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PELUEHUE 3A4AYU NMOCTPOEHUSA Y/IbTPA3BYKOBbIX U3OBPAXXEHUM
METO,OM BOJIHOBOM UHBEPCUU
C UCNO/Ib3OBAHUEM AJIFTOPUTMOB PACMAPAJIJIE/IMBAHUA BbIYUCJIEHUNA
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AKTMBHO pa3BHBalolleecsl HarlpaBJeHUE YJIbTPa3ByKOBOil Tomorpadum TpedyeT
pa3padoTku 3¢ GEKTUBHBIX TTOAXOMO0B PEIICHUs MPSIMBIX U OOpaTHBIX 3amad Ul BOJI-
HOBOTO YpaBHEHUsI KaK Ha TCOPETMYECKOM, TaK M Ha MPUKIaTHOM ypoBHe. B crarbe
M3y4eHbl METOMbI, IPMMEHSIEMbIe MJIs pelleHUs 3aga4 PEeKOHCTPYKIIMU HM300pakeHUit
M3 BOJIHOBOIO ITIOJISI, M IPEIIOXEH OPUTMHAIbHBIA aJrOPUTM IIOCTPOCHUS IBYXMEpP-
HBIX CPe30B YIbTPa3BYKOBEIX M300pakeHW. 1T aKyCTHYeCKN HEOTHOPOTHON Moe-
JIA YIIPYTO# Cpedbl IMPOBEACHO pellieHKMe MPSIMOM 3amadyy IJIsSi BOJTHOBOTO YpaBHEHUS B
JIBYXMEPHOU ITOCTAHOBKE C YYETOM IOMJIOLICHUS C LEJBIO IMOJYyYEHUS MOJHOTO IO
OTpaxkeHHbIX BOJH. [IpencraBieH ONTUMM3ALIMOHHBIA aaroput™M 2D-BOJIHOBOII UH-
BepCUM YJIbTPAa3BYKOBOTO TIOJIS JUISI pEllieHWs] OOpaTHOM 3aJauM BO BPeMEHHOW o0Jia-
ctu. IlpuBemeHBl OCHOBHBIE apXWUTEKTYPHBIE 3JEMEHTHI IIPOrPaMMHOTO PEIICHUS,
pPacCMOTpEHbI CIOCOOBI pacHapalieIMBaHUS BbIYMCACHUI /i1 IOBBIIIEHUS IIPOU3BO-
IATETBHOCTU TIpollecca MopennpoBaHusa. OOCYXICHBI pe3yabTaThl TECTUPOBAHMS U
MPOBEPKM Ha KOPPEKTHOCTb Pa3IMYHBIX 3TAIlOB ajropuTMa. JJOCTOMHCTBaMU IIPEIjio-
JKEHHOTO MOJXO0Ja SIBJIIOTCSI TOYHOCTh M YCTOMYMBOCTH PELUICHUSI MPU ITOBBILICHHOM!
BBIYMCJIUTEIBHOMN MPOU3BOIUTEILHOCTH.
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ULTRASOUND IMAGE RECONSTRUCTION BASED ON WAVEFORM
INVERSION METHOD USING PARALLEL CALCULATION ALGORTIHMS

K.A. Vereshchagin, I.N. Belykh

Peter the Great St. Petersburg Polytechnic University,
St. Petersburg, Russian Federation

Ultrasound tomography is actively developing area that requires effective research
and development efforts in forward and inverse problems solution for wave
equation. In this work different methods of image reconstruction from elastic wave field are
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investigated and original algorithm for two-dimensional ultrasound imaging is suggested.
Full reflection wave field including absorption was modeled by means of forward
problem for 2-D acoustic wave equation solution for inhomogeneous elastic media.
Invers problem is solved by optimization algorithm for two-dimentional full waveform
inversion of reflection wave field. The main features of the software application design
are described, using parallel calculation techniques for the modeling process
efficiency improvement. The testing results are discussed and algorithm steps are
validated for correctness. The advantages of the proposed approach are accuracy
and stability of the solution with improved computational efficiency.

Keywords: wave equation, reflection waves, waveform inversion, optimization, parallel
calculations, ultrasound tomography.
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BBenenue

YnberpasBykoBbie ucciaenoBanust (Y3U) mm-
POKO WCIIOJIb3YIOTCSI B MEOULIMHE U Hepaspy-
IIAIOIIEM KOHTPOJe Uil  TACTAaHIIMOHHOTO
onpee/icHUsT BHYTPEHHEW CTPYKTypbl HM3ydae-
MBbIX 00BEKTOB. B Hactosiiiee Bpemsi aKTUBHO
Pa3BUBAIOTC PA3NIAYHBIE TOAXOABI K YJIbTpa-
3ByKoBOi1 Tomorpacdum (Y3T), sBasamomieiics, B
omuyre ot KommblotepHoit (KT) u marHutope-
3oHaHcHOi (MPT) Tomorpaduu, He MHBA3MB-
HBIM METOJIOM, TO3BOJISIIOLIMM 00C/IeA0BaTh 1ie-
JIeBble OOBEKTHI B TPEXMEPHOM ITPOCTPAHCTBE.
[Moaxonbr Y3T paznuuaroTcs 1o TUTIaM MCITOJb-
3YeMbIX BOJH — OTPAXKEHHBIX WIM MPOXOASIIIUX,
YTO JOCTUTAETCS PA3IMYHON TEOMETpUEN pac-
MOJIOXKEHUSI UCTOYHUKOB U TIPUEMHUKOB YJb-
Tpa3ByKoBbiX (Y3) KojebaHuii, a TakxkKe METO-
JaMU PEKOHCTPYKIIMK TTPOCTPAHCTBEHHBIX N300-
pPaXEeHMI 13 3aperuCTPMPOBAHHOTO BOJHOBOIO
nons. B ofHOM W3 pa3BUTHIX MOAXOIOB TPaHC-
muccroHHoi Y3T Ha mpoxomsimx BosHax [4]
WCCeyeMblid OOBEKT pacrojaraercsl MeXITy
WCTOYHWKAMUA W TIPUEMHUKAMU, JIEXKAIIUMUA B
OITHOM TUIOCKOCTM, KOTOpasi TIOIIAaroBo Tepe-
MEIAEeTCsl B MEPIEHAUKY/ISIPHOM HarpaBieHUU.
Takast TeoMeTpusi PacCTaHOBKM  JIaTYMKOB
HaKJ1aJ(bIBa€T OrPAaHUYEHUS HA pa3Mep OObEKTa.

B HacTosieli cratbe paccMaTpuBaeTcs aj-
TOPUTM TIONYYEHUSI H300paXKEeHUsST TpexMmep-
HOI MOJIEIBbHOM Cpeabl, CoOAcpxXKallueil He-
CKOJIbKO OOBEKTOB C pa3JUYHBIMU aKyCTHUYE-
CKUMHW CBOMCTBAaMM, TyTEM DPETUCTpallMM Ha
€€ MOBEPXHOCTUA OTPaXE€HHOTO BOJHOBOTO TO-
JIST IMHEUKON TPaHCABIOCEPOB M TIONY4YeHUS
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HaOOPOB NBYXMEPHBIX CPE30B IIpU €€ Iepe-
MEIIEHUM B HalpaBJIeHUM TEPIEeHINKYISAP-
HOM JIMHUM JTaTYMKOB.

IIpu pacnpocTpaHeHHH BOJH B Te€TEpO-
TEHHBIX YIPYTUX cpefax MPOUCXOAST pas3iny-
Hble 3(pPeKThl, NcKaxkawIlue BOJHOBOE TOJE.
OTO MHOTOKpAaTHbIE OTpaXkKeHUs BOJH OT TIpa-
HUII pasieiia cpell, pacCeMBaHUE U 3aTyXaHUE
SHEPTUM B PA3IMUYHBIX MaTepuaiax, a Takxe
addexT gudpakium BOJH HA HEOJHOPOIHO-
ctsax. B pesynbprare pelieHuss oOpaTHOM 3ama-
yu Y3T a3t 3¢h¢eKTbl MUHUMUIUPYIOTCS C
LIEJIbI0 MOJYYEHMsSI HWTOrOBOIO IIPOCTpaH-
CTBEHHOI'0 M300paxkeHUs BHYTPEHHEH CTPYK-
TYpPbI UCCIEAYEMOTO OOBEKTA.

bonabiioit mpakTUYECKMiA HMHTEpeC Mpel-
crapisieT 3(p@GEeKTUBHOE pelleHue O0oO0paTHOM
3a/la4M B JBYXMEPHOI TMOCTAHOBKE AJIs1 OTpa-
JKEHHBIX BOJIH IIPM PACIIOJOXEHUM JMHEHKU
TPAaHCIBIOCEPOB Ha MOBEPXHOCTU UCCIIETyeMO
Cpelbl C BO3MOXHOCTBIO €€ TepeMEIeHNS.
Takass cxema HaOMIOAEHUS HE HAaKJIaabIBaeT
OrpaHUYEHU Ha pa3Mep OOBeKTa, SBISSICh
MPOMEXYTOUHBIM 3TanioM Y3T, myteM mocTpo-
€HUS BBICOKOpa3pellaloluX OOBbEeMHBIX Y3-
M300paKeHUIA HAOOPOM ABYXMEPHBIX CPE30B.

B Teopetuyeckux paboTax Mo cercMopas-
BElIKE€ Pa3BUTO MHOXECTBO METOAOB pelIeHUs
oOpaTHOI1 3amauM, uaesi OOJbIIMHCTBA U3 KO-
TOPBLIX 3aKJoYajlach B YIPOIIEHUU (pusnye-
CKOM KapTUHBI paccMaTpUBaeMOIO SIBICHUS
pacrpocTpaHeHUs] BOJH M MCIOJb30BaHUS [8]
aJITOPUTMOB KOPPEKTUPOBKU BO3HUKAIOLIAX
apdexToB peBepOepalun, TUGpPaKIUd U T0-
JIOIIEHUS.



