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Abstract – In Forensic Image, the quality of a proper 

Biometric image Identification and Authentication 

Systems depends on its reliable and accuracy result. To 

get a noise-free fingerprint image, they are subjected to 

pre-processing and filtering tasks. In this paper, we 

propose a method which is faster and an efficient way 

to remove impulse noise and also we preserve the edges 

so that we obtain a finger print noise free image using 

B-Splines. The outputs are much better than the 

previously proposed linear, nonlinear filters methods 

both in terms of noise removal as well as edge 

preservation for forensic image 
 
Keywords –Forensic Image, Digital Finger Print 

Images, Edge-preserving, Impulse Noise, B-Splines. 

 
 
1. Introduction  

 
Now a days the utilization of images, signal 

processing and network technologies has 

encouraged their demand to secure their 

multimedia contents. Customary image content 

security plans utilize technical methodologies, for 

example, watermarking or fingerprinting. In any 

case, under numerous conditions, edge content 

protection is impractical. Consequently, there is 

incredible enthusiasm for creating forensic tools by 

means of intrinsic fingerprints to take care of these 

issues. The across the board accessibility of 

photograph altering software has made it simple to 

make outwardly persuading digital image forgeries. 

To address this issue, there has been much late 

work in the field of anti-forensics. There has been 

little work, be that as it may, in the field of anti-

forensics, which looks to build up an arrangement 

of procedures designed to fool current forensic 

methodologies.  

The addition of additive noise has been utilized by 

numerous scientists to take care of the issue of 

intrinsic finger print frameworks for digital 

forensics and distinctive specialized techniques 

have been proposed to evacuate to remove impulse 

noise. For the expulsion of noise, error limiting  

 

strategies have been utilized effectively to save 

the edges and the subtle elements in the image. 

These strategies bombed on account of impulse 

noise. Also the restoration will change 

fundamentally all pixels in the image, including 

those that are not added by the impulse noise. In 

this paper, a "decision-based" cum "edge detail-

preserving" procedure is advanced that is quicker 

and effective than the previously proposed 

techniques for impulse noise removal and 

protecting edges. 

In the first stage the noisy pixels were identified 

and then they were replaced by interrelated with  

the surrounding noise-free pixels using B-Splines 

with the help of a kernel. Later the indices of these 

noisy candidates were noted. To these indices in 

the output generated in the initial stage, the 

nearest neighbors were selected and they were 

interpolated with cubic B-Splines. 
 
Many researchers have applied this  B-splines 

method them into various fields of image 

processing like compression, segmentation and 

transformation of images .As Cubic B-Spline 

splines have the properties such as to pass through 

the control points and also have local propagation. 

so that they are used for the interpolation and they 

are not affected by the change of single control 

point respectively. The main reason to use B-

Spline his as it have compact support with good 

continuity. 

 

The overview of this proposed algorithm is as 

follows:  

The proposed Cubic B-Spline Denoising and edge 

preserving algorithm is elaborated in section 2. 

The significant measures are discussed in Section 

3. The results have been discussed in section 4 

and conclusions are discussed in Section 5.  
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2. Proposed Cubic B-Spline Interpolation Algorithm  
 
The use of Cubic B-splines is for generating closed 

curves. In this section we generate the closed curve by 

specifying four out of six control points cyclically for 

each section, as shown in figure 1. 
 
 
 
 
 
 
 
 
 
 

Figure 2.1. : A cubic B-spline constructed using four 

control points for each section. 
 

Before we calculate the curve equations for a cubic B-

spline we start with boundary conditions and obtain 

the functions normalized to the interval 0 ≤ u ≤ 1. The 

boundary conditions for four control points p0, p1, p2, 

p3 of a cubic B-spline is given by: 

P(0)=(P0+4P1+P2)/6  (1) 

P(1)=(P1+4P2+P3)/6  (2) 

P'(0)=(P2-P0)/2  (3) 
P'(1)=(P3-P1)/2  (4) 

 
The curve section consists of four control points and 

slopes at the end of the curves are parallel to chords 

which joins adjacent control points.The B-spline curve 

sections starts at location near to point p1 and ends near 

location of point p2. 

 

Cubic B-spline matrix formulation with five control 

points is written as : 

 

P(u)=[u3 u2 u1].MB.                (5) 

where MB (B-spline matrix) for cubic polynomials is 

given by: 

MB=                 (6) 

The tension parameter t regulates how tightly or loosely   

B-spline fits in the input control points, as shown in fig 2. 
 
 
 

 

 

Figure 2.2. Effect on shape of B-spline due to tension 

parameter (t).Tension parameter t, can be included by 

modifying B-spline equations, cubic B-spline matrix with 

tension parameter t is : 

 

MB=    (7) 

 

So, for t=1 and for u, 0 ≤ u ≤ 1, we expand the matrix (5) 

into polynomial form, we get 
 

B0 (u) = (1 – u)
3
 / 6 (8) 

B1 (u) = (3u
3
 – 6u

2
 + 4) /6 (9) 

B2 (u) = (-3u
3
 +3u

2
 + 3u + 1) /6 (10) 

B3 (u) = (u
3
) /6 (11) 

 

Since, the B-spline is cubic, the order of the polynomial is 

4, hence the degree is 3.We also know that for a B-spline 

polynomial of order k, it has been proved that the 

continuity condition for interpolation is C
k-2

.Hence, for 

the above cubic B-spline we get C
2
 continuity for 

achieving the required smoothness. Also, we found that 

the interpolation is more proper and it follows the ideal 

very closely. 

 

Phase 1 
 
The above mentioned B-splines in equations (8)- (11) are 
utilized for the removal of salt and pepper impulse noise 

from the image. For every pixel in the image, firstly the 

non noisy pixels are removed from the image. The noisy 

pixel candidates have been distinguished by putting all 

the image pixels in a Vector. Presently it is very easy to 

separate the 0 and 255 noisy pixels since all the noisy 

pixels have been obeserved in MATLAB. Four pixel 

qualities are required for the corrupted pixel interpolation 

and each time the window size of 3x3 is utilized. 

 

Let X(i.j) be the original image and Y(i,j) be the image 

corrupted by the salt and pepper noise. For every pixel of 

Y(i,j) ,we start with the initial kernel S(x,y)∈Y(i,j). If 

S(x,y) contains the four pixels unaffected by the noise 

then use those pixel values to find the value of the centre 

pixel on which window is centered . Let L be the number 

of noise free pixels in the S(x,y) . Let Z be a vector 

containing all the pixels unaffected by the noise. 

 

If L<4 then increase the size of the S(x,y) accordingly. 
 
Case 1 : If L=3, we do not increase the size of the initial 

window but replicate the third value of the Z to get the 

fourth value . Then interpolate the new value using 

Cardinal Splines. 
 

Case 2 : If L=2 then increase the size of the S(x,y) by 

adding two to its initial size and extract the noise free 
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pixels in Z. Since we need at least four noise free pixels, 

we need two more of them . Then we repeat the 

interpolation on these pixels. If we do not get enough 

noise pixels even after we increase the window size, we 

save the noise free pixels which are obtained when we 

increased the window size for the first time and then we 

add further noise free pixels by further increasing the 

window size. We continue this process untill we get the 

required number of noise free pixels. But the basic idea is 

that we select those noise free pixels for interpolation 

which are closer to the noisy pixel which is going to be 

replaced. 
 

Case 3: If L=1 then we increase the size of window by 

adding four to its initial size. If we don’t obtain the 

required number of noise free pixels when we increase 

the window size for the first time, we continue the above 

said process in case 3 where the required noise free pixels 

were less when the window size was increased for the 

first time. 

 

Case 4 : If L=0 then we are increasing the window by 

adding six to its initial size. Again we follow the same 

procedure that is followed in case 2 and case 3 if the 

required noise free pixels are less when we increase the 

window size for the first time in this case. 

 

Suppose S(x,y) was 3x3 and if L=2 then new size of the 

S(x,y) become 5x5. While increasing the size of the 

window and extracting the new noise free pixels , all 

pixels those present in the initial window must be used in 

the interpolation. If S(x,y) is the initial window and 

S’(x,y) be the new window after the increment in the size 

then we update Z vector in such a way that the values 

from the S(x,y) should be considered first and then the 

remaining values must be taken from S’(x,y).  

After calculating the value of every pixel we get the 

output image O(i,j). But initially Y(i,j) contains noise free 

pixels have to be replaced into O(i,j) so that we get a 

good improvement in the PSNR 

 

Phase 2: 
 
Then the output image is now considered. In this image 

we consider only those pixels in which noise was added 

which can be known by collecting the indices of the noisy 

pixels immediately after the original was corrupted with 

salt-and-pepper impulse noise, and replace them with the 

value obtained by interpolating the nearest elements using 

B-Splines. Thus the final restored image is obtained. 

Here, we now only consider the output image of the stage 

1 and only the noisy pixels are considered and they are 

replaced by the value we get after interpolating nearest 

elements using cubic B-splines. We obtain the final 

restored image. 

 

A. Algorithm1: Detection and Removal of Salt and 

pepper Impulse Noise  

 
Input : Original image be X   
---------------------------------------------------   
Image with noise be Y(i,i), for all Y(i,j)  

 

Let the window Wxy be of size=3, where  
 

Wxy ∈ R.   
As defined in stage 1, for four pixels in H, we find   
{  

 

b0   (1 – u)
3
 / 6 ;   

b1    (3u
3
 – 6u

2
 + 4) /6 ;  

b2   (-3u
3
 +3u

2
 + 3u + 1) /6 ;  

b3   (u
3
) /6 ;  

 
pt=b0*H(1)+b1*H(2)+b2*H(3)+b3*H(4)  

 

Y(i,j)   pt   
}  

 

Replace O(i,j)   Y(i,j) Output: (O) 

Restored image  

 
B. Algorithm 2 : Edge preservation algorithm  

 
For all O(i,j) 

 
for i = 1 : L4 

 
H(1) = element above O(i,j)  
H(2) = element below O(i,j)  
H(3) = element left of O(i,j)  
H(4) = element right of O(i,j) 

 
b0  (1 – u)

3
 / 6 ; 

b1   (3u
3
 – 6u

2
 + 4) /6 ; 

b2  (-3u
3
 +3u

2
 + 3u + 1) /6 ; 

 b3  (u
3
) /6 ; 

 

pt=b0*H(1)+b1*H(2)+b2*H(3)+b3*H(4) 

O1(i,j)  pt end 

Output: O1 (Restored Image) 

 

 

 

3. Performance Measures  
 
In this section, we will discuss the performance of our 

algorithm on the basis of PSNR, MSE and SSIM. 
 
Peak-to-Signal Noise Ratio (PSNR) and Mean  
Square Error (MSE) 
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Our algorithm has been tested for varied noise levels and 

up to a maximum of 60%. All the results have been 

analyzed using MSE and PSNR given below. 

 

MSE=
1

𝑚𝑛
   𝐴 𝑥, 𝑦 − 𝑅(𝑥,𝑦) 𝑛−1

𝑦=0
𝑚−1
𝑥=0  

 
where A is the original image and R is the restored image 

of resolution m*n. 

 

PSNR=10 log10(
𝑚𝑎𝑥 2

𝑀𝑆𝑅
) 

 
where max represents the maximum possible value of 

pixel i.e. 255 in case of gray scale image. 

 

4. Simulation results 

 

 
 

Figure. 4.1. Finger Print Test Image with 90% S &P 

Impulse Noise 

 

 
 

Figure 4.2 Phase-1 Finger Print Test Image with 90%S 

&P at 50% noise (18.51 dB) 70% noise        

(13.93 dB)90 %(9.66 dB) 

 

 
 

Figure 4.3 .  Phase -2 Restored FP image1 at 50% noise 

(21.12 dB) 70% noise (16.89 dB)90 

%(13.45 dB) 

 
 

Figure 4.4. Finger Print Test Image2 with 95%S &P 

Impulse Noise 

 

 

 

Figure4.5. Restored FP image1 at 50% noise (17.12 dB) 

70% noise (12.39 dB) 95 %( 9.53 dB) 

 

 

Figure 4.6. Restored FP image1 at 50% noise (21.12 dB) 

70% noise (15.93 dB) 90 %( 13.55 dB) 

 

 

5. Conclusion 

 

In this paper, a novel algorithm based on Cubic B-splines 

for the removal of Salt and pepper noise with edge detail 

preservation has been proposed for noise level beginning 

from 90% and ending up to 95%. Likewise the 

calculation is quick with Time Complexity of 34.656 

seconds on MATLAB 10 , Dual Core 1.9 GHz Processor 

. 
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