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Steps of Image processing

Almagingwith camerasor other detectors
Aenlighting reflection, other environmentaleffects

AEnhancement

A Correction eliminationof disturbanciesunnecessary
details

Afiltering, contrastenhancement

AFeatureextraction
Alocallglobalstatistic) picture characterisation
Adeterminationof the characteristigoints
Athresholding edgedetection, shapedetection
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Steps of Image processing
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Medicallmage Analysis, Bjtam P.Dhawan IEEE Press, 2003.
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Steps of Image processing

Almaging

A Sourcetype -- location
A external
A internal
A combined

ASourcetype
A electromagnetiovave
A soundor densitywave
A particle
A other electronicbasedsensor

ADirector computed
ATransmissioreflectionor emission
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Medical Imaging Methods

ALight and other electromagnetic waves

Cosmic X-ray Light Communication
UV Visible IR

120 1018 10 10% 1012 100 108 108

250 THz 1 THz 1 GHz 1 MHz
1012 10° 106 103 100 107
[ | | | | | | | | | | | | | | | |

wavelength 1pm 1nm M XY 1 mm 1m 100m
= ] I, .
f o o @
N~ 00 o o o Q
© I~ 5 b ia )
€c=2,99792458 *1m; M —A o = - A §

Lol T I R D T T R B O
0,4 0,5 0,6 0,8 1,0 1,2 1,4 1,6 1.8 XY

21st April 2016 INNOSOC ZAGREB 2016 WORKSHOP 5/XX



 InnoSoc

Medical Imaging Methods

AXcray
Adeccelerating electrons (inner shell)

Aprojective image (projective geomy
X-ray

Obje
~ Detector
Source 14(X,Y)
I

S

Imagetakestransmission of xays throughthe object

. https://sites.google.com/
| q (X, y): | 0 exp(Un( XY, Z)C“) a/simplescience.info/ww
w/biagraphies/laureatero
ntgen
6/XX
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Medical Imaging Methods

AXcray
Adeccelerating electrons (inner shell)
Aprojective image (projective geometry)

Aalso tomography Obje X-ray Detector

X-ray
Source

Imagetakestransmission of xays through

the object (

o —

|d(X,y): Iy eXp(Un( X,y,Z)C“) ’ \§€&.

R { |0okfordiagnosis.co
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https://lookfordiagnosis.com/mesh_info.php?term=tomography&lang=1
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Medical Imaging Methods

AGamma ray
Ausually applied in scintigraphy
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http://radiopaedia.org/images/511688

AGamma ray
Ausually applied in scintigraphy
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Medical Imaging Methods

ALarge pinholéy more photons, better SNRut blurry

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

A lsotopesof atomscompatiblewith
biologicalfunctions

ANo depth inf@y, combination
with tomography
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Medical Imaging Methods

AVisible light detectors
APhotoplates/films with photosensitive layer
APhotomultiplyers
APhotodiodes (PIN, APD)
APhototransistors
AChange coupled devices
AActive pixel sensors

AUsed in

Amicroscopes, endoscopes, scintillation detectors
A Other equipments for visualization
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Medical Imaging Methods

Alnfrared light
Afrom thermal scans

ARF

ARadio frequency signal can arise fr
RF sources, like radars, or the
NMR¢ MRI like devices
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http://www.clinicofnaturalmedicine.eu/
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Medical Imaging Methods

APositrons
Apositrons are the carrier of medical information in PET

A Positron emitting isotope'fF,11C) is bonded to e.g.
clucose in order to follow the metabolism

Apositron emergegs from the body and annihilates with
an electron

Aphotons are detected with a coincidence detector
ositron

Coincidencaletector

14(% )
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Medical Imaging Methods

ATactile

Adetect the elasticity, hardness of the surface

Atactile sensors touch the surface of the organ |
A ultrasound ———
A MEMS
A optical
A capacitive
A inductive
A piezo

ATactile maps or tactile displays
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http://www.productionmachining.com/articles/how-to-choose-and-use-styli
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Medical Imaging Methods

AUltrasound

Areflectometer,
like sonars

Obje

Awave focusing Ultrasound

Adirect imaging | sourceand
receiver
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http://www.mghradrounds.org/index.php?src=gendocs&link=2007_march
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Medical Imaging Methods

ADetectors: Visible light from gamma: scintillation
and photomultiplier tube
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AVisible light from electronic signals: computed
visualization 2D, 3D or 2D slices
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Medical Imaging Methods

AMethods: active pixel sensor

Anot storing

A phototransistors or
photodiodes

Photodiode and Photogate Structural Features

Figure 6 “
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www.olympusmicro.com
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Anatomy of the Active Pixel Sensor Photodiode

Amplifier
Transistor
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Bus
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Silicon
Substrate

Figure 3
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http://www.olympusmicro.com/primer/digitalimaging/cmosimagesensors.html
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Medical Imaging Methods

Full-Frame CCD Architecture
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Medical Imaging Methods

ACCD vs APS
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http://meroli.web.cern.ch/meroli/lecture_cmos_vs_ccd_pixel_sensor.html
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AMethods: CCD
Aendoscopes

www.endotech-hamburg.de
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http://www.endo-tech-hamburg.de/
http://www.sanfte-chirurgie.at/
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Medical Imaging Methods

AEndOSCOpeS t SGT 1 £ Rt NI aS3e
AUsingcontrastcolouredliquid dye canenhance
structure
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Medical Imaging Methods

AMethods: Tomoarany

X-ray source
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Image processing basics

AlmageDescription
AlmageProcessing

AGraphics
AlmageAnalysis

mageprocessing

Image

Imageanalysis

Graphics
visualization

 InnoSoc

Description
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Image processing basics

ARegionbasedsegmentationgrouping

Aedgelinking, detectionof connectedcomponents
similarparts

ARegiondescription

Aby colout geometry texture, weight, area, orientation,
size

ACorrespondencematching

AMatchingof amodelor anotherpictureto the picture
(seePETCTor MRICT)

Afindingthe correspondingoints, beacons
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Image processing basics

AOperationtypes
Alocal vsglobal
Arecursivevs.non-recursive

AActual operators
Acorrelation
Aconvolution
Arotations, translations
Amean, median
AHadamard, Fourier, wavelet and other transforms
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Image processing basics

AFilteringasmatrix operations

AFilteringasconvolution
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Image processing basics

Aboxfilter
Aaveragsfilter
AGaussian filter
Aother filter kernels
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Almportant tasks

Atreating edgesof the image N
Anormalization

0.2

Amasks
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Image processing basics

ANoisetypes
Aadditivevs multiplicativenoise
Asaltand peppernoise
Aadditivewhite noise
Amultiplicativenon correlatednoise
Aquantizationnoise

Aartefactsof imagecompression
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Image processing basics

ANoisefiltering results

Aboxfilters
A smootheningof the image
A blurring of the lines

A decreasinghe maxima,increasinghe minima, i.e.decreasing
the dinamicrangeandcontrast

A introducingintermediatevaluesA needfor re-quantizingA
new noise

A outliersdistort the image
Amedianfilters

A outliersusually disappear
A sometimesedges linesdisappeartoo.
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Image processing basics

AFilter pyramids

Afilter+
decimation
series

ALaplacian
Gaussian,
wavelet,etc

Aresult
detailsand
large-scale
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Image processing basics

ASeparablend runningfilters

Aseparablédf it canbe decomposedo more simplefilters
(usuallyof lessdimensior)
S[1].-.5][3] S[x]

M1 2 1 1
|2 4 2 2 -1 2 1]
12 1 1
T T T I I

ARunnindfilter if a slidingwindow T X
canmakethe filtering Dy |ililil
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Image processing basics

AAdaptivefilters
Ausesdifferent filters at different locations
Aedgesof the locationshaveto be determined

Aneighboursof the pixelshaveto be treated
A standard n
A k nearest
A sigmal | Cleigd<s
A symmetric
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Image processing basics

AHistorgramoperations
Athresholding
Astretching - dinamicrangeincreasing
Aadaptivestretching
A contrastshifting

Aunimodal two or multiple ) - | b/
modes -5
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Image processing basics

AMatching

ASimilarity dissimilaritymeasures
Asum ofsquaredifferences
Acrosscorrelation(normalized modified normalized etc)

ASurfaceor contour fitting
Arobustandslowvs.better localizationand quick

ADistortion, rotation, translationoperators
AOrientation
AFlexiblefitting
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Image processing basics

AThresholding
Aintensitylevelsc dfilling up with waterg
Asimplebut very sensitiveto noise
Anot too goodfor scanningmagers

Afindingthe thresholdlevels

Afitting to histograms
A Otsuthresholding
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Image processing basics

AEdgedetection cornerdetection
Aderivativeoperators (valuemaximaor zerocrossing

AFourieror other transforms
A Cannyfilters

Alsotropyissues

ANoisypictures

APrefilteringof noiseand edgeblurring
ACorners

21st April 2016 INNOSOC ZAGREB 2016 WORKSHOP 35/ XX



 InnoSoc
Image processing basics

AStatisticalanalysismean median areas fractal
dimensions
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