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Abstract: The dithering of images with chaotic signal generated by logistic map is presented and compared
with the dithering by rectangular and triangular noises. The brightness reduction of the original image with 256
grey levels to 4 grey levels is considered. The visual effect of dithering and quantization is presented, quantified
and compared for different noise ranges. The best range for each noise is specified.
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In recent years image processing techniques utilizing no-
ise have attracted considerable attention [1–6]. One of these
techniques frequently used when the colour resolution of
an image decreases is dithering. In this technique a noise
is added to an image before decreasing its resolution. This
creates an illusion of high colour resolution in images whose
colour resolution was reduced. Usually the noise with rec-
tangular, triangular or normal probability distribution is
used in dithering. In this paper we show the effect of ad-
ding a chaotic signal generated by logistic map [7, 8] to an
image before decreasing its resolution. The logistic map is
nonlinear function generating successive values by iteration.
These values form many different chaotic signals depending
on the value of the parameter of logistic map.

In Fig. 1 we show the image of the function sine qu-
antized to 256 grey levels. This image is formed by pixels
arranged in 256 columns and rows. Their brightness chan-
ges from 0 to 255.
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map is a nonlinear function generating successive values by iteration.  These values form 

many different chaotic signals depending on the values of the parameter of the logistic map. 

In figure 1 we show the image of the function sine quantized to 256 grey levels.  This image is 

formed by pixels arranged in 256 columns and rows.  Their brightness changes from 0 to 255.   

 

 

Fig.1.The Original Image of the Function Sine with 256 Grey Levels and its Histogram. 

By rounding the pixel grey levels of the image in figure 1 to 4 grey levels, one gets the image shown 

in figure 2.  The distance between these 4 grey levels is ∆= 85 .  There are flat areas of brightness 

in this image which do not represent  the continuous changes of the function sine correctly. 
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Fig. 1: The original image of the function sine with 256 grey levels and its
histogram.

By rounding grey levels of the image in figure 1 to 4
grey levels, one gets the image shown in Fig. 2. The distance
between these 4 grey levels is ∆ = 85. There are flat areas of
brightness in this image which do not represent continuous
changes of the function sine correctly.

In order to remove flat areas of the brightness and cre-
ate an illusion of continuous brightness, various random
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Fig. 2: The image shown in Fig. 1 after rounding its grey levels to 4 levels
and its histogram.

numbers are added to the pixels grey levels before roun-
ding them to a lower number of grey levels. In this paper
we consider a chaotic sequence of numbers generated by
logistic map defined by the following equation [7,8]:

xi+1 = Rxi(1− xi) (1)

where i=0, 1, 2, 3, . . . and R is a parameter. For R=4 this
map generates numbers in the interval [0,1]. The probabi-
lity density function and cumulative distribution of these
numbers after their rescaling r × (xi − 0.5) to the range
r = 2×∆ = 2×85 are presented in Fig. 3. In Fig. 3 we also
present the triangular and the rectangular probability den-
sity function and their cumulative distributions. One can
notice that these three distributions are very different.

Fig.2.The Image Shown in fig.1 After Rounding its Grey Levels to 4 levels and its Histogram. 

In order to remove flat areas of the brightness and create an illusion of continuous brightness 

various  random numbers are added to the pixels’ grey levels before rounding them to a lower 

number of grey levels.  In this paper we consider a chaotic sequence of numbers generated by 

the logistic map defined by the following equation [7,8]: 

𝑥𝑖+1 = 𝑅𝑥𝑖(1 − 𝑥𝑖) (1) 

where 𝑖 = 0,1,2,3 … and R is a parameter.  For 𝑅 = 4 this map generates numbers in the 

interval [0,1].  The probability density function and cumulative distribution of these numbers 

after their rescaling 𝑟 ∙ (𝑥𝑖 − 0.5)  to the range 𝑟 = 2 ∙ ∆= 2 ∙ 85 are presented in figure 3.   

In figure 3 we also presented the triangular and the rectangular probability density function 

and cumulative distribution.  One can notice that these three distributions are very different.   

  

 

 

Fig.3.The Probability Density Function and Cumulative Distribution of the Triangular Noise,  

the Rectangular Noise and Chaotic Sequence with the Mean Zero and the Range [-85,85]. 

Random numbers in the range r for the rectangular and the triangular probability distribution are 

generated by the formulae 𝑥𝑖 = 𝑟 ∙ (𝑅𝑛𝑑 − 0.5)  and  𝑥𝑖 = 0.5 ∙ 𝑟 ∙ (𝑅𝑛𝑑 + 𝑅𝑛𝑑 − 1)  

respectively, where 𝑅𝑛𝑑 denotes the  random number generated in the range[ 0,1] with 

uniform probability.  The images obtained by adding triangular, rectangular and chaotic 

noises with a mean zero to the image are shown in figure 1 before its quantization to 4 grey 

levels are shown in figure 4.  We performed the dithering for different noise ranges.  The 

visual effect depends on the relation between the noise range r and the distance ∆= 85 

between the four grey levels.  In the original image the brightness changes only along the 

horizontal axis.  The illusion of continuous brightness changes can thus be expressed by the 

row of pixels, where each pixel’s brightness is the average of pixels grey levels situated in the 

same image column.  Let’s denote these average grey levels obtained for the original image 

and the image after dithering and quantization by 𝐼𝑜(𝑖) and 𝐼𝑑(𝑖) respectively, where 𝑖 =
0,1, … ,255 .  The error quantifying the quality of visual effect we define as: 

𝐸𝑟𝑟𝑜𝑟 = √∑ (𝐼𝑑(𝑖) − 𝐼𝑜(𝑖))
2

𝑖

256
 (2) 

The dependence of this error for the triangular the rectangular and chaotic noises on the noise 

range is shown in figure 5.  For low noise ranges the smallest error is for the chaotic noise 

generated by a logistic map, and this noise can frequently replace  the rectangular noise used.  

For high noise ranges the smallest error is for the triangular noise.  The best images obtained 

by dithering for each noise are denoted by thick frame in figure 4.  They approximate 

continuous brightness changes of the function sine much better than simple rounding of 

brightness shown in figure 2.   
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Fig. 3: The probability density function and cumulative distribution of
the triangular noise, the rectangular noise and chaotic sequence with the
mean zero and the range [-85,85].
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Fig.4.The mage Shown in Fig.1 with Added Triangular, Rectangular and Chaotic Noises with a Mean 

Zero and the Normalized Noise Range 𝑟/∆ after Quantization to 4 Grey Levels.  The best image for 

each noise is denoted by thick frame. 

 

  

Fig. 4: The image shown in Fig. 1 with added triangular, rectangular and
chaotic noises with a mean zero and the range r normalized by ∆ = 85
after its quantization to 4 grey levels. The best image for each noise is
denoted by thick frame.

Random numbers in the range r for the rectangular
and the triangular probability distribution are generated
by the formulae xi = r × (Rnd − 0.5) and xi = 0.5 × r ×
(Rnd1 + Rnd2 − 1) respectively, where Rnd denotes the
random number generated in the range [0,1] with uniform
probability. The images obtained by adding triangular, rec-
tangular and chaotic noises with a mean zero to the image
shown in Fig. 1 before its quantization to 4 grey levels are
shown in Fig. 4. We performed the dithering for different
noise ranges. The visual effect depends on the relation be-
tween the noise range r and the distance ∆ = 85 between
the four grey levels. In the original image the brightness
changes only along the horizontal axis. The illusion of con-
tinuous brightness changes can thus be expressed by the
row of pixels, where each pixel’s brightness is the average
of pixels grey levels situated in the same image column.
Let’s denote these average grey levels obtained for the ori-
ginal image and the image after dithering and quantization
by Io(i) and Id(i) respectively, where i=0, 1,. . ., 255. The
error quantifying the quality of visual effect we define as:

Error =

√
Σi(Id(i)− Io(i))2

256
. (2)

The dependence of this error for the triangular, the rec-
tangular and chaotic noises on the noise range is shown in
Fig. 5. For low noise ranges the smallest error is for the
chaotic noise generated by a logistic map, and this noise
can replace frequently used rectangular noise. For high no-
ise ranges the smallest error is for the triangular noise. The
best images obtained by dithering for each noise are deno-
ted by thick frame in Fig. 4. They approximate continuous
brightness changes of the function sine much better than
simple rounding of brightness shown in Fig. 2.

 

 

Fig.5.The dependence of the error defined by the equation (2) between the original image and the 

image obtained by its dithering with different noises and quantization to 4 grey levels on the 

normalized noise range. 
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Fig. 5: The dependence of the error defined by the equation (2) between
the original image and the image obtained by its dithering with different
noises and quantization to 4 grey levels on the normalized noise range.
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