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• Image Sensing and 
Acquisition
– Image Acquisition Using 

a Single Sensor
– Image Acquisition Using 

Sensor Strips

– Image Acquisition Using 
Arrays

– A Simple Image 
Formation Model

Source: Chapter 02 of DIP, 3E:
Digital Image Fundamentals

• Elements of Visual 
Perception
– Structure of Human Eye

– Image Formation in the 
Eye

– Brightness Adaptation 
and Discrimination

• Light and the 
Electromagnetic 
Spectrum

Not covered topics 
shown as this
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• Mathematical Tools used in 
DIP
– Array versus Matrix 

Operations

– Linear versus Non-Linear 
Operations

– Arithmetic Operations

– Set and Logical Operations

– Vector and Matrix Operations

– Image Transforms

– Probabilistic Methods

Source: Chapter 02 of DIP, 3E:
Digital Image Fundamentals

• Some Basic Relationships 
between Pixels
– Neighbors of a Pixel

– Adjacency, Connectivity, 
Regions, and Boundaries

– Distance Measures

• Image Sampling & 
Quantization
– Basic concepts

– Representation

– Spatial and Intensity 
resolution

– Image interpolation
Not covered topics 
shown as this
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• Diameter of Eye: 20mm

• Cornea
– Tough, Transparent Tissue
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• Iris
– Controls Aperture (Pupil)
– Opening: 2mm to 8mm

• Lens
– Concentric Layers of Fibroid Cells
– 60% -70% water, 6% fat, protein
– Absorbs 8% light
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• Retina
– Innermost membrane
– Fovea

• Circular Indentation of 1.5mm diameter 
• Modeled as 1.5mm X 1.5mm (CCD: 5mm X 5mm)

– Cone & Rod Receptors
– Blind Spot
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• Cone Receptors (Color)
– Connected to single nerve, localized around Fovea

• 1,50,000 elements / mm2

– 6 to 7 million
– Photopic or Bright-light Vision

• Rod Receptors (Black-and-White)
– Multiple rods Connected to single nerve
– 75 to 150 million
– Scotopic or Dim-light Vision
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• Image Formation in Camera & Eye
– What is the fundamental difference?

• Camera
– Fixed Focal Length of Lens
– Variable Distance between Lens and Film

• Eye
– Variable Focal Length of Lens (14mm ~ 17mm)
– Fixed Distance between Lens and Film (17mm)
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• Brightness Adaptation & Discrimination
– How do we perceive the intensity in an image?

• Range of Light Intensity Levels
– 1010: Scotopic Threshold to Glare Limit
– 106: Photopic Vision

• Subjective Brightness
– Brightness perceived by Vision
– Log function of Light Intensity
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• What is Brightness Adaptation?
– Wide Range is supported

– Support is not simultaneous
– Changes overall sensitivity

• Brightness Adaptation Level
– Sensitivity at a given condition (Ba)

– Range gets restricted to a low end (Bb)

– High end changes the level itself



Digital Image Processing, 3rd ed.

www.ImageProcessingPlace.com

© 1992–2008  R. C. Gonzalez & R. E. Woods 

Gonzalez & 
Woods

Chapter 2 
Digital Image Fundamentals

• What is Brightness Discrimination?
– Ability to discriminate between changes in light 

intensity at a specific adaptation level

• Experiment for Weber Ratio
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• Experiment for Weber Ratio
– Uniform Back Illumination I
– Incremental Flash Illumination: ∆I
– Subject Response: No / Yes

– ∆Ic discriminable in 50% cases

– Weber Ratio = ∆Ic / I
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• Weber Ratio
– Small  Good Brightness Discrimination

– Large  Poor Brightness Discrimination

– Discontinuous functions for rod and cone behavior

• Continuity Behavior
– Constant I

– Uniformly varying ∆I

– One / two dozens of intensities perceived at a time

• Perceived Brightness vs Intensity Phenomena
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• Mach Bands (after Ernst Mach)
– Undershoot / Overshoot around boundary of 

different intensity regions
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• Simultaneous Contrast
– Perceived Brightness is not a simple function of 

intensity



Digital Image Processing, 3rd ed.

www.ImageProcessingPlace.com

© 1992–2008  R. C. Gonzalez & R. E. Woods 

Gonzalez & 
Woods

Chapter 2 
Digital Image Fundamentals

• Optical Illusions
– Not yet fully understood

– Eye fills up nonexistig information
– Wrongly perceives the geometrical properties of 

objects
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• Light and EM Spectrum– 𝜆 = c/ν• 𝜆 = Wavelength of light (m)• c = Speed of light• ν = Frequency of light (Hz)– E = hν• E = Energy• h = Planck’s Constant
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• Visible Band: Violet (430nm ) ~ Red (790nm)
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• Monochromatic / Achromatic Light Source
– Intensity

• Chromatic Light Source
– Radiance

• Energy flowing from a light source (Watts)

– Luminance
• Energy Perceived by an observer (Lumens)

– Brightness
• Subjective descriptor of light perception
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• Image Acquisition
– Single Sensor
– Sensor Strip
– Sensor Array
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• Sensor Array Technology

• CCD: Charge-Coupled Device
– Analog
– Charge moves between capacitative bins

• CMOS APS: CMOS Active Pixel Sensor
– Photo-detector + Amplifier @ Pixel
– Used in Cell-Phone Camera / Webcam
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• Image Formation
– f(x,y) is an image function where

• 0 < f(x,y) < ∞

– f(x,y) = i(x,y) * r(x,y) where
• 0 < i(x,y) < ∞ : Illumination
• 0 < r(x,y) < 1 : Reflectance / Transmittance
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• Typical Illumination
– Sun, Clear Sky: 90,000 lm/m2.
– Sun, Cloudy Sky: 10,000 lm/m2. 
– Full Moon, Clear Sky: 0.1 lm/m2.
– Commercial Office: 1,000 lm/m2.
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• Typical Reflectance
– Black Velvet: 0.01
– Stainless Steel: 0.65
– Flat White Wall Paint: 0.80
– Silver-Plated Metal: 0.90
– Snow: 0.93
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• Intensity of a Monochrome Image at (u,v)
– Lmin ≤ f(u,v) ≤ Lmax

– Lmin > 0 and Lmax is Finite

– Lmin = imin * rmin and Lmax = imax * rmax

– Typical: Lmin ~ 10 and Lmax ~ 1000

– [Lmin, Lmax ]: Grey / Intensity Scale

– Translate to [0, L-1]
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• Sampling for Image Formation
– Single Sensor

• Guided by mechanical motion – can be very accurate
• Limited by optical system

– Sensor Strip
• No. of Sensor decide sampling in one dimension
• Mechanical motions decides the other

– Sensor Array
• No. of Sensor decide sampling in both dimensions
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• Image Representation
– 3-D Function Plot (surface with intensity fluctuations)

• Too detailed
• Difficult for inference

– 2-D Visual Intensity Array
• Good for visualization

• Less amenable to computation

– 2-D Numerical Array
• Easy for computation
• Large in data volume
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• Image Quantization
– Mapping Intensity values to a (small) range of 

integers [0, L – 1], L = 2k.
– Image Size = N2k.
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• Image Quantization
– Dynamic Range of Grey Values 

• Ratio of Maximum measureable intensity to Minimum 
detectable intensity

• Upper Limit: Decided by Saturation
• Lower Limit: Decided by Noise

– Contrast
• Maximum Intensity – Minimum Intensity



Digital Image Processing, 3rd ed.

www.ImageProcessingPlace.com

© 1992–2008  R. C. Gonzalez & R. E. Woods 

Gonzalez & 
Woods

Chapter 2 
Digital Image Fundamentals



Digital Image Processing, 3rd ed.

www.ImageProcessingPlace.com

© 1992–2008  R. C. Gonzalez & R. E. Woods 

Gonzalez & 
Woods

Chapter 2 
Digital Image Fundamentals



Digital Image Processing, 3rd ed.

www.ImageProcessingPlace.com

© 1992–2008  R. C. Gonzalez & R. E. Woods 

Gonzalez & 
Woods

Chapter 2 
Digital Image Fundamentals



Digital Image Processing, 3rd ed.

www.ImageProcessingPlace.com

© 1992–2008  R. C. Gonzalez & R. E. Woods 

Gonzalez & 
Woods

Chapter 2 
Digital Image Fundamentals

• Spatial Resolution
– Line pairs per unit distance

• Chart with alternating black and white lines
• Largest number of discernible line pairs in unit distance

– dpi: dots / inch
• Used in printing / publishing

• Newspaper: 75 dpi
• Magazine: 133 dpi
• Glossy Brochure: 175 dpi

• High Quality Book: 2400 dpi
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@1250 dpi: 3692 X 2812
@72 dpi: 213 X 162
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• Intensity Resolution
– Smallest discernible change in intensity level

– Fixed by hardware
• Typically 8 bits / 16 bits

– False Contouring: Low # of intensity levels
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• Spatial & Intensity Resolutions: Together
– Vary N (Spatial Resolution N x N) and k 

(Grayscale Resolution 2k)

– Subjects rank images at different <N, k> by their 
subjective quality

– Experiments:
• Nature depends on details in the image
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• Isopreference Curves on N-k Plane
– Points having same subjective quality

– I-p Curves shifts right & upward
– Becomes more vertical to left with details in image
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• Interpolation: Using known data to estimate 
values at unknown locations.

• Image Interpolation (Tool)
– Zooming
– Shrinking
– Rotating

– Geometric Correction

• Zooming & Shrinking
– Re-sampling
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• Enlargement by 1.5 times
– Image is 500 X 500

– Imaginary Array: 750 X 750 (same pixel spacing)
– Shrink to fit the original image (reduced pixel 

spacing)
– Set value from the closest pixel in original image
– Expand it to the original expanded size
– This is Nearest Neighbor Interpolation

• Produces artifacts (distortion of straight edge)
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• Nearest Neighbor Interpolation
– Induces Voronoi Diagram
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• Bilinear Interpolation
– Use 4 nearest neighbor

– Solve for 4 coefficients
– V(x,y) = ax+by+cxy+d
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• Bilinear Interpolation
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• Bilinear Interpolation
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• Bicubic Interpolation (Discrete)
– Use 16 nearest neighbor

– Solve for 16 coefficients
– Used in Adobe Photoshop / Corel Photopaint
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• Interpolation Comparative
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1. Hsieh Hou and H. Andrews, “Cubic splines for 
image interpolation and digital filtering” IEEE 
Trans ASSP, Vol 26, Dec 1978.

2. J A Parker, R V Kenyon and Donald E Troxel, 
“Comparison of Interpolation methods for image 
resampling”, IEEE Trans Medical Image 
Processing, March 1983.

3. Robert G Keys, “Cubic convolution 
interpolation for Digital Image Processing”, 
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Basic Relationships between Pixels
•Path
•Connected component
•Connected set (Region)

• Adjacent
• Disjoint

•Foreground & Background
•Boundary/border/contour : Global concept related to finite region
•Inner/Outer border
•Edge : pixels with derivative values that exceed a preset threshold. Thus, an 
edge is a “local” concept that is based on a measure of intensity-level discontinuity 
at a point.
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City-Block Distance (D4 Distance)

Chess-board Distance (D8 Distance)
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Mathematical Tools used in DIP
Array versus Matrix operations

Linear vs Non-linear operations

Arithmetic operations

Set and Logical operations

Spatial operations

Vector and Matrix operations

Image transforms

Probabilistic methods
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Matrix product
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Arithmetic Operations:

s(x,y) = f(x,y) + g(x,y)
d(x,y) = f(x,y) – g(x,y)
p(x,y) = f(x,y) × g(x,y)
v(x,y) = f(x,y) ÷g(x,y)
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Addition operation over Images
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Difference operation over Images
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Difference operation over Images (Cont..)
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Difference operation over Images (Cont..)
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Division operation over  Images (Shading correction)
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Division operation over  Images (Shading correction)
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Multiplication operation over Images (Masking/Region of Interest (ROI))
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