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Lecture outlineLecture outline

● Computer vision: overview

● Image processing 

● Pattern recognition: classification and clustering
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BooksBooks, , tutorialtutorial, software, software

● R. Gonzales, R. Woods, “Digital Image Processing”, 2nd Edition, 
Prentice-Hall, New-Jersey, USA, 2002 

● Richard O. Duda, Peter E. Hart, David G. Stork, “Pattern 
Classification”, 2nd Edition, Wiley Interscience, New York, 2001

● CVonline: Vision Related Books including Online Books and Book 
Support Sites (image processing library)
(http://homepages.inf.ed.ac.uk/rbf/CVonline/books.htm)

● HIPR2: Hypermedia Image Processing Reference (Tutorial)  
(http://homepages.inf.ed.ac.uk/rbf/HIPR2/index.html)

● ImageJ: Graphical User Interface to image processing and analysis 
routines (http://imagej.nih.gov/ij)

ACAT Advanced School - Bologna, May 25, 2012 Alessandro Bevilacqua

SummarySummary

● Natural and computer vision

● Brief history of images and digital images

● Basics of computer vision systems

● Example of images captured in different positions of 
the electromagnetic spectrum

● Computer Vision: application fields
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NATURAL NATURAL 

AND AND 

COMPUTER VISIONCOMPUTER VISION
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Natural visionNatural vision

● Scene understanding, object recognition, motion analysis are 
capabilities in animals resulting by a holistic process, where an image 
is built by also exploiting all the other senses exploitable in that 
particular context

● Experience plays a key role to understand what is being watched. 
Human beings know how a tree is made, from the abstract point of
view – trunk, branches, leaves – and recognize an object as being a 
tree even though they have not ever seen that specific tree before

● Context analysis provides crucial information regarding the 
probability that a given object could be in the scene, showing a given 
behavior, affecting its recognition
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Natural visionNatural vision
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Natural visionNatural vision

Although we can easily do amazing things like recognizing people and 
dreaming, still we:

• Suffer from illusions
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Color illusionsColor illusions

Content © 2008 R.Beau Lotto

http://www.lottolab.org/articles/illusionsoflight.asp
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Color illusionsColor illusions

Content © 2008 R.Beau Lotto

http://www.lottolab.org/articles/illusionsoflight.asp
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Brightness perceptionBrightness perception

Edward Adelson
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Brightness perceptionBrightness perception

Edward Adelson
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Dale Purves, R. Beau Lotto, Surajit Nundy, “Why We See What We Do”,  

American Scientist, Volume 90, No. 3, May-June 2002

Right?Right?

The top is darker…The top is darker…

…than the bottom,…than the bottom,

Color perception: the Color perception: the CornsweetCornsweet effecteffect
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Dale Purves, R. Beau Lotto, Surajit Nundy, “Why We See What We Do”,  

American Scientist, Volume 90, No. 3, May-June 2002

Wrong!Wrong!

Color perception: the Color perception: the CornsweetCornsweet effecteffect
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Dale Purves, R. Beau Lotto, Surajit Nundy, “Why We See What We Do”,  

American Scientist, Volume 90, No. 3, May-June 2002

Color perception: the Color perception: the CornsweetCornsweet effecteffect
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Natural visionNatural vision

Although we can easily do amazing things like recognizing people and 
dreaming, still we:

• Suffer from illusions

• Ignore many details of a scene

• Do not care about accuracy of the world

• Provide ambiguous description of the world
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What is Computer Vision?What is Computer Vision?

� Computer Vision (CV) studies the scientific and technological aspects to 
automatically recognize objects, people, scenes and activities and, in general, 
to solve problems by using information extracted from images or videos, 
exploiting a computer

� Scene understanding and analysis principles in natural vision (e.g., object 
recognition, motion analysis, etc.) constitute the starting point inspiring the 
CV researcher to realize a computerized procedure aiming at mimicking the 
natural one

� The first step to build an automated process is to try understanding what 
human beings act to recognize patterns, trying to recover the steps 
everyone applies automatically, without awareness

� Then, the procedures have to be decomposed in simpler steps, so as to be 
implemented and performed by a computer
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CV CV –– Related disciplinesRelated disciplines

� Image Processing

� Pattern Recognition

� Signal Processing

� Artificial Intelligence 

� Parallel Computing

� Data Mining

� Machine Learning

� Cognitive Science

� …

Image

Processing

PC

AI

PR

SP

DM

…

CV
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CVCV: from problem to solution: from problem to solution

� Usually, images are acquired by vision sensors. However, different 

sensor technologies (pressure, X-ray, radiofrequency, …) yield images. 

In general, every matrix data representation can be visualized as an 

image, thus taking advantage of CV theory.

ProblemProblem

ImageImage
AcquisitionAcquisition

PrePre--processingprocessing
Feature Feature 
ExtractionExtraction

•• SensorSensor
•• IlluminationIllumination

•• Noise removalNoise removal
•• ImgImg enhancementenhancement
•• TransformTransform

•• LinesLines
•• CornersCorners
•• ContoursContours
•• RegionsRegions
•• Optical flowOptical flow

AnalysisAnalysis

Knowledge BaseKnowledge Base
InterpretationInterpretation

SegmentationSegmentation

•• ThresholdingThresholding
•• Region growingRegion growing
•• SnakesSnakes

•• Motion analysisMotion analysis
•• Object interactionObject interaction
•• ClassificationClassification
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Sources of difficulty in Sources of difficulty in CVCV problemsproblems

• Object structure
photometric and geometric properties – rigid, deformable, …

• Presence of motion
object distortions, trajectory anomalies, high speed, …

• Shot conditions
distance from object, shot angle, moving sensor, …

• Scene illumination
light and structures: camouflage effects, …

• Partial views and object occlusions
2D images are a projection of 3D scenes on a plane

• …
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IMAGE FORMATIONIMAGE FORMATION

ACAT Advanced School - Bologna, May 25, 2012 Alessandro Bevilacqua

Image formationImage formation

Images are formed when a 

“SENSOR”
registers 

RADIATION
that has interacted with 

PHYSICAL OBJECTS
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Electromagnetic spectrumElectromagnetic spectrum

Courtesy of Wikipedia

Wavelength (λ) 700nm

red

400nm

violetblue

500nm

green

600nm

orange yellow

Frequency (f) Hz

Wavelength (λλλλ) m

f = c/λ Visible

1014
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Types of imagesTypes of images

� Photography: reflected light

� Range images: distance (time-of-flight, tof)

� Tomography: tissue density

� Ultrasound: intensity of the reflected echo- tof

� …
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LightingCamera

Computer

Scene understanding

Components of a CV systemComponents of a CV system

Scene
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Brain section

Sensor

Computer

Scene understanding

Components of a CV systemComponents of a CV system

Scene

MRIRX

Right breast

CT

Lung mass
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Types of imagesTypes of images

� light intensities

� distances

� other physical quantities

(thermal energy, mechanic energy, …)

Depending on the type, the information recorded 

represents:

ACAT Advanced School - Bologna, May 25, 2012 Alessandro Bevilacqua

GammaGamma--ray imaging (PET, SPECT)ray imaging (PET, SPECT)

PET (Positron Emission Tomography)
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XX--ray imaging (Xray imaging (X--ray, CT)ray, CT)

Computer Tomography
X-ray
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VisibleVisible
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Infrared (thermal)Infrared (thermal)

THERMAL
CAMERA
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Magnetic resonanceMagnetic resonance
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Other types of images: capacitive, CCDOther types of images: capacitive, CCD

CCD sensorCapacitive sensor
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Other types of images: fluorescenceOther types of images: fluorescence

MSC stained with HoechstMSC stained with calceine
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Types of imagesTypes of images

� light intensities

� distances

� other physical quantities

(thermal energy, mechanic energy, …)

Depending on the type, the information recorded 

represents:

We will mainly focus our attention on the first type 

(gray scale and color), since they are the easiest one 

to obtain and handle
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Reflected light imagesReflected light images

� Photography: reflected light

� Range images: distance (time-of-flight, tof)

� Tomography: tissue density

� Ultrasound: intensity of the reflected echo- tof

� …
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Pinhole cameraPinhole camera

� Simple standard and abstract model

�Basically, a pinhole camera is a box, with a tiny hole at one end and 

image sensor at the other

�Mathematically: out of all the light rays in the world, choose the set of 

light rays passing through a point and projecting onto a plane

ACAT Advanced School - Bologna, May 25, 2012 Alessandro Bevilacqua

Camera Obscura,  Gemma Frisius, 1544

A brief history of photographic imagesA brief history of photographic images

Leonardo Da Vinci
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The reason for lensesThe reason for lenses

B. Leibe

� In general, images formed by simple pinhole cameras are dark, because for 

each point of the scene just a very small set of rays passes through the pinhole 

and hits the image plane.

� To keep the image in sharp focus while gathering light from a large area

pinhole

image 

plane

object 

plane

lens
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Lens Based Camera Obscura, 1568

A brief history of photographic imagesA brief history of photographic images

Used by artists (e.g. Vermeer 17th century)

and scientists
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Still Life, Louis Jaques Mande Daguerre, 1837

A brief history of photographic imagesA brief history of photographic images
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Parameters of image acquisitionParameters of image acquisition

�Optical (and sensor) parameters
� Characterize the device

�Radiometric parameters
� Characterize the light reflected off the object

�Geometric parameters

� Determine the relative position of the object 
with the sensor
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Optical parametersOptical parameters

• Lens type*

• Focal length (f) and field of view

• Lens aperture and depth of field

• Lens distortions

* We suppose to work with thin lenses

optical axis
F’ F
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Radiometric parametersRadiometric parameters

� Type, intensity and direction of illumination

� Reflectance properties of the viewed object

� Effects of the sensor’s structure on the amount of light 

reaching the photoreceptors
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� Type of geometric transformation

� Position and orientation of the sensor

� Perspective distortions

Geometric parametersGeometric parameters
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Optical parameters Optical parameters –– (cont(cont’’d)d)

� Lens

� Focal length and focal plane

� Field of view and angular apertures

� Lens aperture (or diaphragm/iris) and depth of field

� Lens distortions

� …
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� As f gets smaller, the image 

becomes more wide angle

� More world points project onto the 

finite image plane, usually 

deforming the image

� As f gets larger, the image 
becomes more telescopic

� Smaller part of the world projects 

onto the finite image plane

� Accordingly, since the image size 
keeps the same, this results in a 

“zoom”

f1

f2

f3

Field of view

b
a

ck
 f

o
ca

l 
p

la
n

e

For a given image plane:

Focal length and Field of View (Focal length and Field of View (FoVFoV))
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Field of view: some imagesField of view: some images

28 mm lens, 65.5° × 46.4° 50 mm lens, 39.6° × 27.0°

210 mm lens, 9.8° × 6.5°70 mm lens, 28.9° × 19.5°

Courtesy of Wikipedia
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Circle of confusion (or Circle of confusion (or blur circleblur circle))

-o i

ff
S2S1

• The circle of confusion, or blur circle b, is an optical spot caused by a cone of light rays 

from a lens not coming to a perfect focus on the focal plane. It represents the largest spot 

that can be appreciated as a point and can be computed simply:

D

-o’ i’

in focus 
object

defocused 

object

blur 

circle

b

'

)'(

i

ii
Db

−
=
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Courtesy of Wikipedia

f/32

f/5.6

Lens aperture and depth of field Lens aperture and depth of field –– contcont’’dd

• A smaller aperture increases the range in which the object is 

approximately in focus, but images get darker and other methods have 

to be used to increase the amount of light reaching the image plane...

aperture (iris)
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� Geometric distortion may occur when using wide angle, 

telephoto or zoom lenses

http://www.grasshopperonline.com/barrel_distortion_correction_software.html

pincushion pincushion 
distortiondistortion

barrel barrel 
distortiondistortion

original patternoriginal pattern

http://docs.imatest.com/tour_distortion.html

Lens distortionLens distortion

DIGITAL IMAGINGDIGITAL IMAGING
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Some term definitionsSome term definitions

� Pixel (Picture Element): the smallest component of a digital 2D image

� Color depth: the number of bits used to quantize (digitize) the “light energy”
of the scene

� Digital image: pixel matrix of either real values for computing or integer 
values for displaying. Or else, it can be seen as a function f(x,y), (x,y) spatial 
coordinates, whose values are gray or color levels

� Image size: the size of the image expressed in row×col

� Image resolution: The total number of pixels a digital image contains (e.g. 
5Mpixel). 

� Dynamic range: the full range of energy captured by the sensor
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Digital imagesDigital images

� Film is replaced by a sensor array

� Current technology (e.g. arrays of Charge Coupled Devices, CCD)

� Discretizing the image into pixels

� Quantizing light intensities into pixel values



28

ACAT Advanced School - Bologna, May 25, 2012 Alessandro Bevilacqua

Example imageExample image

# The beginning of image “girl.pgm” shown in the previous slide, the easiest image representation

P2

128 128

255

81 81 85 81 80 81 85 81 88 90 88 90 90 94 96 101 109 109 112 110 114 119 127 134 154 157 161 

165 150 167 154 124 159 152 117 130 139 132 127 138 146 146 152 164 145 153 164 167 165 

153 163 170 171 163 157 163 168 172 163 170 178 174 167 170 167 168 168 171 168 171 174 

174 171 165 172 176 176 172 170 172 181 174 168 167 168 172 174 167 160 171 171 165 161 
163 163 163 164 168 161 152 168 174 170 165 160 171 178 165 165 172 167 168 178 160 167 

164 159 138 130 131 131 125 128 123 125 123 116 123 83 88 85 80 84 87 85 85 88 90 90 94 91 

92 98 105 109 110 109 112 116 117 127 141 147 160 168 168 152 168 156 142 147 125 120 139 

146 147 138 142 139 150 164 174 165 157 163 168 171 153 167 172 174 167 153 170 172 175 

171 171 179 176 170 163 168 172 174 174 171 175 179 172 172 168 176 181 174 174 175 178 
183 176 167 168 172 179 176 165 168 172 178 168 167 168 167 157 164 172 161 161 171 172 

170 165 163 174 178 170 167 174 163 168 178 161 174 172 160 145 135 132 135 132 131 127 

124 117 120 116 84 87 88 87 87 84 88 92 92 92 95 98 96 96 103 103 110 113 113 114 120 123 

131 152 154 163 171 165 157 168 156 145 146 131 136 134 152 163 159 150 141 159 171 174 

161 154 164 174 175 165 163 167 178 171 159 172 179 172 167 164 178 178 172 168 176 178 
168 167 172 176 181 175 167 171 178 182 176 170 174 178 181 175 170 174 176 182 172 165 

175 176 179 172 168 167 168 165 165 170 167 167 170 168 170 156 167 179 172 163 167 171 

167 172 178 167 171 174 157 147 141 138 142 132 128 130 125 119 ………………………………...
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The origins of The origins of digitaldigital image processingimage processing

Courtesy of Gonzales-woods,2nd Ed.
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The origins of The origins of digitaldigital image processingimage processing

Courtesy of Gonzales-woods,2nd Ed.
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The origins of The origins of digitaldigital image processingimage processing

Courtesy of Gonzales-woods,2nd Ed.
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Digital monochromatic imagesDigital monochromatic images……

…are 2D arrays (matrices) of numbers:
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Digital color imagesDigital color images

� In case of color images, more than one channel per pixel 

is needed to quantize incoming light 

� Usually, three channels are needed for color images, 

independent of the color model

� RGB is a popular color model, where each color is built 

as a linear combination of Red, Green and Blue

RGB Color Space

� The color system can be viewed as a 

cube, with gray level scale laying on 
one of the principal cube diagonals
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red

magentablue

Blue

Green

Red

cyan

green

black

white

yellow

Grey 
axis

RGB colour modelRGB colour model
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Digital color imagesDigital color images……

…are 2D arrays of triplets:
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Common image formatsCommon image formats

� Raster

- Resolution-dependent

- Suitable for photographs

- Smooth tones and subtle 

details

- Larger size

� Vector *

- Resolution-independent

- Suitable for line drawings, 

CAD, logos

- Smooth curves

- Smaller size

* Usually required by international journals

� Raster: a bitmap, where each pixel corresponds to a color 

� Vector: uses geometrical primitives (lines, curves, splines, etc) 
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Raster Raster vsvs vectorvector
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Common (raster) file formatsCommon (raster) file formats

� The BMP file format (Windows bitmap), uncompressed

� The TIFF (Tagged Image File Format) format is a flexible format that 

normally saves 8 bits or 16 bits per color (red, green, blue) for 24-bit and 

48-bit totals, respectively, usually using either the TIFF or TIF filename 

extension. It can be uncompressed as well as compressed, lossy or 

lossless: for this reason these are used also in bio-medical imaging

� JPEG (Joint Photographic Experts Group) is a lossy format (JPG) derived 

from the homonymous compression method. It supports no more than 8 

bits per channel, for a total of 24 bits

Image file size (in byte): it is given by the product of image size and bytes 

used for color depths. For example, 8-bit pixel images use one byte, while 

8-bit three channels images use three byte per pixels and the size is treble

Compressed files: 

• lossy - although visually pleasant, part of the original data are lost 

• lossless - the compression algorithms preserve the original data
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Compression artefacts

http://www.shortcourses.com/choosing/sensors/05.htm

Increasing Increasing 
compressioncompression

http://en.wikipedia.org/wiki/JPEG

Image quality issues: compressionImage quality issues: compression
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PixelizationPixelization

8 of 8: 256x2568 of 8: 256x256

ACAT Advanced School - Bologna, May 25, 2012 Alessandro Bevilacqua

7 of 8: 128x1287 of 8: 128x128

PixelizationPixelization
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6 of 8: 64x646 of 8: 64x64

PixelizationPixelization
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5 of 8: 32x325 of 8: 32x32

PixelizationPixelization
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4 of 8: 16x164 of 8: 16x16

PixelizationPixelization
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3 of 8: 8x83 of 8: 8x8

PixelizationPixelization
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2 of 8: 4x42 of 8: 4x4

PixelizationPixelization
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1 of 8: 2x21 of 8: 2x2

PixelizationPixelization
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original imageoriginal image

PixelizationPixelization
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QuantizationQuantization

1
6

 m
illio
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8 bits 256 levels 7 bits 128 levels 6 bits 64 levels 5 bits 32 levels

4 bits 16 levels 3 bits  8 levels 2 bits 4 levels 1 bit 2 levels

QuantizationQuantization

IMAGE PROCESSINGIMAGE PROCESSING
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Digital images and computersDigital images and computers

� The goal of image manipulation can be divided into three 
categories:

� Image Processing image in � image out

� Image Analysis image in � measurements out

� Image Understanding image in � high-level description out

� An image may also be considered to contain sub-images 
sometimes referred to as Regions-Of-Interest (ROIs) or, 
simply, regions. 

� Thus, one part of an image might be processed to 
suppress motion blur while another part might be 
processed to improve contrast.
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Segmentation: from image to objectsSegmentation: from image to objects

� Preprocessing

� Denoising, enhancement, …

� Converting the image into binary (B/W) form

� Thresholding
(to separate foreground from background)

� Cleaning up the thresholded image

� Morphological operators 
(denoising, object separation, filling, …)

� Extracting individual objects

� Labeling of connected components 

� Description of object properties (image analysis) 
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preprocessing

cleaning

& filling
labeling

thresholding
scene

to feature 
generator

border 
extraction

Basic stages in image processingBasic stages in image processing

acquisition

segmentation
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ExampleExample

Thresholding Denoising and Filling

labeling post-processing
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� Point operations (local based)

� the value of each pixel in the target image only depends on the 

corresponding pixel of the source images (arithmetic operations)

� Neighbourhood operations (region based)

� each pixel is transformed based on values of pixels in its immediate 

neighbourhood (convolutions: filtering, mathematical morphology,…) 

� Global operations

� each pixel is transformed based on overall characteristics of image 

(histogram based operations, geometric transforms,…)

Spatial extent of image operationsSpatial extent of image operations

ACAT Advanced School - Bologna, May 25, 2012 Alessandro Bevilacqua

Input image Output image

Image 
transformation

•Point operations

•Neighbourhood operations

•Global operations

Basic conceptsBasic concepts
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ARITHMETIC ARITHMETIC 

and LOGIC and LOGIC 

point OPERATIONSpoint OPERATIONS
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Image additionImage addition

brighter

+ =

original Constant(=70)

+ =

MSC with nucleilive MSC nuclei
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Image multiplicationImage multiplication

Just “brighter” ?

� We known that irradiance that reaches  the sensor depends 

linearly from scene radiance and the camera maybe has a 

linear response function…

• =

original

1.5

No!! It also improves the contrast and emulates the shutter 

aperture, with a linear increasing of photon counts
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Image subtractionImage subtraction

- =

Original image + Dark Current Noise Image with lens cap on

- =

denoised image

background current frame detected blobs

blob: aggregation of objects
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Logic operation: exampleLogic operation: example

A B A AND B

A OR B

NOT A A XOR B

A’ AND BC

A AND C

A NAND B
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Logic operationLogic operation

For example, after computing B/W masks, 

these can be used in the source image to 

select the objects, through an AND operation
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HISTOGRAMS HISTOGRAMS 

An example of global An example of global 

operationsoperations

Contrast enhancement

Thresholding
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� 1D array

size equal to the number of grey levels 

10 0 2 8 12 8 15 20 27 30 25 20

Grey level

Pi
x
el
 c
ou
nt
s

int histogram[IM_DEPTH];

HistogramHistogram

bins
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93

� The L gray levels in an image may be viewed as a random 
variable in the interval [0,1]

� the probability density function (pdf) is one of the fundamental 
descriptors of a random variable

� By dividing each of histogram at gray level rrkk by the total number 
of pixels in the image, n

p(rp(rkk) = ) = nnkk / n/ n

for k = 0,1,…,L-1

p(rk) gives an estimate of the probability of occurrence of gray 
level rrkk

� The sum of all components of a normalized histogram is equal to 1

pdfpdf and normalized histogramsand normalized histograms
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brighter darkeroriginal

Image enhancementImage enhancement
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Example: low Example: low vsvs high contrasthigh contrast

95

Low-contrast image

High-contrast image

histogram is narrow 
and centered toward 
the middle of the 
gray scale

histogram covers broad 
range of the gray scale 
and the distribution of 
pixels is not too far 
from uniform, with 
very few vertical lines 
being much higher 
than the others
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original contrast
enhanced

0             255
dark

light

0             255
dark

light

Histogram stretchingHistogram stretching
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before after Equalized histogram

ExampleExample

THRESHOLDING THRESHOLDING 
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original

HistogramHistogram--based based thresholdingthresholding

thresholded

� Select threshold

� Create binary image O

� I(x,y) < T � O(x,y) =

� I(x,y) ≥ T � O(x,y) =

I

O
T

1

0

?

?
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th=FindThreshold(img);

OutImg=logical(zeros(size(img)));

for i=1:rows

for j=1:cols

if (img(i,j)>=th)

OutImg(i,j)=1;

end

end

end

Example: Example: thresholdingthresholding light/shadowslight/shadows

119
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REGION BASED REGION BASED 

OPERATIONSOPERATIONS

Mathematical morphology
Filtering
Edge detection
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( )yxf , ( )yxg ,( )yxh ,

f

M
N

i

j

h
Convolution

( ) ( ) ( )∑∑
= =

−−=
M

m

N

n

njmihnmfjig
1 1

,,,

Discrete convolutionDiscrete convolution

Convolution mask
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-1 -1 -1 

0 0 0 

+1 +1 +1 
 

 

maskmask

output imageoutput image

input imageinput image

3939

00

3030

1818 3333 88 99

2020

88

3434

2222 11

3232

2727

4949 33

4949

3030

22

99 33 00 1313 3434

3333 3939

3030

2929

99

3131

33

44

1010 1515

22 9999

77

99

33 1616

11 99

??

??

??

??

??

??

?? ??

?? ?? ?? ?? ?? ??

3232

--9797

--4545

--4242

5959

--66

--6868

--7575
Output value =Output value =

+ (+ (--1x30)1x30) + (+ (--1x9)1x9)

+ (0x29)+ (0x29) + (0x33)+ (0x33) + (0x39)+ (0x39)

+ (1x9)+ (1x9) + (1x2)+ (1x2) = = 3232

((--1x39)1x39)

+ (1x99)+ (1x99)
window

Image convolutionImage convolution

MATHEMATICAL MATHEMATICAL 

MORPHOLOGY MORPHOLOGY 
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� In mathematical morphology, the convolution mask is called 
Structuring Element (SE)

� Two-dimensional, or flat, structuring elements consist of a 
matrix of 0’s and 1’s

� The pixels in the structuring element containing 1’s define the 
neighborhood to be processed 

Structuring Element (SE)Structuring Element (SE)

Image Source: R.C. Gonzales & R.E. Woods

Examples of SE’s:

� matlab function strel() can create many kinds of SE’s: flat, 
dish-shaped, diamonds, etc.
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Morphological operatorsMorphological operators

� Two basic operations (not invertible) 

� Erosion (Matlab: imerode)

� Dilation (Matlab: imdilate)

� Two important combinations

� Opening - erosion  followed by dilation (Matlab: imopen)

� Closing - dilation followed by erosion (Matlab: imclose)

In binary images

� Opening expands background, filling white holes

� Closing expands foreground, filling black holes
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Original image ClosingOpening

Dilated imageEroded image

Flat Structuring
Element (SE)

Test image: opening + closingTest image: opening + closing
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Effect of openingEffect of opening

� Feature selection through size

of structuring element

Original image

Opening with small structuring element

Thresholded

Opening with larger structuring element
Image Source: http://homepages.inf.ed.ac.uk/rbf/HIPR2/
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More examplesMore examples

original

SE: flat 3x3

opened

SE: flat 5x5 SE: flat 7x7

FILTERING FILTERING 
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Filtering: convolution kernelsFiltering: convolution kernels

121

242

121

⋅
16

1

Average
111

111

111

⋅
9

1

N pixels

Gaussian
8.0=σ
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� Sort            values around the pixel 

� Select median value

� Median filtering

12 −N

sort median

MedianMedian filterfilter

� Non-linear (it cannot be implemented with convolution)
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EDGE DETECTION EDGE DETECTION 
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Computing gradient in imagesComputing gradient in images

� Estimating the gradient with finite differences

� Approximation by finite differences
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FirstFirst--order derivativeorder derivative

� Approximation by finite differences

















∂

∂
∂

∂

=







==∇

y

f
x

f

Gy

Gx
yxfG )],([f

GyGxGyGxG +≈+= 22

� Magnitude









= −

Gx

Gy1tanθ� Direction
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Second order derivative methodsSecond order derivative methods

� Zero crossing of the second derivative of a function indicates the 

presence of a maxima

� The approach basically consists of defining a discrete formulation of 

the second-order derivative and then constructing a filter mask 

based on that formulation

� We are interested in isotropic filters, whose response is independent 

of the direction of the discontinuities in the image to which the filter 

is applied
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Computing 2Computing 2ndnd derivatives in imagesderivatives in images

� First-order derivatives
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� Second-order (non-mixed) derivatives
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Convolution kernelsConvolution kernels
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1st order derivative: eg. Sobel

( ) ( ) GyGxGyGxG +≈+=
22

141

4-204

141

2nd order derivative: Laplacian

=
∂

∂
+

∂

∂
=∇=

2

2

2

2
2),(

y

f

x

f
fyxL

=
∂

∂
=

x

f
Gx =

∂

∂
=

y

f
Gy



60

Elaborazione delle immagini - LM Alessandro Bevilacqua

Derivative methodsDerivative methods

� Second order derivative methods: 
� very sensitive to noise 

� poor detection (high probability of false and missing edges)

� good localization (close to true edges)

� First order derivative methods: 
� poorly  sensitive to noise 

� good detection (low probability of false and missing edges)

� poor localization (edges could be far from true ones)

LABELING LABELING 
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OBJECT PROPERTIES OBJECT PROPERTIES 
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Object properties: size and shapeObject properties: size and shape

� From the previous steps, we can 
obtain separated objects.

� Some useful features can be 
extracted once we have connected 
components, including

� Area

� Centroid

� External points, bounding box

� Circularity

� …
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Area and Area and centroidcentroid

� We denote the set of pixels in a region by R

� Assuming square pixels, we obtain

∑
∈

=
Ryx

A
),(

1

∑
∈

=
Ryx

A
xx

),(

1

∑
∈

=
Ryx

A
yy

),(

1

� Area:

� Centroid:

� Knowing the sensor geometry, these become absolute

measures
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Chain encoding of boundary curveChain encoding of boundary curve
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� Perimeter
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CircularityCircularity

� Measure the deviation from a perfect circle

where      and      are mean and standard 

deviation of the distance from the centroid of 

the shape to the boundary K pixels (xk,yk)

Rµ Rσ

∑
−

=

−=
1

0

1 ),(),(
K

k

kkKR yxyxµ

[ ]∑
−

=

−−=
1

0

2
12 ),(),(

K

k

RkkKR yxyx µσ

R

RC
σ

µ
=

� Variance of radial distance:

� Circularity:

� Mean radial distance:

),( kk yx

),( yx
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Region propertiesRegion properties

� Convexity: the ratio between the length of the convex hull and 

the perimeter of the object (≤1)

� Solidity: the ratio between the area of the region and the area of 

the convex hull (≤1)

� Convex hull:  the convex hull H of an arbitrary set S is the 

smallest convex set containing S.
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Region properties in MATLABRegion properties in MATLAB

[L,numObj]=bwlabel(A);

s=regionprops(L,'Area','Eccentricity', 'Centroid',... 
'MajorAxisLength','MinorAxisLength','Orientation',...

'ConvexImage','BoundingBox','EquivDiameter',...

'Perimeter‘);

% numObj=numel(s)

for k = 1:numObjEquivDiameter

imwrite([s(k).ConvexImage],'immagini\convex.tif');

Area(k)=[s(k).Area] 

aM(k)=[s(k).MajorAxisLength]

am(k)=[s(k).MinorAxisLength]

Ecc(k)=[s(k).Eccentricity]

Or(k)=[s(k).Orientation] 

ED(k)=[s(k).EquivDiameter]

end


