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Abstract : Conventional PW Doppler systems suffer from the ambiguity of measured blood velocities due 1o the spectrum alidsing when
the carresponding Doppler [requencies are greater than the Nyquist frequency. Base-line shift is a customary method [or dealiasmg Lhe
Doppler spectrums. Tlowever, Doppler audio signals still reman unchanged even when the base-line shift method is applied. This paper de
scribes an melhod for deahasing both the Doppler speclra and audio signals by using sampling rele expansion, frequency shifting, and fil-
tering operations. For undirectional flows, the method can increase the maximum deleclable Doppler frequency [rom the Nyquist Lmil of
one-half of the Pulse Repetition Frequency(PRF) to the PRF. Experimenis with real data have been performed to veriy the proposed
method. .
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Fig. 2. Changes in Doppler spectrum and audio signals due to conventional base line shift
{(a) Orignal Doppler spectrum, (b) Doppler spectrum after base-lne shift, (¢) Audio signal spectrum

7EA ojEHle /\].O@_].E]_ oy 2=

[+] = '['.é! o
852 PRF7)} 2.96kHzd o aliasing @4o] wAg ~Aesd

3 ST 49 29 dqojch. Od 2a)s 94 R 4
b el weh 25w "ol Faert Fo Wger f/2%
Hold A4 slissing @Al ot =08 d/RAF e 1
Fe] vEbs BoFa advh 2" 2(b)e 1EHE 44 3

B4 & §PoE o)FH AWM F3s Yol

How oo miel aliasing HUH AHEH £
9] 1

Mr do
4B

o o o
2

£

1B
=

ooh

= [=]
Uhel 29EYH o4HoE @29 Uge HelFn U
724 ogHEASE Bl EAEH7 A5 A A4

a)e] ~HEH Hel¥E 73

tHes] A=
rolalion)A1#A £33 Zlez ouv]le HaxadAd s olF
7l WElvl glomnE o8 A5E Jd3] alasing® A 5
7” Fuoh 19 2e) 2% 2(a)d die eE € 9nE o
o Asze ~HlEYozA aliasing @49 s #UT ¥
ol digt edle A7t ele RAY ey gloh eye 4
T oA JAFR oz {43 TREE Aysh/] i 124 ¢
A 2v]e NF9 alissing A& AAE $ 9= T 2
FE T

2. 2r|e Ao gt 7[&EM oS

£ =g 7184 ¢]F4 2te MEe aliasing HAME
AAsE WS Aagth o] HEe ddy AiHedgdez
FAF ol gley) HeA ovlo 7FEH o] FHbH (audio hase
line shiftyo]g} ¥27|2 gl =14 32 aliasing M4 =3
g 4 (8)2 FIHE 2(k)=z(kT )] 2¥EHO2RH o
te 7154 ol el 2 gl 17 3(a)dlA = UE

o) Fda 4 A203, 3%, 1999

Z(fn)
Awy
-2 -T 0 T Oy 27 ©
(a)
L(w?) H(w)
P
27 -7 0 7 27 )
(b)  bwnr
2(0)
In s 0 U on ©
(@

J2 3. 2002 71EM olseHof tfst Fojf ddef 54
Fig. 3. Frequency-doman analysis of the audio base-lne shift
method

JEE Ao guel 4Re dng o gAEe] 9lEd,
= 48 £ 1(f/2)8 W Fo5 AR UE A
T —r(=//2) 2Ae Fo Fusde] S|X & HH
7 Arom o]IEA FAth o ZHAA {4 £4E ~9
EJe A #2027 00| BE 7FEY olEe — dw(Jw=
wy—nr) T stelel gtk 2 3(b)v z2(k)E 2B R
7] dstd 9 Mg F HEE Aold 05 A4 TRIES
2f, 2 F7AR Alad ii‘f‘l.‘f-aé_c’-l'ﬁ-[-g;l, 3 3(a)dllAl &4
Fab o] gAHGT BleH 250 [0, 7] SIATe &
F ATk o4 2y 3(b)e| A, (cu)f'; HAE 2o B 7

Ir

= 118 4(x)Y @75 o) &Eel [ —a/2+ dw/2, 7/2+ Aw/
2] o Adite desd T8 3(c)ef gL AFEYE 2=
¥ 4(a)e] AF (e dA Ao 2k & FEESE 27,



PW =Zu] 4] =®ld] 4] Dase lune o] % 7

H (@)

(a)

H(w)
exp(-jAwk) ® exp(jAnk/2)

33 4 HetE 202 7|EM ol Wy

(a) 2Ef O[5 &8 (b) AT 0| Y

Fig. 4. Proposed audio base-line shift methocs

{a) Filter-shiftng scheme (b) Signal-shifting scherme

o¥ aliasing @Ao] S8 AAT Azl oS AzHe

BAE o FF 0T FA oF PEe FHEE 3T 4(a)

9 ol AR A5 N Agde dsbls 2 %ﬂ}#
= A%

E4o] Fup Oof] ffsted ulthFo]
a2 qlEo] BaAg MEonz ;LeE} 4(a /17Ho] Hz o
A7) 2 FAE o) ATk ofd) whalel 19 A(b)e Z/HA Z47]9)
TS ool A izl z g 4(a)9) %‘éé‘l— 1%—3 g

%9l WaE Tzolth 28 4(b)dAE o 2 (k)

I,

& WA FRSGA — JoTrE o547, &ﬁ}%& 2u) 2
F7M AR A5 7] & olgeln 2 AHE + dof
AREHE fol B —dodl H9TE Ho2 oI5

asingo] A48 Az F(AE 2 Hrop, o 33 e =g
T G dl Yl et Ty 4b)e 2¥ 4(a)9 TLE &
e FHE 4 vk o] o 2% 4(b)e H
4a)8 H(w)E 71AdHez Jo/2%
=8& 7Y H(we fgEelyienz

d

7 (@Wpe- Passhand cutoff

Ho) o, <o =5 { (11)

. * Stopband cutof!
wr= 7HoEE wed 2HEA 24Ey dealiasing 3- [wl'*t‘y
wg] teddl ] 2EY NEe] 244 JaFsis Aol vl
=
oliddt 9x]9 7]FEQ o|FHEE ol&dte] e AFg
aliasing #42 Al A st/ ey A Z eliesinge] HHY 84
& = -10] /\i:_ 7_—‘i4 o]x] o}o]_o]: g]_
g dolof §hd. o

o
Fpold 2% 4 9

of thgall o] 77 FeR 5 %

oh AR, A4 e F§ AgRE euds) el AX
7} ot aliwsingo] WA EY S AT )& 7)EAL ol FH
He Abggieh o, A abs sEAd A 7EH olFALE
(%, dw?] 4&) d=Esiez A PHE A48 2o
otk 2R, aliasing

N #ol aliasing d4g &7 AL 5
7_"-:]'

@ go] 4ol ® 4] xaEo|

HE ol &8 208 AE Hel Wy 279

The frequency response of LPF using 63 length FIR flter

-
1 S
pe
-20r
=30 msc E

|Etw)] in dB

1S 04 03 02 01 0 01 02 03 04 05
Frequency scaled by PRF

0% 5. MEe AEE MO ofmle) Fos 24
Fig. 5. Frequency response of a LPF used in the experiment

24 o)FUNE ALY £ goemr AR 2E A2Ed4E
Atg27l PREZ Z9lom#H aliasings] goi«4d] 3741} e
A WA ATt HES 2ydsuz 4t Wi #{go] vin
3 Aok 2y, A4 A4 PP G AREL Mg gL
At Al stez ERe] FodE F gk Aviege g
AzZbell= AAA gomz Aokst PHE ALgste] 7|FE4 o F
< AN Y F AT w2 =Y Adede a5
s A F o] HH 0 2R hd‘\mgﬂ offFel O 4Lz

]
75]o T %‘5-]—'-— 9}
oh. Ak wYHe JEY 7)EA SHE AREE o ete 4
59 ahsingg 7 AAst] b AokE Wy Abgsle] &
4 7hed BEY Foe dye @ig di9 B9 [—F,/2
Fi/2]R [—fi, £,]2 E7lEgleom apdal die) Ao
A8 aliasing AEWHT A AET 2 £dd s ¢
£ 5 9l

AR TRE A7) ] LY 2o AR dA elolE

£ olgslel AFREH RAMEEE dAstdch 28 dolEiz 4
44 23 GHAA(SABB0, wlvfs)E o] &3] qld 1he
AAue] Feaze 43 LHO] » PRFg Z.J(okHyE R
193 F 2208 os1F A% B4 4 95948 yuEs

J. Blomed. Eng. Res. : Vol. 20, No. 3, 1999



280 7|JI7 l=l il

time

time

time

©

Izl e MorE 20
(a) 7I&2H olF
(b) 7|EM o=
(c) 7[&H olF
Fig. B. Experimental
method

(a) Dealased Doppler spectrum

(b) Spectrum of dealiased forward audo signal
(c) Spectrum of dealiased reverse audo signal

|EM 0lF YR MEZN

o ol et
18 fy b HO
0Z Al

results of Lhe proposed audio base line shift

AL

1.

204 ARggE dlolEle] ), A8 AFE TAME G A
4 g & AMREE Y. A5 ar|re ditFeR
7%1 sheke] A& IR ARV S ARR-slARE, A F o M= Aol 63
ol Al FIR o712 ARgsfalch 21y b A AL
gAY ogrle Fae 54 viehla doh o] qm)d
d Foe B4R TAE 32052 0.3 dB) = 023, o,
(10 dB) = 0.27 ; 71':05r shel ).

I8 68 Aoty & 1
Edda 24l —“-5%73-" Aztelth 7]E

35 T4

)
-

T
il

o
[> o

ot
Il -

il
>
=
o
o
1o o

s
I g
[
foh
WY o—
-~
S
=

io

)
)
I
=
4]
ol
~
——

©
T ke T

Ny

I

L
o
2
I
K
pasd
il
nl
M
N

£oA = oz
o ¢ o lab
oMol o ok
° e 3
L2 —=
=
= e
=
T U
[m)]
O

s
i
il
i
Rhi

o o
ol

X,

el

aliasing @A2o] 2)5}ed £/2 @]M-v} — ,/Z o3}
d 77-1 A9l 42l A2 9 Ad Adel, 29 0

Fab e T

[o
‘_I

=2 UsE ERe

o) da« : A209, A3E, 1999

AT 2 F Atk 59, dFe] 4ot go] Y dRe A
$d & [—PRK, PRF] 99]9] *55 o)A alissing #4
fol mEe ~HEm ¥ ov]e W5 FE S A

Zd %

2 RS PW =& A zdd olod 22d 48 o
48 #7](PRFe] o)z w57 Hizd 2Ahsts volH~
E Al 23 ~FEF alasing E4E fHstEeH, o &
& B oR AARY g Aed THAT7 AR
71FA ol & ARl 4 Fatd AFsh Aoe
THE e A4 dgeEole} 7ol aliasing® wEE
ZFEdo] gif WEe| maE A¥EYN FA7 @ A
H&so] PRE/2 o9 T dge] =&y To48 57
7hgetA gk i, Wy 8/e 2fde —’,'ﬂ TheE mE
e Nzl Fob: g [-PRF, PRF]Z #3% + l&&
¥ Bt dustsich

718 /1Ed ol T W ol &ate AladdA ST A%
9 alasing #4E AA87] f8Als PRFE =ojelit dig)
PREF7} gobald 2&u] HA2 & £ ale Y Zo|7t 2ol
7] el AR Aokl mEA HTh wheA, of HYE Fof
7 PRFOﬂ ol }04 49_;4 o] e } dEEH 74]%=9l ¥R

frliE—_ /n]—-_:ﬁl s 91_0.3'3_1 = 4

4 or W £ue) dF JEE et e FEst

-4d 7 ledEa sk

1@ 7158 53] kel Foje Frhete AlEe] £HH
- :

|
Lz psto] =3, AlStH sIEd ol

olh
e
vl
o~
It

e
1

~o

il Al oo
£
2
o,
B
=
o
4.

o ‘I:—I‘
-~
i
I
2‘(

=N
=)
“,
[=]
g
lo

E

le
1l
N
Al
>
-
] o:—rl
o o
v
O%.
i
o
rl:
e
* |
=)
-
a
o
s
N
)
Wl
)
o
ofr
2
]
=%
=)

re md Ja
-
)
I
o]

&1 g o

1. . D. McCleod, “A Directional Doppler Flow Meter”, Di-
gest 7th conf. Med. Biol. Enprg., Stockholm, Sweden,
1567.

2. Baker . W., “Pulsed Ultrasonic Doppler Dlood—Flow
Sensing”, IEEE Trans. Sonics and Ultrason. Vol. SU-17,
pp- 170-185, July, 1970.

3. H. J. Nitzpon, et al., “A New Pulsed Wave Doppler Ultra-



PW =L 4 29 A Base Line o]% 718&

sound Svstem to Measyre Blood Velocities Beyond the
Nyquist Limit”, IJEEE Trans. on UFFC., Vol. 42, No. 2,
pp. 265-279, Mar. 1995.

. 1). H. Evans, W. N. McDicken, R. Skidmore and J. P.

Woodcock, “Doppler Ultrasound, Physics, Instrumenlation,
and Clinical Application”, John Wiley & Sons, New York,
pn.7-36, 1989.

. 1. [ Halberg and K. E. Thiele, “Fxtraction of Blood

Flow Information Using Doppler—shifted Ultrasound”, Jour-
nal of Hewlell-Packard, pp.35-40, June, 1986.

ol &8 He Az A Py 281

6. W. R. Brody, and J. D. Meindl, “Theoreiical analysis of

-

the CW Doppler ultrasonic  flowmeter”, IEEE Trans.
Biomed. Eng., vol. BME-21, no. 3, pp.183-192, 1974.

7. J. M. Reid, “Doppler Ultrasound”, INEE Tng. Medicine

and Bio. Magagine, pp.l4-17, 1987,

. John G. Proakis and Dimitms G. Manolakis, “Digital Sig-

nal Processing=-Principles, Algorithms, and  Applicalions”,
Prentice Hall, 3rd Ed., pp.657-662, 1996,

. P. P. Vaidyanathan, “Multirate Systems & Mlter Banks”,

Prentice Hall Signal Processing series, 1993

J. Biomed. Eng. Res.: Vol 20, No. 3, 1999



