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The materials are based on the earlier lecturer prof. Arpad BARSI
« Part1:(6/12/2022) ,Theory” of image processing

 Part 2: (13/12/2022) Practice with software examples

Main content
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« Basic terms

« Image descriptions
« Image acquisition
« Resolutions
 Storage & software
e Manipulations: LUT, morphology, histogram operations
« Image filterings

 Color models

« Geometric manipulations
« Basic measurements

e Machine Learning Basics

Content
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Photography
Mathematics

Physics, optics

Signal processing, electronics
IT

 Application fields

s it interdisciplinary?
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« Photography, documentation (from holiday to events)

e Cinema

 Design, marketing, advertisements

« Medicine, biology

 Industrial applications: robots, QA/QC, transportation...
 Physics, astronomy, measurement technologies
 Military applications

- Remote sensing, GIS

e And many more...

Application fields
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Detection and recognition of known objects

Obtaining geometric models of unknown objects

Computing position and orientation of objects

Measurement of spatial properties of objects (distances, sizes, etc.)

Measurement of object motion
Measurement of surface texture and color

Goals of image processing

Semmelweis University PhD School ,,J. Szentagothai” 2022



« Image processing
- E.g.image enhancement

e Image analysis
« E.g. feature extraction

e Image understanding
« E.g. semantics

Levels
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Image coordinate systems
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e
Reality

Projection (optics)

Sampling

Digital image

Image acquisition procedure
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Image acqu151t10n procedure
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An image is a function f(x,y,b,t)

Resolution: geometric, radiometric, spectral, temporal
Cut-off/mask: regular, arbitrary (ROI, AOI)

Storage formats (color and BW; lossy and lossless)
Features: descriptive data, statistics, histogram, sections

Image basics
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1/8 of original 1/16 of original

Geometric resolution

Semmelweis University PhD School ,,J. Szentagothai” 2022



64 gray levels 16 gray levels

8 gray levels 4 gray levels

Radiometric resolution
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Spectral resolution
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Temporal resolution



Trigger (to have a single image not a video)
Detector:

» Single point — really fast

e Small area (APD arrays)

e Camera (CCD, CMOS)

Photons = Electrons - Voltage - Dig. Number
Parameters: Noise / Range / TimeFrame

Image acquisition
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 Paper of A4 with 600 dpi
e 210 X 297 mm
* 4961 X 7016 pixel = 34 806 376 pixel v
* a 24 bit (1 byte) = 99.6 MB !

 Aerial image with 7 um pixel size
¢ 230 X 230 mm —
« 32 857 x 32 857 pixel = 1 079 582 449 pixel —
* a24bit=3.02GB!!

« Efficient algorithms to store information
 Lossy or lossless methods

Image storage
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 Graphics software:
« PhotoShop, PhotoPaint, PaintShopPro, Kai, Photo DeLuxe, Gimp...

» General purpose development environments:

« Khoros, Matlab Image Processing Toolbox, AVS, Image Vision
Library, Halcon, ImageMagick, Rapidminer...

 Special application software:

« ImageStation Imager, Erdas Imagine, GRASS, ImagePro Plus, Ilwis,
Imaged, Fiji, SNAP...

Image processing software
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Software examples
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Free Java based image processing software

Download from: http://imagej.nih.gov/ij/

Clear menu structure

Numerous medical /biologic function

Add-on possibility (plug-in)
Well-documented (help, tut

orials, videos)

ImageJ
and FlJI

.
& Imagel

T (Rl .- :

— |

File Edit Image Process Analyze Plugins Window Help

LAV AR

Wand (tracing) tool

jed

File Edit Image Process Analyze Plugins Window Help

R s =F

' F|J| Is Just] ImageJ 2. U O-rc-4301. 51h Jana 1.6.0_24 [64-bit];
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Classification

Semantic segmentation

Object detection Semantic Classification Object Instance
Object localization Segmentation + Localization Detection Segmentation

GRASS, CAT, CAT DOG, DOG, CAT DOG, DOG, CAT
_ TREE,SKY FEN y
No ob}ecg,qjst pixels Singla)gect Multip%bject

Source: http://cs231n.stanford.edu/slides/2017/cs231n 2017 lecturei1.pdf

Image processing tasks
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Wide variety of:
2 Vieprint Viewpoint lllumination Deformation Occlusion
 Illumination Q ) T .

e Deformation
e Qcclusion
e Clutter

e Intraclass
Variation

This image is CC0 1.0 public d o This image by jonsson
fer CC-BY 2.0 CCRY

BY 2.0

e 2 i b =
This image is CC0 1.0 put Om: This image is CCO0 1.0 put

Source: http://cs231n.stanford.edu/slides/2022/lecture 3 ruohan.pdf

Recognition challenges
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« Transformation (Translation, Rotation, Cut, Resize, Denoise, Contrast
enhancement, morphological transformations)

« Segmentation

 Registration (e.g. to fuse multiple images to the same CS)

Image processing elements
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« DICOM - Digital Imaging and Communication in Medicine

« Copyright at NEMA — National Electrical Manufacturers Association
 First standard: NEMA + Americal College of Radiology (1985)

e DICOM Standard Committee

« Providers: e.g. Agfa, Philips, Siemens, Zeiss...

« Users: e.g. American Academy of Ophthalmology, European Society of
Cardiology, Deutsche Roentgengesellschaft...

e Other members: e.g. IT companies, health industry companies...

scon. . €@DICOM

Digital Imaging and Communications in Medicine
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Quick Links To Popular Programs

Windows Macintosh Linux
Display DICOM Full List of 96 Full List of 61 Full List of 61
19 Screen Captures 47 Screen Captures 47 Screen Captures
1 Mango il e D S OsiriX il - Mango R AN
MIPAY - . y o . " MIPAY - "
& Medical. .. . Manga o L L Medical... o
7 Synedra View : MIPAV - &N Aeskulap - . &
Pe... o Medical... DICO... o
Convert Files Full List of 40 Full List of 23 Full List of 34
19 Screen Captures 11 Screen Captures 14 Screen Captures
1 Mango T AN Mango 10 e D E . Mango aredE-
MIPAY - ; A MIPAY - " MIPAY - . n
2 Medical... e “ Medical... - & Medical. .. — 4
3 XMedCon i asd o= XMedCon H3l P @D @l XMedCon e m
PACS Client Full List of 39 Full List of 25 Full List of 27
29 Screen Captures 20 Screen Captures 21 Screen Captures
MIPAV - . 3 » , MIPAY - . \
1 Medical... s GsinK - . Medical... e
2 Synedra View A MIPAV - WAl Aeskgiap = A "
Pe... Medical... DICcO..
B s : y CDMEDIC . .
i o= 1 Con \
3  ConCuest ) 2 PACS il & ConCuest i =

DICOM support
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Image Number: 4
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File Edit Font

Title: matyasnes jpg

Width: 2896 pixels

Height: 1344 pixels

Pixel size: 1x1 pixel

;=14

Coordinate origin: 0,0

Bits per pixel: 32 (RGE)

No Threshold

Magnification: 0.3333333333333333
Uncalibrated

Path: CbarshSOTEmatyasnes . ng
Mo Selection

» Descriptive data
« #rows, #columns, capture date,
exposition time...
» Statistics
e Max, min, mean, median...
« Histogram
 Sections

e
256

o

GounpabanEze Ml B |
Mean: 143,585 Max: 255 0 255
StdDev: 88.472 Mode: 0 (1458731)

Count: 5629824
Mean: 49.627
StdDev: 34809

Image features

[ —
Mode: 0 (1475007) 0

Count 56286824 Min: 0
Mean: 14 518 Max: 129
StdDev: 12121 Mode: 0 {(1471603)

Semmelweis University PhD School ,,J. Szentagothai”

2022



Color Digital Images and RGB Histograms
4 - e "
Grayscale Histograms and Contrast Levels in Digital Images _"" 2 :

iR
CI(un ne}ls

Pixel Count

Normal
Contrast

RGB Levels

E High
E ‘5- = Congast
=] =] =]
o (¥ o Green Blue
o o o Channel Channel
X = =
o a a

Pixel Count
Pixel Count
Pixel Count

0 GraylLevel 256 0 Graylevel 255 0 Gray Level 255
Figure 7

0 Redlevel 256 0 Greenlevel 255 0  Blue Level 255

Figure 8

Once more about histograms
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Look-Up Table (LUT
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Binarization
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Skeletonize

2022
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Opening & closing with 5 pixel radius STREL

Grayscale morphology

Semmelweis University PhD School ,,J. Szentagothai” 2022



5000

4000 4000

3000 3000

2000
1000

1000

a

i

0 &0 100 180 200 250

Histogram stretch

Semmelweis University PhD School ,,J. Szentagothai” 2022




|4 Series012 Gray-1.tif
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' Series012 Gray-1.tif =Joed 4 Saries012 Gray-1.4if i =]
27.88x27 88 m (512x512); B-hit; 256K 27.88x27 88 m (512251 23, B-hit, 256K
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Contrast function
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* Convolution
e Smoothing

« Edge detection

« Non-convolution
 Special effects

« Filtering in frequency
domain
e Periodic noise removal

Image filtering
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The Convolution Operation Sequence

Sharpening

Comvoiuton Smoothing and Sharpening Convolution Kernels

Source
{ Driginal]
Image

Plxe

(b) : (©)

Mar;‘k
—an
Source 1011 Original a4
Product Image
1|11 x19 Ale 4
1111 Figure 7 Ala]a
T — T —
Smoothing Kernel Sharpening Kernel
Figure 6

Convolution
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Median-filter




. .

Mean vs median filter




Laplace filtering

N=4,n=4
N=4,n=5
N=8,n=8
N=8,n=9




. { ) Uil ‘ _'D.’I_ L? J_-:I-:-_""'—-i:-—.;h":_r-u-, ll
| | o LR T L

Find edges = Sobel filtering




e Additive models
- E.g.RGB

e Substractive models
« E.g. CMY

Color models
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RGB model
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£ i

CMYK model
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RGB model vs. Perceptual color model
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X Scale

¥ Scale

Width (pixels).

Height (pixels)y, 583

Interpolation:  Bilinear «

I™ Fill with background color

¥ Average when downsizing |

¥ Create new window

matyasnes-2 jpg

0K Cancel

Geometric manipulations
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289611944 pixels; RGE, 21MBE

File Edit Image Process Analyze Plugins Window Help
OfE c|o| < 4|48 A @] 2| o] ¢ | 2 | &

Color picker {210,62,32)

File Edit Font Results
[Area [Mean  [Min [Max |
1 57814 87498 73 102

Basic measurements
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 Traditional processing:

THIS 1S YOUR MACHINE LEARNING SYSTET?

YUP! YOU POUR THE DATA INTO THIS BIG
PILE OF LNEAR ALGEBRA, THEN (OLLECT
THE ANSLIERS ON THE OTHER SIDE.

WHAT IF THE ANSWERS ARE WRONG? )

JUST STIR THE PILE UNTIL
THEY START [OOKING RIGHT.

N B Program |
| Data + Desired (The

Output | | Model) I‘

’ New J
Data

et \

Mac h i n e Lea rn 'i n g https://xked.com/1838/
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DBSCAN

Al - Artificial Intelligence: Anytime we use the ““ ——_
Computer for something more than just processing

Euclat

the prewritten code g

PF‘-Grqu: - g ‘V pevlal
ML - Machine Learning: Adapting to a task, based e e

on previous information, looking for patterns in a
. generalization
massive amount of data.

DL = ML + NN (Deep Neural Network)
REINFORCEMENT MACHINE
LEARNING LEARNING

Alg \hm

e Bayes

andom Forest

ENSEMBLE
METHODS

}fGB o5t

Baost
SARSA  Desp AdaBoost
ASC f Q J CatBoost

LightGBM
NEURAL
NETS AND

Comyolutional. DEEP LEARNING Perceptrons
Neural Networks s
e (CNN)
DCNN
Recurrent

Neural Networks
LSM (RNN) seq2seq
Generative
Adversarial Networks
LST™M (GAN)

Deep Learning vs Machine learning
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labeling

o

Classifier

Training set N d—

Trainable Weka Segmentation

Segmentation

/

Machine learning in ImageJ
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I) L trgut Data

| W 2. Feature Selecton

(selected 37 featres)
SelectFeatres...

Features:
Raw Data (display enly)
Gaussian Smeothing (o=0.3) in 20
Gaussian Smacthing (0=0.7) in 20
Gaussizn Smecthing (o
Gaussizn Smecthing (o= 1.
Gaussian Smoothing (o
Gaussizn Smocthing (0=5.0) in 20

10.

> Texture

Laplacian of Gaussian (0=1.0) in 20
Laplacian of Gaussian (a=1.6) in 20
Laplacian of Gaussian (923.5) in 2D
Laplacion of Gaussian (9=5.0) in 20
Lapiacian of Gaussian (=100} in 20
Gaussian Gradient Magaitude (6=0.) in 20

Goussian Gradient Magaitude (o= 1.0)in 20
Goussian Gradient Magnitude (0=16) in 20
Gaussian Gradient Magnitude (0=3.5) in 20
Gaussian Gradient Magnitude (0= 5.0)in 20

Goussian Gradient Magnitude (o=10.0) in 20
Difference of Gaussians (9=0.7) in 20
Diffesence of Gaussians (o= 1.0)in 2D
Difference of Gaussians (o= 1) in 20
Difference of Gaussians (g=3.5) in 20
Difference of Gaussians (0=5.0) in 2D
Difference of Gaussians (o= 10.0) in 2
Structure Tensor Eigenvalues (00.7) in 20
Structure Tensor Eigenvalues (0=1.0) in 20
Structure Tensor Eigenvalues (2 1.6) in 20
3.5)in 20
5.0)in 20

Steucture Tensor Eigenvalues
Structure Tensor Eigenvalues (s
Structure Tensor Eigenvalues

Hessian of Gaussian Eigenvalues (o=
Hessian of Gaussisn Eigenvalues (o
Hessian of Gaussian Eigenvalues (0=3.5) in 20
Hessian of Gaussian Eigenwalues (o=5.0) in 20
Hessian of Gaussian Eigenvalues (o=10.0) in 20

X7 v seo JEEE

Active Reques:

Machine learning in Ilastik
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B st - CoUsersiKristt Kapitiny/OneDrive - B & 9. :_Kepfeldolg Phd 5 - Parel Classification - o X
Project Settings View Advenced Help

=
[>
[V
Label 1
| TR
| BT

| 2 4 presesen Bxpont

i P 5. Batch Processing

Current View:  sem_detaled_image_masked &
Growp Visbiity:
[ Probabaty 2 segmentaion
*  Labek 0=100.0%
®  Uncertanty 0=100.0%
@  Segmentaton (Label 1) ©=100.0%
@  segmentation (Label 2) 4=100.0%
@ Segmentation (Label 3) ©=100.0%
W Prediction for Label 1 0=27.5%
=61.1%
@ Prediction for Labe 2 0=81.1%
0=48.5%

@ Predation for Label 3

[ — |

[ cresshaes

Active Requests: 0 Cached Data: 906.0M8 ...

Machine learning in llas
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A Model Developers

A B Image analysis with deepImage] Bundled Model [
.
-~ Input dataset Processed images : Trained model X
ﬁ' swed imagex Pre-processing ]n q .h Bi
ioimage.[O
" )
DeepImage] Run o mﬁ“ = & imJoy
P Infi ! X Pos:-pr-l o ~ - %

Input image - Result

C Bioimage analysis tasks

Superresolution 2D Segmentation 3D Segmentation

Oy H- .M

[ Image classification ]

Density map estimation

I ]

Instance segmentation ]
4
¢ . Table Score

gt 4 j |[Benign nevus 0.98 AR PTIT Table Score ===/=
g L] - < & Malignant melanoma 0.01 PR LI Y { Benign 0.98 —JE\/:

=] e : 0.01 INTALK S o nevus ; =

|Seborrheic keratosis . v .o
S, A R e 4 Malignant 0.01 =
W b e My T |melanoma : e e —
: Fo™ LA Seborrheic 0
ﬂlll“'“lgﬂ la = it k i 0.01
%= Ivepts)

Image Table Validation
measures

Source: https://www.biorxiv.org/content/10.1101/799270v3.full.pdf

Deep learning in ImageJ
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Thanks for your attention!

To be continued...




The materials are based on the earlier lecturer prof. Arpad BARSI, the references for his materials:
* Gonzalez, R.C. — Woods, R.E.: Digital Image Processing

» Jahne, B.: Digital Image Processing

* Russ, J.C.: The Image Processing Handbook

» Epstein, L.C.: Introduction to the Mathematics of Medical Imaging
* Suetens, P.: Fundamentals of Medical Imaging

* dicom.nema.org

» http://www.olympusmicro.com/

References for the extensions:

» https://commons.wikimedia.org/wiki/User:Datumizer

» https://www.pnas.org/doi/full/10.1073/pnas.2119753119

» https://vas3k.com/blog/machine learning/

» https://imagej.net/plugins/tws/

» https://www.biorxiv.org/content/10.1101/799270v3.full.pdf
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