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‘MATLAB (MATrix LABoratory) *We used the following in our development environment: *The followmg ITK methods are currently supported:
} enVianment develﬂped by MathWDrkS }MATLAB 7-0 OI]- MS Windows Opcode Corresponding human-readahle filter name Opcode Corresponding human-readahle filier name
» often used by engineers and researchers » ITK toolkit v1.80 e - e
»facilitates matrix manipulations, numeric computations and »A MATLAB compatible compiler. MS Visual Studio 2003 e e
i ; i i et v turelFlow iplmagebilter
graphlcs VICWIIZ. C—I——l— Compllel’ was used_ FCM filterCiradienthl agnitude FGAD GradientAnisatropi cDiffusionImag eF ilter
»provides a high-level programming language that alleviates the sMATITK 1tself 1s written 1n C++. = . =
users from low-level details such as memory management. eWhen MATITK command is issued in MATLAR the code e i e st i
terErode ech at [thag el alter
} avallable M ATL AB tﬂﬂlbﬂxes handle cﬂmpllc ated perlpheral Compll ed from matltkcpp IS executed FDIu filterDari els sonDhistanceld golmag eFilter R segmentationConfiden ceCommected
L f . i : FDMY filter D ati el s sonDistanc el golmaz eF ilterGetV ororiod ap Al segmetitationlsolatedC o ected
tasks, such as GUI creation, graph plotting, statistical analysis, and »matitk.cpp 1s responsible for error handling and translation L[ Bt - | meeaess e
. . : : : FEE BinomialB sl mas eF ilter aCT segmentationCortiectedThreshold
P e dedUE O of 1image data passed from MATLAB into ITK-compatible e e =
»many researchers and engineers are comfortable with the one fotmeat 50T segmentationOtsuThreshold
dimensional biomedical signal processing capabilities of MATLAB . : o : :
. | - e b e »This includes dealing with indexing differences between
D dentnnge 0F Do o Hemeae [0 i and T MATLAB and C++ arrays (ordering of dimensions and zero- ‘MATITK commands can then be invoked in MATLAB
dimensional 1images) both the unavailability of advanced algorithms . . : : . . . . .
atid dlow e e<iing snead auiokly Tecane a botttencol vs. one-based array indexing). environment by simply typing matitk; which writes the following
*The image passed from MATLAB will be stored in an ITK to MATLABs window:
'ITK . | L | Image container. mZJ]ciigk(@ze(r?;i@nNTmTi [pare;mx}e;ers]. . []i?putﬂrrayl] ; [inputArra
. . : , [seed(s)Arrav], [ Image (s acin
[aft of fhe L Esibie LUmall project sitkcore.cpp calls the code in one of the three files, depending on yﬁh ca . L . t'tkp . - g
_ e - : . . . . . *The first arcument to matitk, operationName, specifies the
» free open-source toolkit written and used in C++ environment. whether the command invoked is a medical image filtering. B iy %TK G pk ] p
Pci:mtaips Variﬂl.ls multi@imensiﬂnal ﬁlteri.ng, segment.atiﬂn and segmentation, or registration command. DENOLE D the method to be e _
registration algorithms designed for medical image analysis. °The second argument to matitk, parameters, specifies the

*Helper classes seedcontainer.cpp and parametercontainer.cpp

ol : . . . required parameters of the I'TK method to be invoked (specitied
It 1s destrable to contain the user-supplied seeds and parameters respectively. N 4 Ii N Th e | ( (I; ’
»use the state-of-the-art, compiled, fast, 3D (and higher) medical »I'TK methods can access the necessary seed points and 2 e il ke e ik e i
image processing capabilities of ITK; and parameters in the three ITK core files. part.lcular n.le’[hod can be found out by typing
»work in the ({fast-prototyping, high-level, environment of matitk(operationName): _ . _
MATLAB that doesn't require intimate knowledge of C++, generic matitk(filtername’ [parameters],[input volume A] [input volume BJ); For example to perform anisotropic diffusion filtering on a 3D
programming, and other advanced ITK programming concepts. » image, the user types matitk('FCA') and the following will be
_ _ _ 4 matitk.cpp N itkcore.cpp : : . . _
'NOtabIY: because medlcal lmage data VOIU'meS arc Oﬁen huge: lt Translate image volumes, seads, ete Baszed on the filter inwvoked, dispatch\ ertten tO MATLAB!S Wlndow that IIStS the reqUIred parameters
K . into ITE-compatible format. * the call into one of the 3 files
- Impmctxcal to \Ii“l“desbas“ strorchacking: y ) FCA 15 being executed... You must supply parameters for

» write the image volumes to disk in a suitable format; and read the Ehis tuncidon in a9y srreoy, wiih the dlement . in Gh S
volumes back with pre-compiled I'TK algorithms. A order:

numberOfIterations,

*With the h@lp of the wrapper that we 11]’[1‘0(111@6, biomedical itkfiltercore.cpp itksegmentationcore.cpp| itkregistrationcore.cpp timeStep (which usually has wvalue equal to 0.0625),
Computlng I‘esearchers famlllal‘ Wlth MATLAB can hamess the ?:ndles fii’lcertiﬂlf metlhads. ?}?ncﬂes reilgisfriﬁonlmethc:f:ls. Hanc:llllestasligmelntation. methodsl. They concuctance (Whl(:lh 1_151_15]_]_1},7 e Ara e equal o o
- ey usually take only one ey usually take only one image usually take only one image volume as : .
power Of ITK Whlle imags v-:::lum.e as input, and asa I'.ﬂC"JiI'.lg images, and another @aininput, another asi@age featura - paramEtEIS must be SU_ppllEd. You Supplled U.
produce one image volume asa fixed image. It produces one input and some seed points. Thay
}avﬂldlng leamlng C_|__|_ ﬂﬂd dﬂﬂllng Wlth lﬂw_level prﬂgl‘ﬂmﬂuﬂg output. image v olume output. usually produce one image volume . : :
s SRl *The third and fourth arguments to matitk, mmputArrayl and
»avoiding manual marshalling (translation performed by the o s el o MEETE D De RoT mputAmez’_ specily the m_pm image volumes. They must be
wrapper 18 done 1n memory, which 1s an order of magnitude faster) three dimensional and contain double data type elements.
- - - - . . *To demonstrate the use of MATITK, the tollowing commands
*New additions to extend MATLAB medical 1image processing | | «With the developed framework, additional ITK methods can be e 5
- - - ; . arc ¢xcculilcd.
functionality can readily be used by the added and be accessible from MATLAB environment.
—Statistical Parametric Mapping (SPM), and efor example, new filtering method should be added to >> load mri; D=squeeze(D);
—Extensible MATLAB Medical Analysis (EMMA) communities. itkfiltercore.cpp and assume the following format: ... . . = .
FCA 15 belng executed... FCA has completed.
O . . . . . | . > cemat it BOCT P 4 10 DEa o donbletb) ], 1102 B2 25
Verview #Fiucinoe TaiklliscreleGalEsranimggels i seron SCC is being executed... SCC has completed.
. . : . 0 vold f[ilterGaussiani) {
*MATLAB has the fUHCtIOIlallty to access dynamlcally linked - const char* PARAM[]={"gausslanvVariance”, "maxKernelWidth"}; *The PUrposc hef@g of COUrsSc, 1S not to Optimally anal}’ze medical
: : : 2 const char” SUGSESTVALIE[ =47 "L : :
library compll.ed 1n al.lother l.anguage such as C and FOI’H&I_E 5 Comst int nParam - sizeot (DARAM) /oizcof (*DEREM) ; images but rather to demonstrate the use of MATITK. Execution
*Such dynamically linked library, also referred to as MEX file : EEE;T:t;iiiﬁiiiiiiﬁi?&é ( ii}{gigiiiﬁ;gaﬁ;fm flkesa lew second ona 3G BC in both e
(for MATLAB EXecutables), can be run from the MATLAB - .

environment like MATLAB M-functions or built-in functions int)paramTterator.getCurrentParam(l);
. i tyvpedel
eThe work pl‘esen’[ed 1s a MEX that serves as a wrappcr, or an itk::DiscreteGaussianIimageFilter<InternallmageType, InternallmageTypes:
‘ : : Bilbeprmes
interface between MATLAB computation environment and ITK, C o
hereafter reterred to as MATITK . 9 filter->SetInput(importFilter [IMPORTFILTERA] ->GetOutput() ) ;
: : ! 17 TlilEer-pSeiNariance | galssianvarisgnece j;
*Because 1mage data 1s represented differently, the wrapper | | 11 fi1rer ssetMaximumKernelWidth( maxKernelWidth | ;
rovides the necessary translations in an etficient manner. L e - . | . -
E b/ 13  pixelContainer=Ffilter->GetOutput () ->GetPixelContainer() ; Figure 2: Example MATITK results. Left to right, top row: Original 3D image,
} anisotropic smoothing, connected component segmentation.
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*With specific syntaxes in line 1 to line 5, ITK filtering method eWe presented MATITK, an easy to install, use, and extend

L e the pa.rameters passed from the MATLAB MATLAB-ITK interface. MATITK enables researchers and
environment. From line 9, the ITK method can access the data scientists to easily and efficiently access advanced medical

volume trom MATLAB and with line 13, it returns the results image processing and analysis methods of ITK from MATLAB.
back to MATLAB.
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