
AYDIN 
ADNAN MENDERES UNIVERSITY

FACULTY OF ENGINEERING
Department of Electrical and Electronics Engineering

EE454 – Digital Image Processing

2022-2023, Fall

Presentation 1

Dr. Adem Ükte



EE454 – Digital Image Processing
Dr. Adem Ükte

Images and Digital Images

• An image may be defined as a two-dimensional function, f(x,y)
• where x and y are spatial (plane) coordinates, 
• and the amplitude of f at any pair of coordinates (x,y) is called the intensity or 

gray level of the image at that point.

• When x, y, and the intensity values of f are all finite, discrete
quantities, we call the image a digital image.

• The field of digital image processing refers to processing digital images 
by means of a digital computer. 

• A digital image differs from a photo in that the values are all discrete.
Usually they take on only integer values.
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Images and Digital Images

• A digital image can be considered as a large array of discrete dots, 
each of which has a brightness associated with it. 

• These dots are called picture elements, or more simply pixels.
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*Gonzalez and Woods, Digital Image Processing 4th Ed., Pearson, 2018.
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Images and Digital Images

• Pixel values typically represent gray levels, colours, heights, opacities 
etc

• Remember digitization implies that a digital image is an approximation 
of a real scene
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Images and Digital Images

• The pixels surrounding a given pixel constitute its neighborhood.

• A neighborhood can be characterized by its shape in the same way as a 
matrix:
• we can speak of a 3x3 neighborhood, or of a 5x7 neighborhood.
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Aspects of Image Processing

• Image Enhancement: Processing an image so that the result is more 
suitable for a particular application.

• sharpening or deblurring an out of focus image, highlighting edges, improving image contrast, or 
brightening an image, removing noise

• Image Restoration: This may be considered as reversing the damage done to an image 
by a known cause.

• removing of blur caused by linear motion, removal of optical distortions

• Image Segmentation: This involves subdividing an image into constituent parts, or
isolating certain aspects of an image.

• finding lines, circles, or particular shapes in an image, in an aerial photograph, identifying cars, trees, 
buildings, or roads
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Types of Digital Images

• Binary: Each pixel is just black or white. Since there are only two 
possible values for each pixel (0,1), we only need one bit per pixel.
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Types of Digital Images

• Grayscale: Each pixel is a shade of gray, normally from 0 (black) to 255 
(white). 

• This range means that each pixel can be represented by eight bits, or exactly one byte.

• Other greyscale ranges are used, but generally they are a power of 2.
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Types of Digital Images

• True Color, or RGB: Each pixel has a particular color; that color is 
described by the amount of red, green and blue in it. 

• If each of these components has a range 0–255, this gives a total of 2563 different possible colors. 

• Such an image is a “stack” of three matrices; representing the red, green and blue values for each pixel. This means that for every pixel 
there correspond 3 values.
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*Sinecen M., Digital Image Processing with MATLAB, Open Access Peer-reviewed Chapter From The 
Edited Volume: Applications from Engineering with MATLAB Concepts (Ed: Valdman J.), 2016.
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A Simple Image Formation Model

• We denote images by two-dimensional functions of the form 𝑓(𝑥, 𝑦). 

• The value of 𝑓 at spatial coordinates (𝑥, 𝑦) is a scalar quantity whose physical meaning is 
determined by the source of the image, and whose values are proportional to energy radiated 
by a physical source (e.g., electromagnetic waves).

• Therefore, 𝑓(𝑥, 𝑦) must be nonnegative and finite; that is, 0 ≤ 𝑓 𝑥, 𝑦 < ∞.

• Function 𝑓(𝑥, 𝑦) is characterized by two components:
1. the amount of source illumination incident on the scene being viewed,

2. the amount of illumination reflected by the objects in the scene. 

• Appropriately, these are called the illumination and reflectance components, and are denoted 
by 𝑖 𝑥, 𝑦 and 𝑟 𝑥, 𝑦 , respectively.

𝑓 𝑥, 𝑦 = 𝑖 𝑥, 𝑦 𝑟 𝑥, 𝑦

• where 0 ≤ 𝑖 𝑥, 𝑦 < ∞ and 0 ≤ 𝑟 𝑥, 𝑦 < 1.

• Thus, reflectance is bounded by 0 (total absorption) and 1 (total reflectance). 

• The nature of 𝑖 𝑥, 𝑦 is determined by the illumination source, and 𝑟 𝑥, 𝑦 is determined by the 
characteristics of the imaged objects. 
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Image Sampling and Quantization

• There are numerous ways to acquire images, but our objective in all is the same: 
• to generate digital images from sensed data. 

• The output of most sensors is a continuous voltage waveform whose amplitude and spatial
behavior are related to the physical phenomenon being sensed. 

• To create a digital image, we need to convert the continuous sensed data into a digital format. 

• This requires two processes: sampling and quantization.
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Image Sampling and Quantization
• Fig. (a) shows a continuous image 𝑓 that we want to convert to digital 

form.

• An image may be continuous with respect to the 𝑥- and 𝑦-coordinates, 
and also in amplitude.

• To digitize it, we have to sample the function in both coordinates and
also in amplitude. 

• Digitizing the coordinate values is called sampling. 

• Digitizing the amplitude values is called quantization.

• The one-dimensional function in Fig. (b) is a plot of amplitude (intensity
level) values of the continuous image along the line segment AB in Fig. 
(a). 

• The random variations are due to image noise. 

• To sample this function, we take equally spaced samples along line AB, 
as shown in Fig. (c).

• The samples are shown as small dark squares superimposed on the 
function, and their (discrete) spatial locations are indicated by 
corresponding tick marks in the bottom of the figure. 

• The set of dark squares constitute the sampled function.
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• However, the values of the samples still span (vertically) a continuous range of intensity values. In order to form a digital function, the intensity values also must be 
converted (quantized) into discrete quantities.

• The vertical gray bar in Fig. 2.16(c) depicts the intensity scale divided into eight discrete intervals, ranging from black to white. The vertical tick marks indicate 
the specific value assigned to each of the eight intensity intervals. The continuous intensity levels are quantized by assigning one of the eight values to each sample, 
depending on the vertical proximity of a sample to a vertical tick mark. 

• The digital samples resulting from both sampling and quantization are shown as White squares in Fig. (d). Starting at the top of the continuous image and carrying 
out this procedure downward, line by line, produces a two-dimensional digital image.
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Digital Image Representation

• An image may be defined as a two-dimensional function, f(x,y)
• where x and y are spatial (plane) coordinates, 
• and the amplitude of f at any pair of coordinates (x,y) is called the intensity or 

gray level of the image at that point.

• The term gray level is used often to refer to the intensity of 
monochrome images. 

• Color images are formed by a combination of individual images. 
• For example, in the RGB color system a color image consists of three individual 

monochrome images, referred to as the red (R), green (G), and blue (B) primary 
(or component) images. 

• For this reason, many of the techniques developed for monochrome  images can be 
extended to color images by processing the three component images individually.
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Digital Image Representation

• The result of sampling and quantization is a matrix of real numbers. 

• We use two principal ways to represent digital images. 

• Assume that an image 𝑓(𝑥, 𝑦) is sampled so that the resulting image has 𝑀 rows and 𝑁
columns. We say that the image is of size 𝑀 ×𝑁. 

• The values of the coordinates are discrete quantities. For  notational clarity and 
convenience, we use integer values for these discrete coordinates: 𝑥 = 0,1,2, … ,𝑀 − 1
and 𝑦 = 0,1,2, … , 𝑁 − 1. 

• Thus, for example, the value of the digital image at the origin is 𝑓(0, 0), and its value 
at the next coordinates along the first row is 𝑓(0, 1). 

𝑓 𝑥, 𝑦 =

𝑓(0, 0) 𝑓(0, 1) ⋯ 𝑓(0, 𝑁 − 1)
𝑓(1, 0) 𝑓(1, 1) ⋯ 𝑓(1, 𝑁 − 1)

⋮ ⋮ ⋮
𝑓(𝑀 − 1, 0) 𝑓(𝑀 − 1, 1) ⋯ 𝑓(𝑀 − 1,𝑀 − 1)

• We define the origin of an image at the top left corner. This is a convention based on 
the fact that many image displays (e.g., TV monitors) sweep an image starting at the 
top left and moving to the right, one row at a time. 
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Digital Image Representation

• Image digitization requires that decisions be made regarding the values for 𝑀, 𝑁, and 
for the number, 𝐿, of discrete intensity levels.

• There are no restrictions placed on 𝑀 and 𝑁, other than they have to be positive 
integers. 

• However, digital storage and quantizing hardware considerations usually lead to the 
number of intensity levels, 𝐿, being an integer power of two; that is

𝐿 = 2𝑘

• where k is an integer. We assume that the discrete levels are equally spaced and that
they are integers in the range 0, 𝐿 − 1 .

• Sometimes, the range of values spanned by the gray scale is referred to as the
dynamic range, a term used in different ways in different fields.

• Here, we define the dynamic range of an imaging system to be the ratio of the 
maximum measurable intensity to the minimum detectable intensity level in the 
system.
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Digital Image Representation
• The dynamic range establishes the lowest and highest intensity levels that a system can represent 

and, consequently, that an image can have. 

• Closely associated with this concept is image contrast, which we define as the difference in 
intensity between the highest and lowest intensity levels in an image. 

• The contrast ratio is the ratio of these two quantities. 

• When an appreciable number of pixels in an image have a high dynamic range, we can expect the 
image to have high contrast. 

• Conversely, an image with low dynamic range typically has a dull, washed-out gray look.

• The number, 𝑏, of bits required to store a digital image is
𝑏 = 𝑀 ×𝑁 × 𝑘

• When 𝑀 = 𝑁, this equation becomes
𝑏 = 𝑁2𝑘

• When an image can have 2𝑘 possible intensity levels, it is common practice to refer to it as a “k-bit 
image” (e,g., a 256-level image is called an 8-bit image).

• For example, let's calculate the amount of memory required to store a 1920x1080 8-bit image:

𝑏 = 1920 × 1080 × 8 = 16588800 bits

16588800

8
= 2073600 bytes

2073600

1024 × 1024
= 1.98 MB

17



EE454 – Digital Image Processing
Dr. Adem Ükte

Spatial and Intensity Resolution

• Intuitively, spatial resolution is a measure of the smallest discernible detail in an image.

• Quantitatively, spatial resolution can be stated in several ways, with line pairs per unit distance, 
and dots (pixels) per unit distance being common measures.

• Dots per unit distance is a measure of image resolution used in the printing and publishing 
industry. In the U.S., this measure usually is expressed as dots per inch (dpi). 

• Intensity resolution similarly refers to the smallest discernible change in intensity level. 

• Based on hardware considerations, the number of intensity levels usually is an integer power of 
two, as we mentioned before.

• The most common number is 8 bits, with 16 bits being used in some applications in which
enhancement of specific intensity ranges is necessary. Intensity quantization using 32 bits is 
rare. 

• Unlike spatial resolution, which must be based on a per-unit-of-distance basis to be meaningful, 
it is common practice to refer to the number of bits used to quantize intensity as the “intensity 
resolution”.

• For example, it is common to say that an image whose intensity is quantized into 256 levels has 
8 bits of intensity resolution.

• The following two examples illustrate the effects of spatial and intensity resolution on 
discernible detail. 
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Spatial and Intensity Resolution

• Naturally, the lower resolution images are 
smaller than the original image in (a). 

• For example, the original image is of size 
2136x2140 pixels, but the 72 dpi image is an 
array of only 165x166 pixels. 

• In order to facilitate comparisons, all the
smaller images were zoomed back to the 
original size.

• This is somewhat equivalent to “getting 
closer” to the smaller images so that we can
make comparable statements about visible 
details.
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Spatial and Intensity Resolution
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• The 128- and 64-level 
images are visually identical 
for all practical purposes. 

• However, the 32-level image
in (d) has a set of almost 
imperceptible, very fine 
ridge-like structures in 
areas of constant intensity. 

• These structures are clearly 
visible in the 16-level image 
in (e). This effect, caused by 
using an insufficient number 
of intensity levels in smooth 
areas of a digital image, is 
called false contouring.

• This name comes from the ridges resemble topographic contours in a map.

• False contouring generally is quite objectionable in images displayed using 16 or fewer uniformly spaced 
intensity levels, as the images in (e)-(h) show.
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END OF 
PRESENTATION 1
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