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Abstract. Imaging is one of the most important informatgmurces in medicine and biology, as it opens up new
ways to see the inner workings of the body, meabiolegical functions, evaluate cellular and molecievents
using less-invasive procedures and makes the ditigmrocesses more effective. At the same tinerethre now
possibilities to share huge quantities of medioébrmation between different medical specialistsl &chnical
researchers. In this paper we present an overviethe popular techniques and services for captuand
analyzing medical and biological image.
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Pr egled sodobnih dikovnih tehnik why many experts are involved in the development of
. . . ... image processing, as one of the most rapidly expgnd

_ _ S o When a researcher is developing a new image
Povzetek.  Razvoj ~sodobnih  medicinskih  tehnik in processing technique or manipulating an image, he o
biomedicinskih raziskav je tesno povezan z razvojelne is confronted with the question of how this
zmoglivih  slikovnih tehnik in réunalnisko obdelavo technique will improve a clinical diagnosis. It Very

pridobljenih podatkov. Slike so eden najpomembnigifov . tant to k f h dh t e th
informacij v medicini in biologiji in omoggajo v pogled v 'MpPortant to Xnow irom where and how to acquire the

notranjost telesa, spemljanje ramih biolodkih funkcij in Original image in order to avoid unnecessary
preiskave na celii in molekularni ravni. Neznansko kalio ~ calculations and to make the whole process — from
pridobljenih slikovnih informacij je treba hitro imstezno image capture to identification — as quick as fmssi
ratunalnisko obdelati in pridobiti kakovostne diagnérse It has long been known that the noise characiesijst
rezultate. Poleg tega je treba omé&gaucinkovito izmenjavo  contrast and resolution of an image need to bentake
diagnosténih in rasiskovalnih podatkov med SpeCia”Sticonsideration at the beginning in order to appmpfy
razlicnih podra@ij, pri ¢emer je treba uporabiti SOdObneevaIuate the quality of an image. In many casesidra

formate shranjevanja in prenosa v biomedicinskeraljok diagnostics are necessary: therefore, speeding theo
Zaradi potreb po dinkoviti diagnostiki pa moramo omenjene ) . iy ' .
process is an important issue as well. Medical ggpe

sodobne sisteme nadgraditi z metodami za obdeld&aysih . . -
podatkov in diagnostiko. Predstavitev sodobnih migenosa fequently face problems regarding medical image
in metod nadgradnje z novimi funkcijami je v pratfieobliki ~ datasets, for example, feature extraction, segrtienfa

podana wlanku. texture, shape and motion measurements, spectral
analysis, representations of pictorial data, viga#bn,

Kljuéne besede: slikovne tehnike v medicini, slikovne simulation using virtual organs and telemedicindl. A

tehnike v biologiji,DICOM, PACS, matlab those problems can, however, be overcome by agmplyin

mathematical techniques. Medical image processasg h
become a key technology for high-tech applications
1. Introduction medicine. , ,
Another important point that needs to be kept in
Digital image processing is now being widely usegnind is that biomedical imaging methods can open up
in many spheres of human activity. As technicahew ways to see the inner workings of the body,
capabilities develop, people are becoming incre@gin measure biological functions, and evaluate cellated
more demanding when it comes to the quality of thgolecular events using less-invasive procedures.
services that they receive, particularly in theaacd# However, further developments are needed to
medicine. However, in many cases the time and mon@yiprove the planning and performance of computer-
that are spent do not yield the desired resultsciwaire  aided diagnoses. For this reason, a summary of new
technologies and some ideas for medical and bicdbgi
Received 29 April 2010 imaging are presented in this paper.
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2. Popular Imaging Techniques Optical microscopy can only image dark or strongly
refracting objects, with the resolution limited Ibiye

Since the discovery of X-Rays, imaging, ayelength of visible light (which is around Ou2n).
technologies have been part of medicine and biology Ejactron microscopy, in contrast, uses a partielenb of
electrons to ‘“illuminate” the specimen and create a
2.1. Actual Imaging Techniquesin M edicine magnified image of it. The resolution limit of elemn
fmicroscopy is around 0.05 nm, but this techniquesdo

techniques [3], like X-ray imaging, computernOt allow the imaging of live samples. In contrast,

: : canning probe microscopy forms images of surfaces
tomography (CT), ultrasound imaging or sonographf . ) . .
magnetic resonance imaging (MRI), magnetic resoman(gs'%g a ph_yS|caI probt(:] that scelms th? spe?mers T.h'
spectroscopy (MRS), single photon emission computéHO € impingés on the samplé surfacé 1o acquire

tomography (SPECT), positron emission tomograph easurements Q”d SO can mechanically damage_cells
(PET?, peI}éc(trical i)mpsdance tomography g(JEI'FIJ') nd tissue. Atomic force microscopy (AFM) or scaugni

: : h : -“force microscopy (SFM) have resolution of fractiads
magnetic source imaging (MSI), fluorescence imagin 4 ; .
and medical optical imaging. Digital X-ray image® a m, than 1000 tlmes_better than t_he optical diffcac
continue to be the most widely used method iHr.n't' Fluorescen_ce microscopy [E}] is probably thest
hospitals, but fMRI (functional MRI) [4] is becongn widely use_d microscopy technlque. at the moment.
the method of choice for the diagnosis of brailJ]nstead of light reflection and absorption it makss of
functions, as well as for an assessment of thenpate the phenomeqa of fluorescence. The advent of
risks of surgery and other invasive treatments.riore ﬂuorescence microscopy has been a major step fdrwa
detailed observation of solid tumours or problemghie in the studty ]f)f Itlvmgt(_:ell[i. In faqt, a proteLn ﬂg;él
abdomen, computer tomography can be used [4], pggmPonent ot interest in the specimen can be

this technique involves larger radiation doses ttn with a fluorescent molecule called a fluorophoréisT
iechnique is generally used as a non-destructiweofia

Medical imaging [1], [2] includes a variety o

more common, conventional X-ray imaging procedures; ™ . . . .
racking or analyzing biological molecules by meahs

Ultrasound is used for the visualization of muscle o .

tendons, and many internal organs. Their sizectire Iuolres?ent ent1)|55|08n [I7I]< Wlthbthefdevelopmﬁr_wt_ggvn

and any pathological lesions can be detected \high t molecular probes [8], like probes Tor organeligsias,
membranes and endocytosis, imaging can be used not

technique. A SPECT scan is primarily used to vigzeal . ; .
blood flow through the arteries and veins, whileTHE] olnly to visualize gross anatomical structures,atisp to
X visualize the substructures of cells and monitog th

is a new scanning technique in medicine that isl use q . f molecul
measure important body functions, such as blood,flo ynamics ot molecules. . . .
Labeling multiple proteins  with  different

sugar metabolism, brain activity and can help dt:actoﬂ h Kes it ible to visuali ultiol
evaluate how well organs and tissues are functgnin uorophores makes It possible 1o visualize MUENp
targets within a single image. Fig. 1 illustrategaar of

Today, there are a large number of interdisciplina S
research groups which include specialists from miedi cells that have be_en labelled with different flqdn_ores
for nuclei, Golgi apparatus and a microfilament

and other research fields. Their research actvitiee work. and phot hed in the mi toale

focused on both improving existing image techniqueﬁgewqrt’ anl ptootgrap ?’h in the mlcr(:scopet ogkeve

and developing new methods for image processing a internal - structure. ree separate piciures are
captured, one for each fluorophor, and then they ar

analyses. . : .
superimposed into a new picture.

2.2. Actual Imaging Techniquesin Biology

Imaging biological specimen is an area of gree Mucleus
interest in research and medicine. Imaging tectesqu
used to view and investigate samples or objects th
cannot be resolved with the naked eye, i.e., objdet
are too small to see, include various microscopg ar
spectroscopy techniques. Here, advances in digit
imaging and analysis have enabled microscopists
make quantitative measurements, quickly an
efficiently.

The most popular microscopy image techniques i m,.m/
biology are optical microscopy, electron microscopy Network

scanning probe microscopy, fluorescence microscoy.,, . : :
and techniques involving more advanced microscod:ég'l Pair of skin cells that are labelled withditascent

designs, such as the confocal fluorescence speopgs probesl and photographed in a microscope to reeal t
multi-photon spectroscopy etc. internal structure [9]

Golgl Apparatus
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The captured images can be written to files for

Molecular imaging techniques make it possible toffline storage on a picture archiving system, @D,
determine the temporal and spatial distributions dainy other type of storage device. Each DICOM filgym

biological processes throughout an intact

livindor may not) include a header consisting of a ptdam

specimen. Properly tagged molecules can be viaghlizand a prefix that represents a separate class of

leading to insights into cell function, membranading
sites, etc.

information. For example, a DICOM file may repretsen
the computed tomography image class, and another

Other standard image techniques, like microCTDICOM file may represent the radiotherapy structure
microMRI, fMRI, MRS, microPET, are also frequentlyset class. The header can include information ssch
used in biological image processing [10]. In molacu personal patient data, the type of study, the eqeig
imaging, PET and SPECT use radio-labelled moleculessed, image dimensions, diagnostics, graphics and
to image the molecular interactions of biologicalvaveforms. The images and data are both storéukin
processes in vivo. PET provides a novel way fosame file. The purpose of this is to allow healthca
molecular diagnostics to come together in the disgp  personnel to share images from different modaliied
of molecules that can be used in low-mass amounts from different vendors on the same network.

image the function of a target.

The DICOM network services are based on the

To allow a visualization of the internal, three-client/server concept. The most basic DICOM seridce

dimensional structure of living tissue, new imagingimage transmission" or
"Storage Service Class". In the case when two DICOM

techniques with optical sectioning have been deweo

in DICOM terminology,

the most important of these being confocal micrpgco applications want to exchange information, they can

and multi photon microscopy.

establish a connection and agree on the commuumicati

Upgrades of popular microscopes techniques includend imaging format parameters. DICOM is available f

wavelength-dependent measurement or

spectrany image technique and it works with MPEG-4.

microscopy [11], which includes the acquisition of The DICOM system provides:

wavelength-dependent  images from  biological =
specimen. Imaging is, therefore, a valuable tool to
obtain information about the in-vivo molecular =
interactions important in biology that cannot be
obtained through any other method. As a resultait

help to improve the efficiency of both pre-clinicahd

clinical research. However, besides developmeneof "
image-capturing techniques, fast and efficient =
algorithms for recognition and tracking the obsdrve =
molecular structures inside the tissue need to bes
improved [12], [13]. "

3. Popular standardsin medical imaging

When computer tomography was introduced, as thes=
first digital modality, the importance of digitaledical "
image processing increased dramatically. Today, not
only has digital medical imaging grown very rapidly
but so has the ability to share this informatiorin-

Network-oriented services: image transmission,
archiving and integration techniques.

Data structuring for medical images and related
data.

Formating for storage-media exchange.
Information Object Definitions.

Service Specifications.

Data Structures and Encoding.

Message Exchanging.

Network Communication for Message Exchange.
Media Storage and File Format for Media
Interchange.

Greyscale Standard Display Functions.

Security and System Management Profiles.
Content Mapping Resources.

Explanatory Information.

DICOM has become an indispensable component

seconds - across the globe. This has, as a resttl, the integration of digital imaging systems in
maximized the usefulness of each image. DICOM anuedicine. It offers solutions for many communicatio
PACS specify a standard method for transmittingelated applications.

medical images and all the information relatedhtent.

The official DICOM homepage is available at

Of course, new tools have also been created fovinge NEMA's Official DICOM Web Page [14]

and analyzing these formats.

3.2. PACSBasics

3.1.DICOM Basics

PACS

(picture archiving and communication

DICOM (Digital Imaging and Communication in systems) was developed by the American Institute of
Medicine) is widely accepted as a standard in nadicPhysics (AIP) and has been used in Physical Review

imaging techniques; it is now an
component in the integration of digital medical girey
systems.

indispensablsince 1975 to identify the fields and subfields of
physics. It also enables images such as X-raySeans
to be stored electronically and viewed on screens,

creating a near filmless process.
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In medical imaging, PACS is a combination of Matlab recently added support for the DICOM file
hardware and software dedicated to the short-amg-l format, but it does not have the ability to acces€S
term storage, retrieval, management, distributmd files. The basic program and its Image Processing
presentation of images. Combined with the availabl€oolbox now provide both the read and write
and emerging web technology, PACS has the abiity functionalities for DICOM-formatted files, enabling
deliver a timely and efficient access to imagesysers to exchange medical image data and access

interpretations, and related data. metadata. With this expanded functionality, medical
The PACS system provides: professionals can now easily write formatted filesm
= Method and Process of Data Organization. the Matlab environment, greatly simplifying
= Service Flow of Processing Medical Information.communication between their image devices. Reading
= Service Category for Medical Visualization. DICOM files in the Matlab environment is relatively
= Integration image techniques like cropping, easy when using thedicominfo and dicomread
zooming, brightness and contrast adjustment. functions.
= Data storage, retrieval, distribution and Fig. 2 shows a presentation of a simple DICOM
presentation. Viewer created by Konstantinos N. Plataniotis,

Anastasios N. Venetsanopoulos [16].
The design and development of a telemedicine
imaging application, including a novel user inteda %=
and patient record-keeping require development a
integration of DICOM and PACS. Today, the PACS
system should work on DICOMization [15] so as t¢
make images more accessible and avoid proprietsey d
formats. There is no automatic recognition, featur
extraction and image analysis techniques include
which is why research activities are aimed at th
inclusion of these processes to provide automatdd d
analysis and offer good support to doctors.

Fig. 2 Matlab visualization of DICOM files inside a
4. Popular research toolsin biomedical program
image processing _ _
The toolboxes implement only basic methéats
Modern image manipulation software package§nage analysis and data mining, which can be iredud
usually support almost all major data formats. Sae by the researches into their own methods by
them include simple tools, like greyscale thresimgd Programming [17].

affine transformation, invariant converting, cugjn  Matlab offers high-level facilities for dealing

like Matlab and Mathematic for analysing data. such an approach are: _ .
= Excellent support for linear algebra and matrix
4.1. Matlab asresearch instrumentsin image operations. The software was originally developed

as a linear algebra package and has efficient and
numerically reliable algorithms for matrix inversio

Many of the imaging projects that involve new €igenvalues, etc. _ _
algorithms and advanced computing methods wefe EXcellent toolboxes for image processing. o
carried out in the Matlab environment. Matlab intgg " Visualization of processing results. The built-in
more than 35 toolboxes that realize many of the graphics and plotting functions are easy to use for

mathematical methods applicable in image processing POoth 2D and 3D plots.

processing

and visualization. Convenient for real-time processing applications.
Some of the most useful for biomedical imagingtaee  ® Portability, as the software written in the Matlab
= Database Toolbox language is portable to any platform that runs
= Image Acquisition Toolbox Matlab. _ _ _
* Image Processing Toolbox = Suitable structure for integration and connectively
= Spline Toolbox with most programs or operating systems.
= Statistics Toolbox = Personalization.
=  Wavelet Toolbox o _ _ _
»  Bioinformatics Toolbox The Official Homepage [18], including a list of

functions and toolboxes, is available on a web page
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4.2.Overview of popular programs for medical = Colour overlay of activation maps onto higher-
image reviewing and analysing resolution anatomical images (re-sampling of lower-
resolution functionals is handled on the fly).
In most medical applications the presentation of
images is based on DICOM or PACS files. Some of A disadvantage of AFNI is that it is not a reahd
these presentation programs for monitoring of meddicsoftware package, which to some extent influentes i
images are briefly presented below. range of applications [20].

AFNI

AFNI [19] (Fig.3) is a set of C programs for

processing, analyzing, and displaying functional IMR  3D-DOCTOR [21] (Fig. 4) works with CT, MRI,

(fMRI) data - a technique for mapping human braipET and other images in DICOM, TIFF, BMP, JPEG,
activity. It runs on Unix+X11+Motif systems, incliy  |nterfile, PNG, PGM, GIF, Raw Image Data, and other
SGlI, Solaris, Linux, and Mac OS X. It is availatilee yncompressed image formats. Both greyscale (8roit a

of charge (in C source code format, and somes-pit) and colour images are supported.
precompiled binaries) for research purposes. This

3D-DOCTOR

program is oriented towards medical image proogssi2== T L
supported by image-processing Matlab Toolbox. T e L AR P A i T

= [R]
¥hairs[Multi — [ X+ [Detine Markers
Color [ gresn P
Gap 5 — mMWrap
Define Overlay

B See Overlay

axial [N [Graph
Sagittal MRS [Graph ,m
Coronal [IXF [Graph [Switch Session
[witch UnderLay
[Switch OverLay

Ramsios) [

Fos Holg. precs

Fig.n4 3D-DOCTOR environment with an example of
medical image analyzing [21]

The 3D Doctor package provides:
=  Vector-based technologies for better 3D-mesh-
model creation and editing.
= Surface model for high quality rapid

S <2 prototyping. _ o
= : G 4 T =  Smart memory management, with no limit to
Fig. 3 Afni environment with an example for medica the number of slices that can be used.
image analyzing [19] * Handles DICOM and other image formats,
) such as TIFF, JPEG, PNG, GIF, BMP, Interfile
The AFNI package provides: and RAW.
= Switch viewing/analysis between many different «  \Works with greyscale and colour images
datasets. o . _ =  Colour classification and separation.
= Image display in axial, sagittal, and/or coronaiws * 3D image processing: image registration for
(including multi-image montages). multi-modality application, image fusion,
= Display of graphs (line and surface) based on data image resizing, etc.

extracted from image viewers.
= Time-series graphing of square regions from imagea|| the functions are tightly integrated into angie,

viewers. easy-to-use package.

= Linked image/graph viewing of multiple 3D datasets Image Processing includes the following
(e.g., linked scrolling through multiple brains). possibilities:

= Transformation to Talairach coordinates (12 sub- « Automatic Texture-based Segmentation for
volume piecewise linear method). greyscale and colour images.

= Computation of activaton maps using the « The Thresholding-based Interactive

"correlation method". Segmentation for CT images.
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= Region-based Object Segmentation and the
easy-to-use polygon-based manual tracing.

Technical support to image processing.

Batch data processing and image series
synchronization.

Instant access to patient and exam information,

Other 3D-DOCTOR image processing functions that

can all be performed on 3D images include: tersplat including a diagnosis text without leaving the
based, scanned-film cropping; volume resizing; 3D image-reading window.

image filtering; image rotation; orientation adjusint; = Multiple exam/ROI export to Excel for statistical
contrast adjustment; background removal, image processing.

combination; linear feature extraction; pattern = Hanging protocols.
recognition; segmentation; image mosaic; and colour = Measurement and annotation tools (for example,

classification. 3D-DOCTOR provides two highly ROIs, distance, angle, and arrow note).
efficient disconsolation methods for 3D-image = Exportand importto DICOM or image formats.
restoration and reconstruction, a fast, nearegthheiur = Export region-of-interest measurements to Excel

algorithm and an iterative maximum-entropy algarith
New image processing algorithms can be
Evorad Research PACS developed, tested and updated from within the PACS
workstation. Since the workstation is connectedhi®
The “Evorad’[22] (Fig. 5) name stems from thecentral server, examinations. As soon as they are
phrase “evolution in radiology” and summarizes theerified, new image processing techniques can be
introduction of a new approach to the developmédnt dpublished” for use by all the system users.
medical information systems and, in particularfwafe
for radiology laboratories. This approach is based DICOMan
technologies, a commitment to user productivity,
adaptability to user needs and total product-amdiess DICOMan [23] is a software system that aims to
quality. help tackle DICOM incompatibility problems in a @e-
yourself manner, which is much faster than waitiog
the manufacturer’s new release or patches. It hgps
to address DICOM issues in order to meet immediate
+|  clinical needs. Non-DICOM images in common formats
«| (BMP, GIF, J2K, JBG, JPEG, PCX, PNG, TGA and
.| TIFF) can also be viewed, together with DICOM
objects. It also equipped with a network analyziog.

(- [= x|
| &

The DICOMan package provides:

= Retrieve DICOM Objects
Transferring via DICOM connection
Edit DICOM Objects
Anonymize DICOM Objects
Convert Image Formats
Create Virtual DICOM Phantom
Generate AVI Movie

BE BECOW

20 + THProton T2-Prton-50 b TR

Fig. 5 Evorad Research PACS environment with Medical imaging device companies, especially those
example for medical image analyzing [22] with real-time embedded-system products, are often
burdened with lengthy verification cycles. Howevan,
Software options for workstations and servéet jntegrated wireless technology could communicat wi
add to the core functionality of the clinical EVOrRIS- 4 gateway that connects to the medical centreigarét
PACS system are: a development environment for nexnd transmits data to health data stores for mongo
image processing techniques, and tools for exmprtineontrol, or evaluating in real time or offline afte
measurements to worksheets for statistical praccgssistorage_
and patient/examination grouping. The program has These programs have simplification possibilities f
support for most operating systems, like Windowsgxtraction features from the biomedical images. Tée

Linux, Mac OSX, and Solaris. _ of mathematical techniques can broaden the paiggibil
The Evorad Research PACS package provides: of diagnostic image processes and help doctore¢o s
= Tabbed views allow arbitrary layouts of theinformation which cannot be detected with the eye.

image series.

= Transferring medical images to Matlab in the
form of 3D or 2D matrices and back.
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5. Research Tendenciesin Digital segmentation is to divide up the image domain into
Biomedical |mage Processing simple pieces, so that image features such as the

greyscale intensity or the colour are approximately

When applying image processing to the fields ofonstant or slowly varyjng in each piece. I.t Is a
medicine ar?g ybioglogy, ?he Iofundameﬁtal aspects e "kchallenglng problem that is closely connected wiilge

image registration [24], segmentation and visutiira Qetection. The_ efficiency qf the “push and pqll’t\been_
pattern recognition and classification - are verynage analy§|s and applied mathematic will remain a
important for the doctor at work. When we talk abou>ond factor in the future.
“patterns”, we refer to those objects or forms that
can perceive with whole image workflow. Pattern
recognition is generally about how to classify and- Summary
analyse data based on a priori knowledge or statist
information about the data. Pattern recognitiomagh Modern medicine has to try and take care of each
increasingly popular and required, since more andem and every patient. For this reason, DICOM and PACS
data is generated and this needs to be processed. ~ Were created as standards for the writing and gaofn

In fields like medical and biological imaging, tee medical data. Huge archives of diagnostic image® ha
is a great demand for efficient and accurate imag@h electronic format that opens new possibilities f
content analysis. Here, the plausibility is veryportant. research. The integration of intelligence and matitec
Therefore, with mathematically supported approachd@gether with image processing methods into medici
we can overcome the problems dictated by imaghd biology provides useful support for doctorshe
capturing technologies. The typical problems to bgiagnostic processes, and helps to see the infimmiat

overcome after image registration are: images that cannot be seen with the naked emign
= Low resolution. case, image techniques can be used to extract the
= High level of noise. required information mathematically.
=  Low contrast. As a result of this, many experts are deeply vedl
=  Geometric deformations. in the development of medical and biological image
= Presence of imaging artefacts. processing tools. The main goal of searching ixr¢ate

intelligent support systems that can develop theadr

This is why the image has to be pre-processed, afnge of possibilities offered by image analysis.
after this step the methods for object recognitonl
classification can be developed and integratecfih® 8. References
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