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Abstract - Proper analysis of MR images is critical in a variety of diagnosis the medical world. Diagnostic imaging, also 
known as Medical Imaging, in this type of imaging electromagnetic radiations are used for creation of images of internal 
structures of the human body so that exact diagnosis can be done. It is being increasingly and widely adopted to provide 
appropriate diagnosis and treatment of various diseases with a high degree of confidence. Among all the diagnostic imaging 
techniques, MR imaging systems have received the most attention. 
The aim of this paper is to propose an energy minimization algorithm to correct intensity in MR images using Spline level 
set approach..We do active contour segmentation by using level sets Italso involves estimation of Bias Field .We design 
suitable filtering by fuzzy means and contrast mechanism for MR images. Also results have been shown using image 
histogram and reconstructed image and compare with that of original one to verify the result. 
 
Keywords - Intensity correction, Energy minimization, B-spline etc. 
 
I. INTRODUCTION 

 
MRI Images are of great interest as they depict 
structure and physiological processes of the body 
parts in both normal and abnormal conditions. It has 
use in prevention, diagnosis, mitigation, and 
treatment of various diseases [1].MRI technology 
make use of electromagnetic waves that makes it 
more advantageous than CT scan that uses X-Ray. 
Every tissue contains different amount of water and 
hence hydrogen varies in each tissue .MR exploits 
this  property of tissues, as they interact differently 
with magnetic fields due to variable amount of 
hydrogen present in them and hence producing 
contrast images .MRI scanner scans each point and 
maps the tissue into 2-D image using Fourier 
Transform [4].These images have  various types of 
problems such as noise additive noise forms  like 
gaussian ,signal dependent like poission and rician 
therefore it is hard to separate signal from noise [2]-
[3]. Others are low signal strength and partial volume 
effect due to intensity overlapping which further 
leads to loss of information and in some cases 
ambiguous information [5].It is tough to mine the 
sought after entities correctly based on their 
corresponding intensity distributions because of  
ambiguity which is due to the stretched ends of 
intensity distribution of every  entity .There are many 
methods which are devised to amplify desired signal 
and reduce spikes in the image signal. The familiar 
Mumford–Shah (MS) model which is based on 
assumptions that the image extraneous intensity is 
piecewise smooth. It is considered to be appropriate 
for representation of images which are having non-
uniformities. This type of representation utilizes a 
contour’s set for isolation of dissimilar regions. Since 
this set of contour is not known and also the resulting 
function is non-convex, hence it is hard to calculate 
the minimum for energy function. In both the Chan–

Vese representation and the PS representation 
characterization of contour is done by function 
known as level set function at zero level, besides at 
that point segmentation continues through the 
stepwise transformations of level set equation. They 
are uncomplicated forms of the MS model. As CV 
represents images in the form of piecewise functions 
whose values that does not vary within its domain, 
hence it is not appropriate for images that have non 
uniformities in intensity. The PS model is capable of 
achieving required segmentation outcome when 
applied on images that have non uniformities. It 
becomes slow process, as in this method iteration of 
two partial differential equations is essential, in this 
manner restrains its useful applications. Certain 
techniques have applied local region-based (LRB) 
approach along with level set methods images that 
have non-uniformities .They are purposed in recent 
times for example LRB method, level set method that 
is determined by patch built on thinly distributed 
description and level set method determined by edge  
etc. But, they have several problems in case of LRB 
there are two problems. First problem is associated 
with use of Dirac function, which has limitation of 
neighbourhoods restricted to zero level set that 
resulted in localised transformation of level set. 
Consequently the transformation may possibly be 
simply hooked onto local minima. Second problem is 
because of its region descriptor that is purely 
calculated using that particular section mean statistics 
but lacking knowledge of region variance and 
therefore leads to erroneous segmentation. LBF uses 
a similar type of energy functional that results in 
same problem. Such problem also occurs a lot in the 
K-means clustering-based methods. One of the K-
means clustering method which is locally weighted, is 
LIC method however it ignores the value of the 
clustering variance. To explain the MS model, the 
LRM uses statistics based on local region. However, 
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the localised means and variances are merely 
described on experimental basis , without considering 
the calculation ofMS energy minimum .Here, we 
proposed a method in this firstly each intensity level 
in grayscale image is  converted into integer valued 
‘label’ an iterative method for segmentation and 
thresholding using level sets so that subpixel 
accuracy can be achieved. Then we have applied 
filtering using fuzzy logic to get smoothening effect. 
We represent image signal using b spline basis as 
they have minimal support which helps in improving 
computational efficiency. Control points can be 
moved for modifying the shape of the curve .It is also 
possible to make changes to the portion of the curve. 
Hence, use of B-spline provides us with higher 
degree of freedom in curve designing. To use b- 
spline as basis function we need to define number of 
different sets consisting distinct objects like control 
points, knots and coefficients which is different for 
every control point, in a way that when each curve 
section is connected with one another specific 
criterion of continuity should be meet. Energy is 
calculated at each knot connecting two polynomials 
using bias field. It is converted into piecewise 
minimization problem rather global minimization 
problem satisfying boundary conditions and then 
iteratively minimized to improve signal to noise 
ratio .Value of signal to noise ratio should be highin 
images for preservation of properties and sharp 
features of images. This method is better in many 
ways it improves the signal strength and reduce 
noise .It also reduces overlapping in intensities. 
 

 
Figure 1 MRI scan of brain 

 
II. RELATED WORK 
 
Some authors [7] make assumption the image is 
divided into uniform parts and probability models are 
used to define these parts. In this method, a new way 
of segmentation is adopted following both analytical 
mathematics and variational calculus, developed on 
basis of a novel algorithm known as region 
competitions. Through the use of the variational 
principle, this algorithm is obtained by finding 
minimum of a fundamental 
standardised 푀푖푛푖푚푢푚 퐷푒푠푐푟푖푝푡푖표푛 퐿푒푛푔푡ℎ 

(Bayesian framework). This method is general for 
segmenting images on basis of both pigmentation and 
composition, but this has limitation that results 
showed only by grey level, colored and texture 
images. 
Some [8] designed a novel process in which 
segmented image is obtained by multiphase level set 
structure by utilizing  푀푢푚푓표푟푑 푎푛푑 푆ℎ푎ℎ 푀표푑푒푙 . 
This technique is a simplification of an active 
contour .It has the benefit that vacuum or overlap is 
not produced by the phases, (there is no extra 
constraint to avert vacuum or overlap),computational 
cost is minimized as much as possible, and 
significantly decreasing the number of level set 
functions. In this method it is demonstrated in 
particular that number of conjunction are depicted 
and detected by simply dual level set functions. 
Some [9]proposed that active contour/snake model is 
one of the intensely effective variational versions for 
image segmentation. This involves developing a 
silhouettein the direction of the entity’s outline. It is 
attained on basis of robust attributes of mathematics 
and proficient computative systems established by 
technique of level set. There is presence of local 
minima in the active contour energy which makes the 
first guess difficult and that is the only downside of 
this model. By defining absolute minima of the active 
contour model, it proposes to resolve this problem. 
Methodology is established by combining the 
segmentation of image along with removal of noise 
from image forms a structure to find absolute minima. 
Here it is a remarkable observation about calculation 
of the absolute minima that it is performed through 
disintegration of an image into its constituents that 
means smooth part and a texture part. The image 
disintegration improves the segmentation task. 
Some [10] proposed anew 푎푐푡푖푣푒 푐표푛푡표푢푟 푚표푑푒푙 
(ACM) that is set on region. It is done through a 
different kind of process called Selective Binary and 
Gaussian Filtering Regularized Level Set (SBGFRLS) 
that at first particularly sets level set as the dual 
valued function, additionally after that Gaussian 
smoothing kernel is used for regularization of 
function. Following are the benefits of this technique 
Firstly, proposition of a novel function known 
as 푠푖푔푛푒푑 푝푟푒푠푠푢푟푒 푓표푟푐푒 (SPF) that is set 
according to region, which is capable of proficiently 
halting the silhouette where either boundary is not 
strong enough or hazy. Secondly, the external as well 
as internal extremities are capable of being sensed in 
an automatic way when original contour is present at 
any place on the image. Thirdly, ACM using 
SBGFRLS which is recommended here possesses the 
characteristic of choosily segment either globally or 
locally. This is capable of segmenting all the other 
entities along with the sought after entity. Fourthly, 
ability of defining the level set function as a dual 
valued function which is better in comparison to 
푠푖푔푛푒푑 푑푖푠푡푎푛푐푒 푓푢푛푐푡푖표푛 (SDF) which is common 
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in use. Here also cost of computation is less than 
outdated setting. 
Some authors [11]recommended a new method for 
correcting the bias of magnetic resonance images 
which makes use of images generated by both the 
coils volume coil that have homogeneity in space 
whereas signal strength is low and those by surface 
coil that give exceptional signal response however 
huge bias fields are present. It demonstrates 
variational structure, here for estimation of bias field 
as well as main image derived by both of the detected 
images by optimization of energy function. This 
structure is valid on both types of images two 
dimensional as well as three dimensional. Image as 
well as the bias field is regularized by enforced 
smoothness contained in the energy function. It 
depicts application of its fundamental structure to 
different conventions of imaging.  
Authors [12] stated that segmentation of a new born’s 
brain MR image is problematic due to the inferior 
nature of image. Here, it proposes that such type of 
images can be segmented by new technique using 
level sets that are patch-based with the help of sparse 
representation. Explicitly, initially a manualin 
accordance with objects is created with the help of 
collection consisting references of images that are 
ordered, have undergone patch-driven physical 
segmentation with the use of sparse representation. 
After that, secondly a patch is compared to all other 
patches in its vicinity by seeing the sameness the 
spatial uniformity in the manual is additionally 
imposed. Lastly manual is unified to a level set 
structure designed for segmentation of newborn’s 
brain. The suggested technique is broadly assessed by 
a model validation method known as LOOCV which 
is a sub-type of cross validation using twenty training 
sets, and additional testing sets. Together numerical 
and non-numerical assessment outcome presents the 
legitimacy of the given method. Some [13] proposes 
a better model for image segmentation by merging 
the region information as well as edge information for 
images that have in homogeneities. Firstly, it 
describes a novel type of a higher-order energy 
function formulated on basis of information extracted 
from the region, containing function that can exactly 
fit both the local as well as absolute values .After that 
by addition of another function as an edge indicator 
which can takes either zero or positive value for 
sensing contours effortlessly it integrate the 
information extracted from edge with energy higher-
order function. It spreads as a weighted function to 
govern the impact of the local and global pixel value 
data with dynamism. Consequently, the given method 
not only works for the segmentation of homogeneous 
images with accuracy, but also for inhomogeneous 
images.Some [14]stated thatingeneral precise 
segmentationof inhomogeneous images isa hard job, 
sincealmost all of the methodsare based on region 
which can only be determined from the concerned 
object’s pixel values. Here alternative approach is 

demonstrated to segment image by using different 
level set method when in homogeneities are present. 
In homogeneous objects are statistically normally 
distributed each with distinct meanas well as variance 
here image is transformed from initial domain into 
some other domain, as a result even after 
transformation all of the objects are normally 
distributed however these bell curves are disjointed.  
Expected mean of each object is calculated in the 
changed domain through multiplication of a bias field 
and initial image. Subsequently higher–order ML 
energy function is described over the full image that 
integrates with the bias field, the level sets as well as 
the invariable sub-functions that approximately sums 
to real signal of image. This suggested method 
employing level set is straight forwardly useful for 
both segmenting as well as bias correcting at the 
same time the MR images produced by 3Teslascanner 
as well as higher resolution images of 7 tesla scanner. 
Authors[15] stated that a digital FIR filter should 
have good passband and stopband characteristics for 
wide-range of purposes. Specifications that change 
properties of the magnitude part of frequency 
response such as from the Hermann’s and Kaiser’s 
model’s maximal flatness to that of property of model 
such as Kaiser’s and Saram¨aki’sestimation of 
energy’s local minima, are taken into consideration. 
The filter coefficients can be calculated 
comparatively with less effort than to design 
regardless of the point proposing desirable output 
attributes in several cases. Not like finite impulse 
response filters that are constructed with either 
sampling the frequency or by using window function, 
the calculation of coefficients of impulse response is 
done through closed-form IDFT ,earlier for changing 
magnitude response’s sharpened edges at transit. B-
splines were applied. Even though development of 
the filter is done into frequency domain, identification 
of a convergent window is done as part of the 
convolution sequence plus matched with standard 
finite impulse response filters’ windows. It is proved 
using example that by varying transition 
specifications the filter outcome is such that it 
emulates the stop-band attenuation as well as 
transitional band that is spindle-shaped ellipsoid. This 
type of modelling is used as an expansion for making 
more transitional filters using exemplar window, for 
example as the Hann window filter. These types of 
filters are apt for specific application of medical field 
where filtering is to be performed with accuracy as 
well as restoration of bio-signals as well as acoustic 
signals from samples and is similarly suitable for 
additional uses that necessities less flaws in both the 
pass- band as well as stop-band. 
 
III. ALGORITHIM 
 
The initial two steps are uploading required MRI 
image and then cropping the desired area such that 
the image can be worked on to reduce noise and 
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extract information properly. Then we do 
segmentation and thresholding by taking level 
setsapproach by applying after that opening the mask. 
In fourth step we initialise bias field by limiting B0 

and setting higher polynomial order. Then filtering 
having transfer function by applying fuzzy logic 
Lastly intensity correction or piecewise energy 
minimization using  B-splines. 

Figure 2 Stepwise implementation of proposed method 
 
Segmentation and Thresholding using level sets 
Our approach is do segmentation along with 
thresholding using level sets.LSM is a theoretical 
model that utilizes level sets to do mathematical study 
about planes as well as contours of objects. This 
method has a benefit of doing all mathematical 
operations that includes curvatures as well as planes 
that can be represented on stationary Cartesian 
coordinate system rather than describing objects 
using parameter.The bi-phase model can be 
represented by interior as well as exterior of the 
silhouette of object denoted by Z, such that positive ɸ 
is used to represent interior of Z also negative ɸ for 
exterior of Z correspondingly. Similarly the 
representation of quadphase model is done by using 
two level set functions that are ɸ1 and ɸ2on the basis 
of four color map theorem every region can be 
represented by different colors. 
The phase indicators can be described as follows: 
Bi-phase: 

퐿  (ɸ)  =  퐻(ɸ) 
퐿   (ɸ)  =  1 −  퐻(ɸ) 

 
Figure 3 Illustration of level set method 

quad phase: 
퐿  (ɸ)  =  퐻(ɸ )퐻(ɸ ) 

퐿  (ɸ)  =  퐻(ɸ )(1 −  퐻(ɸ )) 
퐿   (ɸ)  =  (1 −  퐻(ɸ1))퐻(ɸ ) 

퐿 (ɸ)  =  (1 −  퐻 (ɸ )) (1 −  퐻 (ɸ )) 
Here H corresponds to higher order Heaviside 
function also ɸ is the level set functions’ set, that vary 
for different models such as the bi-phase model has 
single element level set functionɸ = {ɸ}  , similarly 
the quad phase model has level set function   ɸ =
 {ɸ ,ɸ } . For every function 퐿 (ɸ)that serves as an 
indicator for phase to be particular section’s 
membership function (MF) the sufficient condition is 

퐿 (ɸ )
       = 1, 푦 ∈  ɸ

= 0 , 푒푙푠푒 (1) 

We get the final segmented outcome such that every 
section of image is specified using MF Li in (1)while 
the zero level set retains stability. Regularization of 
level set function must be done from initialization 
until end of iterative process for keeping the 
mathematical application steady,. Li et al. 
recommended an oriented distance function designed 
to regularize. That creates level set advancement 
vulnerable to get in any local minima by creating 
some needless valleys and crests.  An easy in addition 
to a stable procedure [13] for regularization the level 
set function throughout iterative process is 
implemented. Diffusion of the level set function is 
done by applying the equation (2) to every step of 
iterative process of the level set evolution 
ɸ = ɸ +  ɸ ・훻 (2) 
hereɸ denotes the level set function attained from the 
l the step of iterative process, 훻 denotes the 
퐿푎푝푙푎푐푖푎푛 표푝푒푟푎푡표푟 , and ɸ denotes the 
푑푖푓푓푢푠푖표푛 푠푡푟푒푛푔푡ℎ.  



International Journal Of Electrical, Electronics And Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 
Volume-6, Issue-1, Jan.-2018, http://iraj.in 

An Intensity Correction Filtration Method for MR Images based on Energy Minimization using B-Splines 
 

15 

We may estimate ɸ using  ɸ =  퐾⊗ ɸ , here 
퐾can be either of two a 퐺푎푢푠푠푖푎푛 푘푒푟푛푒푙 [30] or a 
constant kernel [13].  
The Laplacian operator ∇2is estimated as 훻 ≈  퐾 ⊗
 ɸ , here ⊗is a convolution operator, and   퐾 is a 
kernel described by (3) 
 

퐾 =
0 1 0
1 −4 1
0 1 0

(3) 

 
 
Hence, the result of the diffusion equation (2) is 
obtained by following equation: 

ɸ = ɸ  ⊗
0 훻푡 0
훻푡 1− 4훻푡 훻푡
0 훻푡 0

(4) 

 
Initialise bias field 
Suppose퐵(푥) ∶  훺 →  푅denotes a bias field which is 
not known .A parametric probability distribution that 
is degraded by a smooth polynomial inhomogeneity 
or bias field is used for modelling MR signal .The 
main difficulty to get mechanized segmented MR 
image is the degradation by a continuously changing 
inhomogeneous intensity or bias field .Because of 
equipment restrictions and patient-induced 
electrodynamics interactions this bias has become   
inherit characteristic of MR imaging [2]. This type of 
bias is responsible for wrong classifications while 
image is segmented on the basis of intensity as this is 
not every time noticeable for a human observer. An 
essential necessity for robust automatic segmentation 
is to rectify the MR image intensities for bias field 
inhomogeneity .We made this assumption usually 
that intensity inhomogeneity is the main factor 
responsible for field component that has spatial 
variations which is multiplied to get the image that is 
received at output .Because there are non- 
uniformities in the B0 and B1 fields this multiplicative 
component which is called to be a bias field, varies 
spatially. Bias field correction is the procedure for 
estimation of   the bias field 
퐼 
=  푏 ∗ 퐽 +  푛                                                                       

here I represents intensity of the received image  , 
퐽 represents intensity of original image that is 
eventually recovered, 푏 represents bias field which is 
not known, and 푛  is noise. To estimate the bias 
field  푏  by using intensity of the received image 
intensity 퐼 is the aim concerning bias correction. As 
both 푏 and 퐽  are unknown this becomes   an 
unsolvable problem. It is essential to assume values 
of both 푏  as well as  퐽 . The bias field has slow 
variations is the commonly believed assumption on it.  
The all tissues ought to have some particular 
intensity 퐽 which represents the natural characteristic 
that is considered (e.g. the proton density for MR 
images). The original image 퐽 is roughly a piecewise 
constant map that is indicated by spatial coherence of 

every single tissue’s distribution along with this 
property. We make one more assumption that the 
additive noise 푛 has Gaussian noise with zero mean. 
Particularly, it is supposed to have tissues 푁 kinds of 
in the image domain훺, and these tissues are located 
in 푁  disconnected regions 훺1,··· ,훺 in 훺 . Then, we 
can follow state the above assumptions on the true 
signal  퐽 and the bias field 푏 
(1) The original image 퐽 from the푖-th tissue can be 
approximated as a constant 푐 , i.e. 퐽(푥)  ≈  푐 , for 
푥 ∈  훺 . The constants 푐 ,··· ,푐  are assumed to be 
different from each other. 
(2) The bias field 푏 has slow variation in the whole 
image domain 훺 . The two important kinds of 
techniques for bias correction: prospective and 
retrospective techniques. Prospective approachis used 
for avoiding intensity non-uniformities while 
acquiring image. These methods, while capable of 
correcting intensity inhomogeneity induced by the 
imaging device, are not able to remove object-
induced effects. In contrast, retrospective methods 
rely only on the information in the acquired images, 
and thus they can remove intensity inhomogeneities 
regardless of their sources. 
 

 
Figure 4 Bias field multiplied by original signal 

 
Filtering  
Filtering plays a crucial part in any signal processing 
system. We estimate the degraded signal by adding 
random noise.  Over the time, various filtering 
methods have been proposed. Because the linear 
processing methods are simple, they have been used 
very often over other methods. We assume a 
Gaussian model for the properties based on statistics 
of the basic procedure and for optimization the 
parameters of the arrangement of this prototype in 
order to solve issues of image processing. Since the 
orthodox linear methods are not able to consider the 
image construction model’s nonlinear behaviour also 
they don’t take into account the inherent 
nonlinearities in the human visual system, hence 
these methods are proved to be inefficient. Linear 
filtering methods are very likely to blur edges and 
degrade additional fine image details. A single filter 
may not be apt for filtering of different portions of an 
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image since processes like noise smoothing and edge 
enhancement are naturally at odds. The filtering 
algorithm dependent on the local context should, 
preferably, differ from pixel to pixel .It is very hard to 
establish the conditions under which a particular filter 
should be used because in some parts of an image the 
local conditions can be calculated imprecisely. The 
use of fuzzy logic for image filtering is recommended 
because any filtering system should be capable of 
dealing with unclear and uncertain information. 
Fuzzy control systems in image processing 
applications have gained substantial attention and   
have become a vital part of modern filtering methods. 
Fuzzy system is capable to use as a general 
approximator to nonlinear functions by using IF- 
THEN rules as linguistic knowledge. A propositional 
logic where number of logical values used is greater 
than two is known as multi-valued logic.  
Fuzzy logic is the structure where multiple-valued 
logic is added. All standard propositions can simply 
have two likely values either T or F on the other hand 
if it can have n values such that  푛 > 2. The fuzzy 
methods are categorised into two broad categories 
that are fuzzy-rule-based methods and adaptive fuzzy 
methods. Here we apply fuzzy-rule based methods. In 
this type of method we make use of human 
knowledge stated in linguistic terms. For making the 
rules for processes such as smoothing, sharpening and 
edge detection 
Ross used heuristic knowledge [2,3]. An edge 
preserving smoothing filter, built on weighted mean 
filter is proposed in [4]. A robust method for image 
enhancement built on fuzzy logic can be found in [5].  
In this method the outputs of three different filters 
built on the local context are combined. For image 
enhancement an additional fuzzy-logic-control-based 
filter is proposed in [6]. Certain methods employ 
fuzzy rule based systems to cover the classical 
arrangement of a weighted linear filter. The inputs for 
fuzzy rules for calculation of fuzzy weights are local 
features that mine information from the 
neighbourhood of the signal value to be processed. 
The nonlinear filters and linear fuzzy weighted filters 
are combined in Hybrid fuzzy filters   proposed in be 
capable of dealing with unclear and uncertain 
information.  

 
Figure 5 A Generalised Fuzzy System 

 
Fuzzy control systems in image processing 
applications have gained substantial attention and 

Image filtering using fuzzy logic [5, 6] is the group of 
all methods which recognise, characterize as well as 
do processing of the images; slices can be 
presentation in form of fuzzy sets. The illustration as 
well as process can be determined using the 
designated fuzzy technique in addition by using the 
problem in question. Fuzzification, modification of 
membership values and defuzzification filtering’s 
three key stages as presented by Figure 6. The steps 
that make feasible to process images with fuzzy 
methods are first and last steps that are to code the 
image (fuzzification) as well as to decode the 
outcomes (defuzzification) respectively.  In the whole 
process, the second step (modification of membership 
values) is of utmost importance. 
Suppose퐼(푋 ), . . . . , 퐼( 푋 ) are the gray levels of pixels 
푋  , . . . . ,푋 , respectively, in a given window with 푁 
pixels in it. In weighted average filtering, the gray 
level of the center pixel 푋  is replaced by 
 

퐼(푋 ) =
∑ ( ). .

∑                                        (5) 

 
here푤 is the weight related to adjoining pixel푋  

 
Figure 6 An image processing system using Fuzzy Logic 

 
When there is change in plane from gray level to the 
membership (fuzzification), fuzzy rule-based method 
transforms the membership values.  
 
Intensity Correction 
Here we represent image signal in terms of B-spline 
bases. For designing the B-spline curves, three sets 
are required one for control points, other for knots 
along with another for coefficients, uniquely defined 
for every single control point, in order to connect 
each curve section with one another such that 
resultant curve is continuous. 
 

 
Figure 7 Representation of Curve using Knot Vector 
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Suppose푃 is set consisting of 푛 + 1 control points, 
푃 = {푝 ,푝 ,푝 … . 푝 } , also 푈 is set consisting of 
푚 +  1 (non-strictly) increasing numbers, 푢 <=
 푢 <=  푢 <= . . . <=  푢 . Let 푢 represents knots 
and the set 푈 denotes the knot vector 푈 =
{푢 ,푢 ,푢 … … …푢 } .We make assumption that 
domain of every B-spline basis functionlies in 
[푢 ,푢 ]. When frequency of any knot 푢 is 푘 (such 
that 푢 =  푢 = . . . =  푢 ), provided 푘 >
 1,then푢 has 푘multiplicity, denoted by 푢 (푘). A knot 
is classified as simple knot when it presents for 
merely one time.When knots are present at equal 
interval (that is, 푢 −  푢 has same value if 푖 lies in 
interval 0 <=  푖 <=  푚 −  1), then the knot vector 
is known as uniform; else, known to be non-
uniform.The 푖 − th knot span is given by half-closed 
interval  [ 푢 ,  푢 ) . A number of  푢 's are possibly 
identical;even certain knot spans are non-existent. 
Every B-spline basis function assumes its domain is 
[ 푢 ,  푢 ].For defining B-spline basis function, other 
additional specification is required i.e. degree 푑of the 
basis function. With the increase in multiplicity 
continuousness get decreased; though with the 
increase in degree increases continuousness get 
increased. The 푖 − th B-spline basis function of 
degree 푑, denoted by 푁 , (푢),and descried by given 
recursive formula in (6), 
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(6) 
 
here푁 , (푢)denotes polynomial of degree 푑 in 푢. For 
all 푖,푑and 푢, 푁 , (푢)can either be positive valued or 
zero valued.  
Thisgiven recursive formula is commonly known to 
be the Cox-de Boor recursion formula. Every basis 
function with degree zero is unit step function. The 
triangular computation method is applied to compute 
푁 , (푢)for 푑 > 0. 
 

 
Figure 8 Triangular computation of B-spline basis function 

 
For computation of 푁 , (푢) , both  푁 , (푢) as well 
as 푁 , (푢) are required. Hence, computation 

ofbasisfunctions such as 
 푁 , (푢),푁 , (푢),푁 , (푢),푁 , (푢)  is done along for 
other values of  푖 and 푑. We write Ni,1(u)s for all 푖in 
column with index three. After every singleNi,1(u) is 
calculated, then using them all the Ni,2(u)s are 
computed and likewise they are written in the column 
with index four. Similarly following the above 
method we compute whole of requisite Ni,d(u)'s.  
 
While spanning  [ 푢 ,  푢 ) for all푖 ,not more than푑 
basis functions of푑 + 1 degree can be non-zero, that 
are:  푁 , (푢),푁 , (푢),푁 , (푢), … ., up to 
푁 , (푢)and all of them adds to unity. When total 
knots are m+1, the basis functions’ degree is 푑, as 
well as the total basis functions with degree of 
푝 are 푛 + 1 implies that 푚 =  푛 +  푑 +  1  .Basis 
function 푁 , (푢)is a combined curve of polynomials 
degree 푑connecting at knots in  [ 푢 ,  푢 )Withthe 
use of knot vector 푈 in addition to control points 
푃 image signal is described as follows 

1,)()( 0
0

, 
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The point on the signal curve that corresponds to a 
knot  푢 , 퐼(푢 ), is referred to as a knot point.B-spline 
curve’s division into its sections is done at these 
points lying within a knot span. Energy is calculated 
at each knot point in terms of B-splines as follows 
 
퐸(퐼) = ∫{퐼(푢 )} 푑푢                               (8) 
 
Using (7) and (8) we get 
 
퐸(퐼) = ∑ ∑ ∫푁 , (푢 )푁 , (푢 )푑푢                         
(9) 
Since, B-spline basis is piecewise constant 
polynomial energy is calculated for every 
span [푢 ,  푢 ) 
 
IV. IMPLEMENTATION 
 
We implement the above described algorithm using 
MATLAB software. We have made use of various 
toolboxes such as image processing, spline, fuzzy, 
GUI etc. Stepwise output and final result are shown 
in following figures  
 
 
 

 
Figure 9 Conversion to segmented image by setting threshold 

parameter α equal to .5 
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Figure 10 Initialising Bias Field by limiting B0 and by varying 
polynomial order as 3,5 and 10 respectively 

 
Figure11 By increasing number of iterations from left to right 

(9,30 and 50 respectively) smoothening increases 
 

 
Figure 12 Comparison between original histogram and 

proposed method's histogram shows amplification of signal 
and suppression of noise 

 

 
Figure 13 Corrected image has better signal strength 

 

 
Figure14 Initial image with reconstructed image with bias field 
 

 

 
Figure 15 Histogram of initial as well as reconstructed image 
along with estimated bias shows the amplification of original 

signal 
 

CONCLUSION 
 
Presence of noise in MR images forms a major 
bottleneck in applications such as the detection of 
abnormality in brain and other body parts. 
Sometimes, the pixel value is very low, so to detect 
these pixels, we have strengthen the pixel value .Here 
we also reduce the effect of bias field and both signal 
dependent and independent form of noise in order to 
reconstruct that image easily.It is more effective then 
all other methods in terms of reducing extraneous 
signal. 
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