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Product realization of ultrasound dynamic vector flow imaging

DU Yigang HE Xujin ZHU Lei FAN Wei SHEN Yingying
(Shenzhen Mindray Bio-Medical Electronics Co., Ltd. Shenzhen 518057, China)

Abstract The conventional ultrasound color Doppler imaging measures the velocity component of the blood
flow along the propagation of ultrasound wave, and cannot obtain the flow perpendicular to the ultrasound
wave propagation. Vector flow imaging is an advanced ultrasound flow imaging technique, which is angle
independent, and can directly calculate the blood flow velocity and its direction. The paper introduces various
existed ultrasound vector flow imaging methods, and demonstrated the advantages and disadvantages for the
presented methods in terms of commercial implementation. The product realization of vector flow imaging at
Mindray has been presented in the paper, where the problems and solutions for ultrasound system transmission
and reception, flow imaging, vector velocity angle combination and image display, are detailed. The experiment
is made by an ultrasound Doppler blood flow phantom manufactured by the institute of acoustics of the Chinese
academy of sciences. The flow velocity of the Doppler phantom is calculated by the vector flow and pulse wave
Doppler imagings, respectively. Results from the two imaging methods are compared, and the average relative
errors are within 10%.
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Fig. 1 Diagrammatic sketch of angle combination

for vector flow imaging
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Fig. 2 Diagram for the product realization of vector flow imaging

2.2 MRANRR E & 3R

I3 ) R IR TE 5 KB A —FF, HoOR ST T
{10 H o AT — L L AR B P ARG — 2, T 2 5 )
WO B 2 — g G RO LIRS 5 B R R
B, N2 AS 5 AR G5, 55 2 00 O B K
(R, AT 38 4 M EL RN 27 35 0, FARAIAR 28 5
TR o T 2K 1 0 75 22 sy o AT R R
ST LA AR PG 2 18] 40 3l 26 o IX AR E ol
FEARHIT R AN — AN 552, A% GUR 2 TG 1K Fh 7
TSI Rk, — AN g FH I3 & 5 F [0 0 5 5
ORI EUSAR - A% Ge R 53 BRI A R 2K B 1
BAB, MRS 5 /R AN SR o AR SC I IR (1 17 52 L9

AR, A BAARFFMLARAS 5 WS, IXFE A RESh S
M BRI A SR AR Ol BRI, R K KB ]
I AGR P 5 S AL A S s B /N I
VRIS o TABE RS 46 (0 LIRE 2 T 1] A5 5 R g
RLAEE D7 NS B 3 IR T LA LR 5 K
B AR S B B T 5 SRR S e 81 2 I
AL A AR A 1490 o G v 21 8, oL 7 Sk 26 R R AR U
HSF s W T SR 1R 2R HMLIE R AN TR RS A P
JRAR I 3 T EARYE LR DL, RS AR IR L - R
i BEA B ik EL AR (PRF) 45 A0 X S 400 431 41
Fe HIdE — 22 Bt A B . e Ah, b T i s KBy
JIAR R I A A8 AT 1Y) A5 B 23 BC B R AR 5



20 7%

2017 £ 9 A

B o ARSLIR A ) R B L AL R A A S DUAE T I H RS
% ) 75 R 4t Resona 7 b, HIKI I uig R H
TR UG R AR (ZST+) P54, JX I A AT LA
IREESEEE 1176 Ol e OF WS R 1A WAEITES
B8 SR GUB LA L, AT AR R D 1 1
DL AT SRS v MG o SXREAE [7) S ML AR S 3
AR, R KB B B > 1 SR
PRl LAORFF L AL AR 4807 30T BB B &

JIVVINVIINVANV VLS
SNV VUV IV LS
WATIVIETEIVIV LIV
JIVV IV VNV VLS
SNV IV VLTI

3 DA B R AR
Fig. 3 Diagrammatic sketch of interleaved trans-

mission sequence

2.3 FEEEMRERFR

TEIE i % 2 5 )8 75 2 48 Resona 7 b S
[T B I SR T A i s 7 . K4
JIX R i ) s = BT DS N Wk 2
JETE T IR SRR s A 1548,
I A% R 7E Resona 7 _E# v 4 NV Flow, H
1.0 ki & F 2015 4R IE R AR L, B ArEEZ RN
FH T 20080 1058 AR o 39030 I8 R4 1 S S50 A
FAL B Rk SR K AME S IR ANAE R IR S R B . IE
N S Bk I 378 1 B AE YR 4 S FTAA 1 my/s,
RS EE BT & . V Flow KH 317 &
N7 2, T EEAE IS L P A 4 B 0 A A R — AN Bl
[ — LB 5T, ] 21 40 B B 4T A B A 7 . XA
A e B AR I H I BN R o X 0 s il
R T HEENER O YE N 1 m/s, V Flow
fE R fr bR BRI IMLE K RMEAE 2.5 em 24
(2 252 B Sk B8 B 0l 3 5 S 42 AL i) 41 4 X3 PR
Hill) , SZAFE A T2 0 B — HE LT 40 i 2H Rl 1) 1] 7 2 ik
A7 R BB 8] A 25 ms. REEHRHE 2 EAT H EoR
H BN PR, XA 2148 i 53 1A 7 22 /0 B AE B
FRIRPRIR, T R R Wi E A 80 Hzo SRIM,
BT B i 80 A A A8 E T 152, o HE

A A g RN T 2.5 em KM . B RA 1
em K [P ILE AT LR HSK, A8 BB 25 B2 7R H I
FER 1 my/s LA R, 3t 75 2 82> 200 Hz 1)
TIRMUR . AT, R A 78 I I3 3 P AT e B ey o X
b R SR (TN e T B O T == 11| RN
LE

V Flow WIHT AR, & 2 38 ik il 2 i 7 g s
B, R mi = H §i AT IE 400~600 WiEEFP, Ktk
e oD BT Bt =BT 111 T O R O | = e e i TN
il 3 AT A IR AN AT i e BRI AN T 6 S R TR 7R
F HONHR A0 4 DS (B2 31 1 s N 234 400~600
M PG 4l 5284k . IR, V Flow SR T 1% Le 518
TR 7R, F AR AP A TR 1, 5] Wi 20 i, SR
A 400 MREFD AR i 20 MiAEFD o BAR BUGE FE 9 0k
SRAERHE IS R (100 1.5 s) B EUG SR, S8 5 P %R
— 5 FL B 08 F i R (14, 4% 1R 20 i LA 1=,
KA sl BRI 30 s /2 47) o IX PR X LI
BTV 25 v 2R AR AR s B R, R —
A FESGHLE) TAERAR . 751X PR B 18] 20 R
N, L R Sh A0 AT LA AR 2

-
-—
- - -
'\'- —
— -
— —
g —
- — ==
-—
i
Vo4

(a) B, VARG R R/ INFIT 1], 85 Sk i R RER LS A Y

-
——
e - v

e —
—. —
- —
—_ R —-
’_"4—4’:_
3

(b) AT, M b — WU B AR R
Hi kAL AR

4V Flow &R 75
Fig. 4 Display method for V Flow

3 ZEMNMRAERBIGERZTIE

AT R ) B MLV Flow 18 2 3% 84 5 F
IR EE R o SERR A T Fp B RS e 7 20 7 ik
fill (¥ KS205D-1 R 7 2 8 M A4 . i i
REARABE Y 2 10 e 30T g 2 i) B L A [ £ 1



3634 95 R L

P A 1A I

T RAZ H 7 A S 467

L35 33 5 SR J5 FEAS [ G A0 43 ) 0 8 4 of 9 3k 5
. RH 76 L 5§ E R4 Resona 7
LEREER S LO-3U AT I I i . STUG T, AARBE i %
BRI BT 2 5K V Flow
Fk 22 5 (PW) 05477 055w ) 67 2 4k 14D 475 1
WSEPRE . V Flow A7 A R IE, 7] B4
B MFEEE KN o PW I KNI T 2 )
Bk XBE, B A B IE, AT LA 315 2 5L by
RN e 1 RTEFIRASF FEECR 43 5143 201
V Flow 1 PW & F) 3 B AE . &R0 & 15 HCE
B bR 22, THE S R R AN, £
U S AR A P 2 w4 I . AR PR I A i
i, AR5 7.95 mm A 3.97 mm. 544 I
SR IIE I, l&tf%ﬁc%}%ﬂ%%? FHLAE IR
R T4, i EME. #id® 1R,
EANFRFERCR, V Flow F & 45 8 5 PW 14>

PS 49.95 cm/s
ED 47.79 cm/s
TAMAX  47.90 cm/s
TAMEAN 30.08 cm/s
Pl

RI 0.04
S/D

1.05
119(3) Bpm

(b) Wikith 2 B2 SAL GRS, L O E Y
HEEEZNE430.08 cm /s
K5 ZEE05 M AAELEEC 40 rpm, V Flow Al
PW A4 B AR 45 2R
Fig. 5 The imaging results of small vessel ob-
tained by V Flow and PW under 40 rpm for the
Doppler flow phantom

BRilr, ERIANHR ZEBE 10% AN . B 5 A
HH40 rpm IV Flow 5 PW X 40 & 1 5 45 5.
K] 6 AR 160 rpm N V Flow 5 PW %L 1

*1 ARERTEEMRMRE (V Flow) 5pk
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Table 1 Velocity measurements using vec-
tor flow imaging (V Flow) and pulse wave

Doppler (PW) under different conditions

O OME EHRNRE V Flow PW TR %
(rpm) H (mm) (cm/s) (cm/s) (%)

30.154+2.99 30.7142.39 1.85
10.20+0.65 6.76

40 15 3.97
70 15 7.95
100 15 7.95
130 15 7.95
160 15 7.95

9.51£0.65
11.87£0.76 12.47+0.81 4.82
16.18+1.26 16.311+0.74 0.80
19.60£2.23 20.44+0.52 4.13

—-33.88 cm/s
—29.96 cm/s
TAMAX -31.47 cm/s
TAMEAN -20.76 cm/s

(b) Hknh B s 516G F ﬁﬁﬂ% I OB )
T PEEZENE420.76 cm /s

K6 2805 AR N 160 rpm, V Flow
APW L R 45 R

Fig. 6 The imaging results of large vessel obtained
by V Flow and PW under 160 rpm for the Doppler

flow phantom
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