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Abstract -An Image Enhancement system for noisy images is presented based on noise and parameter estimation. The 
designed system consists of blocks cascaded functioning as directional smoothers and sharpeners which are managed with 
the help of parameters set.  
As parameters are based on noise estimation, the Gaussian noise standard deviation is estimated depending upon piecewise 
linear filter. Hence simple function is used for estimating parameter values for enhancing the noisy image. Experiments with 
Images captured from digital cameras and computer simulated outputs are presented for the effectiveness of the proposed 
approach.  
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I. INTRODUCTION 
 
Image enhancement pre-process the digital image 
quality without having any knowledge of the 
degrading source. Thus, image enhancement plays an 
important role in Image based measurement as in 
measurement process it reduces accurately the 
uncertain noise present. Very famous measurement 
procedures are object recognition and parameter 
estimation [1], [2]. Image enhancement finds 
application in homeland security, medical 
diagnostics, biometrics, video surveillance, remote 
sensing, robotics, etc. Here measurement information 
is totally dependent over image data. In the emerging 
era of digitisation, more advance algorithms 
regarding image smoothing and sharpening along 
with noise reduction are awaited to be implant in the 
digital camcorders and cameras. It is quite easy, to 
increase or decrease contrast, or making any image 
lighter or darker. Encouraging factor is that image 
enhancement software back up filters for image 
alteration in different ways.  
Various algorithms employing contrast enhancement 
posses several disadvantages. First and foremost is 
increase in noise caused due to sharpening.  
It is a very prominent effect the linear unsharp 
masking technique [3]; here addition of input data 
with high-pass filtered image is performed. The 
improvement will get more accurate if the high-pass 
linear filters get replaced by nonlinear filters. Noise 
reduction and Edge enhancement get easily combined 
in nonlinear models, sharpening limits the noise 
amplification [4] [8]. Permutation weighted median 
based nonlinear unsharp masking approach is 
presented [9] [11]. This approach avoids noise 
amplification while sharpening; it is advantageous for 
images degraded by noise. The Teager-based operator  
 
[12], [13], the rational unsharp masking method [16] 
and the cubic unsharp masking technique [14], [15]  

 
are the polynomial techniques that also fall under non 
linear approach.  
Fuzzy system based Image-enhancement techniques 
don't help out the unsharp masking scheme. As Fuzzy 
employ logical thinking to sort out noise reduction, 
edge and contrast enhancement [17]. The presented 
piecewise linear (PWL) model [18], [19] doesn't 
follow the unsharp masking approach. 
 
Command over sharpening and smoothing are the 
advantages of this approach.  
A lot of studies is been undergone to produce a 
nonlinear algorithm to combine edge enhancement 
and noise attenuation, but yet the automatic 
estimation of parameters is remaining to overcome 
the preceding task.  
To solve this problem, an automatic enhancement 
system for noisy images is shown which depends on 
objective examination over the noisy image quality 
[19]. Here, a single parameter PWL function was 
used to combine sharpening and smoothing.  
This automatic system used for noisy images 
enhancement is proposed in [20] points to achieve 
accuracy in the image enhancement for large range of 
noise variances. In comparison to other methods, this 
system is a cascaded processing with PWL functions 
comprising of multiparameter. Good feature is that 
the parameter estimation is based on estimate of the 
Gaussian noise standard deviation.  
Here in this paper, we will study the nonlinear 
behaviour of the PWL functions in detail and provide 
a new algorithm for noise estimation which aims to 
improve the accuracy and the application area of 
earlier method [20], [21]. Experiments and Computer 
simulations with images captured from digital 
cameras prove the system with satisfied outputs. The 
organisation of this paper is as follows: - Section II 
presents the detail discussion over the steps for image 
enhancement, the proposed method for noise 
estimation and the choice of parameter values, and 
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detail study of the PWL filter. Section III represents 
experiment results, and in the end, Section IV reports 
the conclusions.  
 
II. METHOD 
 
The new Automatic enhancement system consists of 
several steps. The steps are as follows:-  
1) The Input image is fed to TYPE I PWL Directional 
Smoother and also to the Noise Estimator.  
2) The output of TYPE I PWL Directional Smoother 
is given to TYPE II PWL Directional Smoother.  
3) Then further this output is fed to PWL Sharpener.  
4) Meanwhile, the output of noise estimator is fed to 
parameter estimator.  
5) And, the output of parameter estimator is 
simultaneously fed to all three PWL Smoothers and 
Sharpeners. In the end we obtain the enhanced image.  
 
Proceeding, let us assume a digitized image with L 
no. of gray levels, mostly L=256. Suppose Xp,q be 
the pixel luminance at position [p,q] of the image (0 ≤ 
Xp,q ≤ L-1). Now the different steps are elaborated as 
follows:-  
1. Proposed Method for Noise and Parameter 
Estimation  
a. Basic Algorithm  
Suppose a PWL nondirectional filter (smoother) 
consisting of the pixel subset Pixel0 = [ Xp,q-1 , Xp-
1,q, Xp,q+1, Xp+1,q] with output equation as:- 
 

 
Here parameter values for r and s are r = 2 and s = 5, 
and h is the parameter which holds the behaviour of 
filter. The corrupted image is operated considering 
different values for parameter h, in respect to this, 
filter performance is observed by adopting histogram 
of the edge gradients.  
As the noise is to be measured, the edge gradient map 
is generated responding to the Robert’s operator 
(Sobel operator gives best result). 
 

 

 

 

 

 
 

 
Fig. 1. Standard Deviation Estimation of Gaussian Noisy Image 

(“Parrot.tif”). 
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Fig. 2. Standard Deviation Estimation of Gaussian Noisy Image 

(“barbara.tif”). 
 

 
Fig. 3. Standard Deviation Estimation of Gaussian Noisy Image 

(“cameraman.tif”). 
 

 
Fig. 4. Observations of estimated parametric value of 

“tower.tif”. 
 

 
Fig. 5. Observations of estimated parametric value of 

“Parrot.tif”. 

For sharpening the most important parameter is l, its 
very small values gradually increase the noise in the 
input image. To avoid these problems while filtering, 
the parameter values could be calculated from the 
proposed methodology and must be quiet larger than 
the standard deviation of the input noise image. A set 
of values could be seen in Fig. 4 and Fig. 5.  
The values of less critical parameters could be kept 
constant. For effectiveness let us assume, r = 1.8, s = 
4.7, slope1 = 2.6, and slope2 = 0.3. 
 
2. PWL TYPE I Directional Smoother  
This topic covers the detail noise preserve smoothing 
based on PWL directional filter which operates to 
maintain thin lines of the input noisy image. Let us 
assume different Pixels subsets as follows:- 
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3. PWL TYPE II Directional Smoother  
 
This topic operates to reduce the noise further. The 
filter output for this smoother is presented as:- 

 
 

 
Fig. 6. Image of tower.tif. 

 
This filtering is known as PWL TYPE II directional 
smoothing, here the pixel choice is based on 
maximum operator. The cascaded Type I-Type II 
smoothers provide best performance in comparison to 
other combinations such as Type I-Type I, Type II-
Type I and so on. This combination provides least 
mean square error between the noisy image and the 
filtered output image. In respect to the advantage of 
this method in comparison to other methods, 
observation through the pictures in Fig. 6 (tower.tif) 
could be understood. 

 

 
(a) 

 
(b) 

 
 

Fig. 7 An image of 256×128 slice of the Tower.tif is observed. 
(a) Noisy image. (b) Output of TYPE I PWL smoother. (c) 

Output of Cascaded directional PWL filter. 
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4. PWL Sharpening 
 

 

 

 
(a) 

 
(b) 

 
(c) 

 

 
 
III. RESULT  
 
To observe the enhancement system performance, 
many experiments and computer simulations over 
images captured from digital camera has been done. 

 
(a) 

 
(b) 

Fig. 9 An image of 256×128 slice of the house_color.tif is 
observed. (a) Original image. (b) Sharpening output obtained 
by the studied method and proposed technique for parameter 

tuning. 
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(a) 

 
(b) 

Fig. 10 An image of barbara.tif is observed. (a) Original image. 
(b) Sharpening output obtained by proposed technique for 

parameter tuning. 

 

CONCLUSION 
 
Study of an automatic system for improvement in the 
quality of degraded noisy image is successfully done. 
The blocks used for processing id built of different 
cascaded blocks that frequently use tuned parameter 
sets in the PWL function to achieve directional 
smoothing and sharpening. Key points from the 
studied method can be listed as, a finally tuned 
enhancement system controlled by parameters to 
obtain very fine compromise between sharpening and 
smoothing, and a proposed method for tuning of 
parameter sets depending upon the estimation of 
Gaussian noise standard deviation. Experiment results 
and image captured from digital camera have proven 
that best and satisfied results could be obtained from 
the enhancement system, howsoever in the image 
heavily corrupted from noise. The studied method 
and proposed methodology for noise estimation and 
parameter tuning show effective source in image 
processing, to be utilised for image sensors, in 
sensitivity settings for image acquisition, in 
biomedical field, in security systems and many more 
places. 
 
REFERENCES  
 
[1] F. van der Heijden, Image Based Measurement Systems. 

Hoboken, NJ:Wiley, 1994.  
[2] I. Pitas, Digital Image Processing Algorithms and 

Applications.Hoboken, NJ: Wiley, 2000.  
[3] A. K. Jain, Fundamentals of Digital Image Processing. 

Englewood Cliffs, NJ: Prentice-Hall, 1989.  
[4] G. Ramponi, “Polynomial and rational operators for image 

processing and analysis,” in Nonlinear Image Processing, S. 
K. Mitra and G. Sicuranza, Eds. New York: Academic, 2000, 
pp. 203–223.  

[5] G. R. Arce and J. L. Paredes, “Image enhancement and analysis 
with weighted medians,” in Nonlinear Image Processing, S. K. 
Mitra and G. Sicuranza, Eds. New York: Academic, 2000, pp. 
27–67.  

[6] S. C. Matz and R. J. P. de Figueiredo, “A nonlinear technique 
for image contrast enhancement and sharpening,” in Proc. 
IEEE ISCAS, May 30–Jun. 2, 1999, pp. 175–178.  

[7] R. J. P de Figueiredo and S. C. Matz, “Exponential nonlinear 
Volterra filters for contrast sharpening in noisy images,” in 
Proc. IEEE ICASSP, May 7–10, 1996, pp. 2263–2266.  

[8] A. Polesel, G. Ramponi, and V. J. Mathews, “Image 
enhancement via adaptive unsharp masking,” IEEE Trans. 
Image Process., vol. 9, no. 3, pp. 505–510, Mar. 2000.  

[9] R. C. Hardie and K. E. Barner, “Extended permutation filters 
and their application to edge enhancement,” IEEE Trans. 
Image Process., vol. 5, no. 6, pp. 855–867, Jun. 1996.  

[10] M. Fischer, J. L. Paredes, and G. R. Arce, “Image sharpening 
using permutation weighted medians,” in Proc. X EUSIPCO, 
Tampere, Finland, Sep. 4–8, 2000, pp. 299–302.  

[11] M. Fischer, J. L. Paredes, and G. R. Arce, “Weighted median 
image sharpeners for the World Wide Web,” IEEE Trans. 
Image Process., vol. 11, no. 7, pp. 717–727, Jul. 2002.  

[12] S. K. Mitra, H. Li, I.-S. Lin, and T.-H. Yu, “A new class of 
nonlinear filters for image enhancement,” in Proc. Int. Conf. 
Acoust., Speech Signal Process., Toronto, ON, Canada, Apr. 
1991, pp. 2525–2528.  

[13] S. Thurnhofer, “Two-dimensional teager filters,” in Nonlinear 
Image Processing, S. K. Mitra and G. Sicuranza, Eds. New 
York: Academic, 2000, pp. 167–202.  

[14] G. Ramponi, N. Strobel, S. K. Mitra, and T.-H. Yu, 
“Nonlinear unsharp masking methods for image contrast 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume- 1, Issue- 6 Aug-2013 

 A Novel Approach Based on Noise and Parameter Estimation For Image Enhancement 
 

15 

enhancement,” J. Electron. Imaging, vol. 5, no. 3, pp. 353–
366, Jul. 1996.  

[15] M. Nakashizuka and I. Aokii, “A cascade configuration of the 
cubic unsharp masking for noisy image enhancement,” in 
Proc. Int. Symp.Intell. Signal Process. Commun. Syst., Hong 
Kong, Dec. 13–16, 2005, pp. 161–164.  

[16] G. Ramponi and A. Polesel, “A rational unsharp masking 
technique,” J.Electron. Imaging, vol. 7, no. 2, pp. 333–338, 
Apr. 1998.  

[17] F. Russo, “An image enhancement technique combining 
sharpening and noise reduction,” IEEE Trans. Instrum. Meas., 
vol. 51, no. 4, pp. 824–828, Aug. 2002.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[18] F. Russo, “Design of piecewise linear sharpeners,” in Proc. 
IEEE Int.Workshop IST, Niagara Falls, ON, Canada, May 13, 
2005, pp. 27–31.  

[19] F. Russo, “Automatic enhancement of noisy images using 
objective evaluation of image quality,” IEEE Trans. Instrum. 
Meas., vol. 54, no. 4, pp. 1600–1606, Aug. 2005.  

[20] F. Russo, “Image enhancement based on noise estimation,” in 
Proc. IEEE IMTC, Sorrento, Italy, Apr. 24–27, 2006, pp. 376–
381.  

[21] F. Russo, “A method based on piecewise linear models for 
accurate restoration of images corrupted by Gaussian noise,” 
IEEE Trans. Instrum. Meas., vol. 55, no. 6, pp. 1935–1943, 
Dec. 2006.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 


