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Steps of image processing

ÅImagingwith camerasor other detectors
Åenlighting, reflection, other environmentaleffects

ÅEnhancement
ÅCorrection, eliminationof disturbancies, unnecessary

details

Åfiltering, contrastenhancement

ÅFeatureextraction
Ålocal/global(statistic) picturecharacterisation

Ådeterminationof the characteristicpoints

Åthresholding, edgedetection, shapedetection
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Steps of image processing

ÅDiagnosis
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Medical Image Analysis, by Atam P. Dhawan, IEEE Press, 2003.
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Steps of image processing

ÅImaging
ÅSourcetype -- location
Åexternal

Åinternal

Åcombined

ÅSourcetype
Åelectromagneticwave

Åsoundor densitywave

Åparticle

Åother electronicbasedsensor

ÅDirector computed

ÅTransmission, reflectionor emission
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Medical Imaging Methods

ÅLight and other electromagnetic waves
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Cosmic X-ray Light Communication
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Medical Imaging Methods

ÅX-ray
Ådeccelerating electrons (inner shell)

Åprojective image (projective geometry)
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Image takestransmission of x-rays through the object

X-ray 
Source

Object X-ray
Detector

m(x,y,z)
Id(x,y)

( ) ( )Úexp 0 dl)z,y,x(Iy,xI d m=
https://sites.google.com/
a/simplescience.info/ww
w/biagraphies/laureatero
ntgen
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Medical Imaging Methods

ÅX-ray
Ådeccelerating electrons (inner shell)

Åprojective image (projective geometry)

Åalso tomography
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Image takestransmission of x-rays through 
the object

X-ray 
Source

Object X-ray Detector

Id(x, y)

( ) ( )Úexp 0 dl)z,y,x(Iy,xI d m=

m(x,y,z)

lookfordiagnosis.com

collimatedlight
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https://lookfordiagnosis.com/mesh_info.php?term=tomography&lang=1


Medical Imaging Methods

ÅGamma ray
Åusually applied in scintigraphy
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Gamma-ray 
source

Object = Gamma-ray detector

Id(x, y)r(x,y,z)

radiopaedia.org

pin hole
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http://radiopaedia.org/images/511688


Medical Imaging Methods

ÅGamma ray
Åusually applied in scintigraphy

ÅLarge pinhole Ąmore photons, better SNR, but blurry

ÅHalf liveslongenoughfor the detection, but asshortas
possiblefor the minimzationof the doseage

ÅIsotopesof atomscompatiblewith
biologicalfunctions

ÅNo depth infoĄ combination
with tomography
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Gamma-ray 
source

Object = Gamma-ray detector

Id(x, y)r(x,y,z)

pin hole
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Medical Imaging Methods

ÅVisible light detectors
ÅPhotoplates/films with photosensitive layer

ÅPhotomultiplyers

ÅPhotodiodes (PIN, APD)

ÅPhototransistors

ÅChange coupled devices

ÅActive pixel sensors

ÅUsed in
Åmicroscopes, endoscopes, scintillation detectors

ÅOther equipments for visualization
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Medical Imaging Methods

ÅInfrared light
Åfrom thermal scans

ÅRF
ÅRadio frequency signal can arise from

RF sources, like radars,  or the 
NMR ςMRI like devices
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www.clinicofnaturalmedicine.eu

https://github.com/psu-psychology/psy-511-scan-
fdns/blob/master/lectures/figs/mri-steps.jpg
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Medical Imaging Methods

ÅPositrons
Åpositrons are the carrier of medical information in PET

ÅPositron emitting isotope (18F, 11C) is bonded to e.g. 
clucose in order to follow the metabolism

Åpositron emergegs from the body and annihilates with 
an electron

Åphotons are detected with a coincidence detector
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positron
source

Object = Coincidencedetector

Id(x, y)
b+b+ =>2photons
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Medical Imaging Methods

ÅTactile
Ådetect the elasticity, hardness of the surface

Åtactile sensors touch the surface of the organ
Åultrasound 

ÅMEMS

Åoptical

Åcapacitive

Åinductive

Åpiezo

ÅTactile maps or tactile displays
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www.productionmachining.com
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http://www.productionmachining.com/articles/how-to-choose-and-use-styli


Medical Imaging Methods

ÅUltrasound
Åreflectometer, 

like sonars

Åwave focusing

Ådirect imaging
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www.mghradrounds.org

Ultrasound
sourceand 
receiver

Object

R(x,y,z)
Id(x,y,t)
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http://www.mghradrounds.org/index.php?src=gendocs&link=2007_march


Medical Imaging Methods

ÅDetectors: Visible light from gamma: scintillation 
and photomultiplier tube

ÅVisible light from electronic signals: computed 
visualization 2D, 3D or 2D slices
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Medical Imaging Methods

ÅMethods: active pixel sensor
Ånot storing

Åphototransistors or 
photodiodes
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www.olympusmicro.com

http://www.olympusmicro.com/primer/digitalimaging/cmosimagesensors.html


Medical Imaging Methods

ÅMethods: CCD
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By Michael Schmid- animated drawing created myself, CC BY 2.5, 
https://commons.wikimedia.org/w/index.php?curid=347838

http://olympus.magnet.fsu.edu/primer/digit
alimaging/concepts/emccds.html



Medical Imaging Methods

ÅCCD vs APS
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meroli.web.cern.ch

http://meroli.web.cern.ch/meroli/lecture_cmos_vs_ccd_pixel_sensor.html


Medical Imaging Methods

ÅMethods: CCD

Åendoscopes
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www.endo-tech-hamburg.de

www.sanfte-chirurgie.at
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Medical Imaging Methods

ÅEndoscopes
ÅUsingcontrastcolouredliquid dyecanenhance

structure

ÅNarrowbandimagingcanincreasecontrastaroundveins
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Medical Imaging Methods

ÅMethods: Tomograpy

21st April 2016 INNOSOC ZAGREB 2016 WORKSHOP 21/XX

A.Bovik, Handbook of Image 
and Video Processing
Fig.10.2.1)

originalobstacles

projections



Image processing basics

ÅImage Description

ÅImage Processing

ÅGraphics

ÅImage Analysis
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Image processing

Image analysis

Graphics, 
visualization
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Image processing basics

ÅRegion-basedsegmentation, grouping
Åedge-linking, detectionof connectedcomponents, 

similarparts

ÅRegiondescription
Åby colour, geometry, texture, weight, area, orientation, 

size,

ÅCorrespondence, matching
ÅMatchingof a modelor anotherpictureto the picture

(seePET-CT or MRI-CT)

Åfindingthe correspondingpoints, beacons
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Image processing basics

ÅOperationtypes
Ålocal vs. global

Årecursivevs. non-recursive

ÅActual operators
Åcorrelation

Åconvolution

Årotations, translations

Åmean, median

ÅHadamard, Fourier, wavelet and other transforms
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Image processing basics

ÅFilteringasmatrixoperations

ÅFilteringasconvolution
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Image processing basics

Åboxfilter

Åaveragefilter

ÅGaussian filter

Åother filter kernels

ÅImportant tasks:
Åtreatingedgesof the image 

Ånormalization

Åmasks
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Image processing basics

ÅNoisetypes
Åadditivevsmultiplicativenoise

Åsaltand peppernoise

Åadditivewhite noise

Åmultiplicativenon correlatednoise

Åquantizationnoise

Åartefactsof image compression
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Image processing basics

ÅNoisefiltering results
Åboxfilters
Åsmootheningof the image

Åblurringof the lines

Ådecreasingthe maxima, increasingthe minima, i.e. decreasing
the dinamicrangeand contrast

ÅintroducingintermediatevaluesĄ needfor re-quantizingĄ
newnoise

Åoutliersdistort the image

Åmedianfilters
Åoutliersusually disappear

Åsometimesedges, linesdisappear, too.
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Image processing basics

ÅFilter pyramids
Åfilter+

decimation
series

ÅLaplacian, 
Gaussian, 
wavelet, etc

Åresult: 
detailsand 
large-scale
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Image processing basics

ÅSeparableand runningfilters
Åseparableif it canbe decomposedto more simplefilters

(usuallyof less dimension)

ÅRunningfilter if a slidingwindow
canmakethe filtering
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Image processing basics

ÅAdaptivefilters
Åusesdifferent filters at different locations

Åedgesof the locationshaveto be determined

Åneighboursof the pixelshaveto be treated
Åstandard n

Åk nearest

Åsigma| IpςIneigh|<s

Åsymmetric
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Image processing basics

ÅHistorgramoperations
Åthresholding

Åstretching - dinamicrangeincreasing

Åadaptivestretching

Åcontrastshifting

Åunimodal, two or multiple
modes
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Image processing basics

ÅMatching

ÅSimilarity, dissimilaritymeasures
Åsum of squaredifferences

Åcrosscorrelation(normalized, modifiednormalized, etc)

ÅSurfaceor contour fitting
Årobustand slowvs. better localizationand quick

ÅDistortion, rotation, translationoperators

ÅOrientation

ÅFlexiblefitting

21st April 2016 INNOSOC ZAGREB 2016 WORKSHOP 33/XX



Image processing basics

ÅThresholding
Åintensitylevelsςαfilling up with waterέ

Åsimplebut verysensitiveto noise

Ånot too goodfor scanningimagers

Åfindingthe thresholdlevels

Åfitting to histograms

ÅOtsuthresholding
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Image processing basics

ÅEdgedetection, cornerdetection
Åderivativeoperators ( valuemaxima or zerocrossing)

ÅFourier or other transforms

ÅCannyfilters

ÅIsotropyissues

ÅNoisypictures

ÅPrefilteringof noiseand edgeblurring

ÅCorners
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Image processing basics

ÅStatisticalanalysis: mean, median, areas, fractal
dimensions
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