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Abstract: Accurate cerebral blood flow imaging is of great significance for the monitoring of brain function
and the rapid diagnosis of brain diseases. However, the influence of skull on ultrasonic transmission may lead
to problems such as imaging quality decline, inaccurate estimation of velocity or displacement, etc. In this
paper, imaging and velocity estimation of intracranial scattering targets were carried out by combining the
coherent planewave compounding method with the speckle tracking method, thus to realize the detection of

cerebral blood flow velocity vector. In view of the ultrasonic phase distortion caused by the presence of skull,
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the influence of the phase distortion on imaging and speckle tracking was studied by numerical simulation and

phantom experiment, and an approximate phase compensating method based on acoustic ray theory was used.

The numerical results show that the relative error of target velocity estimation is about 55% due to the presence

of skull, and the error is reduced to about 12% after phase correction. In the phantom experiment, the average

errors of target displacement size and angle estimation are about 16% and 28% respectively before correction,

and both are reduced to about 1% after correction. The research results can provide theoretical guidance

and technical support for the development of ultrasonic diagnosis and treatment equipment for craniocerebral

diseases.

Keywords: Plane wave imaging; Coherent composite; Speckle tracking; Transcranial ultrasound

][l

0 35l

I FH i P R o 2H 2R 3R AT AR, I i o e
R 7 32 5 71 0 AT T R R N, T AR O i
ML B 7 2 FFAE , 5 BT IR i BROE (L) g 2 v 21 2%
W 1) 2 W B AR . 5 H A R I
B T SIS L 8 (Computed to-
mography angiography, CTA)B! | f# 4 if % 5%
(Magnetic resonance angiography, MRA ) Z:F B¢
FHEE, 88 A A I B S ) SE i, HLS & (B4R | B
BT .

A 8 1) Wi PR 4 P 75 R 32 BE0d od Sy RE
SR B AL <P R HEAT, I 2 % ) (Tran-
scranial Doppler, TCD) FI £ Fill ¥ 2 % & %)) (Tran-
scranial color-coded duplex sonography, TCCD)[5] )
PRI FE 52 PR o Du %5 101 42 H R FRR 75 R IO AR
A LAY K 48 30T 1T N AR . Bercoff 2 [7)
I FH PR3~ T I A A AR T VR AR L BA
K, P L P B AR AR B T PR JE . Macé
25 81 I FH 2 g 3 ST 98 R 45 6 e B 22 3 R,
SEHL T B RGN 7 4 HE A OK BRI Dh e R I
B0 R EE = gt AR O [ Py e E R EE B
YN e 3k BRI 7 B 55 B AL AE B ) S B R S T
YA AR 10T e v AT A R R
I 2558 A7 AR B8, Errico 5 MU $2 HY 1 #E 75 B A Bs
(Ultrasonic microscope, ULM) %A, A SEHLH = 7
HRA PN A I AR - DA B AR 1 3 s
[ 9% B B, 75 E0RE U U 2], B R i i
TR P AT R 7 3], (HL I R 5 BB - o7 7 A R
FEALAZ AL () 500

—J7 10, FE A S A 2 2 RO E A
ZURE MR W5 N B AR AE 2 AL 45 A 55 SR IR, A 2 2ok it
B P P R A 3 s g — T T P P e v T
B oAt 2 23, 36 i 28 P 7 1R 7 R AR, E X

P H R EAT R P RSB OMT T PR A U0 4 E IR 72 K
15 M AR AR 1) 8. R, 48 P33 0 75 R AR v 75 2550
3 U ARz W A AR IE, 17 R R A0 N S
2 U A X S0 VA R R e AR I P U N S i LN
P ASAL, S9N 7R IEMERE o X 48 it 75 R
H (M AL AR A IE , Vignon 25 M4 H Y —Fil A 24
3N SR AR TV R P PG 7 R T F e S B RE 4% K
H 5 I 25 S P A » DS P SR AR MR O
Guasch %5 15 $i2 ) FH PR B A i 1) 2 B 25 5 41
BEATHE A AR S W R R AR, IR AR A T
I 3 S I P AR R, TSI B P v 0 R R
B XELTIR R BCTH BT A3 BE A% 4 A1, T 3 1
R = 2 7 4 BE 4 R AT 22 PR P AR T T, Ak
AR TR U CT AR R i 7 2 2 4 1)
FHAMEARBLI M2 o Soulioti 25 V7] Fi Fi i A) Jie e ik
G 5 75 B£8R A WO RO e A A% IE 28 i
R AL, SEIE Or HERE AR . Jones %5 (18] 76 44 7
FE AR SR A O] ST SUAR v 43 ke L
B A BEAR T V5 5 ) RV R R S A A
AR ORI\ R 1] S B v 6 o o o, EL T BB AR
e, 5 24 75 22 05 15 AT LS B ) T 5 v AR ) A%
K IE « Wang 2% 201 Sukhoruchkin 25 21 i) I #4815
FLYGAIE 1 3 40 7 S S AE U VAT I 2 DA 0 i O AR
PR 7 HE 3. Jiang S5 AE A BALAR AR A
G 2R BRBERVEAR IR PR AR AL 22, SR —Fh 43 R A o
FAR 4 R AR s A5 v (231, s B fE 17 3
ARSI I0AIE T RURRCR - BL LW T 0 i 21
YUGERE AR R R P AR AL I, 0T Demend 25 (24
KM ULM £ R BEAT 7 NG 5L AR, F I
) S B0 R A 1 0 o s P R A FR) R

PR FCD 0 AL 908 S A5 X T PR 12 W B A B B
X PAY ML VAT P BRAR T AR AR I ] R, A SR
i3 1 A b 4 7R P A S R A 1R B IR0 B T i
BN AEU /L H SR B P 2 AT E S



134 /éﬂ}%'?

2022 1 A

JRAG AN IR B B 7 VR A 5 H AR AT B A S
B L /AR Ak T A B CT RS iy 75
SRR, SR AT R S 28 75 22 PR T VAR IR
ST U 8 PN S AT B ) HICER 8 % e I AR A
M A2 o 53 ol 3 o ML 7 AT AR S, 0 B P ke
H b R AR S A /3 FEAS I R 5, I 36 TE AR Air
KRR X AR A AR IR A ROk

1 EAKEIE

1.1 FHEEHETFEARE

ST AR R S B R] 7 s K X, A%
GL R AT VEAR L EAT AR i A5 . AR SR
FERIT 2l R BB 20 H 3 5 060 LU RE T B 1, A
SCRH 2 £ BEART- 4 750k 291, FE 4R il i
[F IR ORAIE BRAR 5T B

R 4 BE A PIT AT I 8 LA — R W0 46 A A RS ik
R T Ao P O 3 U I i e 11 EE A% 4R S 72 AR
F e [X 35 P 95 B T R ADUR VR~ T 38 7 9 £ 7 B
UKL B R R UM R B AR RSl
PR 7 AR KU e CAER T S A% 4% (2] 2 e R 2
FRABETLAG W 1 PR

P

1 i~ T A RO &
Fig. 1 Diagram of deflection plane wave transmis-

sion and reception

i A - THT R 75 5 4 B A2 a0 P 2 B s AR 5
SEHEIREC M, 01,00, ,0;,- -+, 0 N FIHIPE R
YRS )i 3 40 2 s AR s RE AR 0  BhHEA1, n oy
FEICREL 21,20, Tk, - -, T NHRBESFFE T
BEALFR, WIRRYE A8 5 bR XN He— A E (2, 2)
¥ ge 28 e u e S 0 R, X & R UE 54
FEIR B N AT A4S BZ AL B RAR R 5 K A -

m n

s(z,2) = ZZRF(M,T(%,QZ,%@)), (1)

i=1 k=1

Forpr, SR 18] 7 651 T 8 238 I [R) MRS R
(] 5 BE 4% B TG 5, (RO 1], R

T<9a LTk, T, Z) = Temit T Trecs (2)

Horr, B A E 50, AN eI Temits Tree
7N

L;

zcosf + xsin b
Temit (0, ¢, 2) = — = ————————

, 3)

c c
L, 22+ (x — xp)?
&

Trec(mkaxaz) = = c . (4)

K AN IR A7 5 S5 IR 45 21 (10 1 450R T 8m » BV AT 45 2
RAMNE G RBER.

—Array

’//"//v :
z

X o /:nk

(z, 2)
U

A% X Ik

Yz

B2 i 1 T e e A 4k A s
Fig. 2 Diagram of the path of declination plane

waves

1.2 MRS EREEXERE

TEF T R A4S 2 UG T 51 Atk b, B B
BEEREE 7%, T BRI B AR e R A SR 1
TGS, v LIS B B AR LA, 256 AR WS
J2 R AT B B Bl H AR R R

B 5 BT P A 7 R R T P o = i 7 B 1790 2 A
s S ase ARk, WK 3 i, B 5erE s kg b
WHUE M RSP IR FE R EAS W, 6 F— Wi
G R[] — Hp 0 BE RV 1 B R MR R . A
A — AR 4 B SR VC IR S, A R T AT
YA 2R, 1 H A — L B QU T EAL E, RIS
551 2R B W A VU A B (26) R i 4 e ot P %
2 A4 B 5 VT C A7 B AR A2, LA K 3R 4 e
PG (b [ T B, BT 5 Y % A S H AR i 3
AR, BEARREE CIFEE UL TR, KR
PG4 738 77, T 15 38 B i B 5 R Is 3 s



a1 1 G A,

SV 9 22 PR P RG4S IE S A R B 135

K3 R i S 3
Fig. 3 Schematic diagram of speckle tracking
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Fig. 7 Multi-angle coherent composite plane wave speckle tracking velocity vector estimation distribution
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Fig. 9 Comparison chart of the estimated errors of horizontal and vertical velocity components
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Table 2 Displacement estimation results
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PR/ (°) 0 24.904 1.265
FAIEAR 2 / % 0 27.7 1.4
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