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ABSTRACT 

 

Image segmentation is a branch of digital image 

processing which emphases on splitting an image 

into different fragments according to their 

features. This work proposes a novel image 

segmentation technique using fast non local (N-

L) means filter with region merging approach. 

Here, a random noise is added to the original 

image and discrete wavelet transform (DWT) is 

applied to separate the low and high frequency 

bands of the digital image. The low frequency 

component is subjected to a fast N-L means filter 

and the filtered image is segmented by graph-

based segmentation technique. Here, these 

segmented image regions are merged to reduce 

the over segmentation patterns. The detailed 

coefficients of the image component are treated 

with soft threshold filter to reduce the residual 

noise. Finally merged image is combined with 

preserved edge features at wavelet projection 

resulting in better segmented image. The results 

are compared with some of the best methods 

available in literature and are found to be 

significantly better. 

 

Keywords: Discrete wavelet transform (DWT), 

fast NL-means filter, graph-based segmentation, 

boundary based hierarchical region merging, 

soft-thresholding, peak signal to noise ratio 

(PSNR). 

 

INTRODUCTION 

Image segmentation is an essential part in 

image analysis, which plays an important 

role in computer-vision medical imaging and 

remote sensing applications. Various 

algorithms have been proposed to analyze 

and extract the hidden features of the image. 

Basically, image segmentation techniques 

are broadly classified into different types 

based on the method involved in extracting 

the information from the images. 

Thresholding based, edge based, region 

based, clustering, ANN based, PDE based, 

watershed based and hybrid segmentations 

are used in various fields [1]. The goal of 

segmentation is to change the representation 

of an image, so that it becomes more 

meaningful and easier for analysis. The 

segmentation techniques are commonly used 

to reduce the complexity involved in analysis 

of image features, locating objects and 

boundaries such as lines, curves and hidden 

patterns in an image [2-8]. Image 

segmentation is nothing but partitioning a 

digital image into its constituent parts, the 

result of this process helps in image analysis 

and interpretation. There are many image 

segmentation techniques have been shown in 

various studies in the literature. However, 

there are many challenging concerns 

affecting performances of these techniques. 

Therefore, successful image segmentation 

depends on reliability and accuracy of 

segmentation method [11], [14], [20- 26]. 

 

1.1 Discrete wavelet transforms (DWT) 

A discrete wavelet transform is used to 

decompose the digital image into low 

frequency details and high frequency details 

of the image [2]. During pre-processing 

wavelet coefficients are decomposed 

according to the Mallet’s pyramidal 

representation, which involve L0, L1 and L2 
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levels and so on [3-4]. Finally, at the 

projection level, both low frequency and high 

frequency image details are combined to 

produce meaning full image features [3-6].  

 

 

 

 

 

 

            Scale-1                                             Scale-2 
 

Pyramidal representation  

                      H[n]             level 1 coefficients 
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1.2 Segmentation and Region merging 

A region in an image is a set of associated 

pixels with similar properties. Regions are 

important for the analysis of an image 

because they may resemble to objects in a 

scene. A region merging strategy is an 

essential part in image segmentation and it 

helps to reduce the over segmented patterns. 

In the past few decades, a variety of methods, 

such as statistical region merging (SRM), 

dynamic region merging (DRM), split and 

merge, similarity based merging, 

hierarchical merging, boundary based 

merging etc., have been developed to 

eliminate the segmentation errors [10-

15].Here, image regions can be described in 

terms of shape, size, color, texture etc., and 

utilization of these kinds of parameters in 

region based merging techniques will 

enhance the efficiency of the method and 

improve the segmentation patterns [17-20], 

which are purely based on probabilistic and 

some logical criteria. In case, to determine 

the similarity between the two regions 

depends on pixel mean, variance and gray 

level, also which is based on Euclidean 

distance and log–likelihood ratio are well-

known statistics for region evaluation. The 

main goal of region merging operation is to 

eliminate the false boundaries and spurious 

regions by merging adjacent regions that 

belong to the same object [21-29]. 

 

Regions produced using thresholding. 

𝑷(𝑹_𝒊 ) = 𝒕𝒓𝒖𝒆                        (𝟏) 

 

Merging adjacent image regions. 

𝑷(𝑹_𝒊 ∪ 𝑹_𝒋 ) = 𝒇𝒂𝒍𝒔𝒆              (𝟐) 

 

1.3 Soft threshold 

A soft threshold is a pre-processing tool, 

which reduces the residual noise in high 

frequency details of the image. During 

visualization Pixels with intensity values 

below the threshold value are suppressed. In 

image segmentation, use of soft thresholding 

filter provides better image smoothing while 

preserving edge/texture details of the image 

[2-6]. By filtering image in wavelet domain, 

shrinks the wavelet coefficients to zero. On 

other hand the few large wavelet coefficients 

preserve almost the whole energy of the 

signal, the shrinkage reduces the noise 

without distorting the high frequency image 

features [30-32]. During reconstruction of 

image, the contamination due to residual 
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noise is significantly suppressed, while sharp 

features of the original image get sharper at 

wavelet projection [36]. 

Threshold estimation depends on sub-band 

data, and the threshold value is given by 

𝑻𝑵 =
𝜷𝝈̂

𝟐

𝝈̂𝒚
                                (𝟑) 

For each scale 𝜷is computed 

   

𝜷 = √𝒍𝒐𝒈
𝑳𝒌

𝑱
                                        (𝟒) 

 

Lk is length of the sub-band at kth scale, sub-

band HH1 is estimates the noise variance 𝝈̂𝟐 

 

𝝈̂𝟐 = [
𝒎𝒆𝒅𝒊𝒂𝒏(|𝒀𝒊𝒋|)

𝟎.𝟔𝟕𝟒𝟓
]𝟐,𝒀𝒊𝒋𝒔𝒖𝒃𝒃𝒂𝒏𝒅𝑯𝑯𝟏   (𝟓) 

 

𝝈 ̂_𝒚 Is the standard deviation of the sub-

band. 

 

2. Proposed method 

This paper introduces a new algorithm to 

segment an image with the help of wavelets. 

In this method, haar wavelet is used to 

preserve the finer edge details. During pre-

processing contamination due to random 

noise in low frequency image block is 

suppressed by fast NL-means filter. Here, the 

presence of residual noise in high frequency 

image details is reduced by fixing suitable 

soft thresholding filter [2-5]. The purpose of 

filtering is to denoise the image while 

retaining edge/texture details of the image [9-

11]. 

The discrete wavelet transform signal x(n) is 

defined based on approximation coefficients 

𝒘_𝝋 [𝒋_𝟎, 𝒌] and detailed coefficients 

𝒘_𝜳 [𝒋, 𝒌]. 
 

𝑾∅[𝒋𝟎,𝒌] =
𝟏

√𝑴
∑ 𝒙

𝒏
[𝒏]∅𝒋𝟎,𝒌[𝒏]       (𝟔) 

 

𝑾𝜳[𝒋, 𝒌] =
𝟏

√𝑴
∑ 𝒙[𝒏]

𝒏
𝜳𝒋,𝒌[𝒏]𝒇𝒐𝒓𝒋 ≥ 𝒋𝟎      (𝟕) 

 

 

For IDWT, 

𝒙[𝒏] =
𝟏

√𝑴
∑ 𝑾𝝋𝒌 [𝒋𝟎,𝒌]𝝋𝒋𝟎,𝒌[𝒏] +

𝟏

√𝑴
∑ ∑ 𝑾𝝋𝒌 [𝒋, 𝒌]

𝑱
𝒋=𝒋𝟎

𝝋𝒋,𝒌                                                                    (8) 

 

Where, n = 0, 1, 2, M–1, j = 0, 1, 2, J–

1, k = 0, 1, 2, 2j–1, and M is number of 

samples. This number is selected to be 

M = 2J, where J indicates the number of 

transform levels, where, φ[n] is the scaling 

function and ψ[n] is the wavelet function. 

The low frequency component of the 

decomposed image is subjected to fast NL-

means filter which reduces noise information 

drastically without losing approximation 

coefficients of the image. Here, image is 

decomposed up to scale-2 with different 

standard test images [33-34]. 

In the theoretical formulation of the fast NL-

means filter, the restored intensity of the 

pixel i, NL (v) (i), is a weighted average of 

all pixel intensities in the image I. 

 

𝑵𝑳(𝒗)(𝒊) = ∑ 𝒘(𝒊, 𝒋)𝒗(𝒋)

𝒋∈𝒊

            (𝟗) 

Where v is the intensity function and v(j) is 

the intensity at pixel j and w(i,j) is the weight 

assigned to v(j) in the restoration pixel i. The 

original definition of the fast NL-means 

algorithm considers that each pixel can be 

linked to all the others, but practically the 

number of pixels taken into account in the 

weighted average can be restricted in a 

neighborhood. The similarity between i and j 

depends on the similarity of their local 

neighborhoods and averaged Euclidean 

distance. The common problem that arises in 

this method is the computational burden with 

a neighborhood classification. The aim here 

is to reduce the number of pixels taken into 

account in the weighted average and to avoid 

repetitive calculations of same 

neighborhood. 

 

https://www.sciencedirect.com/topics/computer-science/wavelet-function
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𝒘(𝒊, 𝒋) = {
𝟏

𝒛(𝒊)
𝒆

−
||𝒗(𝑵𝒊)−𝒗(𝑵𝒋)||

𝟐
𝟐,𝒂

𝒉𝟐

𝟎                 𝒐𝒕𝒉𝒓𝒆𝒘𝒊𝒔𝒆.

𝒊𝒇𝝁𝟏 <
𝒗(𝑵𝒊)

𝒗(𝑵𝒋)
< 𝝁𝟐𝒂𝒏𝒅𝝈

𝟏
𝟐

<
𝒗𝒂𝒓(𝒗(𝑵𝒊))

𝒗𝒂𝒓(𝒗(𝑵𝒋))
< 𝝈

𝟐
𝟐

        (𝟏𝟎) 

 

Where, z(i) is the normalization constant 

with 𝒛(𝒊) = ∑_𝒋▒〖𝒘(𝒊, 𝒋)  𝒂𝒏𝒅 𝒉〗 acts as 

a filtering parameter. 

𝒗(𝑵_𝒊 )𝒂𝒏𝒅𝒗(𝑵_𝒋 ) are the similarities 

between the neighborhood intensities. 

 

Distance between 𝒗(𝑵_𝒊 )𝒂𝒏𝒅 𝒗(𝑵_𝒋 ) is a 

classical norm|(| − |)|_𝒂, convolved with a 

Gaussian kernel of standard deviation. 

The pre-processed image is further 

segmented by Felzenszwalb graph-based 

segmentation technique. Here, even though, 

over segmentation patterns were found, the 

necessary details of the image are more 

meaningful compare to traditional 

morphology-based watershed segmentation. 

Therefore, the image is subjected to 

boundary-based region merging to reduce the 

over segmentation patterns. In case of 

watershed segmentation region merging 

would reduce the over segmentation but 

regions which are merged will not have a 

perfect boundary, leading to an over region 

merging [3], [5], [10], [13]. In proposed work 

after region merging process, representation 

of image is more meaningful and provides 

better image understanding and helps in 

recognizing the hidden patterns [17], [19], 

[22]. 

Felzenszwalb is an efficient graph-based 

image segmentation technique, in which, 

each pixel from the node matches a node in 

the graph, forming a connection between the 

nodes representing the neighbors. In this 

method, edges are taken from the graph and 

pixel is represented as a node. The weights 

for every edge represent the measure of the 

variation among the pixels. This technique is 

useful to recognize the hidden patterns of the 

image [25], [26], and [35]. 

Regions are allowed to be merge, if they are 

separated mostly by ‘weak’ edges. 

Neighboring pixels with intensity difference 

at most T0 will be merged together to form 

the initial regions. Neighboring pixels with 

intensity difference at most T1 will be 

considered as ‘weak edge’, which, encourage 

melting. Regions are merged if their 

boundary contains at least T2 min (I1,I2) 

weak edges. Regions are merged if their 

common boundary contains at least T3, I. In 

the proposed work, regions with the lowest 

edge weights are successively merged until 

there is no edge with weight less 

than threshold [8], [10], and [12]. 

The number of pixels associated to each 

region adjacency graph (RAG) are 

represented as node, which indicates the size 

of initial over segmented regions and they 

must be same as the reference node. RAG-

based segmentation approach is hierarchical 

and the number of final regions are 

controlled manually according to the 

segmentation requirements [13-20]. 

In graph partition problem, objects which are 

extracted not necessarily connected and the 

set of edge weights reflects the similarity 

between each pair of related regions or nodes 

vi and vj. These connected components may 

be adjacent or may not be, but if adjacency is 

not done, these components are closer than a 

determined distance threshold rx.  

The weights wij∈W are computed by the 

conditional function given by 

 

𝒊𝒇(|𝒙𝒊 − 𝒙𝒋| < 𝒓𝒙)𝒕𝒉𝒆𝒏 𝒘𝒊𝒋𝒆

−𝒄𝒊𝒋(𝑰𝒊−𝑰𝒋)𝟐

𝝈𝑰
𝟐

. 𝒆

−𝒄𝒊𝒋(𝒙𝒊−𝒙𝒋)𝟐

𝝈𝒙
𝟐

𝒆𝒍𝒔𝒆𝒘𝒊𝒋 = 𝟎                                              (𝟏𝟏) 

 

Where, rx, σx and σI are experimental 

values. 

 Ii is the mean intensity of region i, and xi is 

the spatial centre-of-gravity of that region. 
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Finally, the factor Cij takes into account the 

cardinality of the regions i and j. 

 

𝒄𝒊𝒋 =
||𝑬𝒊||. ||𝑬𝒋||

||𝑬𝒊|| + ||𝑬𝒋||
                   (𝟏𝟐) 

 

where, ||Ei||, ||Ej|| are number of pixels in 

regions vi and vj. Non-significant weighted 

edges, according to the defined similarity 

criteria, are removed from the image graph 

[21-26]. 

However, the presence of residual noise in 

high frequency image details is suppressed 

by Visushrink soft thresholding filter which 

is the most effective and efficient wavelet-

based thresholding technique used for the 

purpose of denoising. It follows the global 

thresholding scheme, where a single value of 

threshold applied globally to all the high 

frequency wavelet coefficients. It provides 

better image smoothing during pre-

processing level and results are very smooth 

with a better visual quality during wavelet 

projection level [30-36].  

 

The Visushrink, is defined as 

 

𝝈√𝟐𝒍𝒐𝒈𝑴 = 𝑻       (𝟏𝟑) 

 

Where, 𝝈^𝟐 is the noise variance and 𝑴 is 

the image length. The noise variance 𝝈^𝟐 is 

estimated from the high frequency 

component, by the median estimator shown 

in equation. 

 

𝝈 =
𝒎𝒆𝒅𝒊𝒂𝒏{|𝑾𝒌|: 𝒌 = 𝟏, 𝟐, … 𝒏}

𝟎. 𝟎𝟔𝟕𝟒𝟓
        (𝟏𝟒) 

 

Wk = Detail coefficients at the finest level 

 

2.1 Algorithm flow 
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2.2 Algorithm steps: 

Input: standard and Satellite image are 

extracted from Berkley dataset, to be 

segmented 

Output: Segmented image 

• A discrete wavelet transform is applied to 

an input image to obtain the wavelet 

decomposed image. 

• LL sub-band is denoised by using fast 

NL-means filter. 

• Felzenszwab segmentation technique is 

applied to extract the required features 

from denoised image. 

• Boundary based hierarchical region 

merging is used to reduce the over 

segmentation. 

• Soft thresholding is applied to detailed 

coefficients. 

• Combination of wavelet coefficients are 

projected into full original form by 

inverse wavelet transform. 

 

RESULTS AND DISCUSSIONS 

 

 
 

 
A) Approximation and detailed coefficients of first level decomposition 
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A)original image, B)noisy image, C)segmented image, D)region merging level0 , level1, 

level2. 
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A)original image, B)noisy image, C)segmented image, D)region merging level0 , level1, 

level2 
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A)original image, B)noisy image, C)segmented image, D)region merging level0 , level1, 

level2. 
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A)original image, B)noisy image, C)segmented image, D)region merging level0 , level1, 

level2. 
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A)original image, B)noisy image, C)segmented image, D)region merging level0 , level1, 

level2. 
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A)original image, B)noisy image, C)segmented image, D)region merging level0 , level1, 

level2. 



Swaroopa H N et.al. A novel image segmentation technique with N-L means filter using region merging strategy 

                                      International Journal of Research and Review (ijrrjournal.com)  641 

Volume 10; Issue: 12; December 2023 

 

 

 

A)original image, B)noisy image, C)segmented image, D)region merging level0 , level1, 

level2. 
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A)original image, B)noisy grayscale image, D)segmented image level0,level1,D)region 

merging level0 , level1. 
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A)original image, B)noisy grayscale image, D)segmented image level0,level1, D)region 

merging level0 , level1. 
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A)original image, B)noisy grayscale image, D)segmented image level0,level1, D)region 

merging level0 , level1. 

 

Performance matrix 

 

𝒑𝒔𝒏𝒓 = 𝟏𝟎. 𝒍𝒐𝒈𝟏𝟎 (
𝒎𝒂𝒙𝟐

𝒎𝒔𝒆
)           (𝟏𝟓) 
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RESULT 

 

3.1 Table shows the standard image segmentation score: 

 

3.2 Satellite image segmentation score: 

 

CONCLUSION 

This work proposes a new segmentation 

technique by using fast NL-means filter with 

Felzenszwalb graph-based segmentation. 

The proposed algorithm gives more robust 

segmentation results as compared to 

traditional watershed segmentation 

technique. Consistency of the segmentation 

technique reveals the image features with 

reduced complexity. This method can be 

localized for different types of images like 

remote images for object detection and also 

used for various standard images. 

Comparison of number of segments, regions, 

and the peak signal to noise ratio (PSNR) 

values of proposed method with watershed-

based method indicates the goodness of the 

method. Also, the image denoising and 

segmentation results get better with increase 

in wavelet decomposition levels. The 

reduction in over segmentation by boundary-

based region merging technique, leads to 

more meaning full image features, as 

compared to watershed-based region 

merging techniques. The soft thresholding 

provides a smoothing effect at the image 

projection into full resolution. The proposed 

algorithm produces consistency in 

segmentation, region merging and has better 

computation time. 
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