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Abstract: Non Local Mean (NLM) filter has attracted great 

attention within the images and signal processing field especially in 

the last ten years. The main contribution of this paper to the field of 

biomedical signals processing is introducing the straightforward 

application of the fast NLM filter to EEG signal contaminated with 

"Additive White Gaussian Noise" (AWGN). The performance of this 

filter is analysed by evaluating its optimal parameters. All the tests 

are conducted using actual EEG signal captured from human 

brain. The performance of this filter is determined using "Output 

Signal to Noise Ratio" (SNRo) and "Cross Correlation" (CC) 

criteria. The NLM filter exhibits excellent performance in rejection 

the AWGN from the EEG signal.  
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1. Introduction 

The process of measuring the "electrical action of the brain" is 

called "Electroencephalography (EEG)". It is widely used as a 

powerful tool for brain machine interfaces, medicine, and 

cognitive sciences [1]. The nature of information exchange with 

the nervous system is electrical. The information are processed 

by the brain neurons. These neurons can change the electrical 

currents flow across their membranes. These varying currents 

cause generation of electric and magnetic fields which can be 

measured using surface electrodes placed on the scalp. The 

recorded potentials between electrodes are amplified to form 

what is known as "Electroencephalography (EEG)". Therefore 

the EEG recordings give the overall knowledge about the 

activity of the brain neurons. The brain is the organ of human 

that responsible for controlling the nerves and muscles. The EEG 

is the most important noninvasive mean that used to evaluate the 

turmoil of the brain. It is also used to indicate the brain death and 

its other diseases [2]. EEG signals can be easily corrupted by 

noise because they have very small amplitude [3-4]. The EEG 

signal contaminated with different types of noise during its 

recording such as base line movements, electrode noise, and the 

noise generated from human body. These noises must be reduced 

as possible to perform accurate analyses for the EEG signal [5]. 

The nature of noise in EEG signal is "additive white gaussian" 

[6-7].Therefore, the proper filtering approaches are necessary to 

extract the clinical informations. The filtering methods are also 

involved in image processing field the main challenge here is 

how to keep the sharp edges. One of the modern methods of 

image filtering which offer the solution to this problem is the 

"Non Local Mean" filter presented by Buades et al. [8]. The 

filtering process is performed by taking the average of patches 

from various regions of the image which have the same spatial 
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structure; depending on the basis that natural image consists of 

repeated patterns. This concept can be applied on several 

biomedical signals (EEG is a good example) which have a 

regular pattern that repeated with a little variation. Therefore, 

this signal is applicable to patch based filters. This work presents 

a brief description of the NLM filter and its implementation to 

EEG signal.  

 

2. Filtering Methodology  

The NLM filter deals with the problem of retrieving the true 

signal u from the noisy signal, v= u+n , n is "additive noise". The 

estimated       of an arbitrary sample s is a weighted aggregate 

of values at different points t that are inside some "search 

neighborhood" N(s) and can be determined using Eq.(1) [9]:  

 

 

 

     =
 

    
∑                                                                  (1)  

where: 

 

z(s)=∑                                                                             (2) 

 

The weights can be calculated using Eq.(3) [10]: 

 

w(s,t)= exp ( 
∑                     

      
 

) = exp ( 
        

      
 
)                (3) 

where: 

λ: bandwidth parameter. 

Δ: local patch of samples Enclosing s, consisting      samples; 

a patch of similar shape also encloses t. 

     The samples of the patch are centered on the interested 

points.  In Eq.(3) the squared, summed point to point difference 

between samples of the patches is denoted by   . The samples in 
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the patches are centered on s and t points. Each patch in Eq.(3) is 

submitted to self-averaging with the weight w(s,s)=1. A central 

patch corrector is applied to obtain smoother results as given in 

Eq.(4)  [9]: 

 

                       w(s,t)                                          (4) 

 

The innovation of NLM filter is that the weight w(s,t) relies 

on patch correlation, not on the distance between s and t points. 

The averaging process of the identical patches keeps edges, as 

opposed to the most common filters. By considering self-

similarity expands along the signal, the N(s) is perfectly taken to 

be the complete signal, so the averaging operation is completely 

non-local [9]. In this research the fast NLM approach derived by 

Darbon et al [10] is applied to EEG (one dimension) signal. This 

method speeds up the NLM filter by avoiding the nested loops 

[10]. 

 

 
 

Figure 1: Representation of NLM parameters. The tiny patch 

centered on s is compared to patches centered on other points t in 

N(s) [9]. 

3. Performance Determination Metrics 

To determine the robust of the NLM filter against the AWGN, 

an AWGN is added to the original EEG signal with SNR=5db 

(very high noise environment) then the filter is applied. Two 

determination metrics are used to quantitative the performance of 

this filter. The first metric is the SNRo given in Eq. (5) [11]. The 
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second one is the CC which can be determined using Eq. (6) 

[12]. 

 

SNRo (db) =10*      ∑
   

        
   
                                      (5) 

 

CC =
∑         

   

√∑     ∑       
   

   
   

                                                        (6) 

 

where: 

 

U: original EEG signal, V: filtered EEG signal. 

N: Length of the EEG signal. 

 

4. Results and Discussion 

In this study the experiments are performed using actual EEG 

signals recorded in the brain-body dynamics lab at the University 

of Southern California. These signals are available in [13] for 

researchers. The original EEG signal is shown in figure 2 (a). 

The corrupted EEG signal with AWGN is illustrated in figure 2 

(b). An examination for parameters selection of EEG NLM filter 

is done. This examination aims to evaluate the optimal 

parameters of the NLM filter which reject the noise efficiently. 

The most effective NLM parameters are the bandwidth (λ), the 

size of neighborhood search width N(s), and the length of the 

Patch Half Width (PHW). Figure 1 demonstrates the schematic 

geometric parameters of the one dimension patches centered on 

the points (s and t). The bandwidth (λ) governs the smoothing 

process of the signal. Kocher and Ville in [14] concluded that the 

(λ) must be scaled by the noise standard deviation (σ). They 

applied the NLM filter to different images corrupted with 

AWGN. They obtained good performance with λ=(0.5 σ). In this 

paper, several tests are conducted on the EEG signal to discover 

the optimum value of λ. The best results are achieved at λ=(0.7 
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σ) as illustrated in figures (3) and (4). The size of PHW must 

generally be the same as the size of features of interest. In fact 

the PHW determines the scale on which the patches are 

compared. The size of N(s) must be specified wisely. The small 

size of N(s) degrades the performance of filter, while the large 

size of N(s) requires more computations. Figures (5) and (6) 

show the performance of the NLM filter in term of both SNRo 

and CC respectively. These figures indicate the optimal values of 

PHW and N(s) are (PHW=3 and N(s) =2000). The detailed 

results are presented in tables (1-5). These tables illustrate the 

performance of the filter quantitatively. Figure 2 (c) 

demonstrates the filtered EEG signal after implementing the 

NLM filter with the optimum values of its parameters. For more 

visual comparison, four zoomed figures of figure 2 are presented 

in figures (7-10). These figures illustrate the great similarity 

between the original and the recovered signal and this indicates 

the high efficiency of the discussed filter. 

 

5. Conclusion 

This article offers the one dimensional implementation of 

the fast NLM filter. This filter is applied to the degraded EEG 

signal and its performance is analysed. A tuning for parameters 

selection is performed and the filter exhibited a robust 

performance in suppressing the AWGN from the EEG signal. 

This is evident from the quantitative and visual results that have 

been introduced in this paper. This lead to substantial conclusion 

that this filter efficient for filtering EEG signal and may be 

useful for filtering others biomedical signals. 
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Figure 2: Visual comparison between original, corrupted, and 

filtered EEG signal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Optimal value of λ in term of SNRo. 
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Figure 4: Optimal value of λ in term of CC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Performance of NLM filter in term of SNRo at different 

sizes of PHW and N(s). 
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Figure 6: Performance of NLM filter in term of CC at different 

sizes of PHW and N(s). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Zooming on figure 2 for the first 1000 samples. 
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Figure 8: Zooming on figure 2 for the second 1000 samples. 

 
 

 

  

 

 

 

 

 

 

 

 

 

 
 
 

Figure 9: Zooming on figure 2 for the third 1000 samples. 
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Figure 10: Zooming on figure 2 for the last 1086 samples. 

Table (1): Performance of filter in response to tuning N(s) at 

PHW=10 and λ=0.7σ. 

 
Table (2): Performance of filter in response to tuning N(s) at 

PHW=5 and λ=0.7σ. 
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Table (3): Performance of filter in response to tuning N(s) at 

PHW=3 and λ=0.7σ. 

 
 

Table (4): Performance of filter in response to tuning N(s) at 

PHW=1 and λ=0.7σ. 

 
 

Table (5): Performance of filter in response to tuning λ at 

PHW=3 and N(s)=2000. 
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مصفي كفىء ألشارة التخطيظ الكهربائي للذماغ باستخذام طريقت 

 الىسظ غير المحلي

 
 أنس فؤاد احمذ

anasfuad33eng@yahoo.com  

 قسى هنذسح انحاسىب  –كهُح انهنذسح  – انجايعح انعزاقُح

 
 المستخلص

اهرًايا كثُزا  (Non Local Mean Filter) جذب يصفٍ انىسظ غُز انًحهٍ

انزقًُح. َقذو هذا انثحث  واألشارج فٍ انعشز سنىاخ األخُزج فٍ يجال يعانجح انصىر

يساهًح نًجال يعانجح االشاراخ انطثُح انحُىَح نرناونه انرطثُق انذقُق نًصفٍ انىسظ 

غُز انًحهٍ انسزَع عهً اشارج انرخطُظ انكهزتائٍ نهذياغ انًهىثح تضىضاء كاوس 

. ذى ذحهُم اداء هذا انًصفٍ عن طزَق اَجاد ايثم قُى نًرغُزاذه.  (AWGN)انثُضاء

د كم االخرثاراخ تاسرخذاو اشاراخ ذخطُظ كهزتائٍ نهذياغ حقُقُح يهرقطح ين اجزَ

و   (SNRo)دياغ تشزٌ. اسرخذيد يعاَُز نسثح االشارج انً انضىضاء انخارجح

نقُاس اداء هذا انًصفٍ. اتذي انًصفٍ اداء يًراس فٍ حجة انضىضاء   (CC)انرطاتق

                                                   ين اشارج انرخطُظ انكهزتائٍ نهذياغ.

الىسظ غير المحلي، الكلماث الرئيسيت: إشارة التخطيظ الكهربائي للذماغ، مصفي 

 ضىضاء كاوس البيضاء.


