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A study on the development of CW{Continuous-Wave) Doppler System using FFT

°Bae Hyung Lee, Chung Shin Kang, Sei Hyun Park, Young Kil Kim

of Blectronic Eng. A-jou University
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Ultrasonic Doppler Diagnostic System utilizes

the Doppler effect for measurement
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Systenm

Doppler
detection and phase rotation method
signals for forward and reverse blood

The sign of the Doppler frequency shift
flow direction in the time-domain,

represents blood flow direction.
CW(Continuous-Wave)

quadrature
to produce simultaneous independent audio and

velocity
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fabricated.
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crossing detection for
necessary
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But time-domain analyzing
it

evaluation and zero—

Therefore,

instantaneous and mean frequnecy measurement do
frequency-domain technique to

not provide both an accurate and quantitative

result.
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FFTE o] 8% A5z 5

st 2E2 | At T

fd=foxVx(COS A 1+ COS B 2}/(C-V) X 2foxVXCOS & /C
( C-VRC, 6818 02:=0)
fd(v)=——fd(-v) ¢ FAE P+t

FAE Aexe 2% 2 8 ’J"l RS R R R i
(quadrature detection)-& o] -83Fe] Hx A%
A Ry HY 4R -%'r o, HEH
Mo wjs] 40dB o] 4o} =2 E ﬁ-‘” 9 o] L}
8 453 RFHel: (quasi-stationary) 3t
WAk o] wtabE & YR Rapg 4P (200Hz
o] &t} & (Back ground Noise)E A7|s}tv|
sisl B.P.FR B3t Al7ct.

Qlt) ™)

SIN{Wet)
2% 2. 3}‘&0‘!“}"& ol &Y WaYY ¥4

w
i

13 22] &4 ofnbsl (Rotational Filter) =
I1,q{In phase,Quadrature phase) ’-'1{4 S A B
24 o UofH 90 °% $AtL obdE
Mejofd  Zutpol wE Saxe ‘.",ﬂﬂ%“ﬂ
gergely YUs A2 eyl xRk, 2x
dd AMelolA of & Hilbert WP o R a1y .

SA A 2o COS(oxt)dml 44l AR r(t)
el Pel® 4 Y (forward) M:? A(t), 2
(reverse) A ¥ S(t)+x vh&} Pt

r{t)={COS (Wo+Wf)*t+COS (Wo—Wr ) *t+C0S (Wo + W) %t}
I’ (t)=14 {COS (WEAL ) +COS (Wrkt )}

Q' (£)=14 (SIN(-WEXL)+SIN(Wrkt))

@’ (-90 °)=15 {COS (WPt )-COS(Wrkt))=Q"(t)
A(t)=I'(t)+ Q"(t)=COS(Wf*xt)

S(L)=1'{t)~ Q" (t)=COS(Wrkt)

W : forward ¥ 2 %% Fufa 43

-

T
Wr : reverse 3% %3 Zulf AP
We : Clutter & quasi-stationary ¥+ FupL4) 2

AL 49 HMej dAMLY ddr ¥ 3
Bz sj4atgubst?  F=e|  (Clutter) AR&
A7 skl  +90°2 AT g:  I'g
Qg 3ot

3% 3. Abeinty] gy e g arap
(Zmsec/div,5V/div)
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2% 4. BwHy 2UY U BAA FEE
2o A%k S £¥ nEH Aus
(5msec/div, 1V/div)

II1. FFTE ol 8% 40 3o 29y =Y

< *P“ £ 2y 28 A4 exy] YdygeE
=g e ArE 'Y )sxg A
Heal & Imaglnary 3 Complex 128-point FFT = ¥
8} Quadrature AP FET 4 3E Hilbert
wfste HF PR B
amuy g repof A tef

2 7S Fus dgoiMe £FH X AMe
T4 ofrh.

Zupbg oo xe AH w,awW) e
AWy, sW& AT o9 g T3] Fourier
Transform 3t 733} ¥ 9l 5o},

IW) =14 [ & (WHWE)+ 5 (W-Wf) ]
+14 [ & (WHWr )+ 5 (W-Wr) ]

AWy=14 [ & (W-Wf)- § (W) ]
143 & (W-Wr)—- 5 (W-wr) ]
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TransminerH OSCHSOC'J
Domodulatovh-l BPF

Demodulato l
A/D
Converter

TX

Rotational A

Receiver
b Filter

Zero—
Crossing

Ds¢ep LPF

TMS 32010
Frame

Spectrum Memory | | (FFT) Velocity
curve

Monitor CRT

2% 6. WA A FHE

A-D HwW)
BPF FFT

(1) COS(Wot)

A-D Q(w)
B PF FFT Hilbert

SIN(Wot)

2y 7. ¥ Az 2ng 99 A

Q(W) & Hilbertyi ¥ 3w,

H{W]= —jsgn [W] o] =2 %

FFT PGM
START
DATA READ
BIT REVERSE
BUTTERFLY

HILBERT
& SQRT
DATA OUT

B
2 2l 2"l b4 3] 7] (Spectrum analyzer)

o] &% DSP TMS32010& Fixed-point 94r e R o8 8. FRIZR 198 28X
128-point FFTE o 12msecof £3sted = ga
Awol 9 ¥2 interrupt® A-H3Fe]  maximum
sampling frequency 2 10KHzo]4t2 3 3m/sec
(D60 °) o] 42 4 Haeo AM¥MEHE 785

QUWXH[W]=15 [ & (WHWE)+ & (W-WE))
=1 (& (WHr)+ 5 (W-Wr) ]=Q’ (W)

AW =1(W)+Q" (W)=[ & (WHE)+ & (W-WT)]

SW=T(W)-Q* (W)=[ & (W+Wr)+ 5 (W-Wr)]

Zelwb quadratured] £ &  imaginary term® 3
FFETslgi7] w Fof ¥4 Fupg Ao sppster
Hilbert® 3.5 cjAl %t 47} 9lv}.

18 82 FFTE 4%ste =g 23
el o},

«d

ta
al

al t}.
AA T Helg sl 2MEYe P 0msec 29 9& forward®F Wel ZEAtE  FW
et 2Y "HEW o U Vertical 1 nelo] ~m=y 7ot

line2 2 128 lineg non-interace Hxl o g
monitorof I 4| 3tet.
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2 odrg dan DFY AAWE oo
Yu Az AWMBYE Aoz 2§ Us
ool ¥ Yx &2 EMo s A
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2 AAEe 0¥ LxE o gojs wiFoF
Auto-correlationo| u} Zero-crossingZ ¥ & +Y 3
geoenm #HY 22z ALY AL oFAMY H2
Taeigale A ¥R FE 22X ¥
AMBEYE UL g7 scanners) ¥A Ao
Yo vrE AT A FRY AT HEE
&3 A& Relrt.
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