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Enhancement of SNR Characteristics in Ultrasound
Doppler Color Flow Mapping
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Abstract Being the most widely used in ultrasound Doppler color flow mapping, the Kasai algorithm, also
known as lag-1 autocorrelation method, is capable of estimating the Doppler mean frequency relatively
accurately with a modest amount of computation. Particularly in the case of imaging deep lying areas, however,
its performance suffers due to low signal-to-noise ratios. The purpose of this paper is to propose a dealiased
lag-2 autocorrelation method which is superior to the Kasai algorithm even at low signal-to-noise ratios and to
compare their performances through simulations. The proposed algorithm is found to be better by about 2 to 3
dB than the Kasai algorithm in terms of Doppler mean frequency estimation error in the presence of
measurement noise.
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ofol BHE o]x 4sehs @ FE HAT
(erythrocyte; red blood cell)o]] 93] HEALE]o] Eole 7]
ool ol oFgk kel gich

Kasai S-0] zﬂOL}b;_} 11 Z}7)4F i (lag-1 autocorrelation;

LIA) &725S CFME0 2 713 o) A]Jls:_] 9o
U Zgoll disliA] )it HE ofti2]. 4lE o2
e =&Y AEE doju= ﬂiiﬂ% 2
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o AlAZke.2 Tele] ofele ek ohieh dlole] el
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53 52 ok TeluA 1L FTE 4N
L Q7w YeHs el s o] e BE S
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=& PP ues 24 = +f,, /48 9 F
sl A, FRolA oFe EESR Qs Fula
AEo] A2 HAA = oi(spectral overlapping) 1LFIh=
o] AFutp JEOE 2 31= of(masquerading) )
o Fak AR Ydentity)e Pl ool
(aliasing) @/go] WA Eof A7} At ol & 82
3t7] $1afl L1A e ARgsf L2A S tlode]ojs
AlA  F= DL2A WS ARSth LIA w9
£ £,5/2 olWje] EE2] Fuhol jaA ool

o WhAISHA] et

3. DL2A%} CA &12|E

DL2A Y52 A (Dol Fojd 124 garelE
e R glov BEY Fuavt +f,,/418 4

Aol ozlojo] WastaR 124 duelEel 2
ol £,,,/25 HFEAL wEe] oUelol e wA
= uhglolch DL2ASH CA AelES C lojer §4F
Sl prendocode) 2 AHg31e] 71st 19 13
k.

gprf < PRF / 4; /* one quarter of PRF */
hprf < PRF / 2; /* one half of PRF */
fth < 0.2 * gprf; /* frequency threshold */
Estimate fl and f2 wusing (3) and (4),
respectively; /* perform L1A and L2A
algorithms given by (3) and (4), respectively */
/* Compensation for aliasing is carried out */
if f1 < (-gprf - fth)

f2d < (f2 - hprf); /* neg. aliasing comp. */
else if (-qprf - fth) < f1 < (-gqprf + fth)

f2d « f1; /* neg. boundary processing */
else if (-qprf + fth) < f1 < (qprf - fth)

f2d « f2; /* valid unaliased region */
else if (qprf - fth) < f1 < (gprf + fth)

f2d « f1; /* pos. boundary processing */
else

f2d « (f2 + hprf); /* pos. aliasing comp. */
if abs(f2d - f1) > qprf /* safety measure */

f2d « f1;
f3 « (f1 + f2d) / 2; /* CA algorithm */

[O2 1] A7 ER 7]<E DL2ASF CA Yiig)s

o37]4 f2di= dodelojay 25 YERe 2 DL2A
dael 59| EYof sttt qpret hprf= 2H27E f, 4k
9] 143} 128 YepdL) fihe ZFok: B82S Jehy
o =Ee] Fukes FAste o vAle B2 9FE
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EROAE qprfe] 20%2 Skgich. AR Rdgkt gk
Zke] Ajol7h 2 ol 4 f1gk Aol £3HE <
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al =t

ot

L1A, DL2A, CA, FFT ¢128|59] B &g ggZFuls
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A 1Hzo] A®l o2 Z7kA]A 7HdA e AlEd oA
£ FYstAe7]. B2 ke ok f = SkHz2 A4
stoich 2~#EY =3 AMEE FFT Wye v
ool F7kstaict.

4 EEo] fle Aol tiate] AlEHoldS
Ak 4ol AMg-El H XA (pulse pain)Q] 7i= N g2

AIA] 8]

=
122 Bpieh. PurHOR Nghe FE FEFuhs &
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