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About the Thesis

. we meet images or videos everywhere around us

. in thousands of scientific, consumer, industrial, and artistic applications

. various fields are intertwined and share many approaches and techniques

Image

Processing
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About the Thesis

Example of the analog image splicing
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Integrity Verification Image Ballistics
if material has been

added, altered, deleted

or changed in the image

identifies the source device 

of acquisition process

of the image

(1864, during the American Civil War)
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Medical Imaging, Videokymography
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Wireless Capsule Endoscopy Videokymography
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Copy-Move Forgery 

Detection Using JPEG 

Compression Model

Adam Novoz§mskĨ, Michal Ġorel, Detection of 

copy - move image modification using JPEG

compression model, Forensic Science 

International, Volume 283, 2018, Pages 47 - 57, 

ISSN 0379 - 0738 .

Elsevier / Forensic Science International

Copy- move modification

Forgery

Image tampering

Quantization constraint set
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Image Forensics, Copy-move forgery detection
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J. Fridrich , D. Soukal , and J. Luk§ġ, ñDetectionof copy move forgery

in digital images,òin Digital Forensic Research Workshop, Aug. 2003 .

Preprocessing

Feature 

Extraction

Block

extraction

Detecting 

keypoints

Matching PostprocessingFiltering
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Image Forensics, Copy-move forgery detection
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Preprocessing

Feature 

Extraction

Block

extraction

Detecting 

keypoints

Matching Postprocessing

Filtering

Our 

contribution:

JPEG

copy-move 

constraint

A lot : ╛ Ȣ brightness per pixel for this case!

JPG50Copy Paste

How much values in patch would change if we miss the grid 16 x 16?
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Image Forensics, Copy-move forgery detection
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Patch 1 ~ ώ

Patch 2 ~ ώ

?

ώ ὗὅὈὼ ώ ὗὅὈὼ

we assume: ὼ ὓὼ where ὓ is the mapping function of collection
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we are looking for intersection of these two sets
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Image Forensics, Copy-move forgery detection

O
u

r 
A

p
p

ro
a
c
h

▼▄◄║ ▼▄◄═
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ὃ᷊║ ᶮ ὃ᷊║ ᶮ

We use ADMM - Alternating Direction Method of Multipliers
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Image Forensics, Copy-move forgery detection
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DS3: 18 images created by our research group –the difficult cases
https ://github.com/michalsorel/qcscopymove

DS2: 40 images –CoMoFoD dataset
D. Tralic , I. Zupancic , S. Grgic , M. Grgic , CoMoFoD- New database for copy - move forgery 
detection, in: Proceedings ELMAR - 2013, 2013, pp. 49 Ƶ54

DS1: 23 images by Silva et al.
E. Silva, T. Carvalho , A. Ferreira, A. Rocha, Going deeper into copy- move forgery detection :
Exploring image telltales via multi - scale analysis and voting processes, In Journal of
Visual Communication and Image Representation, Volume 29, 2015, Pages 16- 32, ISSN 1047- 3203
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DS1 –23 images, 13 645 patches in ground-truth

DCT-basic DCT-tuned

PCT FMT Our

SIFT

ZM

Ground-truth



C
o

p
y
-m

o
v
e
 F

o
rg

e
ry

 D
e
te

c
ti
o
n

18C
o

m
p

a
ri
s
o

n
 o

n
 B

e
n

c
h

m
a

rk
s

DS2 –40 images, 9 288 patches in ground-truth

DCT-basic DCT-tuned

PCT FMT Our

SIFT

ZM

Ground-truth
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DS3 –18 images, 9 850 patches in ground-truth

DCT-basic DCT-tuned

PCT FMT Our

SIFT

ZM

Ground-truth
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Image Analysis

of Videokymographic Data

A. Novoz§mskĨ et al., "Image analysis of 

videokymographic data," 2015 IEEE International 

Conference on Image Processing (ICIP), Quebec 

City, QC, 2015, pp. 78 - 82.

doi : 10.1109/ICIP.2015.7350763 .

ICIP2015 / Canada

Videokymography

Medical imaging

Data segmentation
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VKG
camera

Video
recorder

(7200 Hz)

Microphone

Light source
Medical Imaging, Videokymography

closing

opening

lateral 

peak

medial

peak

Frame Selection
Calculate Features

Contour Detection

Software
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Medical Imaging, Videokymography

F
ra

m
e

 S
e
le

c
ti
o

n



V
id

e
o
k
y
m

o
g
ra

p
h
y

23
Medical Imaging, Videokymography
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frequency analysis of columns (FFT)
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Medical Imaging, Videokymography
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Medical Imaging, Videokymography
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•Graph-cut

•Region growing 

•Active contours

•Optical flow

•CNN

•….

•Heuristic
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Medical Imaging, Videokymography
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Medical Imaging, Videokymography
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s Basic Features

o Openings

o Closings

o Medial peaks

o Lateral peaks

Advanced Features
üNumber of cycles L

üNumber of cycles R

üVariability L

üVariability R

üClosure duration

üAmplitude difference

üFrequency difference

üPhase Difference

üAxis Shift

üSkewing L

üSkewing R
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Worst Human Our SWAverage of Humans Best Human
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First Generation of VKG Software
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C# | openCV
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Medical Imaging, Videokymography

VKGanalyzer 2.0
S
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C++ | Qt | openCV
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Main
Contribution

Methods Methodology

Two methods for Image 

Forensics were 

developed

Efficient methodology to 

extract the camera 

sensor fingerprint

Tools

Complex tools to assess 

authenticity of image 

data

Technique

A new technique 

for fast blood 

detection

Software

C++ framework for

analyzing the VKG data 

and unique GUI
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2010 2011 2012 2013 2014

Pizzaro

2015 2018

Re-Captured LCD 

PRNU

Copy-Move Forgery Detection

Wireless Capsule Endoscopy

Videokymography

Timeline
projects as time passed

2016 2017

Paper Int. ConferenceCzech ConferenceStart/End of Project

Speech-Language Pathology
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