 

criteria which is er oß dverncewhn 01] is an input in equation 7 and equation 8.  

 

The matrix W and H will be initialized with non-negative values, where ^ =W.H. When 

initializing W and H are entered in the equations, the new W value and H value will be 

obtained. The W and H matrices will be updated so that [ ]˜[ [.Tmatrs wibnomal r 

-iteration step will be applied until reach convergence[15]. In this study, the number of 

iteration used is 500. Wiener filter based on minimum mean square error criteria is 

applied to reconstruct the source signal, after the best likelihood the parameters have 

been found through the iteration process above.  

 

Inverse STFT is used to obtain the source signal in the time domain. Update ( ^ ) ^ 

Update ( ^ ) ^ 2.3. Experimental setup A compressor is a device for compressing gas 

fluid through volume reduction. The compressor functions to increase fluid 

compressibility. GA 37 Rotary screw compressor is an object in this study. The maximum 

capacity of this compressor engine is 10 Bar with 37 kW motor power and 3000 RPM 

rotational speed. In this study, four parts of the compressor machinery will be used as 

sound sources. S1 is the signal source located on the motor that is far from the screw 



compressor, S2 is the signal source located on a motor that is close to the screw 

compressor, S3 is the signal source located on a male compressor screw Bulletin of 
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signal source located on a male compressor screw that is far from the motor.  

 

The location of the source can be seen in Figure 2. Figure 1. Flowchart of mixed signal 

separation Figure 2. Simplified representasion of sound source from the compressor 

machinery used in this study The data collection is done in two stages, i.e., baseline 

signal recording and mixed signal recording. The recording time is five second. At the 

baseline signal recording, Behringer XM1800S cardioid type microphone is placed at a 

distance of 5 cm from the sound source. It is assumed that at that distance, the sound 

signal obtained will approach the engine vibration signal on that side.  

 

At mixed signal recording, two microphones are placed at 90 cm from the sound 

sources with a distance between microphones is 15cm as shown in Figure 3. In this 

study, Behringer XM1800S microphone used as a sound sensor is connected with an XLR 

cable, while the interface used as an analog to digital data converter is USB Audio 

Interface. The baseline signal recording used 44100 Hz as a sampling frequency with 

220500 samples. The sampling frequency adjusts to the minimum sampling frequency of 

the USB audio interface.The downsampling will be applied from 44100 Hz to 8000 Hz 

with the amount of 40000 samples, to accelerate the processing of data. ? ISSN: 
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Figure 3.  

 

Components used in signal recording with real mixing 3. RESULTS AND DISCUSSION 

The recording results from the baseline signal are shown in Figure 4. The spectrum of S1 

to S4 have different characteristics. The lowest peak amplitude value of the others is 

owned by spectrum S1 which is 2.9x10-2 at 594Hz or about 12x the fundamental 

frequency of the machine. The fundamental frequency is obtained from the rotating 

speed of machine which is around 3000RPM. Based on the baseline signal spectrum, the 

fundamental frequency is 49.56Hz. The peak amplitude of S2 and S4 is also located at 

12x the fundamental frequency of the machine but in S4 there is a high amplitude of 

4.3x10-2 which is located at 543.9Hz or around 11x the fundamental frequency. The high 

amplitude possessed in the S3 spectrum are 6.1x10-2 and 4.4x10-2 which are located at 

790.9Hz or 16x the fundamental frequency and 642.6Hz or 13x the fundamental 

frequency.  

 

The mixed signal will go through a signal separation process using the proposed 

method. Fo matedsnalswill bgener otsepatioposs,wherS 1 is an estimated signal from 



S1, S 2 is an estimated signal from S2 ,S 3 is an estimated signal from S3 ,a 4 is an 

estimated signal from S4. The estimated signals are shown in Figure 5.The fundamental 

frequency of the estimated signals is 49.56Hz. This frequency corresponds to the 

fundamental frequency of the baseline signals. The estimated sinal s a peak amplitude 

of 4.8x10-3 at 594.7Hz where the peak amplitude of the baseline signal S1 lies at 594Hz 

or around 12x the fundamental frequency.  

 

Based on the overall spectrum estimation, the peak amplitude of the nalS 1 is the 

smallest compared to other signals where the baseline signal S1 also has the same 

charters.Testi nal 2 has a high amplitude at 11x the fundamental frequency and 12x the 

fundamental frequency while the high amplitude of baseline signal S2 is located at 12x 

the fundamental frequency and 13x the fundamental frequency. Harmonic frequencies 

with high amplitude of the estimated sig 3 are seen at 11x the fundamental frequency, 

12x the fundamental frequency, 15x the fundamental frequency and 16x the 

fundamental frequency, while the baseline signal S3 is located at 12x the fundamental 

frequency, 13x the fundamental frequency, 15x the fundamental frequency and 16x the 

fundamental fruenc he eaalite f ematedsinal 4 is at 12x the fundamental frequency.  

 

It is followed by the emergence of the amplitude at 13x the fundamental frequency 

where it is aligned with the S4 baseline signal. Based on the results of the separation, 

there are differences in the location of the peak amplitude and amplitude shift at some 

high frequencies but the spectrum patterns still have the characteristics and 

compatibility with the baseline signals. In this study, the results of the separation were 

evaluated through the mean log spectral distance (LSD) and the mean square error 

(MSE) shown in Table 1. The lowest LSD is found in S 2 which is 1.26 and the lowest MSE 

value is 1.15 x 10-2.  

 

It shows that the estimated signal S 2 is closest to the baseline signal S2. Bulletin of 
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recording in frequency domain Figure 5. The results of separation process in frequency 

domain ? ISSN: 2302-9285 Bulletin of Electr Eng & Inf, Vol. 9, No. 4, August 2020 : 1468 

– 1476 1474 Table 1. The performance of separation process Signal 1 1.39 1.34 x 10-2 2 

1.26 1.15 x 10-2 3 1.33 1.93 x 10-2 The vibration signal from the accelerometer is used 

to verify the machinery condition in this study.  

 

Based on reports from vibration analysis experts in the industry [25], the compressor 

parts that have significant bearing damage are S3 and S4. One of the results of vibration 

analysis can be seen in Figure 6. Figure 6. Vibration analysis for S3 with bearing fault In 

the vibrational spectrum, the fundamental frequency is 49.375Hz.This bearing damage 



location can be seen from the appearance of high amplitude on the harmonic 

frequencies of bearing defects such as 546.25Hz or around 11x the fundamental 

frequency, 595.625Hz or around 12x the fundamental frequency, 645.625Hz or around 

13x the fundamental frequency, 741Hz or around 15x the fundamental frequency and 

794.75Hz or around 16x the fundamental frequency.  

 

Vibration on S3 and S4 are higher than other machines, which are 6.68mm/s and 

9.36mm/s. Indications of significant damage have not been found in S1 and S2. 

Vibration on S1 and S2 is lower than other machines, which are 3.72mm /s and 

3.50mm/s. Based on the ISO 10816-vibration severity standard, these values are still 

within tolerable limits while the vibrations on S3 and S4 have entered into unacceptable 

conditions and required bearing maintenance. The pattern of bearing damage from the 

separation of the signals shown in Figure 7. There are differences in the location of the 

peak amplitude in Figure 6 and Figure 7. In the vibrational spectrum S3, the peak 

amplitude of 3.13mm/s lies in 595.625Hz or around 12x the fundamental frequency 

while the peak amplitude on the acoustic spectrum S3 lies in 545.2Hz or around 11x the 

fundamental frequency. Ithe ostic ecuo 3, the fundamental frequency is 49.56Hz.  

 

Bearing defect on S3 can still be known based on harmonic frequencies, such as 545.2Hz 

or around 11x the fundamental frequency, 594.7Hz or around 12x the fundamental 

frequency, 743.7Hz or around 15x the fundamental frequency, and 793Hz or around 16x 

the fundamental frequency. Fige .Acosic ecuo 3 Bulletin of Electr Eng & Inf ISSN: 
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machines based on NMF method with real mixing was done in s ud he matedsiS 2 is the 

closest to the baseline signal with the LSD of 1.26 and the MSE of 1.15 x 10-2.  

 

Acoustic signals from each part of the compressor engine have different characteristics. 

Based on experts in the industry, bearing damage is shown in male screw compressors 

S3 and S4 through high amplitudes and harmonic frequency patterns in both vibrational 

and acoustic signals. Based on the ISO 10816-vibration severity standard, maintenance 

and preparation of bearing reserves are required. The severity can be known from the 

vibration signal through its velocity.  

 

In this study, acoustic signals are used to determine the location of damage. The 

acoustic signal has not been used to determine the severity. Some experiments are 

needed to analyze the severity which will be the focus of further research. Based on the 

separation results, a shift in the location of the high amplitude occurs in some estimated 

signals. Nevertheless, the pattern of the spectrum of each signal and an indication of the 

damage can be identified. In future research, differences in bearing patterns such as 



outer race defects, inner race defects, and others will also be analyzed 

ACKNOWLEDGEMENTS We thank the Direktorat Riset dan Pengabdian kepada 

Masyarakat (DRPM), Ditjen Penguatan Riset dan Pengembangan, Ministry of Research, 

Technology and Higher Education which has funded this research (Research 

Collaboration between Universities) with contract number : 

071/SP2H/LT/MONO/L7/2019. REFERENCES [1] Azm,N.,Yu,X Uroj,I.,“Exptal nitinmoitog r 

e etectin f gn and cracked shafts by order analysis , Advances in Mechanical Engineering, 

vol. 11, no 5, pp. 1-11, 2019. [2] Smarn,L,Tjenro Widti Wihi,D.,“Water u anfaus ispat arios 

ucy resotios., Telkomnika, vol. 12, no.1, pp.  

 

97-106, 2014 [3] Wan F,& en X aultDiagnsis oRecipcatig ressoVUsinAco umisn” 2012 

International Mechanical Engineering Congress & Exposition (IMECE2012), Texas,USA, 

2012 [4] So .& Jitend& n,Bapi. llig t eag nionmoitrinu sing filtered acoustic emission . 

International Journal of Electrical and Computer Engineering.vol. 8, no 5, pp. 3560-3567, 

2018 [5] Fat,MD.,Grit,Y.,& n,M,“F – ICA for Mechanical Fault Detection and Identification 

in Elmechical ystefoWin rbe pcatis,” International Journal of Advanced Computer Science 

and Applications, vol. 8, no 7, pp. 431-439, 2017 [6] Lee,DanD.  

 

dSn Seb inthpoojects y on - nve xfactoo, Nature, vol. 401, pp. 788-791, 1999. [7] O. en 

dendt mpnt alysis: gohan allos,” Neural Networks, vol. 13, no 4-5, pp. 411 – 430, 2000. 

[8] Gha,C. ,R.D.,& ann letatio f e astICA ritm u usepo, 9th International Symposium on 

Advanced Topics in Electrical Engineering (ATEE), Bucharest, Romania, pp. 19-22, 2015. 

[9] Aja ,& esh .,“ d pachfofau eo ddootuininthpwer plant using Independent Component 

An alA), International Journal of Electrical Power & Energy Systems, vol. 43, no 1, pp. 728 

– 735, 2012. [10] Ji, P,& an J.  

 

“AnIn au oetho Basedo e - SM” Applied Mechanics and Materials, vol. 740, pp. 523 – 

526, 2015. [11] WanH, R,TanG,Yu Zh CaoX Coondfau iagnsis r llg earinmethdb on 

bdsorce arati mbmpcal ddmpsitin, PLoS One, vol. 9, no 10, pp. 1-13, 2014. [12] Cichocki, 

A., Zdunek, R., Phan, A.H.,& .I. Nonnegative matrix and tensor factorizations: applications 

to exploratory multi-way data analysis and blind source separation, ” John Wiley & Sons, 

2009. [13] NonHassan iar mli Coarve tuy f nSorce ep aration for Bioacoustics Sounds b n 

astICA,Pan , Procedia Computer Science, vol. 126, pp. 363-372, 2018.  

 

[14] Févotte, Cédric, Nancy Bertin, and Jean- Lois rrieu nve x rizatinwit Itaku -Saito 

divergence: With applica tin sic al Neural computation , vol. 21, no 3, pp. 793-830, 2009. 

[15] Ozerov, Alexey, and Cédric Févotte, “Multichannel nonnegative matrix factorization 

in convolutive mixtures for audio source separation,” IEEE Transactions on Audio, 

Speech, and Language Processing, vol. 18, no 3, pp. 550-563, 2010. [16] Lian ,San ,Liu . 

,B. X,G.,“Sarse veloe pfoFre ctinoBearinFlt Basedo , Applied Sciences, vol. 9, no 4, p. 755, 



2019. [17] Woecki,J.,Zdn ,Wyloska,A. Ziz,R. negatifarizatinospgrafolo dge etectinob ver o 

FAC-PapersOnLine, vol. 50, no 1, pp.  

 

4714 – 4718, 2017. [18] Cécilia Damon, A.ntoine Liutkus, Alexandre Gramfo rt,Sm ,“Non 

-negative matrix factorization for single- chnEEartiro, International Conference on 

Acoustics, Speech, and Signal Processing (ICASSP), Vancouver, Canada, pp. 117-1181, 

2013 ? ISSN: 2302-9285 Bulletin of Electr Eng & Inf, Vol. 9, No. 4, August 2020 : 1468 – 

1476 1476 [19] -Mechanical Coupled Fault Feature Extraction Based on Second-order 

2018 International Symposium on Power Electronics and Control Engineering (ISPECE 

2018), Xi'an. China, 2019.  

 

[20] agnosis for diesel valve trains based on non- nve x rizatinan eunrk sele,” Mechanical 

Systems and Signal Processing, vol. 23, no 5, pp. 1683-1695, 2009 [21] Yong-sheng 

Yang, An-bo Ming, You-yun Zhang, Yong- shg u min ve non-negative matrix 

farizatin(DNMFanditappcati e ltdoodene, Mechanical Systems and Signal Processing, vol. 

95, pp.158-171, 2017. [22] S. B. Jiang, P. K. Wong, R. Guan, Y. Liang and J. Li, "An Efficient 

Fault Diagnostic Method for Three-Phase Induction Motors Based on Incremental Broad 

Learning and Non-Negative Matrix Factorization," in IEEE Access, vol. 7, pp. 

17780-17790, 2019. [23] N. Feng, X an ,Y.  

 

g dS ealt nog sinacostic ntechiqub o d ” 2015 IEEE International Instrumentation and 

Measurement Technology Conference (I2MTC), Pisa, 2015. [24] V. Thipsuwanporn, A. 

Numsamran and M. Leawson ce t ltdo ompressor using FFT algoh” 12th International 

Conference on Control, Automation and Systems, Jeju, pp. 798-802, 2012. [25] A. 

Advembrio, “ Vibration analysis on Compressor Atlas Copc o GA 37,” Vibration 

Inspection Section, Gresik, 2017. BIOGRAPHIES OF AUTHORS Anindita Adikaputri Vinaya 

was graduated from the Department of Engineering Physics Institut Teknologi Sepuluh 

Nopember in 2013. Then, she continued his study in the field of industrial 

instrumentation in the same department.  

 

She earned a master's degree in 2015 and did a research about acoustic signal 

separation. She currently works as a lecturer at Universitas Internasional Semen 

Indonesia. Her recent research is focused on the field of reliability and signal processing. 

Sefri Yulianto was accepted in the Engineering Management Department, Faculty of 

Industrial Technology and Agroindustry – Universitas Internasional Semen Indonesia in 

2013. During the lecture period, the author was active in various student activities and 

organizations. The author has also been active in various scientific activities such as the 

Student Creativity Program.  

 

The focus of his research is the processing of acoustic signals. Qurrotin Ayunina received 



the bachalor degree (S.T.) in mechanical engineering from Institut Teknologi Sepuluh 

Nopember (ITS) Surabaya and master degree (M.S.) in mechanical engineering from 

National Cheng Kung University, Taiwan, in 2012 and 2014, respectively. Her current 

research area includes renewable energy, thermal sciences, and energy efficiency. Since 

2016, she has joined the department of engineering management in Universitas 

Internasional Semen Indonesia as a lecturer. Dhany Arifianto coleteda achr’s egree ging 

hysics m stitt ogi Sepuluh Nopember, Surabaya. He received M.Eng degree in 2002 and 

Dr.Eng degree in 2005 from Tokyo Institute of Technology. His research interests related 

to digital signal processing and convex optimization. He has several journal and 

conference publications in national and international level.  

 

He is an active member of Hitachi and IEEE. He has also served as a keynote speaker in 

several international conferences. Aulia Siti Aisjah received her Master's degree from the 

Department of Electrical Engineering, Institut Teknologi Sepuluh Nopember in 1996. She 

received her doctoral degree in 2007 from the Department of Marine Engineering, 

Institut Teknologi Sepuluh Nopember. She studied the fields of artificial intelligence and 

control systems. He received a professor degree in 2016 in the field of Engineering 

Physics.  

 

She currently teaches as a lecturer in the Department of Engineering Physics, Institut 

Teknologi Sepuluh Nopember.  

 

INTERNET SOURCES: 

------------------------------------------------------------------------------------------- 

<1% - 

https://www.researchgate.net/publication/262911751_Signal_Separation_using_Non-neg

ative_Matrix_Factorization_Based_on_R1-norm 

2% - https://www.beei.org/index.php/EEI/article/view/1956 

2% - 

https://www.researchgate.net/publication/229335034_Fault_diagnosis_for_diesel_valve_t

rains_based_on_non-negative_matrix_factorization_and_neural_network_ensemble 

<1% - https://www.theengineerspost.com/types-of-cnc-machine/ 

<1% - https://www.sciencedirect.com/science/article/pii/S0165168420305016 

<1% - 

https://silo.pub/biomedical-signal-analysis-contemporary-methods-and-applications.ht

ml 

<1% - 

https://epdf.pub/independent-component-analysis-and-signal-separation-7-conf-ica-20

07.html 

<1% - https://iopscience.iop.org/issue/1742-6596/1631/1 



1% - 

https://www.researchgate.net/publication/266625603_A_Compound_Fault_Diagnosis_for

_Rolling_Bearings_Method_Based_on_Blind_Source_Separation_and_Ensemble_Empirical_

Mode_Decomposition 

<1% - https://ietresearch.onlinelibrary.wiley.com/doi/10.1049/iet-spr.2019.0243 

2% - 

https://www.researchgate.net/publication/220690565_Nonnegative_Matrix_and_Tensor_

Factorizations_Applications_to_Exploratory_Multi-Way_Data_Analysis_and_Blind_Source_

Separation 

1% - https://www.researchgate.net/scientific-contributions/Ben-Niu-2153858022 

<1% - 

https://www.researchgate.net/publication/3730618_Sequential_approach_to_blind_sourc

e_separation_using_second_order_statistics 

<1% - 

https://www.researchgate.net/publication/220279155_Research_on_Blind_Source_Separa

tion_for_Machine_Vibrations 

<1% - 

https://silo.pub/permutation-complexity-in-dynamical-systems-ordinal-patterns-permut

ation-entropy-and-all-that-springer-series-in-synergetics.html 

<1% - https://ietresearch.onlinelibrary.wiley.com/doi/epdf/10.1049/iet-its.2018.5094 

<1% - 

https://www.researchgate.net/publication/321043608_Short-Time_Fourier_Transform_wit

h_the_Window_Size_Fixed_in_the_Frequency_Domain 

<1% - https://www.beei.org/index.php/EEI/article/download/1997/1523 

1% - http://www.arpnjournals.org/jeas/research_papers/rp_2016/jeas_0916_4973.pdf 

<1% - 

https://www.deepdyve.com/lp/association-for-computing-machinery/score-informed-au

dio-decomposition-and-applications-Uf0Hd8w2gb 

<1% - https://www.slideshare.net/AkshatRatanpal/wiener-filter 

<1% - https://www.eit.edu.au/resources/fundamentals-of-mechanical-engineering/ 

<1% - https://onlinelibrary.wiley.com/doi/10.1002/aisy.201900118 

<1% - https://www.rev.com/blog/how-to-start-a-podcast 

<1% - https://pubs.acs.org/doi/10.1021/acs.analchem.0c04492 

<1% - 

https://www.slideshare.net/sjkingsley/safety-instrumented-functions-sif-safety-integrity-

level-sil-evaluation-techniques 

<1% - https://www.sciencedirect.com/science/article/pii/S0951832021000090 

1% - https://link.springer.com/chapter/10.1007/978-3-319-12436-0_51 

1% - https://www.beei.org/index.php/EEI/article/download/1837/2013 

1% - 



https://www.researchgate.net/publication/338166645_Magnetic_Functional_Integrated_

DC_Motor_Drive 

<1% - 

https://eds.ieee.org/publications/electron-device-letters/editor-in-chief-and-editors 

<1% - http://www.apsipa2013.org/?page_id=417 

<1% - https://wfiot2018.iot.ieee.org/program/tutorials/ 

<1% - https://docplayer.net/47375438-Proceedings-of-the-3-rd-icci-2015.html 

<1% - https://www.sciencedirect.com/science/article/abs/pii/S0167739X20330636 

1% - 

https://www.researchgate.net/publication/295841128_Correction_factor_determination_

on_failure_rate_equation_of_MacLaurin_series_for_low_and_high_mode_application 

 


