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Development of Ultrasound Sector B-Scanner (i)
—Pulsed Ultrasonic Doppler System—

Kwang-Ryul Baek, Young-Bok An, Bum-Seok Lee, Heung-Soon Jang
Yeong-Mo Kim, Joo-Han Kim, Song-Bai Park

Pulsed ultrasonic Doppler system is a useful diagnostic instrument to measure

blood-flow-velocity, velocity profile,

powerful compare with 2-dimensional B-scan tissue image.

and volume-blood-flow. This system is more

A system has been deve-

loped and is being evaluated using TMS 32010 DSP. We use this DSP for the purpose
of real-time spectrum analyzer to obtain spectrogram in singlegate pulsed Doppler

system and for the serial comb filter to cancel clutter and zero crossing counter to

estimate Doppler mean frequency in multigate pulsed Doppler system. The Doppler
shift of the backscattered signals is sensed in a phase detector. This Doppler signal

corresponds to the mean velocity over a some region in space defined by the ultras-

onic beam dimensions, transmitted pulse duration, and transducer bandwidth. Multi-

gate pulsed Doppler system enable the transcutaneous and simultaneocus assessment

of the velocities in a number of adjacent sample volumes as a continuous function of

time. A multigate pulsed Doppler system processing the information originating from

8 sample volumes in a sequencial way is presented.
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Fig. 4. Block diagram of single-channel pulsed Doppler system.

— 141 —



— BTG

BTE, B2, 1986%—

’~ CLUTTER
DOFPLER

A '/_/*

i

e

pr.f. l
o8 5. AEYE 450 29xEy,
Fig. 5. Sampled signal spectrum.
v, (1 — V() F (W)
e R - LTS e 1 +
i ? mr l | AD | [FFT N F )

V(B BSERAS

| ﬁ‘/‘J‘ﬁ%LPﬂ—Vﬁﬂi A/D I-——{FFT}MJ[

i
sin wy!

CJ
] FS(W)Q
T iR

28 6 FoeFAY i AE.
Fig. 6. Direction sensing in frequency domain.

&% et A

2 Qe e

= s =

< =

F ALZREE feh o] Az A4 HzsE A
] 28 59 e w o

e 7l 2 Feizkrh. Az 2&8 Fogady
2E 7}2‘ Falrdel EAFEE F4 $3712 5%
A7 A LB BAE fA8 wESE 39T 4 gl

A AF X7 TMS 320100 2H X"k 4]
3 Ael&=lel AD, D-Ansir] o JdixEon
T e

2 Ad =g A 248 AR S HEe
FFT % Hilbert 3t& sle] wWd & 2 £x9 =
7]_; ZA g, B =24 A& TMS 320102

Az 4 L2284 128 point & A Az FFT &
12mSLH°ﬂ THE P k. 28 2614 A9g w
A A= W2 Wl A4 FEsA 90°F A4
A717] ol b FaprF Aol A= 60° 2 ¢l o] Hilbert
wilow A At FalpFada e uik A&
o whye. 98 6o A aiv,

Vir)sk V'), 5 4 48k 5F
o Z4 Fri(e), Fo'(w)ehx

Fourier ¥ 35

Bl

Fi'(w) :fz—{a(mu) +6{—wy)]

+ 2 faep+a(-w] (10)
Fo/ (@)=L ja(w,) —j6(— )]

= D—jaten +3(-ap] (1)
0w 1452 Fo'(w) Hilbert 95tale Fo/(w)eh
A 4=

Fo/'(0) =~ jsgn(w)-Fo/(w)
= U0 +0(~0)1= S To(@n+6(~0p]
(12)
1714
sgn(w)z{ boe>0
-1 <0
/()3 Fo'(@)& A 2 75kl 484 942
Fy(@)=F¥/(0)+Fq(w)

=Uld(w) +3(—w,)] (13)
Li(o)=F(w)—F¢'(v)
=L (w)+0(~w;)] (14)

a# 442 T @E A3 Hilbertg g 4
$7 %2 FFT % st 29=9 443 a4
AGs] shagrend 499 A4k >04

9
- =
e
7tk ol & el An el

Fr(w)=1.(@) +jlin(o) (15)
Fo'(0)=@Q,.(0) +7Qim(w) (16)
Fo”{w)=—jsgn(w)Fo’(w)
= Qin( @) —J @, (®) an

Fplw)=F(0)+ Fg/’ (@)

— 142 —



—u 3 3|

Trans—
| mitter

Tronsducer

Reciever

|

sin wet

a3 T BF Ad da

: 229 A BaAde A -

ospP

=& A8 TAE.

Fig. 7. Block diagram of multi-channel pulsed Doppler system.

X{n}

§

I

e im - o - . -

a8 8 HA" F " T4HE.
Fig. 8. Block diagram of digital comb filter.

=L, (0) +jlin(@) + Qim(w) — jQre(®)
=[1,,(0) +Qin(@) 1+ /[ Lin(0) =@ (0}] (18)
Fr(w)=F/(e)~F¢"(w)

=[1, (@) + Qim(@) 1+l Jin(0) + @ (w)] (19)
&, Fhe B4 29 =4 Y3kl Hilbertwigh
& FAlol Yt AF A A& Adokagdch A
HAAQ HAG A5 HelA2e F TmsFE £ a5
et

(2) CtE Mg =8 YR TH

B3 Ay TEe FAD w H‘é. = oud 4F
gahe 428 285 gl g YolE 4l
A QoA A EHr B2E AL FE £
2E5S 2%, & AdAe ‘%_FE] o} g ol A
X Helg AE7 deAsr geonz WX e (para-
llel processing)¥ =0 =& 2]g] (serial processing)
goe] glos WA Hc}-ﬂd% z-ﬂ»-aal R A )
Al Slek, R A #2402
wlo} zlelslee A] £H) o]
2% 78 B = A T
2zAE BY A4
27 gAY A3 A=
Walrl g 48 oAs 532

e AEE
Mzm

Qg A2 FHEE At
e Aok e 2F
Hol 7k A-Dulzlr) el D-A
J ] (digital comb filter)

298 E AAT £ 259 FakrE SR o
528 Fultt JFndt AE0E o) &t BT
s}B 2 get. olw] WA EL P w4 A7
% (quadrature signal)e] $jaH% ZApglo g4 A

(3) Stationary Canceler

3 Ad 22 A4 Felel g AA A
UAg W& e, SHHE 2 =8 A
%9 E49¢ (dynamic range)= 70dB3F £ 2 12bit
o]4tel EAES sk A-DH#SE Ham o
28, W\3 $xs wEw 12bite A-DHEA &
W mrholm e A-Dwighs] Al3¢ FTAHNAE 7
3 F&AlA 40dBejslm FeolwW 8bit A-DHFEr=
= shgEhAl =k

zelme 28 83 ol ALH-G TSt EelH
Hue nle] AAAZD FAHYSE zr&He] 8bit
A-DHESE A4LE 5 YA Ao E w4 4
#g A-D & D-Awgr & 8bit A-D w3y ¢} 10 bit
D-Awztr) 7} 7] Eojgl KSV 310002 wWaAizk

o] 26 ns A E7FA 7}?3} =5
¥ wEAA AT AH Y FoF F4e 29 99
Zor AuggeE 3 7J_‘q a2 (Optlmlzatlon pr-

— 143 —



—BILREEGE  HTE, F25, 19864 —

I S J ;5‘:”\.9
329, HXE A Y Falg 54,
Fig. 9. Frequency response of stationary canceler.

rubber tube

AE =
B) SelE AAR Az,
water & Fig. 11. A) sampled signal.

silicon particle B) clutter eliminated signal

A,B : Transducer

(b} ;
a8 10, AP A=A, 28 12, U Az Azl AsHE s
Fig. 10. experimental set. Fig. 12. Input signal of digital signal processor.

ogram)& olfated Falgow AFF4E chex T 2R sbeehA de AR SRS AR A2 4

2t €3t HETE ARG

H(Z)= (Z-1)(Z—-Ky) 20) 2%t 1349 T4 Folgei 2,25 MHZ o) o
'YK Z+ K Z Q& 4 Fob(PRF) = 4KHZ = 4884
A4 28 119 A 4EYd 4500 Bt 29353
K,=0.2004 e E A FeEE AE0 AAHGEE 2 Eo.
K,=0.5756 2¥ 12 HA" Az HEHsR Beiste 4Azw4
K,=0.9788 % shtel AEE 24 FIE SHAAR el
H ARy Fabe gue 27 99 2o 2d A AFE askA =k

9ol A <k ¢ R0l E=lE 4ol 40dBel4 AlAH 23 13 Ao 285 278 mAte 45°= W
& 2 g 2 WA Foltl 4KHZ 2 she] 1o 23 =de @
o2 forward 2 ZAld A% Ed.e 4 180] s
A E A B reverse 2 Al 2 &2 4 19¢] g} 29
A G ARl FA 243 2ol Fhrte] st
A9e 19 103 2L AYAAE BEe] AASE 0n YL BUT 4 QT £FY Fsl wo|s} o

— 144 —



—wga 9 st A B2 AU —

=T b A R
Fig. 13. experimenal example.

freq. [iz)

0.220404
.20
TR 4

o A:«u}_- /

[RE s |

C.80LHT

. 400543 - oo 4FED

[IRES2LS] ‘ B
Gt { LT
0.50EH3 . o ——— ideai Depoler shift
/ s 1
f |
C.20EHS v
0. 0006400 X i

4 5 3 7 [l ] a1 17 yolta
a7 14, ol EA S} HAA Y Hl .
Fig. 14. Doppler shift comparision.

1KHZA 294 3o Fm oot

29 W4 23AE 6008 st 39 F525 x4
e AR AFrld Astshs AL HIAAH = F
2 Folg Ho| & o BA S vlay Aolet

izt
T

TMS 320108 Ah4g A A zE 2 2d A28 F
Aol maldhe] Al Azl o w

A mEY A6 4

ol
=0
&

L ad

-,
WS,

R
e

bt
et

i

r o 8

o] £-3le] riog AT FolH
A A A-Dod gt 2] wigk Bl 54
bl
102 s
1) Baker D.W., “Pulsed uitrasonic Doppler blood-
flow sensing,” IEEE Trans. Sonics and Ultr-
ason, Vol SU-17, July 1970, ppl170-185
2) Hartley C.J., “Resolution of frequency aliases

in ultrasonic pulsed Doppler velocimeter,” IE-

EE Trans. Sonics Ultraso., Vol. SU-28, Ma-
rch 1981, pp69-75

3) o) 4E :“agsh Wa EEH A0y ofuj

| @3 T KAIST 4aperg]

4) WP FFTE o149 295 F2 539

7" KAIST A Aberg] =

o

5) Arnold P.G. Hoeks, Reneman R.S., Personn-
eau P.A., “A multigate Pulsed Doppler system
with serial data processing,” IEEE Trans. on
Sonics and Ultraso., Vol. SU-28, No. 4, July
1981, pp242-247

— 145 —



