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B cTaTbe npeacTaBseHa cMcTeMa BU3yanamsaumu
NMPOCTPaHCTBEHHOrO pacnpeaeneHus
¢nroopecueHL MU Npyn AMarHoCTUKe U ie4eHUmn
MeTopamu poTognHammuyeckom Tepanun. NMpusepeHa
06bEeKTHO OPUEHTUPOBAHHAA apXUTEKTYpa CUCTEMDbI
BM3yaausauuu, npousBeseH BbiI6op oNnTUMAIbHOIO
BapuaHTa KOHKPeTHOM peanunsaLmm ¢ aKTUBHbIM
MCNoJib30BaHUEM CTOPOHHUX 6UBIMOTEK C OTKPbITbIM
MCXOAHbIM KOA,0M, NpeacTaB/ieHO OoNMcaHmue
nporpaMmMHoro o6ecrie4eHus cuctembl. MU3rotoBneH
OMbITHbIN 06pasew, cMCTeMbl BU3yasinsaLuum,
BKJ/IIOHAOL MM annapaTHYI YacTb U NporpamMmMmHoe
obecne4vyeHue, KOTOPbIV yCNeLwWwHOo npowen
KJINMHUYECKUE UCMbITaHUS.

oTomyMHaMu4eckas Tepanus (OOT) - meron

JUMAarHOCTHUKHU U JIeYeHH s 3/I0Ka4eCTBeHHBIX

PaKOBBIX OIlyXojiek. MeTol 0CHOBAaH Ha CIIO-
CODHOCTH HEKOTOPBIX IperaparoB (PoToceHCHOUIH-
3aTOpoB) M30KpaTeNbHO HAKAIIJIMBATHCS B IIOPasKeH-
HBIX TKaHSX M OJHOBPeMEHHO B3aHMMOJEHCTBOBAaTh
C 3JIEKTPOMATrHUTHBIM H3JIy4YeHHeM BUIKMMOIO HJIU
61v>kHEero MHOPAKpPacHOro Auarna3oHa. JIoKaTbHAS
AKTHUBALIMS CBETOM HAKOIIMBIIETOCA B OIYXOIH
doToceHCHOUIN3aTOPA U3 IIOJIOCHL €ro ITOIJIOMeHH S
IIPUBOAHUT B MPUCYTCTBHHU KHUCI0POJa TKaHeM K pas3-
BUTHIO QOTOXMMMUYECKOH PeaKLHH, Ppaspyllaro-
IIel OIyxoJieBble KJIeTKH, 3a CUeT Yero JOCTHUIaeTCs
nedebHBIN 3¢deKT. IIpH 3TOM HPOLIECC COIIPOBOKIA-
eTcst QuroopecleHIIMeN KakK Ipernapara, Tak U KHC-
nopoxa B bosee MIMHHOBOJIHOBOM 00JacTH CIIEK-
Tpa. KapTuHa IIPOCTPAaHCTBEHHOIO pacIlipeleaeHus
dmoopecleHIIMHU JaeT UHPOPMAIlMI0 O pasMepax
OIIYXOJMH U KOHIIEHTPALIMH IIpeliapaTra, a ee H3Me-
HeHHe BO BpeMeHH MOKeT JaTh U KOJIMYEeCTBeHHYIO
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System for visualization of spatial distribution

of fluorescence during photodynamic therapy
procedures is presented. Object-oriented analysis

and design of the system is performed, visualization
software is presented. Optimal realization is created
using external open source components. Developed
visualisation system including software and hardware
was successfully finished clinical trials.

hotodynamic therapy (PDT) represents

the method of diagnostics and treatment

of malignant cancer tumors based on the
capability of some preparations (photosensitizers) to
accumulate selectively in the diseased tissues and
interact simultaneously with the electromagnetic
radiation of visible or near infrared band. The local
light activation of the photosensitizer which was
accumulated in the tumor from the band of its
absorption in the presence of tissue oxygen causes
the development of photochemical reaction which
destroys the tumor cells and at its expense the
therapeutic effect can be achieved. The process is
accompanied by fluorescence of the preparation and
oxygen as well in longer wavelength infrared region
of spectrum. The image of spatial distribution of
fluorescence gives information about the tumor size
and preparation concentration and its variation in
time can give the quantitative information about the
required radiation dose. This effect can be used not
only for the treatment but diagnostics of oncologic
diseases with various localizations at early stages, as
well [1].

The recent achievements in the area of
semiconductor optoelectronics make the PDT
method available for widespread use in the medical
institutions due to the development of inexpensive
compact high-power sources of laser radiation on the
basis of semiconductor laser diodes [2]. However, in
order to obtain and visualize the image of spatial
distribution of photosensitizer fluorescence the
spectral-selective system of registration of optical
radiation, which permits the light to go through
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nHGopMaLHI0 O HeobxomuMou mo3ze obnydeHHS.
OaHHBIN 30(PeKT MOKeT HCIIONbh30BAThCS He TOIBKO
IIpY JIe9eHUH, HO W NPU JHUATHOCTHKE OHKOJIOTH-
YyecKUX 3a607eBaHUM PA3TUYHBIX JIOKATH3ALUHI
Ha paHHUX CTagusx [1].

Braromapst cOBpeMeHHBIM IOCTHKEHHUSM B 06ia-
CTH IIOJYIIPOBOLHHKOBOM OIITOYIEKTPOHHUKH (pa3pa-
60TKe HeOPOTUX KOMIIAKTHBIX MOLTHBIX ICTOUHHUKOB
JIa3epHOTO M3/IyUeHUS Ha OCHOBe IIOAyIIPOBOLHU-
KOBBIX JIa3epPHBIX JHOAOB [2]) meTom AT cTan AOCTy-
IIeH LIMPOKOMY KpPyTy MeAUIIMHCKHUX II0Jb30Ba-
Tenert. OfHAKO [/ IOJY4YeHHUS U BHU3yaJIM3aLUU
KapTHHBI IPOCTPAHCTBEHHOIO paclpeneieHus Giio-
opecueHIuK ¢doToceHCHbuAM3aTopa Heobxoguma
CIIeKTPAJIPHO-CeJIeKTHUBHASL CHCTeMa PerucTpalyu
OIITUYeCKOro M3nydeHHsi. OHA [O/KHA ITPOIYCKATh
CBET BO BCEH mosoce GpII0OpecleHIIMU U 0CTaBaThCs
HeIIpo3pauyHoOM mjsg Bo3byxkaatomero ¢aoopec-
LIeHIIMI0 HU3JIy4YeHHUs. B M3BeCTHBIX HA HACTOSIIUHI
MOMEHT ycTporcTBax ®[IT B KauecTBe TAKUX CUCTEM
BBICTYIIAIOT 1K60 04uKkM, NH6O aHAJIOrOBBIE BHEO-
KaMephl C ONTHYeCKMMH HHTepdepeHIIMOHHBIMH
bunprpaMu. TaKoM MOAXOH He TOJIBKO He II03BO-
JN5eT KOJIMYeCTBEeHHO OLIeHUTh IIapaMeTPBhl OIIYXOJIH,
HO U He obecIieyrBaeT IIOTEHI[HAJIbHO 3aJI05KeHHOIO
B cucteme O[T ynobcTBa IpHMeHeHHU .

Bce 3TO roBOPHUT 0 HEOOXOLHMMOCTH Pa3paboTKu
LHQPOBOK CHCTeMBl BH3yalH3alUKU GIOpeclLeH-
UUKU GOTOCEHCHUOUIHN3ATOPOB, IO3BOISIONEN B IOJ-
HOM Mepe HCII0NIb30BaTh BCe IIOTEHIIMAJIbHBIE BO3-
MO>KHOCTH MeToza GOTONUHAMUYECKON Teparnuu. To
eCTh HY>KHA CHUCTeMa, CIlocobHast obecriedrTh BHU3ya-
nu3anuio Habnomaemoro obvekTa B Haubonee ymob-
HOM opme K ABTOMATHYECKH MPOBOAUTH KOMHUe-
CTBEHHBIN aHANHU3 H3006paskeHUsT GI0OpECeHIIUU
B PeaJIbHOM BpeMEeHHU.

OCHOBOM TaKOM CHUCTEMBI CTJIO pa3paboTaHHOe
nporpaMMHoe obecredeHue (I10), KOTOpoe I103BO-
JIUJIO YIPABIATh GOTOUYBCTBUTENIBHBIM 3IeMEeHTOM
cucTeMbl U 06pabaThIBaTh IMOCTYyIAIOUIHE OT HEro
IaHHEbIe.

AHAIN3 TPEBOBAHUM

K NMPOrPAMMHOMY OBECMEYEHUIO
CUCTEM ®OTOANHAMUYECKON TEPANUU
OIHUM M3 KJIIOUeBBIX MOMEHTOB pa3paborku IIO
st cucteM (GOTOJMHAMHUYECKOM TepaIllUH SIBIISI-
ercss Gopma BH3yalH3aLlMH II0JydyaeMOH HHPOP-
Manuu, Haubonee ymobHast [y KOHEYHOIO IIOJIb-
30BaTensl. AHAlIH3 IIOKeJAHUH MPaKTHKYIOIIHX
Bpadel II0Ka3asJ, 4YTO 'KJacch4yeckoe' IIpeacTaB-
JeHHe B BUJe H300paskeHHs B OTTeHKaX CEporo,
IoJIly4yaeMoe HeIloCPe[CTBEHHO C KaMepbl CHCTeMEI

Syl 4

the whole fluorescence band and is not transparent
for the radiation exciting fluorescence, is needed.
Currently, in the existing PDT devices glasses or
analog video-cameras with the optical interference
filters serve in the capacity of such systems. Such
approach does not only make it impossible to estimate
the tumor parameters quantitatively but also it does
not provide the potential usability of PDT systems.

All these aspects speak about the necessity to
develop the digital system of photosensitizers
fluorescence imaging which will allow using all
potential capabilities of photodynamic therapy
method in full and perform imaging in the most
convenient form and automatic quantitative analysis
of fluorescence image on real-time basis.

The software, which controls the system
photosensitive element and processes the incoming
data, is the basis of such system.

ANALYSIS OF REQUIREMENTS

FOR THE SOFTWARE OF PHOTODYNAMIC
THERAPY SYSTEMS

One of the key aspects concerning the development
of software for the systems of photodynamic therapy
includes the form of visualization of received
information which will be the most convenient for
end user. Analysis of requests of practicing physicians
showed that the "classic” conception of the image
form in tints of grey color received directly from
the system camera through the spectral-selective
optics is insufficiently convenient for the visual
perception and not sufficient for the analysis of
visual information. The best imaging form turned
out to be the pseudo-threedimensional histogram
of brightness distribution in two coordinates which
is displayed near the actual image received from
camera (Fig. 1). And the actual image itself can be
displayed in the initial form in tints of grey color and
in pseudo-colors according to the determined adopted
color chart.

For the additional visualization of results it is also
required to define the contours of the constant value
of brightness on the obtained images on the basis
of determined set level which actually represent the
boundaries of tumor.

Besides the conception of fluorescence intensity
distribution on real-time basis, there should be also
ability to freeze the images at certain points of time
for the further comparison and analysis.

The following aspect which requires the special
attention is the graphic interface of software user.
Taking into account the specificity of software end
users, the interface should be simple, convenient and
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Fig.1. Form of fluorescence spatial distribution imaging

Puc.1. ®opma susyasuzayuu KapmuHbl NPOCMPAHCMBEHHO20 pacnpedeneHus GAoopecUeHyuUl

yepe3 CIIeKTPa/IbHO-CeIeKTUBHYIO ONTHKY, HeJoCTa-
TOYHO YHOOHO IJISi BHU3YaJbHOIO BOCIPHUSTHS. OHO
TaK>Ke He[OCTAaTOUHO MHGOPMATHBHO [JIs1 aHaJIM3a.
Haunyumen &opmon BH3yalH3allMH OKas3aJach
IceBAOTpPeXMepHas THCTOrpaMMa paclipefeneHHs
SPKOCTH IIO ABYM KOOpAHMHATaM, oToOpaskaemasi
PSIOM C peasibHOM KapTUHOM, IOJTy4YaeMOM C KaMepEI
(puc.l). IIpu 3ToM caMa peajbHasi KapTHHa MOXeT
OBITH IIpe/CTaB/IeHa KaK B HCXOLHOM BHJEe B OTTEH-
Kax Ceporo 1iBeTa, TaK U B IICEBJOLBETAX B COOTBET-
CTBUHU C OIIpeJleJIeHHOM IIPUHSITON LIBeTOBOM KapTOM.
sl IONONHUTEIbHOM HAITSAHOCTH Pe3yJIbTaTOB
Heob6XOAMMO TaKKe O4YepUYHBATh Ha IIOTYYEHHBIX
1306pasKeHUSIX KOHTYPBl IIOCTOSIHHOI'O 3HAYeHHS
SPKOCTH IO OIpele/leHHOMY 33aJlaHHOMY YPOBHIO,
KOTOpble IPeACTaBISIOT cobor, daKkTHUUecKH, Ipa-
HUIIBI OITyXOJIH.

[ToMHMO MpeACTaBAeHUS paclpeleneHUs] HHTeH-
CHBHOCTH QJIIOOpeCLleHLIHH B peaibHOM BpeMeHH,
HeobX0OUMO TaKKe HMeTh BO3MOXHOCTh GUKCHPO-
BaTh M300paskeHUs B OIpefe/leHHble MOMEHTHl Bpe-
MeHH [151 [I0C/IeIyIoIlero CpaBHeHH ST K aHa/IK3a.

CrenyomUK acmeKkT, TpeOyoIMHK 0coboro BHU-
MaHHMS, - 3TO IpaduuecKHMU HHTepdeNC I0JIb30Ba-
Tens I1O. C ydeTroM cmnenMPHUKH KOHEUHBIX IT0JIb-
3oBatesnen I10, nHTepderc MOoIKeH OBITh IIPOCTHIM,
yoo6HBIM, CIIOCOOHBIM oObecredydBaTh MHHH-
MYM [eHCTBHH I10/1b30BaTe/Isl M II03BOJISITH JIETKO
MeHSTb BHUJ U IpeAcTaB/leHHe BH3yaJIH3HPyeMOU
MHGOPMaALIUH.

AMMNAPATHASA NJIATOOPMA

AmnmapaTHasi 4acTb CHUCTeMBI, Ha KOTOPOI IIpefIio-
naraercss QyHKLIMOHHUPpoBaHHe [10, COCTOUT U3 CTaH-
maptHoro IIK ¢ MOAKJIIDYeHHON K HeMYy LuzlcprBofI
KaMepoH II0 JI060My HOCTAaTOYHO OBICTPOMY HHTeEP-
dericy (USB2.0, IEEE1394, Ethernet). Ha obbekTHBe
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provide minimum user actions and allow easy change
of form and displaying of visualized information.

HARDWARE PLATFORM

The system hardware, in which the software
functioning is located, consists of the standard
personal computer with the connected digital
camera on the basis of any sufficiently-fast interface
(USB2.0, IEEE1394, Ethernet). The spectral-selective
optical filter, which permits only radiation in the
fluorescence band of used photosensitizer to pass
through, is installed on the lens of digital camera.
Thus, the video frames which arrive from the camera
are the initial data for imaging.

The hardware block diagram is shown in Fig. 2.
Analog video signal from photosensitive array is
digitized by the digital processing unit which is
also responsible for the information transmission
to computer. These two units are integrated in the
digital camera. Also, the emitter which excites
the fluorescence, power-generating unit and some
auxiliary components are included into the device
structure.

SOFTWARE OBJECT MODEL

Following [3], the construction of object-oriented
architecture of developed software consists in the
building abstractions for the system individual
elements, determination of responsibility of every
abstraction and relationship between them. The
system finished object model is shown in Fig. 2
in the form of combined diagram of classes and
components.

The class framelnput is the program abstraction
for the source of initial frames. Besides the obvious
ability to return the next frame of video stream, the
class duties also include furnishing of information on
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UHUPPOBOM KaMephl YCTAHOBJIEH CIEKTPaJIbHO-
CeJIeKTUBHBIN ONTHUYECKUN OQHUIBTP, IIPOIYCKAIO-
IIHH KU37y4eHHe TOJIBKO B II0j0ce GaoopecLeHIHHN
HCII0JIb3yeMoro ¢oToceHcHbunmsaropa. TakKuMm
obpa3oM, IOCTymamIue C KaMepbl BHIEOKAAPH
SBJISIIOTCS. MCXOOHBIMU AAHHBIMHU [JISI BHU3yaaH3a-
LIUU UHQOPMALIUHU.

BroK-cxeMa amIlapaTHOM YacTH CHCTeMBI IIOKa-
3aHa Ha pHUC.2. AHAJIOTOBBIH BHJAEOCHUIHANI C $OTO-
YYBCTBUTEJIBHOM MAaTPHILIBl OLHQPOBBIBAETCS
610Kk0M LIHGPOBOH 06pabOTKHU, KOTOPHIH TaKKe OTBe-
yaeT 3a mnepesauvy mHPopmanuu B IIK. Oba 61oka
obbenuHeHBl B NUPPOBON Kamepe. Takke B COCTaB
npubopa BXOGUT H3/Iy4daTesb, Bo36y>KAAOMUN GIio-
opecClLieHIIHI0, O/I0K ITUTAHUS U HEKOTOPble BCIIOMO-
raTesbHbIe 3/IeMEeHTHI.

OBbEKTHAA MOAE/b MPOrPAMMHOIO
OBECIMEYEHWNA

Cnenyss peKoMeHJauusMm [3], mocTpoeHue 06Bek-
THO OPHEHTHPOBAHHON apXUTeKTYyphl pa3paba-
TBIBA€MOI'O IIPOrPAMMHOTO obecredeHHUsI COCTOUT
B IIOCTPOEHHM abCTpPaKLUM I/ OTAENBHBIX 3JIe-
MEHTOB CHCTeMBl, YCTAaHOBJIEHHH OTBETCTBEHHO-
CTel KaKIOW abCTPaKLMU U CBSI3€d MeXKAY HHUMH.
ToToBast oObeKTHAsT MOZeNb CUCTeMBbl (pHC.2) mpen-
CTaBJeHa B BHJe COBMEILIeHHOM JHarpaMMBbl Kjac-
COB U KOMIIOHEHTOB.

[lporpaMMHOM abcTpaKUHer Ojasi HCTOYHHKA
HUCXOIHBIX KaJpoB sBiseTcs kiacc framelnput.
KpoMe OueBHIHOM CIIOCOOHOCTH BO3BpalllaTh Ode-
PEeIHOM KaJp BHIEOIIOTOKA, B YHC/IO0 00s3aHHOCTEH
KJlacCa BXOOUT TaKXke IIpefoCTaBIieHHe HHOOP-
MallUK O IIapaMeTpax Kagpa (pa3Mepsl, OUTHOCTH
U T.4.). Knacc npsder B cebe KOHKpeTHBIe AeTalH
aImnapaTHOro MHTepderca IOAK/IYeHHs KaMephbl
K IIK, mpu 5TOM KOHKpeTHas peajH3alus KJjacca
ocytecTBisieTcs 1160 ¢ momomnpio drupMeHHOT0 SDK
KaMepkHlI, 6o IIOCPeICTBOM DirectShow. B mocnen-
HeM C/lydae MOKeT OBITh MCIIOJIb30BaHA OTKPBITasI
6ubnuoteka videolnput [4], aBnsromascs o6beKTHO
OpHEHTHPOBAaHHOM 0b6epTKoM Haf DirectShow.

Knaccel VideoOutput u ChartOutput sBISIIOTCS
abcTpakOUsSIMU OJI YCTPOMCTB BBIBOZA HHOpPMa-
LMY B BuJe OHUTOBOM KapThl U IICEBAOTPEXMEepHOM
TUCTOIPAaMMBl COOTBETCTBeHHO. B o0sg3aHHOCTH
KJIACCOB BXOOUT o0TobpaskeHHe rpaduieckorl HHPoP-
MaLKMH B BHUJe, IIOKa3aHHOM Ha puc. 1. KoHKpeTHas
peanrsalus KJIAcCOB OCYILIeCTBJeHAa C HCIIONb30Ba-
HueM 6ubnuorexku OpenCL, MMemoNer ammapar-
HYIO pea/JIM3al Mo Ha O0IBIIMHCTBe BULEOKAPT, IIPU
3TOM HCIIoNb30BaHHe OpenGL CyIecTBeHHO YCKO-
psieT BBIBOJ, IPpapUKU I10 CPABHEHHIO CO CPeiCTBAMU
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Fig.2. Block diagram of the system hardware platform

the frame parameters (dimensions, bit count etc.). The
class hides in itself the specific details of hardware
interface of camera connection to the computer and
the specific implementation of the class is performed
with the help of proprietary SDK of camera or through
DirectShow. In the last case the open-ended library
videoInput [4], which is the object-oriented wrapper
above DirectShow, can be used.

The classes VideoOutput and ChartOutput refer to
the abstractions for the information output devices
in the form of bitmap and pseudo-threedimensional
histogram respectively. Duties of the classes include
the display of graphic information in the form
shown in Fig. 1. The specific implementation of
classes is accomplished with the use of the library
OpenCL, which has the hardware implementation
at the majority of video cards, and use of OpenGL
considerably accelerates the graphics output in
comparison with the means of Windows GDI. Both
classes are successors of the abstract class CLWidget
intended for the encapsulation of functions connected
with design and maintenance of the window of user
graphic interface into which the output by the means
of OpenCL is performed.

The class Analyzer encapsulates the function
connected with the analysis of image frame, search of
the contours of constant value and calculation of data
for the construction of surface chart. The class has
methods for the transfer of frame analysis parameters
(thresholds of contours etc.) and main method of
processing which in arguments receives the pointer in
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Windows GDI. O6a Kj1acca SBISIOTCS HaCleJTHUKAMHU
abcTtpakTHOro kiuacca GLWidget, mpegHa3sHaveH-
HOTO [IJISI MHKAICYIIUHUH QYHKUHU II0 CO3JaHHIO
M 00C/Ty>KHBAaHHIO OKHA T'padrvecKkoro HHTepderca
[I0/1b30BaTe/IsI, B KOTOpPOE OCYILIeCTBJISETCS BBIBO[
cpencrtBamu OpenGL.

Knacc Analyzer wuHKamncynupyer OJQyHKLUHUH
II0 aHaJAHU3y Kagpa H300paskeHMs, ITOUCKY KOHTY-
POB IIOCTOSIHHOIO 3HaYeHHUs U pacyeTy JaHHBIX [IJIs
IIOCTPOEHHUSA TpexMepHOro rpadurka. Kimacc mmeer
MeTOABl [JISl Ilepefiadyld eMy I[apaMeTpoB aHaJK3a
KaJpa (Ioporu KOHTYPOB U T.A.), a TAK>Ke OCHOBHOM
MeTon 06paboTKH, MPUHHUMAIIIUKN B apryMeHTax
yKa3arelb Ha YCTPOMCTBO BBOJAA KaJpoB framelnput
M yKasaTeJlHM Ha YCTpPOHCTBa BhIBoma VideoOutput
u ChartOutput. OcHOBHast PyHKIIMS KjIacca - OIpe-
JIleJIUTh TPAaHHUIIBl IIOPa’kKeHHOIO0 y4YacTKa TKaHH,
paccyMTaTh ero IUIomajb, a TaKyKe IIOATOTOBUTH
OAHHBle K OTOOpaskeHUI0 Ha YCTPOMCTBAX BBIBOAA
1 06HOBUTH IocaefHUe. KOHKpeTHas peanu3alus
Kjacca OCHOBaHA Ha HCIOAb30BAHUU aJITOPUTMOB
MaIIMHHOrO 3peHHUs 6ubnnorexu OpenCV. B uact-
HOCTH, IIPOM3BOAUTCS TOIIOJOTHYECKHUIH CTPYKTYP-
HBIM aHAJIN3 KaJpa A1 IOKMCKA II0JIHOI0 MHOKEeCTBa
KOHTYPOB IIOCTOSIHHOTO 3Ha4eHu 4 [5].

Knacc mainWindow wuHKancyaupyer ¢yHK-
LMKM CO3JAaHHUSA II0JIb30BATEJIBCKOTO TI'PadHUeCKOTO
nHTepderica, a TakKe BBIIIOTHSET Posib "caMIiepa’,
BBI3bIBAas I10 TaKMepy OCHOBHOH MeToJ o6paboTku
Kinacca Analyzer. KoHKpeTHast peanu3alus OCHO-
BaHa Ha KPOCCIIAaTPOPMEHHOM HHCTPYMEHTapHUU
Qt (Bepcusi, nulleH3UpoBaHHas o GNU LGPL). 3to
Haubonee ymoOHBIM M XOPOIIO JOKyMeHTHPOBAH-
HBIA CI1oco6 6bICTPOro co3gaHusl rpadUUIecKoro
nHTepderica. Ilo cpaBHeHHIO ¢ HabopoM KiaccoB
MFC ot Microsoft, Qt mpenyiaraet MOTHOCTBIO IPa-
BU/IBHBIN O06BEKTHO-OPHEHTUPOBAHHBIN IIOAXO[
K IIPOrPaMMHMPOBAHHIO C aKTHUBHBIM HCIIOJb30Ba~
HHeM HepapXuH KJIACCOB, YTO yIIPOUIAeT U YCKOPSET
pa3paboTky, obecrmeurBasi 6osee BBICOKMI YPOBEHb
abcTpakuuy.

[TonHast MoIe/b COLEPKHUT TaKKe psf, [JOIIO0JI-
HUTEJIbHBIX KJIACCOB. B 4YaCTHOCTH, MOCTPOEHHBIE
[0 IPUHILMIIY CBA3aHHOIO CIIMCKa Kjacchl Contours
[JIs XpaHeHHS KOHTYPOB IIOCTOSHHOIO 3HAa4YeHM S
u ImgStack, mpousBoggIMi ycpefHEeHHe HEKOTO-
pOro Koau4yecTBa IIOCTAeNOBATE/NIbHBIX KaAPOB [IJis
CHI>KeHH Sl YPOBHSI IIYMOB, a Tak>Ke Kiacc DimDialog,
OTBETCTBEHHBIM 3a BBIBOJ, 3JIeMEeHTOB IpadHrUecKoro
[10JIb30BATEIbCKOT0 HHTepderica, HeoOXOMHUMBIX
1151 KaTuObpOBKHU peaibHBIX pa3mMepoB 06beKkToB. Bee
3aBHCHMOCTH IIPOIPAaMMBbl OT BHEMIHUX 6H61HOTeK
II0Ka3aHbI Ha PUC.3.
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frame input unit framelnput and pointers in output
units VideoOutput and ChartOutput. The main
function of the class is to determine the boundaries
of tissue diseased site, calculate its area and prepare
data for the display in output units and update data.
The specific implementation of class is based on the
use of vision algorithms of the library OpenCV. In
particular, the topological structural analysis of
frame is performed for the search of exhaustive set of
contours of constant value [5].

The Class mainWindow encapsulates the functions
connected with the creation of user graphic interface
and plays the role of "sampler” activating the main
processing method of Analyzer class by timer. The
specific implementation is based on cross-platform
tools Qt (versions licensed according to GCNU LGPL).
This is the most convenient and well-documented
method of quick creation of graphic interface.
In comparison with the set of classes MFC from
Microsoft, Qt offers completely correct object-oriented
approach to the programming with the active use
of class hierarchy which simplifies and accelerates
development providing higher level of abstraction.

Complete model contains a number of additional
classes. In particular, classes Contours for the
storage of contours of constant value and ImgStack
averaging some quantity of sequenced frames for
the reduction of noise level, which were constructed
according to the principle of linked list, and class

openCV openGL

videoinput AR LY
Y s
videoinput

| QObject | | QGLW%dget|

SN/
| QTimer | | Qwidget|
£ Fl

PDTheraphy /
|

framelnput fv.
| mainWindow |—>| GLWidget |

Analyzer |«

| DimDialog H VideoOutput | | ChartOutput |

Y

ImgStack

Puc.3. lJuazpamma kaaccos u KOMNoOHeHmMo8
Fig.3. Diagram of classes and components
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Puc.4. ®aropecueHyus 6a3aAbHOKAEMOYH020 paka Koxu
3aywHoll obaacmu, 8036Yy>kddemasi NoAyNnpo8ooHUKO8bIM
nazepom (A=G665 HM, MouHocmbio 3 Bm)

Fig.4. Fluorescence of basal-cell skin cancer of postaural zone
excited by semiconductor laser (A=665 nm, power 3 W)

Puc.5. Busyaausauus onyxoau e ncegdougerme
Fig.5. Imaging of tumor in pseudo-color

KIMHNYECKUE UCTIbITAHUA

Ha ocHoBe pa3paboTaHHOI Mofe/u Obl1a co3aHa KOH-
KpeTHasi peasiK3aliys OIIbITHOI0 06pasiia CUCTeMBI BU3Y-
anu3aluu QIIOpecleHInH - mpubop "®mrooBrH30p'”.
B npubope ucronp3oBaHa IUOPOBAsi MOHOXPOMHAs
KaMepa C paspelleHHeM 752x582 IMUKCeJIOB, HCIIONIb3Y-
tomas uHTepderic USB2.0. B KadecTBe MePCOHATBHOIO

DimDialog responsible for the output of elements
of graphic user interface which are necessary for
the calibration of actual dimensions of objects. All
program dependences on external libraries are shown
in Fig. 3.

CLINICAL TESTING

On the basis of the developed model the specific
implementation of the prototype of fluorescence
imaging system - device "Fluovizor” was created. The
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KOMIIBIOTEPA UCII0/Ib30BaH HOYTOYK HU3IIETO LIEHOBOTO
CerMeHTa C [IByXBSIEPHBIM IIPOLIECCOPOM CeMeLCTBa
Intel Celeron B800. [IprMeHeHMe OIIMCAHHBIX [IOAX040B
K pa3paboTke IIporpaMMHOro obecriedyeHust II03BOTHIIO
IOOUTBCSI PAabOThI CUCTEMBI B PESKUME "peasibHOTO Bpe-
MeHH" (PaKTHUeCKH, B pesKHUMe OOHOBIEHHS H300pa-
>KEHUH Ha 3KpaHe ¢ 4acTtoToH 30 fps) maske Ha Takom
aImnapaTHOM maaTtdopme.

OnBITHBIHM 0bpaser] IIpoles KITHHHUYeCKHe HUCIIBITa-
Hug B HWUHM onkonmoruu um.H.H.IleTpoBa, rae HMCII0/Ib
30BaJICA [J1s1 BU3ya/IM3allMU IIPH JUATHOCTHUKE U Jleve-
HUU 6a3aIbHOK/IETOYHOIO paka koxxu MetomoM PAT
IIpyu o67y9YeHUH OITyXOJIH II0JYIIPOBOLHHUKOBBIM JIa3e-
POM C IJIMHOM BOJHBI M31y4eHUs] A=665 HM. B Kave-
cTBe QOTOCEHCHOHMIN3ATOpa HCIIONB30BAJICS IIperapar
"®oTomuTa3’uH".

Ha pwc.4 mokasaHa peajibHas KapTHHA paclipe-
OeneHus ¢nroopecueHIWHA. Ha puc.5 mpencrasieHa
KapTHHa IIPOCTPAaHCTBEHHOIO pacIipefesleHUs (JIro-
pecueHIIMU B IICeBIoLIBeTe. IIpM 3TOM OIIyXOJIb BBLIE-
JIeTCsl KPaCHBIM LIBEeTOM, IIPeIOCTaBJIsAS YeTKYI0 BHU3Y-
QIM3aLHI0 TPAHUIL OIYXO/IH, a TAKKe UX U3MeHeHHe
Co BpeMeHeM B mporecce ceanca O/T.

Ha pwuc.6 mpencTaBieHa BU3yaaH3allMsg ydacTKa
IIOJTHOTO KaJipa C ITOPasKEHHOM 06JIaCThIO B BHIE IICEB-
JOTPeXMepHOI0 pacIipelie/leHUsl MHTeHCUBHOCTH IIIo-
OpeclLieHIIMH 110 KOOpANHaTaM. TaksKe IMOKa3aHa Hau-
IeHHasl IPaHUIIA OIyXONH, oTobpakaemas KpPacHOH
JTMHHEN Ha UCXOLHOM H300paskeHUH U 6e/o THHHUeN
Ha TpeXMEePHON KapTHUHKe,

[IpuBeeHHbBIe IIPUMepPhl UJUIIOCTPUPYIOT BO3MOXK-
HOCTH I10 WHTEPIIPeTALlMH peabHBIX H300paskeHHH,
KOTOpBIe IIPe[OCTABJISET II0JIb30BAaTeNl0 pa3paboTaH-
Hoe IIporpaMMHOe obecIiedeHue.

Takas ¢opma IpencTaBIeHUs SAHHBIX HAIJISTHO
[IOKa3bIBaeT, B YACTHOCTH, paclipefeieHHe KOHLIeH-
Tpauuu GOTOCEHCHUOMIN3aTOpPa U ee AUHAMHYECKOe
M3MeHeHHe BO BpeMeHH, II03BoisieT 6Oonee [03H-
POBAaHHO M HAIlpaBieHHO obecrieduBaTh 0OnydeHKe
TKAaHH JIa3epoM [JIs1 OIITUMAaJILHOIO IIPOBeAeHMs IIPO-
Lieypel ieueHUs MeTogaMu O/IT.

3AK/TIIOYEHUE

B pesynbTare BBIIIONHEHHsS PaboOTBI CO3[AHO IIPO-
rpaMMHoOe obecriedeHue AJIs CHCTEMBl BH3yalH3a-
LUK IIPOCTPAHCTBEHHOIO PpacIpefiesieHUs roopec-
LeHUWH I[IPU JUATHOCTHKE M JIeYeHHUHU MeTOJaMU
doTomMHAMHYECKOM Tepanuu. Pa3paboraHa 06B-
eKTHO OPHeHTHPOBAHHASl apPXUTEKTypa CHCTEMBI
BH3ya/H3alluM, IIPOM3BeJleH BBIOOP OINTHMAJIBHOIO
BapHaHTA KOHKPETHOM peaJn3allMH C aKTHBHBIM
HCIIONIb30BAaHHEM CTOPOHHHUX OHOIHOTEK C OTKPBITBHIM
HCXONHBIM KOZOM. H3roToBjleH ONBITHBIM obpasers
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Puc.6. Busyanusauus yuacmka usobpa>keHus Ha puc.3 6 eude
ncesoo-mpexmepHoL 2Ucmozpammbi

Fig.6. Visualization of image section in Fig. 3 in the form of
pseudo-threedimensional histogram

digital monochromic camera with the resolution
752x582 pixels using the interface USB2.0 is applied
in the device. The laptop of the lowest price segment
with the dual core processor of series Intel Celeron
B800 was used in the capacity of personal computer.
Application of the described approaches in the software
development made it possible for the system to operate
in the mode of "real time” (practically, under the
conditions of images update at the screen with the
frequency of 30 fps) even at such hardware platform.

The prototype underwent the clinical tests in
the Research Institute of Oncology named after
N.N.Petrov where it was used for the imaging during
diagnostics and treatment of basal-cell skin cancer
by PTD method upon the irradiation of tumor by
semiconductor laser with the radiation wavelength
A=665 nm. Fotoditazin was used in the capacity of
photosensitizer.

The actual image of fluorescence distribution is
shown in Fig. 4. The image of spatial distribution of
fluorescence in pseudo-color is shown in Fig. 5. And the
tumor is highlighted in red color providing the clear
visualization of tumor boundaries and their variation
with the time in the process of PDT session.

Visualization of the area of full frame with the
diseased site in the form of pseudo-threedimensional
distribution of fluorescence intensity in coordinates
is given in Fig. 6. Also the detected boundaries of
tumor highlighted in red line at initial image and
white line at threedimensional picture is shown.

Given examples illustrate the capabilities
concerning the interpretation of actual images which
is provided to user by the developed software.
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CHCTeMBl BHM3YyaJIM3allUM, BKJIIOYAIOMMH aIllapar-
HYI0O 4acTh M IIporpaMMHoe obecrieueHue. Ob6paserr
YCIIEIIHO IIPOIIe/ KIMHHUYeCKHe UCIIBITAHHS.

K HacrosimemMy BpeMeHH B OOO "ATKyc" paspabo-
TaHa U YCIIENIHO BHE/IPEHA B CEPHUIHOE ITPOH3BOACTBO
JTUHeNKa MeJULIMHCKUX JIa3epHBIX aIlllapaToB CepHUHU
"JlaTyc". Anmapatel XapaKTepU3yIOTCsl YHUKATBHOM CXe-
MO CyMMHPOBAHHUS U3/Ty4eHHUsI IOy IIPOBOSHHUKOBBIX
JIa3epoB, COBpeMEHHOM 3/IeMeHTHON 0a30, HKCIIONb-
30BaHHEM BBICOKO3)(PEKTHBHBIX MOITHBIX JIa3ePHBIX
nvonoB. Kpome toro, 00O "ATKyc" pearaeT CUCTEMY
BU3ya/IH3aluy QIII0OpeclieHIUH pOTOCeHCUOHIN3aTo-
POB, TOProBoe HaHMeHOBaHUe "®1yoBH30p'.

PaboTa BBIIIOJTHEHA B paMKaX IIPOEKTa II0 Pa3BH-
THIO KOOIEpallMK POCCHHCKHUX BY30B M IIPOH3BOA-
CTBEHHBIX NpeanpusaTui (morosop Ne13.G25.31.0055).
Ilo pesybTaTaM paboThl HAIIpaB/IeHa 3asIBKA Ha IIATEHT
Ha YCTPOKCTBO BH3yalH3aluK (rroopecleHIUH GOTo-
CeHCHOMIN3aTOPOB IIPH [HATHOCTHKE U JIeYeHHUHU
MeTtomoM OT. ABTOPHI BBIPAKAIOT 6JIaroJapHOCTb
M.JL.TenpdoHIY 3a IOMOIIb B IIPOBeeHHUU KIMHHYe-
CKHUX UCITBITAHUH CHCTEMBL.
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In particular, such form of data representation
visually demonstrates the distribution of
photosensitizer concentration and its dynamic
variation in time, allows ensuring the tissue
irradiation by laser with more accurate dose and
direction for the optimal accomplishment of the
treatment procedure using PDT methods.

CONCLUSION

As a result of the works execution, the software for
imaging system of fluorescence spatial distribution
during diagnostics and treatment using the methods
of photodynamic therapy has been created. Object-
oriented architecture of the imaging system has been
developed; selection of the optimal variant of specific
implementation with the active use of third-party
libraries with open source code has been performed.
The prototype of imaging system including hardware
and software which successfully underwent clinical
testing has been fabricated.

By now, in LLC "Atkus" the line of medical laser
apparatuses of "Latus” series has been developed
and successfully implemented in batch production.
Apparatuses are characterized by the unique scheme
of combining of semiconductor lasers radiation, up-to-
date elemental base, and use of high-performance
high-power laser diodes. Besides, LLC "Atkus" offers
the system of photosensitizer fluorescence imaging
with the commercial name "Fluovizor”.

The work was executed within the framework
of the project on development of cooperation of
the Russian higher educational institutions and
industrial enterprises (Agreement No. 13.G25.31.0055).
According to the work results, the application for the
patent on the device for photosensitizer fluorescence
imaging during diagnostics and treatment using PDT
method is submitted. Authors express their gratitude
to M.L.Celfond for the assistance in the system
clinical testing.
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