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Pedepat: B pabote paccmaTpuBaeTcs cxeMa OBICTPOTO YIbTPa3BYKOBOTO CKAHHPOBAHUS B MEAULIUHCKOH AUAarHOCTHKE, OCHOBAHHAs Ha
pa3leneHny MepefaroniuX ¥ MPUEMHBIX cyOanepTyp JIMHEeHHOH (asupoBaHHON pemieTkd. ONUCHIBAeTCS YHUBEPCAIbHAS METOIUKA (U3HYECKOTO
9KCIICPHMEHTA, IO3BOJIIONIAs OCYIIECTBUTh HAa KOMIIBIOTEPE CONOCTAaBICHHE PA3IUYHBIX METONOB CKAHHUPOBAHUS U OOPAOOTKH CHUTHAIIOB.
INoka3bIBaeTcs, YTO IpeIaraeMble CXeMbl U alTOPHTM HOBBIIIAIOT MOIEPeYHOe paspenieHne B 2 paza. PaboTa BBIIOIHEHA YACTUYHO IO IPOEKTaM
PODU Ne 99-01-01171 u CRDF Ne RP2-2109.

1. BBenenue

B pa6ore [1] Obl1a mpeanoxeHa cxema ObICTPOro CKAHMPOBAHMUS JIByMEPHOTO M TPEXMEPHOTO MPOCTPAHCTBA,
00JIy4aeMOro yJibTPa3ByKOBbIM HMITYJIbCHBIM CHUTHAJIOM. B Hell OCHOBHBIM JJIEMEHTOM SIBISIETCS JIMHEHHAs
YIbTpa3ByKoBas (a3MpOBaHHAs peEIIeTKa, B KOTOPOH CHOPMHUPOBaHBI 2 Tepefaroline cybanepTypsl HEOOIBIIOTO
pa3Mepa, M3Iydarollie [0 OYepe/id, a NPUEeM OCYLIECTBISICTCSl BCEMH HE 3a/IefiCTBOBAHHBIMH B JaHHBIH MOMEHT Ha
nepenady sjeMeHtamu. IIpuMmeHsst 3Ty cxemy, 3a 2 Mepuofa H3IyYeHHs U IIPUeMa CUTHAJIOB MOXHO IpU
COOTBETCTBYIOLEH 00pabOTKE CHUTHAJOB TMOCTPOUTh H300pPAKEHHUE CETMEHTa JByMEPHOTO MPOCTPAHCTBA C
MOTIEPEYHBIM Pa3pelICHUEM, YIYYIICHHBIM B 2 pa3a MO CPaBHCHHIO C TPAIUIMOHHBIM METOJOM CEKTOPHOTO
CKaHMPOBAHUS C MOMOIIBIO (ha3UPOBAHHONW PEUICTKH TaKOTO ke pasMepa. Kpome Toro, pasaeneHue mepenaromero u
MPUEMHOTO KaHAJIOB pa3peIlacT HW3IYYUTh CIUIONIHBIC MOIYJIMPOBAHHBIC CHUTHANBI OOJBIIONW JUIMTEIBHOCTH C
MIPUMEHEHHAEM METOJIOB KOMIIPECCHU MPH 00pabOTKE MPUHATHIX CHTHAJIOB.

VYBenuueHue cpeaHed MOITHOCTH H3IYYCHUS MpPU OTPAHUYCHHUHM €r0 aMIUIUTYAbI TO3BOJICT YBEIUYHTH
MOJIOCY YacTOT aKyCTHYeCKOTO0 CHTHAla M JIaeT JIOTOJHUTEIbHBIC YIYYIICHHS MONEPeYHOT0 U aKCHAIbHOTO
paspenienus [2].

B mHacrosmieir paboTe TpHBEACHBI peE3yabTaThl 00pabOTKH OIM(POBAHHBIX (PU3MYCCKUX CHTHAJOB,
MOJYYSHHBIX Ha 3KCIEPUMEHTANbHOM cTeHze. [IpuMeHeHHass MeToiuKa (PU3MYECKOTO IKCIIEPUMEHTa MTO3BOJIMIIA MIPU
00paboTKe pealbHBIX CHTHAIIOB HAa KOMIIBIOTEPE CMOJEIMPOBAThH CXxeMy pabotsi [1] mis mocTpoeHus: IBYMEPHOTO
n300pakeHHsl U CPABHUTH C TAHHBIMH TPAIUIIMOHHOM CXEMBI YIbTPa3BYKOBOIO CEKTOPHOTO CKAHUPOBAHHS.

2. AropurMbl 00paGoOTKH CHTHAJIOB
Ha puc. 1 m306paxeHa nuHelHas (asHpoBaHHAS pelleTka MIMHOW L M ImaroM Mexmy »ieMeHTaMHu /1.

2N, +1 kpailHux 7neBBIX M IpPaBbIX OJIEMEHTOB PELIETKH Z X

(Na << L/ h) o6pasylor 2 mepenatomme cybameprypsr,

/

Kakmas pasMepoM 24 = (ZNa +1)h . DTH cybamepTypsl

HMEIOT TaycCOBY (PYHKIMIO armoan3aIiiu exp(— EZ / az), 31
BpEMEHa 3a/lepKEK M3Iy4acMbIX CUTHAJIOB HAa MX 3JEMEHTax
BBEIOpaHBI ~ Tak, YTOOBl  JUarpaMMa  HaNpPaBICHHOCTH
cy0amepTypsl COOTBETCTBOBAJIA JUArpaMME HAIPAaBICHHOCTH
UWIMHIPUYECKON  BOTHYTOM JIMH3BI C  OTPULATENLHBIM
(poxycHBIM paccTostHEeM — [, m |
IIpocTpancTBeHHOE npeoOpa3oBaHme Odypre /

JarpaMMbl HallpaBJICHHOCTH cy6anepTy;5},1 umeer By [3] N - n/ a h N-1

qb(Q):exp(—O(Qz)expGZQ2 DV L

e Q — mnpoctpancTBennas uacToTa, () — BpeMeHHas Puc. 1. Cxema ckaHMpOBaHMUs.

4acToTa,
2
a= 2 (=— H B - E, Z — JIaIbHOCTb.
4+( 2/ff 7 208 1+e4F/wa?f O

CyGanepTypbl MOCIE0BATENBHO H3IyYal0T MMITYJIbCHI ¢ MEPHOAOM MOBTOpeHus Iy = 27, / C (z

Vo

max

MaKCHMaJIbHas HMLHOCTB). I/I?)queHHLIﬁ CUI'HaJI UMECT BU:
+o0
f(t)= fexp(-iwt)F(w)dw, 2)

e F (0)) — npeobpazoBanue Oypbe QYHKIMH MOAYIALMHU CIOKHOTO CHrHANA [2].

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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Curnan, NOpUHATBHIA NPUEMHBIM DIIEMEHTOM pEIIeTKH C KOOPAUHATOU EV +En, 0003HauuM 4epes

S M (EV +En,t) nuS 2) (EV +En,t) COOTBETCTBCHHO JJIsl CHTHAJIOB 1-0i1 M 2-0¥ mepenatonux cyodanepryp (1 —
MOMEHT BpeMEHH Mpuema). B ajroputMe Bce TIpHEMHBIE dIeMeHTH Tpymmupyiotcs B 2N  mpuemHbIX

nepekpoiBatomuxca  cybanepryp (2N = (L - 2a)/ h). Pasmeps cy6amepryp 2a = (2Na +l)h , En =nh -

xoopaunata uentpa 1 -oii cybamepryps, N=-N,-N+1...,.N-1, & =vh, v=—-N_,—-N_ +1...,N

MecTHasi KoopJuHata V -ro 3JeMeHTa peleTKy Ha 71 -0l cybanepType. B npueMe yd4acTByIOT BCe 2JIEMEHTHI pEIIETKU
KpOMe TeX, KOTOpble (GJOPMUPYIOT B IaHHBIH MOMEHT NEpeIatoIyIo cy0aneprypy.

Ha wnTepBanme BpeMeHH (IO’tlnax) ocylecTBisieTcss npeodpazopanue @Dypbe MO BPEMEHH IMPHHATHIX
curHanos. Otu Dypbe-peoOpa3oBaHHblE CUTHAILE 0003HAUMM S(')(éV +En,00) u s (év +En,00). 3arem
BhIYHCIISIOTCS Dyphe-1peoOpa3oBaHHbIe CHUTHAJBI IPUEMHBIX Cy0anepTyp S,EI) (00) u S,EZ) (00) Jlst BceX MpUEeMHBIX
cybamepTyp BBIOMpaeTcsi rayccoBa (DYHKIHMS aroau3aliiuu exp(— Ez/ az) 1 (POKyCHpOBKAa BOTHYTOWM JIMH30HM C

1 2
¢oxycHbIM paccTosiHEeM — I, mpudeM 3TO OCYIIECTBISETCS ANITOPUTMHUYECKH HAJl CHTHATAMH S ( )(') u S )(°)
1o popmyie:

)= 509, +£, o 4o 01 ®

HOCKOHLKy IIPUEM OCYIICCTBIIACTCA TOJBKO 3JIEMCHTAMH, HC YYaCTBYIOIIMMHA B n€pE€aadc, IId 3JIEMECHTOB C

~ )z
«3aIPEUICHHBIMIY 3HAYCHHUSIMU EV +En 3HayeHus S ( )(EV +En,m) MIPUHUMAIOTCS paBHbIMH (.

Janee mpou3BomuTCs pa3dUCHHE BCEr0 BPEMCHHOTO HHTEpBAJIA (Z‘O,Z‘max) Ha M CMEKHBIX MHTEPBAJIOB

F +1¢
. - _ I+1 .
(t ) +,). Jns kaxkaod nanbHOCTH  Z, —E ) Q, COOTBETCTBYIOIIEH CepeluHe BPEMEHHOTO HHTEpBasIa

(Z‘ 1 +1) , IPOM3BOJUTCS MOCTpOEHHE c(HOKycHpOBaHHOTrO curHana. CHauayia Jyisi BBIOPAaHHOM AAIbHOCTH CTPOMTCS

Pe3yIAbTUPYIOLINI TPUHATHIM CUTHA:

S(oo,xn-N) E‘%—LH S wxn+N) Eg—%a 4

L
e N=-N,~N+1..,N-1, 3 =7 .

“’—En,Z, =Z(Z=5;)vxm :n;h.

3arem mpomssogutcs mpeobpasosanne @Pypbe curhana S, (w,xm) 0 KOOpAMHATE X, M IOIyd4EeHHE

MaccuBa CHEKTpalbHbIX Koddduuuentop P 1((,0, Q). [onyueHHBIH CIIEKTp MOMHOXKaeTcs Ha (OKYCHUPYIOIINI
MHOXKUTETIb:

CTJ,(Q),Q):d)l(oo,Q)exp(—iZ,Qz), 5)
. 0 64220
rne (, = Z,D IR El’ U TIPOU3BOMHMTCA 0bpaTHoe mpeobpazosanme dypre mo Q u . B pesymbraTe

mosy4yaercss c(OKyCHpOBaHHBI Ha HHTEpBaie (t,,t, +I) MIPOCTPAHCTBEHHO-BPEMEHHOW CHUTHAII Ff(X,t), Wy,

nepexofs K JaIbHOCTH Z P,(x,z) =P (x,ZZ/C) .

HroroBsiii choKyCHpOBaHHBIN CUTHAJ CTPOUTCS B COOTBETCTBHUHU C (POPMYJIIONM:

P(x,z) = z e (Z)B(x,z) , (6)

!
B, 2z/c D[t,,tm)

e €(x.2) = ,2zc D[tzatm).
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a) _ 6)

= =
=== — i

2 cm

2em

Puc. 2. M306paskenus dpparMeHToB hantoma. a) Yroin nopopora ¢ = —15°.6) ¢ =15°. Cnesa nanni nzo6paxenns
CHTHAJIOB 10 00paboTKH, CIipaBa — mocie oopadoTku. JmHamMmudeckuii muana3on — 60 nb.

3. Metoauka Gu3nyecKoro 3KcnepuMeHTa U pe3yJibTaThl 00pad0TKU CUTHAJIOB
B ¢wusnueckom skcnepuMeHTe ObLTa IMPHMEHEHa CIEAyIomas CXeMa CKaHMpoBaHUs. M3mydeHue m mpuem

OCYIICCTBJIAIIUCH (1)a3PIp0BaHHOﬁ pemeTKOﬁ, COCTOHIIIeﬁ us3 2NPew = 48 QJIEMCHTOB C IaromM MeExAay 3JIEMCHTaAMH

h= 0,27 mm. KaxxaeIM 27I€MEHTOM II0 ouepeny HM3NIydaycs WMIYNbC Ha Hecymed dactore 3 MIT ¢ mmpuHOit

nosnocsl 2 MI'n. Ilpum KaxaoM akTe H3JIyYEHHUs NPUHATBIE CUTHANIBI C KaXXKJOTO JJIEMEHTAa PEIIETKU OTAEIBHO
oI (POBHIBAITICH U 3aMMUCHIBAIUCH B MacCUB. TakuM 00pa3oM, MCXOHBIC TaHHEIC MPEICTABISIOT COO0H TpeXMEpHBIN
MacCUB LENbIX 4YHcel B Auana3oHe oT -128 mo 127. JIBe KoopaWHATBl MaccHUBa COOTBETCTBYIOT HOMEpaMm
Mepenarolero U MpUHIUMAIOIIEro AIEMEHTa, a TPEThsl KOOpJIMHATa COOTBETCTBYET BPEMEHH MPUX0/Ia CUTHAA.

JIJis IpOBEpKH paccMaTpUBaeMOro METO/Ia MMOCTPOCHHS U300paKeHUH OBUIO HEOOXOIUMO CHHTE3UPOBATh U3
HMMEIOIMNXCS TaHHBIX CUTHAJBI, COOTBETCTBYIOIIIE OOIYICHUIO Cpebl cybanepTypaMu pa3Mepa 2a ¢ OTpUIATeIEHBIM

)T —<T — 2T _gtR _
¢doxycom F, pacmonoxeHHBIMU B TOYKaX E( )T = E_nmin = —nmmh u E( T = Enmax = nmaxh , U IpUEMY TaKUMH XKe

R — —
cybarmepTypaMH, pacrionokeHHBIMH BO Beex Toukax &, =NN, N=-n_ ..., N . Moxemuposaics Tawxke

TIOBOPOT PENIETKH OTHOCHTEBHO HCXOTHOTO MONOKeHHs Ha HeGombimoit yron @ (8 mpemenax + 30°).
JI1s1 BBIYUCIIEHHS TIPHHATOTO CHTHANA HCTIONB30BaNach GopMya:

N, N, . . . .
S(E?,E,R,tn)éz AZM(IH,J+J,tn—5(l,l,J,J)). %
1==Na J=-N,
rae S(EIT ) E?,tn) — CHTHAJ OT cy0amepTyphl C HEHTPOM EIT =1ih, npunsTei cyGanepTypoii ¢ LeHTPOM E? = jh B

MOMeHT Bpemenn 1, ;

I, | —HOMepa 31eMeHTOB cy0anepTyp, OTCUHTBIBAEMbIE OT IIEHTPA CyOanepTypsl;

h — mar pemerxu;
2N, +1 — xonnuectBo 211EMEHTOB peleTky B CybanepTypax;
0 (I i)y ) — BpeMs 33/IepKEK Ha Iepelatolei 1 MpUeMHOH cybanepTrypax;

M (I, J ,t) —curHan ot | -ro saemeHTa, NPUHATBIA | -M 3JEMEHTOM B MOMEHT Bpemenu 1 .

Unnekc | npunmvan smavemms — N w N —1. Hugekc | mnpoGeram Bce memble 3HAYeHHs OT
“-N+2N_,+1 g0 N-1 uor =N o N-1-2N, -1 ans i=—N u i =N -1 coorsercrsenno,
N=N,, —N,.

JIiist BBIYMCIIEHMS 3a/IePKEK IPUMEHSIIOCH BBIPAXKEHHE, YUUTHIBAIOILEE TTOBOPOT PEILETKH:

A . ) A ~ 2
AP i+ih+{j+ . ih h
6(|’|’J’J)=—( }1 (J J)nsn¢+ ( )2 + (J )
C

2c(F -ihsing) 2c(F - jhsing)’ ®)

Pew
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HOCKOHBKy SHAYCHUA HUCXOOTHOTO MacCHuBa
TIPUHATBIX CHUTHaJIOB 3aJJaHbl B AUCKPETHBIC

MOMEHTHI BPEMEHH, 3HAYCHUS M (I ) ) ,t)

BBIYHCILUIACH TOCPENCTBOM HHTEPHNOIANMH 1O 7
OmmkaiimuM K TpeOyeMOMy MOMEHTY OTCUeTaM
BpPEMEHH:

- Nin to-Q. 0. 0O0t0 O
M t)=
(|,];) ﬁ:;ma%%n%/‘%’b tE["'nE

9 . .

e 10 £
MIi, j,K] —ncxommbiit Mmaccus;

At — mar AMCKpeTU3aluu 1o BpeMEHU;

0(5, n) —  KO3(pOUIHUEHTH  WHTEPIIOJIIHOHHOTO
MHOIOYJIEHA;
- Puc. 3. U3o00paxenue ¢hanromMa, IOJIy4eHHOE TPAAUIIMOHHEIM
2N, +1=7 - KOJIMYECTBO OTCYETOB P b a, IOy Tpaauil
METOZOM TUHAMHYICCKOH (POKYCHPOBKU HA MIPUECM.
HHTCPIIOJISIH. Junnamuueckuii nuama3on — 60 nb.
3areM CHHTE3MPOBAaHHBIN CHUTHAJI

mojaBepraics o0paboOTKe anropuTMoM I 2, |

CTPOMIIOCH PE3yNbTUpYIOIIee H300paXkeHue cpelpbl. Pe3ynpraTbl 00paboTku IBYX (parMeHTOB (haHTOMA MPHBEICHBI
Ha puc. 2.

Te xe ucxonmHple JaHHBIE 00padaTHIBAINCH TPAIULIMOHHBIM ITOPUTMOM IWHAMUYECKOH (OKYCHPOBKM Ha IPHEM
IyTeM BBIYUCICHUS COOTBETCTBYIOLIMX 33/IEPXKEK, 3aBHUCSIIMX OT BPEMEHHM IPHXOJA CHTHAJIOB M KOOPAWHAT
3NeMeHTOB penreTok [3]. Pe3ynbrarsl 310t 00paboTKU 1is Beero paHToMa H300paxkeHbI Ha puc. 3.

4. 3aka4yenue

CpaBHEHUE Pe3yIbTaTOB MOATBEPKAACT YIIYUIICHHE MOMEPEYHOTO pa3pelieHus B 2 pas3a B MpeaiaracMoit
CXeMe CKaHHPOBaHMS U aNroputMe oOpabOTKH CHUTHAJIOB MO CPAaBHEHHIO C TPAJUIMOHHBIM METOJOM CEKTOPHOTO
CKaHMPOBAHUS U TUHAMHYIECKOW (POKYCHPOBKU.
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PHYSICAL EXPERIMENT TECHNIQUE AND PROCESSING RESULTS OF DIGITIZED PHYSICAL
SIGNALS BY FAST ULTRASOUND SCANNING ALGORITHM WITH SEPARATE TRANSMITTING AND
RECEIVING TRANSDUCER APERTURES
Benenson Z.M., Elizarov A.B.
Scientific Council on Cybernetics, Russian Academy of Sciences,

Vavilova 40, k. 232, Moscow, tel. 135-40-71, e-mail: acsnd@mail.ru

Abstract: This paper considers a scheme for fast ultrasound scanning in medicine, which is based on separating transmitting and
receiving apertures of alinear phased array. This paper describes a universal technique for physical experiment allowing to compare by means of
computer different techniques of scanning and signal processing. The proposed technique is shown to improve lateral resolution two times as
compared to traditional dynamic focusing.

Paper [1] proposed a scheme of fast 2-D and 3-D ultrasound scanning. For 2-D case, transducer consists of a
linear phased array. Its leftmost and rightmost elements form 2 transmitting subapertures, which radiate in turns
ultrasound pulse signals. Reflected signals are received by all transducer elements, that are not used at the moment to
transmit the pulse. This scheme allows constructing images of 2-D sections of medium for 2 transmitting-receiving
periods, with lateral resolution being 2 times better than that of traditional dynamic focusing. Moreover, separated
transmitting and receiving channels make it possible to use continuous time signals in conjunction with signa
compression algorithms, which in turn leads to further resolution advances[2].

Current paper presents results of processing digitized physical signals which alowed to simulate (by means
of computer) processing scheme[1] with separate transmitting and receiving apertures and traditional dynamic
focusing.

Scanning scheme used here is shown in Fig. 1. Linear z X
phased array of length L consists of elements with elements
step . Leftmost and rightmost elements form at different time /

intervals 2 transmitting subapertures of size 2a (2a<<L)
with Gauss apodization function exp(—Ez/ az). Signal
delays for each element of the subapertures correspond to
delays of a cylindrical lens with a negative focal length — F

Reflected signals are received by all elements of the array
except those used for transmitting in each transmitting-
receiving series. Each scan consists of 2 series, with the left i |

subaperture transmitting in the first series, and the right one in 1 _—12a h /

the second series. Received signals S(l)(Ei,t) and -N n ] N-1

Fig. 1. Scanning scheme.

Vo

(2)(Ei ,t) are digitized and processed by a computer. In the
processing algorithm, al receiving elements are grouped into
2N = (L —2a)/ h receiving overlapped subapertures of size 2a (the number of elements in subaperture is
2N +1=2a/h). Each subaperture has Gauss apodization function and negative focus — F . All received signals

(EI ,t) are Fourier-transformed to S (E, , 00) Receiving subapertures signals are computed by the formula:

0= ¥ 9, 18,0 )expg-ﬁv LEC .

where EV =Vh, &,=nh, n=-N,..,N-1. «Missing» signas sk (E,,oo) of transmitting elements in M -th

series are substituted with 0. Then total time interval is divided into M adjacent intervals (t, ,t,+1), and focused

signal is calculated for each interval individually. First, signals of two series are combined together in one received
signal:

S (@X-n) HY(_%D' S (@Xyen)= Sn ( EB Sig,)D E @)

where n=-N,-N +1,...,N -1, 3*? =F(L-a)/2-&,. x, =mh/2,

a’® _C H F _cly +t|+1)H

a= , (= This signal is Fourier-transformed to
4+‘wa2/ch 2‘*’% 1+4(cF/ooa )2 4 E

®, (00, Q) and multiplied by afocusing factor:
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a)

Fig. 2. Images of phantom. @) ¢ = —15° . b). On the left —images of signals before focus ng, on the right —images of
focused signals. Dynamic range — 60 dB.

&, (.Q) = (@ Qexp(-i72?), ¢, =27, .- 6422 /L"). ©
Reverse FFT gives focused signal for each interval.

Physical data were obtained the following way. Linear phased array consisted of 2N =48 elements

Array

with step h = 0.27 mm. Each element separately transmitted a pulse at carrier frequency 3 MHz with bandwidth of
about 2 MHz. Signals received by each element were digitized and stored as an array of integer numbers. To apply the
described algorithm of processing, we synthesized the signals corresponding to the scheme mentioned above.
Scanning at some small angle ¢ was also modeled.

Received signal was computed by the formula:
Na Na ~ oL 2 .~ .2
sreft)= > M+t -500)-5(.1). @
PR, 5N,
where S(E?,E?,tn) — signal of transmitting subaperture with center & =ih, received by subaperture with center
EJR =jh atime t; i jA — subapertures elements numbers, counted from the center of subapertures, h — array

elements step; 2N, +1 — subaperture elements number; 5(|f I I) — time delays for subaperture elements;
M (i, j,t) —signal of 1 -th element, received by | -thelementattimet; i =—N,N-1; N = NAmjly -N,;
j={-N+2N, +1..,N-1fori =-N;-N,.,N-1-2N, -1fori =N -}.

Delays were calculated by the formula:
AT ~ \2
2 + . h
6(|,|)=—Msm¢+ G) — - (5)
c ZCEF —|hS|nc|>5
The source signal was digitized at some discrete time moments, so M (i, j,t) were calculated by means of
interpolation:

Nlnt |:| |:|t (]
M, j, %A—Dﬁ O G ©)

== Nlnt D [

where MTJi,j,k] — source signals array; At — digitizing time step; a(é,n)— interpolation polynom;
2N +1=7 — interpolation steps count. Then the synthesized signal was processed by the described above
agorithm. Processing results for two fragments of a phantom are represented in Fig.2 (2N, +1=13,
-F =-0.35 cm).
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The same source data were processed by traditional dynamic focusing algorithm (by summing received
signals with appropriate delays depending on time and receiving element number) [3]. The resulting image of the
phantomis shown in Fig. 3.

Comparison of the results proves that lateral resolution of the suggested method is 2 times better than that of
traditional dynamic focusing algorithm.
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Fig. 3. Image of phantom obtained by dynamic focusing
algorithm. Dynamic range — 60 dB.
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