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INTODUCTION

Contrast adjustment methods are extensively used for image processing to
attain wider dynamic range and which is considered as preprocessing stage,
especially in Automatic recognition system based on different types of images like a
fingerprint, face, iris etc. When brightness is too high all the pixels of the image turn
into lighter, conversely when the brightness is too low all the pixels of the image turn
into darker. When the intensity is a too high, lighter area of the image becomes
lighter and darker area of the image becomes darker [1].

Automatic Fingerprint Identification System (AFIS) consists of different steps like preprocessing, enhancement,
segmentation, thinning, feature extraction, post-processing, minutiae orientation and alignment [2-9]. The distinctiveness
of fingerprint is added forward by using ridge patterns and it has been proved that the information in small regions of
friction ridges is in no way repeated.

Distinct contrast enhancement methods have already been developed and advanced which make use of easy
linear or non-linear gray level transformation functions in addition to complicated evaluation of special image
capabilities. Amongst them, histogram equalization (HE) [10-13] is a very popular technique for contrast adjustment or
enhancement of images, especially grayscale images. Contrast adjustment or filtering algorithms are extensively used in
medical clinical image enhancement for diagnostic purpose [14]. Global histogram equalization (GHE) [10] makes use of
the entire information of the input image to map into new distinct intensity levels of the image. Although this Global
technique is suitable for ordinary or general enhancement, it fails to consider with the local brightness capabilities of the
entered image. The gray ranges with very excessive frequencies (wide variety of occurrences) dominate over the opposite
gray levels having decrease frequencies in an image. In any such situation, GHE remaps the gray levels in a way that the
contrast stretching turns into confined in some dominating gray levels having large image histogram components, and it
causes sizable contrast loss for other small ones.

Fingerprint recognition is one of the interesting and complex image processing problems, which requires a
constant and continuous contribution to new research from the research community especially in filtering and image
enhancement process [4].
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Local histogram equalization (LHE) [10] can overcome the problem encountered in GHE. LHE uses a small
window that slides on all pixel of the image sequentially and handiest the block of pixels that fall within this window are
taken into consideration for HE and then gray level mapping for enhancement is carried out for the center pixel of that
window. Therefore, it may make splendid use of local information also. But, LHE requires excessive computational cost
and occasionally reasons over enhancement in some part of the image. Another shortfall of this approach is that it also
enhances the noises inside the input image. To overcome the problem of high computational cost one more approach is to
use the non-overlapping block for HE [10]. But almost all times this method produces checkerboard effect.

In this paper a new algorithm for contrast adjustment is proposed, which is based on a constant valuet. The
algorithm, enhances the pixel intensity range to higher intensity range and which is in between 245to 255, for a 256 x
256 sized grayscale image. The remaining part of the paper is organized as follows. Section 2 describes relative research
on the contrast adjustment algorithm. Section 3 describes objective of the research. Section 4 describes t-tuning based
algorithm. Section 5 describes flowchart of new algorithm. Section 6 makes analysis of the algorithm using time
complexity and also compares with histogram equalization. Section 7 concludes the paper.

RELATED RESEARCH

In literature, many types of research are centered on image or video contrast adjustment or enhancement [15-
20]. Mean preserving bi-histogram equalization (MPBHE) proposed to get rid of the brightness problem issues [16, 18].
MPBHE separates the entered or captured input image or video histogram into two classifications as mean of the input
before equalizing them independently. Some other variants of bi-histogram equalization are a similar area or equal area
or place dualistic sub-image or picture histogram equalization (DSIHE) [21], minimum or lower mean brightness or
luminance error bi-histogram equalization (MMBEBHE) [20, 21]. DSIHE technique uses entropy value for histogram
separation. MMBEBHE [20, 21] is the extension of BBHE technique that offers maximal brightness maintenance. Even
though these strategies can carry out exact contrast adjustments, additionally they generate some side effects depending
on the variation of gray level distribution in the histogram [22]. Recursively Separating the mean and finding histogram
Equalization (RMSHE) another up gradation of BHE [20] however, it additionally is not free from drawbacks. Moreover,
such strategies won't ensure desirable upgrades of all of the partitions. The difference in the ranges of upgrades of various
components might also create undesired artifacts in the image. There are many variations MPBHE are Recursive
Separated and Weighted HE (RSWHE) [24], Multipeak HE (MPHE) [25], Brightness preserving Weight Clustering HE
(BPWCHE) [26], Brightness preserving Dynamic HE (BPDHE) [27] and HE with Range Offset (HERO) [28, 29].

In Global Histogram Equalization, Suppose that an image k (X, y) consists of distinct gray levels in the range of
(0, R-1). The transformation function T (d,) is defined as

m;

Ge=T(dy) = Z}:o P(d) = ]l'=0 .

Where 0 < Gk < 1 where 1=0, 1, 2 ...R-l. In above equation, m; depict the count of pixels having gray level di, m
is the maximum count of pixels in the entered image and P (d;) correspond to Probability Density Function (PDF) of the
input d;. The cumulative density function here refereed as T (dy). G, is a mapping function, which maps to dynamic
range of [0, R-1] values by multiplying it with R-1.

In 256 x 256 sized gray scale images the above equation value of G, is 0 <G, < 255 where 1 can take distinct
256 values from zero to 255 and a maximal number of pixels are 65536 (256 x 256). G, is a mapping function, which
maps to a dynamic range of (0, 255) values by multiplying it with 255. GHE typically offers a good image enhancement,
but sometimes ends up with some artifacts and unwanted aspect results along with the washed out look. In Eq. 1, larger
values of m; purpose the respective gray levels to be mapped aside from every different that guarantees precise
enhancement.

OBJECTIVE OF THE STUDY
The objectives of the study are;
e To propose a new t -tuning based contrast filtering algorithm for grayscale fingerprint image, with an intension
to maximize intensity value.
e To compare the new method with GHE with the aid of MATLAB coding.
e To find out time complexity of the new algorithm

THE TUNING BASED CONTRAST FILTERING ALGORITHM
The input for this algorithm is row image referred as I, and final output will be Ir;.,-. Initially maximum
intensity value of the image is found. We consider here 256 x 256 sized grayscale image. If the input fingerprint image is
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greater than this size then it will be converted into 256 x 256 sized grayscale image. The maximum intensity value in a
256 x 256 sized grayscale image is 255. The range of values is 0 to 255, which means that minimum value is 0 and
maximum value is 255. Maximum intensity value of the image is represented as max (I). Each pixel intensity value is

compared with max (1). If pixel value is equal to max (1), then that pixel is assigned to p, . The p_  is individual count
of maximum intensity value. The total count of p_ is represented using lower case delta symbol §,,,,, and is calculated
as follows.

B = Zmes (E. 1)

Where R, and C, are total number of rows and columns respectively. meax, indicates all pixels, whose
intensity value is equal to maximum intensity value of the grayscale fingerprint image (I). Next minimum intensity
values of the grayscale image are found and are referred as min (I). If pixel value is equal to min (1), then that pixel is
assigned to p_ .. The p_ . is individual count of minimum intensity value of the image. The total count of p__ is
represented using lower case delta symbol §,,;, and is calculated as follows.

6 . =mein
min RXC

(Eq.2)

As like Eq. 2, R, and C, is total number of rows and columns respectively. mem, indicates all pixels, whose
intensity value is equal to intensity value of the grayscale fingerprint image (1).
Each row of the intensity matrix of the image is considered as a window and is represented as §,,, which is expressed as

€
B = Bpan (2200 (Eq, 3)
Where € value is 0.5, which is a constant. §(1) is low or minimum value of each row. The difference value of
6(1) — 8in is divided by 8,,,, — 8,in- The quotient is multiplied by &,
d,, which is almost equal to Histogram equalization, cumulative density function, of window 1 is represented using ’tho’
or partial derivative symbol and is defined as

lnax Sw(D
9, = Zl=0 2_5‘4/ (Eq. 4)

Where ) §,, represents summation value of all window | or summation of &,,. . 8, is calculated as follows

lmax
26, = 220 6, (Eq.5)
The final output of this proposed algorithm (1., ) is obtained using following equation

1(i.))

lmax

T
Ifilter = (lmax X ( )) (Eq 6)
In Eq. 6, () is an important value, which filters or maps input pixel intensity value to new intensity value in
the output image and is defined as

T = round(1 — max((d,,(:))) (Eq.3.7)

The Eq. 7 is rounded to 6 decimal points to get higher precision or accuracy.
The output of the robust tuning based algorithm (proposed method), I, is converted from grayscale 256 x 256 uint8 to
double type for the purpose of grayscale image adjustment. The 256 x 256 double image consists of only two intensity
values as 0 and 1. O represents dark and 1 represents bright or O dark black and 1 bright white. Here in image
enhancement we focus more on z- Tuning Based Filtering Algorithm.

Proposed Filtering Algorithm
Input: Raw Image; |
Output: Filtered Output Image, .,
Step-1: fori=1to R \\ R-> Row size of input image
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Step-2: forj=1to C \\ C-> Column size of input image
Step-3: if | (i,j)= =max(l)
Step-4:p, . = I1(i,); end ifiend for
Step-5: 8 e = %
Step-6: fori=1to R \\ R-> Row size of input image
Step-7: forj=1to C \\ C-> Column size of input image
Step-8: if I(i,j) = = min(l)
Step-9:p,.. = I(i,j); end if; end for

mein
Step-10: 5min = TRxC
5(1)_5min €
Step-11: 6, = 6max(ﬁ) \\ e>Constant; e = 0.2
lmax 6::%?) "
Step-12: 9, = leo Yo,

Step-13: ¥ 8,, = X7 5, (1)
Step-14: 7 = round (1 — max((d,,(:))) //round to 6 decimal points

. ()N
Step-15: Lijrer = (bnax X (2))

lmax

Flowchart for proposed Algorithm

The above algorithm is explained using flowchart. The input for this algorithm is row grayscale fingerprint
image of size 256 x 256 which is represented as I. The final output is filtered image is If;;.,. The figure 1 is extended to
two pages and cross symbol with in circle represents joining point or works as a connector between two pages. In order
to analyze the algorithm Benchmark fingerprint dataset is considered from FVC ongoing 2002 DB1_B [30]. The table
3.1 shows the range of grayscale intensity values for the few of FVC 2002 DB1_B datasets before using the proposed
filtering algorithm and after applying filtering algorithm.

Input grayscale Image
(I) of size 256 = 256

:

Find Maximum intensity
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image (max (1))

>
>
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Repeat for
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A

Filtered image
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Fig-1: Flowchart of proposed filtering algorithm

The different workflows of the proposed algorithm are listed out below.
e Find maximum intensity value of the grayscale input image
Find maximum intensity value pixels total count in the grayscale image
Find probability density function of maximum intensity value
Find minimum intensity value of the grayscale input image
Find minimum intensity value pixels total count in the grayscale image
Find probability density function of minimum intensity value
Locate minimum value for each row
Locate probability density function for each row
Find cumulative density function for each row
Find the value of t
Map the intensity value of the input pixels to new intensity value in the output image.
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e  Generate filtered image

ANALYSIS OF PROPOSED FILTERING ALGORITHM

The Table-1 shows range of grayscale intensity values using Histogram equalization. In this benchmark dataset
each user’s different eight fingerprints are considered for training or testing purposes. From the Table 1 it is clear that
proposed method having less intensity range compared to Histogram equalization. In Robust - Tuning Based Filtering
Algorithm, dark pixels are highest dark and bright pixels are either highest or near to high bright values. This algorithm is
best suited for grayscale fingerprint image, especially 256 x 256 sized. Figure 2 shows output of filtered image (/;,)-
Table 3.2 shows the number of occurrence of each grayscale intensity value for the proposed algorithm, for the same
image considered in Table 1. As like histogram equalization one of the pixel intensity values dominates over other. So
this algorithm is not best for natural image because it may cause wash out appearance. But this is very good and robust
for grayscale fingerprint image. In fingerprint image usually black colour represents ridges and white color represents

valley.
Table-1: Range of intensity values in 256 x 256 sized grayscale fingerprint image
Fingerprint Range of Intensity Range of Intensity values Range of Intensity values using Histogram Equalization
Image Name | values before applying after applying proposed
proposed filtering filtering algorithm
algorithm
101_1.tif 0 to 255 (256 values) 0, 250, 252 (3 values) 0,4,8,12, 16, 20, 24, 28,32, 36, 40, 45,49, 53, 57, 61, 65,
69, 73, 77, 81, 85, 162, 255 (24 values)
102_1.tif 0 to 255 (256 values) 0, 249, 250, 251, 252 (5 0, 4, 8,12, 16, 20, 24, 28, 32, 36, 40, 45, 39, 53, 57, 61,
values) 65, 69, 73, 77, 81, 85, 89, 93, 97, 101, 162, 255 (24
values)
103_5.tif 0 to 255 (256 values) 0, 249, 250, 251, 252 (5 0,4,8,12,16,20,24, 28,32,36,40,45,49, 53,57,
values) 61, 65, 69, 73, 77,81, 85, 89, 93, 97, 101,105,109, 113,
117,121, 125, 130, 134, 138, 194, 255 (37 values)
104_4tif 0 to 255 (256 values) 0, 249, 250, 251, 252, 253 0, 4, 8,12, 16, 20, 24, 28, 32, 36, 40, 45, 49, 53, 57, 61,
(6 values) 65, 69, 73, 77, 81, 85, 89, 93, 97, 101, 105, 109, 178, 255
(30 values)
105_8.tif 0 to 255 (256 values) 0, 246, 247, 248, 249, 250, | 0, 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 45, 49, 53, 57, 61,
251, 252, 253 (9 values) 65, 69, 73, 150, 255 (21 values)

Table-2: Intensity and frequency count of the fingerprint image for the proposed filtering algorithm

Fingerprint Image Name

Intensity value and frequency count of the fingerprint image for the proposed algorithm

101_1.tif 0 8084
250 57196
252 256
102_L.tif 0 5300
249 43808
250 14954
251 1222
252 252
103 _5.tif 0 25855
249 23914
250 14237
251 1020
252 510
104_4.tif 0 14152
249 34515
250 15333
251 1024
252 256
253 256
105_8.tif 0 3053
246 245
247 252
248 756
249 41592
250 15006
251 3165
252 1228
253 239
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101-1.tif 102-1.tif
7

Fig-2: Sample original fingerprint images of FVC ongoing 2002 DB1_B dataset
In the Table 2 we can note that the dominating intensity values usually falls in upper boundary region of

intensity range, which makes the image brighter. Figure 3 shows some sample images of FVC ongoing 2002 DB1_B
benchmark datasets with labels as 101_1.tif, 102_1.tif, 103_5.tif, and 104_4.tif.

%104

0 100 200 300

«10%

0 (el bbb "
0 100 200 300

Fig-3: ‘101_1.tif>-Sample fingerprint image of FVC ongoing 2002 DB1_B after filtering process. (Top left: Filtered
image using proposed method, Top Right: Histogram of top left, Bottom right: Filtered image using Histogram
Equalization, Bottom right: Histogram of bottom left)

Time complexity Analysis of the Algorithm
In this research study the new algorithm is analyzed for time complexity using hypothetical Model Machine.
Some characteristics of the Hypothetical machine are given below.
e Single processor machine
32-bit architecture
Sequential Execution
Arithmetic and logical operation takes 1 unit of time
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e Assignment statement takes 1 unit of time
e  Function return takes 1 unit of time

In order to calculate time complexity of the algorithm, the entire algorithm is divided into different fragments, time

complexity for them is calculated first and later all this fragments time complexity is added in order to get overall time
complexity of the algorithm. The different fragments time complexity is shown in Table-3.

Table-3: Time complexity of different fragments of Tuning based contrast adjustment algorithm

Sr. fragments of new algorithm Time

No complexity

1 Finding the Maximum and minimum intensity of the input image and probability density value | 6n? +10
of min and max intensity

2 Finding the lowest intensity value (local minimum) in each row and then finding total number | 352 + 11n + 1
of local minimum and probability density value of local or row minimum.

3 Finding cumulative density function of local minimum 3n+3

4 Map the input image pixel intensity value to higher intensity rage using the value t. 13n®+n+1

5 Overall 22n%+ 15n+15

f(n) =22n% + 15n + 15

g (n) =n’

f(n) =0 (g(n)

f(n) < cg(n), ¢>0,n5>1

22n* + 15n+ 15=cn®  where c=23,n> 16

So the rate of growth of the time for new algorithm is O (n?). [Big (Oh) of n].
Rate of growth of time for Histogram equalization is also O (n?).

CONCLUSION

Contrast adjustment filtering is very essential in fingerprint image preprocessing stage. Contrast and Brightness

are two major factors, which improves the persistence of vision. The novel tuning based contrast adjustment algorithm
enhances the intensity range to very higher value compared to histogram equalization. The new algorithm and histogram
equalization algorithm utilizes same time complexity of O (n?) for very large input. We have represented time complexity
using hypothetical model machine. In this paper we have proposed theory of the new algorithm and also tested using
FVC ongoing 2002 dataset with aid of MATLAB2015a

REFERENCES

1. Kirishna Prasad, K., & Aithal, P. S. (2017). A Novel Method to Control Dominating Gray Levels During Image
Contrast Adjustment Using Modified Histogram Equalization.

2. Krishna Prasad, K., & Aithal, P. S. (2017). A Critical Study on Fingerprint Image Sensing and Acquisition
Technology. International Journal of Case Studies in Business, IT and Education (IJCSBE), 1(2), 86-92.

3. Krishna Prasad, K., & Aithal, P. S. (2017). A Conceptual Study on Image Enhancement Techniques for Fingerprint
Images. International Journal of Applied Engineering and Management Letters (IJAEML), 1(1), 63-72.

4. Krishna Prasad, K., & Aithal, P. S. (2017). Literature Review on Fingerprint Level 1 and Level 2 Features
Enhancement to Improve Quality of Image. International Journal of Management, Technology, and Social Sciences
(IIMTS), 2(2), 8-19.

5. Krishna Prasad, K., & Aithal, P.S. (2017). Fingerprint Image Segmentation: A Review of State of the Art
Techniques. International Journal of Management, Technology, and Social Sciences (IIMTS), 2(2), 28-39.

6. Krishna Prasad, K., & Aithal, P. S. (2017). Two Dimensional Clipping Based Segmentation Algorithm for Grayscale
Fingerprint Images. International Journal of Applied Engineering and Management Letters (IJAEML), 1(2), 51-65.

7. Krishna Prasad, K., & Aithal, P. S. (2017). A conceptual Study on Fingerprint Thinning Process based on Edge
Prediction. International Journal of Applied Engineering and Management Letters (IJAEML), 1(2), 98-111.

8.  Krishna Prasad, K., & Aithal, P. S. (2017). A Study on Fingerprint Hash Code Generation Using Euclidean Distance
for Identifying a User. International Journal of Management, Technology, and Social Sciences (IJMTS), 2(2), 116-
126.

9.  Krishna Prasad, K., & Aithal, P. S. (2018). A Study on Multifactor Authentication Model Using Fingerprint Hash
Code, Password and OTP, International Journal of Advanced Trends in Engineering and Technology, 3(1), 1-11.

10. Gonzalez, R. C., Woods, R. W. (2002). Digital Image Processing. Education.

11. Jain, A. K. (1989). Fundamentals of Digital Image Processing. Portalacmorg (Vol. 14).

12.  Zimmerman, J. B., Pizer, S. M., Staab, E. V., Perry, J. R., Mccartney, W., & Brenton, B. C. (1988). An Evaluation of

the Effectiveness of Adaptive Histogram Equalization for Contrast Enhancement. IEEE Transactions on Medical
Imaging, 7(4), 304-312.

Auvailable online: http://scholarsmepub.com/sjet/ 22



http://scholarsmepub.com/sjet/

Krishna Prasad K & P. S. Aithal., Saudi J. Eng. Technol., Vol-3, Iss-1 (Jan, 2018): 15-23

13.

14,

15.
16.

17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Kim, Y. T. (1997). Contrast enhancement using brightness preserving bi-histogram equalization. IEEE Transactions
on Consumer Electronics, 43(1), 1-8.

Daniel, E., & Anitha, J. (2016). Optimum wavelet based masking for the contrast enhancement of medical images
using enhanced cuckoo search algorithm. Computers in biology and medicine, 71, 149-155.

Lau, S. S. Y. (1994). Global image enhancement using local information. Electronics Letters, 30(2), 122-123.

Kim, Y. T. (1997). Quantized bi-histogram equalization. Acoustics, Speech, and Signal Processing, 1997. ICASSP-
97., 1997 IEEE International Conference on, 4, 2797-2800 vol.4.

Zhang, Y. J. (1992). Improving the accuracy of direct histogram specification. Electronics Letters, 28(3), 213-214.
Xu, J., Zhang, Z., Xiao, X., Yang, Y., Yu, G., & Winslett, M. (2013). Differentially private histogram publication.
VLDB Journal, 22(6), 797-822.

Yao, Z., Lai, Z., & Wang, C. (2017). Image Enhancement Based on Equal Area Dualistic Sub-image and Non-
parametric Modified Histogram Equalization Method. In Proceedings - 2016 9th International Symposium on
Computational Intelligence and Design, ISCID 2016 (Vol. 1, pp. 447-450).

Chen, S. D., & Ramli, A. R. (2003). Contrast enhancement using recursive mean-separate histogram equalization for
scalable brightness preservation. IEEE Transactions on consumer Electronics, 49(4), 1301-1309.

Chen, S. D., & Ramli, A. R. (2003). Minimum mean brightness error bi-histogram equalization in contrast
enhancement. IEEE Transactions on Consumer Electronics, 49(4), 1310-1319.

Chi-Chia, S., Shang-Jang, R., Mon-Chau, S., & Tun-Wen, P. (2005). Dynamic contrast enhancement based on
histogram specification. Consumer Electronics, IEEE Transactions on, 51(4), 1300-1305.

Abdullah-Al-Wadud, M., Kabir, M., Akber Dewan, M., & Chae, O. (2007). A Dynamic Histogram Equalization for
Image Contrast Enhancement. IEEE Transactions on Consumer Electronics, 53(2), 593-600.

Jagatheeswari, P., Kumar, S. S., & Rajaram, M. (2009). Contrast stretching recursively separated histogram
equalization for brightness preservation and contrast enhancement. In ACT 2009 - International Conference on
Advances in Computing, Control and Telecommunication Technologies (pp. 111-115).

Wongsritong, K., Kittayaruasiriwat, K., Cheevasuvit, F., Dejhan, K., & Somboonkaew, A. (1998, November).
Contrast enhancement using multipeak histogram equalization with brightness preserving. In Circuits and Systems,
1998. IEEE APCCAS 1998. The 1998 IEEE Asia-Pacific Conference on (pp. 455-458). IEEE.

Sengee, N., & Choi, H. K. (2008). Brightness preserving weight clustering histogram equalization. IEEE
Transactions on Consumer Electronics, 54(3), 1329-1337.

Ibrahim, H., & Kong, N. S. P. (2007). Brightness preserving dynamic histogram equalization for image contrast
enhancement. IEEE Transactions on Consumer Electronics, 53(4), 1752—-1758.

Ibrahim, H. (2011). Histogram equalization with range offset for brightness preserved image
enhancement. International Journal of Image Processing (1JIP), 5(5), 599-6009.

Abdullah-Al-Wadud, M. (2012). A modified histogram equalization for contrast enhancement preserving the small
parts in images. International Journal of Computer Science and Network Security (IJCSNS), 12(2), 1.

Maltoni, D., Maio, D., Jain, A., & Prabhakar, S. (2009). Handbook of fingerprint recognition. Springer Science &
Business Media.

Auvailable online: http://scholarsmepub.com/sjet/ 23



http://scholarsmepub.com/sjet/

