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A GEOMETRIC METHOD FOR FINDING THE DERIVATIVE OF
TRIGONOMETRIC FUNCTIONS. CONNECTION OF HARMONIC AND
EXPONENTIAL FUNCTIONS

A new method based on geometric considerations for determining the known
relationships between trigonometric functions and their derivatives is proposed. On the
basis of the developed approach, the classical result of Euler concerning the connection
between elementary trigonometric functions and the exponential function is also reproduced.
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ONE IMAGE ILLUMINATION COMPENSATION ALGORITHM

An algorithm for compensating for uneven distribution of illumination on digital
images and, in particular, on digitized text images, is described to improve the image
quality and text legibility.
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Images obtained by photographing, depending on the lighting, do not always
have a satisfactory quality. Nowadays, photosensitive film cameras have given way
to digital cameras. Photos taken by a digital camera save photos in a digital format,
which makes it possible to digitally process images to improve their quality [1-9].
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Fig 1. Image of text with uneven lighting

Currently, the task of digitizing images and documents is very relevant.
Digital cameras and scanners are commonly used to digitize documents. As a result
of digitization, images with an uneven distribution of illumination are often
obtained, which degrades the quality of images, distorts and complicates their
perception. Figure 1 shows an image of text with uneven lighting.
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There are many algorithms that compensate for the uneven distribution of
illumination in images [1-9]. One of the simplest is an algorithm that applies
Gaussian blur to an image, with a blur kernel

_XZ +y2

hi(xy) = —e = . (1)

This article describes an algorithm for compensating uneven distribution of
illumination on digital images and, in particular, on digitized text images to
improve image quality and text legibility.
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where R is a certain positive number that determines the carrier of the h, function,
r is some positive number on which the quality of the reconstructed image depends,
The value of r is chosen empirically (in our case, R=1,r=0.65).

Figures 2 a), 2 b) and 2 c) show the surfaces described by the functions
hi(x,y), h,(x,y) and h3(x,y) defined by formulas (1) - (3).
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Fig. 2

Here is an algorithm for compensating the illumination of an image. The
functions hq(x,y), h,(x,y), and h3(x,y) are sampled uniformly (with a constant
sampling rate), resulting in a kernel matrix of image blur. Then, a two-dimensional
discrete convolution of the brightness matrix of the original noisy image with a
blur kernel is calculated. The brightness matrix of the blurred image coincides with
the central part of the resulting convolution, the dimension of the original image.
The reconstructed image is obtained as a result of term-by-term dividing the
brightness matrix of the low-quality original image by the brightness of the blurred
image and subsequent filtering of the image [7 - 9]. Here we restrict ourselves to no
additional processing and image filtering.
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Figure 3 shows a block diagram of the image processing algorithm.
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Fig. 3. The block diagram of the image processing algorithm

Figures 4 a), b), c), d), e) and f) show a blurry image and the result of the
implementation of the proposed algorithm for compensating for uneven distribution
of illumination in a digital image.
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Note also that similar results are obtained when convolving the original image
with kernels of the form h = {h(i,j),h(i,1) = 1,i,j = 1,2,--,n}, where n is chosen
depending on the image (n>20).

REFERENCES

1. Gonzalez R.C., Woods R.E. Digital Image Processing. -2nd ed. -Addison-Wesley,
MA, Reading, 1992.

2. Jung-San Lee, Chin-Hao Chen, Chin-Chen Chang. A Novel Illumination-Balance
Technique for Improving the Quality of Degraded Text-Photo Images // IEEE Trans.
Circuits Syst. Video Technol.- 2009.- 19(6). — P. 900-905.

3. Hsia S.C., Tsai P.S. Efficient light balancing techniques for text images in video
presentation systems //IEEE Trans. Circuit Syst. Video Technol. -2005.-15 (8). - P.
1026-1031.

4. Kavallieratou E., Stamatatos E. Improving the quality of degraded document images.
//Proceedings of the Second International Conference on Document Image Analysis for
Libraries. - Lyon, France, Aug. 2006.- P. 340-349.

5. Kim Y.T. Contrast enhancement using brightness preserving bi-histogram equalization.
// IEEE Trans. Consum. Electron. — 1997.- 43 (1).- P. 1-8.

6. Kim J.Y., Kim L.S., Hwang S.H. An advanced contrast enhancement using partially
overlapped sub-block histogram equalization // IEEE Trans. Circuits Syst. Video
Technol. — 2004.- 11(4).- P. 475-484.

7. Liu Y.C., Chan W.H., Chen Y.Q. Automatic white balance for digital still camera //
IEEE Trans. Consum. Electron. — 1995.- 41(3). — P. 460—466.

25



8. Shi Z., Govindaraju V. Historical document image enhancement using background
light intensity normalization. // Proceedings of the 17th International Conference on
Pattern Recognition (ICPR 2004).- Aug. 2004.- Vol. 1- P. 473-476.

9. Kuo-Nan Chen, Chin-Hao Chen, Chin-Chen Chang. Efficient illumination compensation
techniques for text images //Digit. Signal Process.- 2012.- 22(5). - P. 726-733.

U.<. UUSr3uy, L.G. UhLuu3uu
MUSuLrh LNNUUYNCNRE3UL PNKUSNRSUUL Ub ULANrh@U

Llwpwagpywsd £ pwiht wwunybpubpnd nwuwynpniygjut wuhwywuwpwswih pug-
funwp infuhwinnigbne wignpped, dwutiwynpuwbu' pYwjuwgywsd wnbpunwihu wwwnlbp-
ubiph Ypw' wwwnybph npwyp b wnbpunh puebnubihnuyginiup pwpbwybine hwdwp:

Unwtgpuyhti pwnbp. wignphed, thnfuhwwnnignid, (nuwynpnipjwu wuhwywuwp
puwiofuntd:

C.J. XAYATPSH, J.I'. MUHACSH

Ob OJJHOM AJII'OPUTME KOMIIEHCAIIMM OCBEIIEHHOCTH
HN30BPAKEHUS

OmnmcaH anropuT™M KOMICHCAIMM HEPaBHOMEPHOTO PACHPENENICHHS OCBEIICHHUS Ha
IUQPOBEIX M300paKEHMAX, B YACTHOCTH HAa ONM(POBAHHBIX TEKCTOBBIX H300paKEHHSX,
JUISL YITydIIeHHsT KauecTBa H300paXeHUsI U pa300pUNBOCTH TEKCTa.

Knioueevie cnoea: anroput™m, KOMIICHCALUs, HEPAaBHOMEPHOE paclpelelIeHUe
OCBEILEHHUSI.
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THE UNIFORMLY UNIVERSAL GREEDY PROPERTY BY THE
CHRESTENSON-LEVY SYSTEM

In the present paper, we will build a function U (x) el [0,1), by strictly decreasing
the Fourier Chrestenson-Levy coefficients {ck (U )} which have the uniformly universal
greedy property.

Keywords: Chrestenson-Levy system, function, universal.

Now, we present the definitions of the Chrestenson-Levy system (see [1, 2]).
27 .
1

Let a denote a fixed integer,a > 2 and putw, = e .
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