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 I. INTRODUCTION 
Statistics is the study of the collection, organization, analy-
sis, and interpretation of data. It deals with all aspects of 
this, including the planning of data collection in terms of 
the design of surveys and experiments. 

The various statistical measures [1, 7] are mean, mode, 
median, variance, standard deviations, covariance, skew-
ness and kurtosis. All of these measures are used in a wide 
range of scientific and social research, including: biostatis-
tics, computational biology, computational sociology, net-
work biology, social science, sociology and social research 
etc. 

In this paper we have studied various type of statistical 
measure in respect to image processing and simulated all 
of these. Main purpose is to highlight the application of 
these measures in the various fields of digital image pro-
cessing like, image enhancement, image restoration, im-
age denoising, and edge detection etc. at the basic level 
and ease the selection of statistical parameter for a spe-
cific image processing technique. 

The organization of the paper is as follows. Following the 
brief introduction proposed statistical model is discussed in 
section II. From section III to section XIII details of various 
statistical parameters is discussed. Section XIV discusses 
about analysis and simulation results followed by conclud-
ing remarks in section XV.

II. PROPOSED STATISTICAL MODEL 
Although research has already been done on few of these 
measures at quite advance level, we have proposed a sim-
ple statistical model in Fig.1 for image processing to opti-
mize it features.

The proposed statistical model consists of the following 
steps: 

1.  Statistical analysis of input image, Ii(x, y): In this step 
statistical analysis of input image is done using various 
measures like mean, mode, median, variance, standard 
deviation, covariance, skewness, kurtosis etc. 

2. Selection of statistical measure: Depending upon the 
requirements in output optimized image, the statistical 
parameter is chosen. 

3.  Image Filtering: Image filtering is done using the filter 
based on the statistical parameter selected in previous 
step. 

 
Depending upon requirements, for the image filtering we 
can choose from a very basic filter to any multiparameter 
complex filtering. In the next few sections we have dis-
cussed the statistical analysis of an image using various 
statistical measures.

III. MEAN 
Mean [1, 2] is most basic of all statistical measure. Means 
are often used in geometry and analysis; a wide range of 
means have been developed for these purposes. In con-
test of image processing filtering using mean is classified 
as spatial filtering and used for noise reduction. In this sec-
tion we have discussed about various type of mean and 
analysed their use for removing various type of noise in 
image processing. 

A. Arithmetic Mean 
The arithmetic mean filter [2], also known as averaging 
filter, operates on an sliding ‘m×n’ window by calculat-
ing the average of all pixel values within the window and 
replacing the center pixel value in the destination image 
with the result. Its mathematical formulation is given as fol-
lows

Where ‘g’ is the noisy image, f(x,y) is the restored image, 
and ‘r’ and ‘c’ are the row and column coordinates respec-
tively, within a window ‘W’ of size ‘m×n’ where the opera-
tion takes place.

Figure 1 Proposed Statistical Model for Image Optimi-
zation
 
The arithmetic mean filter causes a certain amount of blur-
ring (proportional to the window size) to the image, there-
by reducing the effects of noise and local variations. It can 
be used to reduce noise of different types, but works best 
for Gaussian, uniform, or Erlang noise. Fig. 2 (C) shows 
the image after arithmetic mean filtering of Gaussian noise 
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added image. 

B. Geometric Mean 

The geometric mean [2] filter is a variation of the arithme-
tic mean filter and is primarily used on images with Gauss-
ian noise. This filter is known to retain image detail better 
than the arithmetic mean filter. Its mathematical formula-
tion is as follows:

In this case each restored pixel is given by the product of 
the pixel in the sub image window raised to the power ‘1/
mn’. Fig. 2 (D) shows the image after geometric mean fil-
tering of Gaussian noise added image.

C. Harmonic Mean 

The harmonic mean filter [2] is yet another variation of the 
arithmetic mean filter and is useful for images with Gauss-
ian or salt noise. Black pixels (pepper noise) are not fil-
tered. The filter’s mathematical formulation is as follows:

 
D. Contraharmonic Mean 
The contra-harmonic mean filter [2] is another variation of 
the arithmetic mean filter and is primarily used for filtering 
salt or pepper noise (but not both). Images with salt noise 
can be filtered using negative values of R, whereas those 
with pepper noise can be filtered using positive values of 
R.

Where R is the order of filter. shows image after Contraha-
rmonic mean filtering of image with Salt & Pepper noise 
for R=1 Fig. 2 (I) R=-1.
IV. MEDIAN 

Median [2] is measure of intensity level of pixel which is 
separating the high intensity value pixels from lower in-
tensity value pixels. It is a type of order-statistic filter. The 
most popular and useful of the rank filters is the median 
filter. It works by selecting the middle pixel value from 
the ordered set of values within the ‘m×n’ neighborhood 
‘W’ around the reference pixel. If ‘mn’ is an even number 
(which is not common), the arithmetic average of the two 
values closest to the middle of the ordered set is used in-
stead. Mathematically,

There have been many variants, extensions, and optimized 
implementations of the median filter proposed in the lit-
erature. This filter simply sorts all values within a window, 
finds the median value, and replaces the original pixel val-

ue with the median value. It is commonly used for salt and 
pepper noise. . Fig. 2 (J) shows image after median filter-
ing of image with Gaussian noise. Fig. 2 (K) shows image 
after median filtering of image with Salt & Pepper noise.

V. MAX AND MIN FILTERS 
These are another type of rank-statistics filter [2]. The min 
and max filters also work on a ranked set of pixel values. 
Contrary to the median filter, which replaces the reference 
pixel with the median of the ordered set, the min filter, 
also known as the zeroth percentile filter, replaces it with 
the lowest value instead.

A quick way to get rid of salt noise in an image is to use 
the min filter, which simply takes the minimum value of a 
window when the values are ordered. Mathematically

Similarly, the max filter, also known as the 100th percentile 
filter, replaces the reference pixel within the window with 
the highest value that is

The max filter is used for filtering pepper noise, similar to 
the technique of the min filter. Fig. 2 (L) shows image after 
min filtering of image with Salt & Pepper noise. Fig. 2 (M) 
shows image after max filtering of image with Salt & Pep-
per noise

VI. STANDARD DEVIATION
It is a most widely used measure of variability or diversity 
used in statistics. In terms of image processing it shows 
how much variation or “dispersion” exists from the aver-
age (mean, or expected value). A low standard deviation 
indicates that the data points tend to be very close to the 
mean, whereas high standard deviation indicates that the 
data points are spread out over a large range of values. 
Mathematically standard deviation is given by

A standard deviation filter calculates the standard devia-
tion and assigns this value to the center pixel in the output 
map. As it has capability in measuring the variability, it can 
be used in edge sharpening, as intensity level get changes 
at the edge of image by large value. 

Standard deviation filters [10] can be useful for radar im-
ages. The interpretation of radar images is often difficult: 
you cannot rely on spectral values because of back scatter 
(return of the pulse sent by the radar). This often causes a 
lot of ‘noise’. By using a standard deviation filter, you may 
be able to recognize some patterns
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Figure 1 (A)Original Image (B) Image with Gaussian 
noise of mean 0 & variance 0.005 (C) Image after arith-
metic mean filtering of (B) with 3*3 kernel size (D) Im-
age after Geometric mean filtering of (B) with 3*3 ker-
nel size

CONCLUSION
In this paper we have discussed the details of various sta-
tistical measures in reference to digital image processing. 
We have presented a statistical model for selecting the 
statistical measure properly before going for a complex 
image processing technique. In the proposed model crite-
ria of the output requirement is taken into account while 
selecting the statistical measure. MATLAB simulations are 
done based on various statistical measures filtering tech-
nique to prove the use of each at root level. Hence we can 
conclude that proposed statistical model is can be used as 
pre-processing model for various digital image processing 
technique to improve the effectiveness of complex image 
processing technique in the next levels.

REFERENCE [1] E. Kreyszig Advanced Engineering Mathematics, J. Willey & Sons Inc. 2011. | [2] R. Gonzalez, R.E. Woods, Digital Image Processing, Upper 
Saddle River, NJ, Prentice Hall, 2002. | [3] Chunsheng Ma, Spatiotemporal stationary covariance models, Journal of Multivariate Analysis, 

Volume 86, Issue 1, July 2003, Pages 97-107. | [4] S. Zhnang, H. Yao, S. Liu, X. Chen, W. Gao, A Covariance-based Method for Dynamic Background Subtraction, 
in proceeding of 19th International Conference on Pattern Recognition, (ICPR 2008), Tampa, FL, 8-11 Dec. 2008, pp. 1-4. | [5] Aja-Fernandez, S.; Estepar, R.S.J.; 
Alberola-Lopez, C.; Westin, C.-F., Image Quality Assessment based on Local Variance, in proceeding of 28th Annual International Conference of the IEEE Engineering 
in Medicine and Biology Society,(EMBS '06), Aug. 30 2006-Sept. 3 2006, vol., no., pp.4815-4818. | [6] J. Robinson, Covariance matrix estimation for appearance-based 
face image processing. In Proc. BMVC05, pages 389-398, 2005. | [7] J. Mayer, On testing image processing applications with statistical methods, in Proceedings of 
Software Engineering 200 ( E 200 ), ecture otes in Informatics, Gesellschaft f r Informatik e. ., llen Druck erlag GmbH, onn, 200 vol. -64, pp.69-78 |  | | 

Fig. 2 (A) Image after Mode filtering of Fig. 2 (E) with 
3*3 kernel size. (B) Image after standard deviation fil-
tering of Fig. 2 (A) with 3*3 kernel size. (C) Image after 
Covariance filtering of Fig. 2 (A) with 3*3 kernel size. 
(D) Image after variance filtering of Fig. 2 


