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1.BBeaenue

[IpumeHsieMble B COBPEMEHHOW YIbTPa3BYKOBOH MEIUITMHCKOW IWATHOCTHKE MPHOOPHI OCHOBAHBI Ha
MIPHUHITUIIE UMIYJILCHON AXO0JIOKauH. B oT/in4me 0T 00BIYHON aKTHBHOW PaIMOJIOKAIIMH B MEUIIMHCKON JUATHOCTUKE
MPOUCXOJUT TMPHEM PACCESHHBIX (3X0) CUTHAJIIOB OT HEMPEPHIBHOW HEOTHOPOIHOM CpElbl, XapaKTePH3YIOIICHUCs
BBICOKUM 3aTyXaHHEM yIbTpa3Byka. [IMKOBas MONIHOCTh UMITYJIBCOB OIPAHHMYMBACTCS HOPMaMH OE30IaCHOCTH ISt
nauueHToB. B To ke Bpems, AOMYCTUMO YBEJIMUYEHUE CpelHEHd MOIIHOCTH M3Iy4aeMOro HMITYJbCa, T.€. €ro
JUIMTETBHOCTH. [l03TOMY NpPUMCHEHHWE MJIMHHBIX H3JIy4acMbIX MOIYJHUPOBAHHBIX HMITYJbCOB IO3BOJISICT IIOCIE
00pabOTKH IXOCHUTHAIOB MOJIYYUTh BBICOKOE Pa3pelICHUE 110 JaTbHOCTH (TIYOUHE) M YBEIHYUTH MUKOBYIO MOITHOCTB
C)KaTOTO UMITYJIBCA.

B mHactosmeidt paboTe HCHONB3yeTCcs OpUTHHANBbHAs cxeMa (a3upoBaHHOW pemeTku [1], B KOTopoit
pasneNieHbl TIepefaloliine W TMPHEMHBIE JJIEMEHTH. B paboTe WCCIenyroTcs NPUHIMITEI JUCKPETHOW JTHMHEWHOM
gactotHOW (JIUM) m ¢dazoBoii (®M) Moaynsanuu MPUMEHHUTETBHO K PACIpPOCTPAHEHHUIO M PACCESHUIO CUTHAIOB B
JTIUCTIEPCHOM HEOTHOPOIHOM HETIPEPHIBHOM cpefie.

2. Teopusi u anroput™m 00padoTkH MIKMPOKoNogocHoro JIYM Moay/IMPOBaHHOIO CHrHAJA C rayccOBOM
orudarouiei

[Toaraem, 9TO W3JIydaeTcsi CHTHAJ, 3aJaBaeMblii (QyHKITMEH BpeMeHH f(t). O06o3HaunM mpeodpa3zoBaHUe

+o0o

®ypbe OoT curHana depes F ((,0) = I f (t)exp(i U)t)dt . CootserctByrommii ananutnuecknit curnan (t)
BbIpakaeTcst (POpMyJIOit: -
()= [F (w)exm(-int)dw. @
0

HpeﬂHOJ’IO)KI/IM, YTO B IPOCTPAHCTBE HA PA3JIMYHBIX JAJIbHOCTAX Rn PpacmioJIOKCHbI TOYCYHBIC OTPAKATEIIN C

paanajibHbIMU CKOPOCTAMU JABUKCHUS Vn U ¢ KOMIIJICKCHBIMUA KOB(i)(i)HIII/IeHTaMI/I OTpaKCHUA yn . CKOpOCTL 3BYyKa B

cpene C. [IpuHATHIN aHATUTHYECKUN CUTHA OyJeT UMETh BUJI:

S, (t) = \/%n Z yniF (oo)exp% iootgt— 2(\:/“ %@@ 2(;) R, Edoo. )

3agamguM  M3IyYaeMblil  AHANMTHYCCKHI  CHIHAN fa (t) = exp(— t? / T? )exp(l (Q)Ot -Xt 2 ))

CootBercTBenHo, F (0)) npu W= 0 umeer Bun;

F (@)= p expl-a (0=, ) )Jexplig (- o)), @3

= AT ]_;_szz (= 4]/T>§ ITZXZ I T/E(]/.']ELZ:—DJ JIUTENBHOCTh CHIHANa Topsaka 21 , ero

CpeHsAs HECYIas 4acToTa puMepHo (), a mapameTp X €CTh KO3(QPULUUEHT YACTOTHON MOYJIALMH.

rae O

DYHKIMOHATBHAS CXeMa BCEX MPOIECCOB M300paxena Ha puc. 1. Usnyuennas pynxuus f (t) 3allOMHEHa B

MaMATH B IH(GPOBOM BHIE, II0 TAKTaM CHHXpOHHM3aTopa noctynaet Ha LIAIL mpoxomuT uepes ycuauTens ¢ GUIbTpoM
HU3KAX YacTOT W BO30YXKHaeT MbE303JIEKTPUIECKU TpaHcarocep (TepesaTdrK), W3TyYalolui YIbTPa3BYKOBOH
CUTHaJ B HCCIEqyeMyto cpeny. PaccesHHBIM CuUTHAN M3 cpelpl MOCTyHaeT 4Yepe3 MPUEMHBIN Mbe303JEKTPUUECKUN
TpaHCOIOCep B TNpHEeMHUK, naiee omudpossiBaeTcs Ha Allll, moasepraercs ®Dypne-npeodpazoanuio (BIID), u
JIOMHOXKAETCs HAa HEKOTOPYIO JSTAJOHHYIO (DYHKIHIO A((,O) (mIpUMEHeHHE STON OIEpalui e€CTh OCYIICCTBICHUC
KoMmnpeccuu umityiabca). OopatHoe npeodpaszoBanue Dypre (BI1D) qaet MCKOMBIN CKATHII CUTHAIL.

@2001, anekTpoHHas Bepcus nogrotossieHa 3A0 ABTIKC Cankr-lMeTtepbypr, http://www.autex.spb.ru
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Mepenatynk

naM;m:_» LAM _> ycunurens _> HY _> TpaHc- cpena
chunsTp arocep

MpunemHmnk

BMNd == ALN @ npvemHuk

OKOHYAaTENbHBII
F(®)A(®) _> obpaTtHoe _> cxaTbI

BN curHan

F(o)

namMmaTtb

A(w)

Puc.1.®ynxnmoHanpHas cxeMa repeaadu, mpremMa 1 00paboTKH YIIbTPa3BYKOBBIX MOIYIHPOBAHHBIX CHTHAJIOB.

Bribop ¢yHKumm A((,O) MIPOM3BO/IUM ClEeIyIoIUM obOpa3oM. YumtbiBas (2) u (3), nmoiyuaem Dypse-
npeoOpa3zoBaHKe MPUHATOTO aHATUTHYECKOTO CHIHAJIA!

sto)=pgvep 4Ol g o) o 2o e o

JIoMHOXHUM S(OO) Ha exp(—iZ (00—000)2) W BBIUUCIUM oOpaTtHOe mpeoOpasoBaHue Dypre mo (.

[Tomygaem BeIpaskeHIEe HOBOH (DYHKIIMM BpEMEHU S(t) (c TOYHOCTBIO 110 V2 / c? ):

g gt g i

U3 (5) CJICAYCT, YTO MJIUTCIIBHOCTb HMITYJIbCA, OTPAKCHHOI'O0 TOYCYHBIM OTPAXKATCIIEM, HAXOAAIIUMCS Ha

HeKoTopoM paccrosann R, onpenensercst Benmunoi
1, =2 [4a ‘«/1+iZ/a‘:24/40( 41+16(v, /cf K2 , K, = J%’ ©)
0

rac K p~ aMIUIMTy1a HpeO6pa3OBaHHOI‘O CUTrHajia S(t) JJIA OAHOT'O OTpaXKaTeisd IMpU Vn = 0 .

U3 (5) cenyer, 4To aMIUIMTY A NPeoOpasoBaHHOO CHIHAIA VISl OXHOTO oTpaxkatens npu v, # 0

— K p (6,)
[1+16(v, /c) K2

Taxum oGpaszom, mrensHocTs nMmyibea T, npu V, =0 pasna 2+/40 | T.e. 06paTHO IPONOpUMOHAIBHA

IOUPUHE TTOJOCHI YaCTOT HU3ITYYCHHOI'O CHUIrHala. I[JIH JBIDKYIICTOCA OTpaXaTeyid UIMTCIIBHOCTE CXKATOTr0 MMITYJIbCa
YBEIIMYMBACTCA, a4 €TI0 aMIUIUTyJa YMCHbBIIACTCA.

. N 2 /12
[IpuMeHeHne rayccoBOW orndaromei exp(—t / T ) B M3Iy9a€MOM CHTHAJIE ITO3BOJIIIIO MOJYIHUTh MPOCTHIE

AHAJIMTUYCCKUC BBIPAXKCHUSA. I[J'ISI YMCHBUICHUA YPOBHA OOKOBEIX JICIICCTKOB Ipyu MNPaKTUICCKOM OCYHICCTBJICHUN
OBLIO BI)I6paHO B Ka4CCTBC 0FI/I6aIOIIIeI71 JUIs1 JUCKPETHOT'O CUTHAaJIa OKHO Harona CJICAYIOIIECTO BUAA:

wit, )= iar cos(2mrt, /T), @

re N=0%1,...,* N/ 2, N :T/ hy, A, — war auckperMsaluu MO BpeMEHH, YAOBIETBOPSIOUIMI YCIOBUIO
Haiikeucra, 8, = 0,364, a, =0,489, a, =0137, a, =0,010. B anropurme kommpeccuu npu BHIYUCIEHUA

GyHKIUH é(o)) KCIIOJIL30BAJICSI MHOXHUTEIb A (0)) (paccuuTbIBaJCs UWCIEHHO C YYETOM XapaKTEPUCTHK
MEPeIaroNIero U MPUEMHOTO TPAKTOB), MPCACTABUMEIA B BHIC A(U)): ﬂ(w)exp(—il(w— 0)0)2), raoe A]((.O)

OJM3KO K IUCKpETHOMY Ipeobpa3oBannio dypre oT W(tn) . B MemummHCKOW ynbTpa3ByKOBOH THATHOCTHKE CHTHAI

OCITa0JIIeTCS B TKAHAX C IKCIOHEHITMAIBHBIM KOd(h(DHUIIMEHTOM 3aTyXaHWUs exp(— BQ)R), rne R — paccrosnmue.
OKCIIepUMEHTHI OBUTH TaKKe TPOBEICHBI C YIETOM HAJIMYMS YKa3aHHOTO IUCIIEPCHOTO 3aTyXaHHUs.
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s cpaBuenwust ¢ JIUM Obuta paccMOTpeHa cxeMa, HCIoJIb3yromias Gpa3zoByro Moayssmuto (PM) Buga
. - 2
signRefexpli(cat, —xt2 )} ®
Ha HEKOTOPOM MHTEPBase [— T/2,T/ 2] ¢ marom muckpernsatmn o spevern N, = hy /4, rne h, — mar
JIMCKPETU3ALMH, YIOBICTBOPSIOUIMI ycnoBuio HailikBuCTa s BBIOPAHHOH MOJOCHI YacTOT CHEKTpa CHrHAIA Ha

BEIXOZle (DMIBTPa HHU3KHX YacTOT B IPHEMHHKE. B anropmTMe KOMIIPECCHH UIS BBIYHCICHUS (YHKITUH S((JO)

. — s _ 2
HCIOJIB30BAJICS. PACCUUTAHHBIN YUCIEHHO MHOXUTEIb Af ((,0)— Al(u))cbu(w)exp( |Z((A) (A)O) ), rae Ah((x))
BBIOMPAIIOCh UL CTJI&KWBAHUS TyJbCallMid B OTHOAOMIEH aMIUIMTYIbI CIIEKTpa MPHHATOTO CHUTHAIA, YTOOBI

HpI/I6J'II/I3I/ITI) orn6a10111y10 K CIICKTPY OKHa HaTOJ’Ia, ¢“((A)) MO3BOJILIIO 0O0JIEE TOYHO KOMIICHCUPOBATH (ba?)OByIO

cocrapistonTyto. CpaBHEHHE pe3yabTaToB dKcriepuMenTa At JIUM nu @M Mopysnuii OyayT MpUBEICHBI HAXKE.

3. Pe3ysbTaThl YHCIAEHHBIX 3KcIepuMeHTOB 1Js1 JIUM u ®M moayasumii

Maremarnyeckass MOAEIb COCTOsUIa M3 OJIOKOB OCHOBHBIX JJIEMEHTOB CXeMbl puc. 1. Pacmpoctpanenue
YIBTpa3ByKa B Cpelie MOJISITHUPOBAIIOCH ¢ yaeToM GopMmyisl (2). B Moaenn IMHTHPOBAINCH TUCKPETH3AIMS CUTHAIA
10 BPEMEHU U KBAaHTOBaHUE €ro ypoBHel ¢ yuetom xapakrepuctux LIATT n AITIL

Ha puc.2 wu3oOpaxeHbl pe3ynbTaThl MOJCIMPOBAHMS U1 anroputMa auckpetHod JIUM monmymsmum.

Jmurensnocts curhana 21 =100 mkc, nomoca crnextpa Momynsimum 6 M npu cpenneil wactore 3 MIw.
2 _
Kosbdument cxarus K =150, mmarensrocts cxaroro mmmynsca mopsika 0.7 mic. Iomyuunocs xoporee

coBmazieHue ¢ popMyioit (6). YpoBeHb OOKOBBIX JICTIECTKOB C)KATOI'O CHUTHAIA, OTPAKEHHOTO B cpefie 0e3 3aTyXaHus,
oxazascs mopsiaka -100 nb, B cpene ¢ 3atyxanmem 10 n1b/MI't —-80 ab, a B cpene ¢ 3aryxanuem 20 nb/MI't —-70 nb.
Ha pwuc.3 wm3obpaxkeHbl pe3ynbraThl MozenupoBanus JIUM Momyssimuu JUis CMECH CHTHaia W IIyma.

2 _
OTHOLIEHNE CHTHAI-IIyM yBenuuwiock Ha 23-25 b, mopsaka BenmuyuHBI KOA(QQUIMEHTa CXKATHA Kp =150.

MogenupoBanue cuctembl JIUM MOAYISAIWW IS IBIXKYIIMXCS OTpaXkaTeliel MoKa3ano, YTO YPOBEHb OOKOBBIX
JIETIECTKOB M JUTUTEIHFHOCTH CXKAaTOTO MMITYJIbCA COXPAHSUIMCH O CKOpocTed mopsaka 1 m/c. Jlanee ¢ yBemudeHHEM
ckopoctd 10 10 M/C ypoBeHb OOKOBBIX JIETIECTKOB TOBBICHIICSA 1O -47 nb, a IIUTET,HOCTh CXKATOTO HMITYJIbCa
JOCTHTIIA BEIMIHUHEI 1.2 MKC.

»

T T T —|_| T L | v
0 100 200 L MKke
6) 0 100 200 tmke 2 0 2t wmKe
| 1 1 1 1 1 1 1 | » 1111 1 1 »
0- >
50 |
i
-1004 [
\ | | m A
nb v
B) O 100 200 mke 2 0 2t Mmke
| 1 1 1 | 1 1 1 I | » 1111 1 1 »
04 >
-50 oA
i | Ny ~ =
-100 T 'v'l i ] H—
nb v
rn o 100 200 tmkc 2 0 2t mke
| 1 1 1 | 1 1 1 | 1 » 111 1 1.1 »
0_
50 / \
1 jﬁFg}E A T EE
-100 i i
nbvy

Puc.2. YpoBenb 00KOBBIX JieniecTKOB mpu JIUM Momymnsium uis 5 oTpaskaTelel.
a) [IpuHATHIN cUTHAT 0€3 3aTyXaHus B Cpelie 10 KOMITPECCHH.
0) Curnait (a) mociie KOMIIPECCHUH.
B) CHrHai rocie KOMIIPECCHH Ipu 3atyxanuu B cpeae 10 nb/MIw.
r) CurHai nocie KOMIpeccHH IpH 3aTyxaHuu B cpeae 20 1b/MI.
Ha 6), B), r) cipaBa npuBeICH CUTHAII OHOT'O OTPaKaTelsl IOCiIe KOMITPECCHH.
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ab

Puc 3. YBenuueHre OTHOILIEHUS! CUTHAN-IIYM Mocjie KoMipeccuu. OTHOLIEHHE CUTHAJ-IIyM 10 Komnpeccun — 0 nb.
a) Cymma curHaina u nryma Jo komrnpeccuu. 6) CyMMa CHrHamia v IyMa IOoCiie KOMIIPECCHH.

t, Mkc

-2 0 2t mke

I R | | I | 15 (I T T T T T R

-100 1
ab '

Puc. 4. YpoBeHb 60KOBBIX jieniecTKOB pr @M Moysiuy.
a) [TpuHATHII CUrHAT 10 KOMIIPECCHUH.
6) Curnain nocne KOMIIpecCHH (CIpaBa IPUBEJCH CUTHAI OJHOTO OTPaKaTelsl II0ciie KOMITPECCHH).

Ha puc. 4 n3o0paskeHbl pe3yibTaThl MOJIEITHPOBAHMS IS CUCTEMBI OM MOy, Y CIIOBUSI TAKHE JKe, KaK
1 B ciTy4ae puc. 2. YpoBeHb OOKOBBIX JICTIECTKOB U JIUTEIBHOCT CKATOTO MMITYJIbCa TAaKOTO )K€ MOPAAKA, KaK U IJIs
JIUM mopyssarn. OgHAKO, JUIS OBIDKYIIMXCST OTpaXkaTelnel ypOBEHb OOKOBBIX JICTIECTKOB COXPAHSAETCS Ha HHU3KOM

. -4
ypoBHe Tonpko 10 ckopocteii mopsaaka S[10™" wm/c. TIpu ckopocTu 1 M/c ypoBeHb GOKOBBIX JIENECTKOB MOBBICHICS
no -25n1b. DT1o o0BscHsAeTcs TeM, 4ro Tpu PM MOAYIAIMU aMIUIUTYTHO-9aCTOTHAS XapaKTEPHUCTHKA HMEET

xonebatenbHbIA xapakTtep Ha yposHe * 3 1b co cpennum nepuogom 0.03 MI'n. [TomydeHHbIe BHIBOIBI COBMANAIOT C
HCCIIe[OBAHUAMH, TIOyYEHHEIMH B TEOPUHU CJIOKHBIX CUTHAIOB [2].

4. Brioop napamerpos LHAII u AIIIT

O603HaunM 4epes ho niepuof; BeiOopa koma uz AIIIl, ymommerBopsromuii ycinosuto Habiksucra. Ilepron
BBIOOPKH JIMCKPETHBIX OTCYETOB M3JydaeMoro curuana f (t ), nogaBaeMbix Ha LIAIL, oGo3naumM depes hd. Jnst
o0ecriedeHns TOABICHHS BEICOKMX YaCTOT U3Ty4aeMOT0 HEMPEPHIBHOTO CUTHANA u(l‘) ¢ Beixoga L{AII, mpumem, 9To
hd = hO/V,rne v>1.

Curnan u(l‘ ) Ha Beixozie LIAIT onpenensiercs popmynoit:

_ _x<12
zeDh /mf(t")’N_T/hd’e(X)' >12°
IIpeobpazosanue Dypoue o1 (9) nmeeT BUI:
Fu(w) = Ko, (@)F (<), (10)
_sin(wh,/2)

rne K, — macmrabHeii koaddumment, P, (00) =
wh, /2

JMCKpeTHOE Tipeodpasoanue Dypbe OT IUCKPETHOH ByHKIMY BpeMeHH [ (tn) .

F, (00) #0 npu ‘(.q <mh,, F (00) =0 mpu Thy < M < TVh, . Jlanee Ha Gonee BBICOKHX wacTOTax dTa

(YHKIMS TIEPHOIUUECKH POJOIDKAETCS C IEPHOIOM 2T[/hd . B Haumx skcriepumenTax 6110 BbiGpano Ny / hd =4,

()

— mpeobOpazoBanne dypse OT h(x), F (00) -

C Y4€TOM 3aTyXaHHd B TKAHAX CHUI'HAJIa HAa BBICOKHX 4aCTOTax, 0OJIBILINX Z]T/hd . (1)I/IJ'II>Tp HY B nepeaaTymke Ha

BBICOKHX 4acTOTaX NpaKTHUecku He HyxkeH. Yncno paspanos LAIT moxeT ObITh BeIOpaHo mopsiaka < 7. Beibop

-4 -
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yucia paspsnoB ALl ompenpensiercs AMHAMHUYECKUM ITUANa30HOM YPOBHEH OTpaXEHHBIX CHUTHAJIOB HAa Pa3HbIX

2
ITyOMHAX B cpele, aKyCTHUIECKAM OCIablIeHHEM CHTHAIOB B CPEJIE M He 3aBHCHT OT KodddumuenTta cxatns K b
a) 0 1(|)0 2(|J0 t. mKc
1
I
I
I
[

»
Lt

I

6) ° 100 200 ¢ wke

nb

r)

—O

10 20 30 40 5|0 t, MKC

o
[p———
‘--i
=
———
A

=
<,E————'

g

nb
Puc 5. Bnusinue paspsanoctu AIIIL

CpenHee pacCTOSIHUE MEXIy OTpakarensMu: a) 1 0) — 0,3 [UIMTeIbHOCTH M3IIy4E€HHOTO MMITYJIbCA; B) M T) —
1/50 pnutensHOCTH MMITyJIbca. Yucno paspsaoB ALIL: a)uB)—1;06) ur) —4.

Ha puc. 5 mpuBeaeHs! pe3ynbTaThl MOACTUPOBaHUS BIHSHUA paspsanoctu AL B 3aBucuMoCTH OT Yucia
APKHUX OTpaxkaTelsell B cpee. BuaHo, 9To ¢ yBeIUdIeHHEM YUCTIa OTpaxkaTeJael He0OOX0JUMO yBEININBATh
MakcuMalibHOE Yrciio paszpsaaos ALIIT.

5. 3aka04yeHue

[MpoBeneHHble B paboTe WCCIENOBaHWS IIOKa3bIBAIOT, YTO MPUMEHEHHE CIOXXHBIX MOJYJIUPOBAHHBIX
CHTHAJIOB TIO3BOJIAET 3HAYUTENILHO TMOBBICUTH YPOBEHb NPHUHUMAEMBIX CUTHANOB U TEM CAMBIM CKOMIEHCHPOBATb
Ooispiioe akycTudyeckoe ocnabnenne. OLEHKH MOKa3bIBAIOT, YTO MPU 3TOM BO3MOXKHO YBEIMYHTH PabOUyIO I0JIOCY
4acTOT B 2 pa3a, MOBBICUB COOTBETCTBEHHO HPOCTPAHCTBEHHOE pa3pellieHHe B MEAMUIUHCKON JIMarHOCTHKE.
[Ipexnaraemble anropuTMbl U(POBOH 00pPaOOTKH MO3BOJSIIOT JIOCTHIHYTH YPOBHS OOKOBBIX JICHIECTKOB ITOPSIKA
-100 nb. Tpebosanus k xapakrepuctikam ALIT n IIAIl Moryt ObITE OClIabeHBI MO CPAaBHEHUIO C TPAIUIIMOHHBIMU
IIMPOKOIOJIOCHBIMHU UMITYJIbCHBIMH CXEMaMH.
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ELABORATION AND RESEARCH OF COMPRESSION ALGORITHMS FOR WIDEBAND MODULATED
ULTRASOUND SIGNALS IN MEDICINE
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 compression algorithms for wideband modulated ultrasound signals based on fast Fourier transform
(FFT). The characteristics of these algorithms are investigated for the case of strong dispersive attenuation of ultrasound signalsin biological tissue.

The received signals in ultrasound medical devices are created as a result of scattering emitted pulse in
inhomogeneous continuous medium (biological tissue). This medium has a very big attenuation coefficient, which
depends on the product of frequency on depth as exponentia function. The emitted pulse magnitude is limited by
medical safety requirements. However, the mean power of pulse can be increased. High mean power of emitted pulse
allows to obtain wide bandwidth signal spectrum compensating attenuation of high frequencies.

In this paper we investigate the principles of digital linear frequency modulation (LFM) and phase
modulation (FM) in application to medical ultrasound. The compression algorithm is based on FFT of received signals
and application of Nattol windowing.

Let the Fourier transform of emitted pulse f (t) is F (0)) and the corresponding analytical signal is

IF Jexp(=iwt )dw. D

Suppose that point scatters are distributed in space at depths R~ with axia velocities v, and reflecting
coefficients Y, . The received analytical signal is

1 ® . 2y, W
T 2 e Fepirio- S Hepd2 R o @

Let the expression of emitted signal is f, (t) = exp(— tz/T 2 )exp(i ((uot - )(t2 )) Accordingly, F(oo) for
W =0 isexpressed by the formula

F(09)= p expl- ot (0w, Jexpli2 ((*)_(’00)2) 3
_ 1 _ XT _
where O AT T 4 —4]/_'_2 +TE)’ P= W':j

transmitter

memory _> DAC _> amplifier _> LF _> trans-

filter ducer

receiver

FFT = ADC @ receiver

compressed

FON@) Lgpl  reverse Ly LT

F(o)

memory

A(w)

Fig.1. Flow chart of transmitting, receiving and processing of modulated ultrasound signals.

The duration of signal is about 27", its carrier frequency is 0, and frequency modulation coefficient is X .
The resulting signal will be obtained by digital processing of digitized received signal.
The flow chart is outlined in Fig. 1. The emitted function f(t) resides in digital memory and is transferred

to DAC which, through amplifier with low frequencies filter, excites transducer. The scattered signal from the
medium is received by transducer and digitized by ADC. The processing of digitized signalsis performed via FFT and

multiplication by some known function A(oo) . The reverse Fourier transform gives the required signal S'(t) . 1f we

take Gauss apodization function eXp(— t* / T 2) and LFM function exp(iooot -1 th) , the function A(w) is

Alw) = exp(—iZ(oo - oq))z) . (4)
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According to (2), (3) and (4) expression for signal 3' (t) is:

_ 1 e (0=2V,/c)-2R, cf oV HH oM L
e i i

Asit follows from (5), duration of compressed pulse, reflected by the n-th point reflector, is

T, :ZW‘MHZ/O(‘:ZWﬁHlG(vn/c)zKi, K, = JIT' ©)

Kp is proportional to the magnitude of compressed received pulse from point reflector with velocity

v, = 0. The magnitude of compressed pulseinthe caseof v, # 0 isequal to

p.D 20,2
[1+16(v, /cf K
It follows from (6) and (6’) that for moving reflector, the duration of compressed pulse increases, and
amplification coefficient for magnitude K, , decreases.

A~

St

Application of Gauss apodization function allows to obtain simple analytical expression. For practical

application we chose the following apodization function (Nattol window):
3

wi(t, )= Z a, cos(2rt, /T), @)

where 7, are digital time samplesin theinterval [-T/2,T/2], n=021,...£N/2, N =T/h, , &, isthe Nyquist
sampling step, a, =0.364, a, =0489, a, =0.137, a, =0.010. In this case compensation function is

A (0)) =A (w)exp(— iZ((u - 0)0)2) where A, (00) is approximately equal to reverse Fourier transform of W(tn) :
Besides LFM, we considered phase modulation (FM). The source emitted signal has the form
signRefexpi (wt, - xt2)) ©
in some time interval [—T/2,T/2] with sampling step h; = h, /4. In the compression algorithm we used

compensation function A, (00) =A (w)exp(— iZ(oo— 0)0)2) where Ah((*’) transforms spectrum magnitude of the

received signal to smooth oscillations and approximate it by Nattol function.

The characteristics of LFM and FM algorithms in medical ultrasound were estimated by numerical
simulation. The mathematical model imitated all elements of the Fig. 1 scheme.

The results of LFM modulation are shown in Fig. 2. Source pulse length was 100 mks, signal spectrum

bandwidth was 6 MHz with central frequency 3 MHz. The compression coefficient was Ks =150, the duration of
compressed pulse was T, = 0.7 mks. It agrees with expression (6). The level of sidelobes is about —100 dB in
medium without attenuation, — 80 dB for 10 dB/MHz attenuation, — 70 dB for 20 dB/MHz attenuation. The SNR
increased by about 25 dB (K2 =150).
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Fig 2. Sidelobes level for LFM with 5 reflectors.
a) Received signal before compression.
b) Signal (a) after compression.
¢) Compressed signal with medium attenuation factor 10 dB/MHz.
d) Compressed signal with medium attenuation factor 20 dB/MHz.
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Fig 3. Influence of ADC bit quantity.

Mean reflectors step: a), b) — 0,3 source pulse length; c), d) — 1/50 pulse length. ADC bit quantity: @), ¢) — 1;
b), d) —4.

The smulation of LFM for moving reflectors showed, that the level of sidelobes and compressed pulse
length kept unchanged until velocities of about 1 m/sec. Further, for velocities of 10 m/sec the level of sidelobes
increased to — 47 dB and pulse length increased to 1.2 mks.

Simulations of FM algorithm showed the same characteristics for reflectors at rest. However, for moving

reflectors, low level of sidelobes held until velocities of about 5 007 m/sec. Then it increased, and at velocities of
1 m/sec it reached the value of — 25 dB. It is due to the fact, that the magnitude of the reflected signal spectrum has
oscillations of + 3 dB with mean period of about 0.03 MHz. The result are in agreement with [2].

-8-



3-a MexxayHapogHasa KoHdepeHuns DSPA-2000

The choice of DAC and ADC hit quantity depends on dynamic range of reflected signals at different depths
in medium and does not depend on compression coefficient K; . Fig. 3 shows the simulation results of the influence

of bit quantity and of the amount of bright point reflectors. The results show, that greater amount of point reflectors
requires greater ADC bit quantity.

The results of this work show, that application of digital LFM in medical ultrasound allows to increase signal
to noise ratio and, accordingly, the bandwidth of ultrasound signal and resolution of medical diagnostics.
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