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Speckle decorrelation analysis of high-intensity focused ultrasound image
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Abstract: Speckle decorrelation principle is widely used in ultrasound navigation and three-dimensional reconstruction of
ultrasound images, etc. In this study, we discussed the speckle decorrelation characteristics in the ultrasound images from high-
intensity focused ultrasound system, and analyzed the decorrelation rules of speckle area with different texture orientations at
elevational direction and lateral direction, and finally proposed a novel Fourier transform-based algorithm to detect and correct
the texture orientation. We calculated the main orientation of speckle texture according to the distribution of Fourier spectrum
in speckle area, and obtained a new speckle area after Fourier inverse transform for the corrected spectrum. The experimental
results show that the novel Fourier transform-based algorithm performs well, and that the decorrelation curves of new speckle
area in lateral direction and elevational direction exhibit a consistent rule, which indicate that the novel algorithm can be used
for speckle detection, texture feature extraction, distance estimation between successive images, and three- dimensional
reconstruction of ultrasound images.

Keywords: speckle decorrelation; ultrasound image; texture orientation; Fourier transform; high intensity focused ultrasound

il

PG — ol i DL AR IR P SO, SRS IR T TR A T

15 5 Ji 2 A5 75 (High Intensity Focused Ultra-
sound, HIFU ) J&—F0#r 1 1) Jo BN PE R v6 97 i , 8
aob 7R DX 3R R 1% R P R R R i A
) R T R T R DX 2 R AR L 21 B SRR

(7% H A ]12017-01-08

[E&TE |E KR AR & 97350 H (2011CB707900)

(PEB BT | R 4E R 1 D507 1 R AL B, E-mail:jfeng_wu@
whu.edu.cn

(B S 1R 1ok AR 1+ B2 DTS 07 )« 7 5 40 3, E-mail:whxd-
sp@163.com

AT 2 o, I X )t 2 e A A T ) 445
TR BESAE N — R R SRR AR, T ENR
SyEIPM SR E A, R BIR RS, T
HERTCIYAE B, (75 AH 4B R ot ER B o, 22 1) A —
SE N GE A et . BE A A SRR T RS F R
R G2 B S R A, — R R R AT
FUURIAR 75 U — 2 T e Ak A i o
AR SC R ELAFIE HIFU M7 BG 0 A R
FEAR 5 B B2 07 B AR AL, B 5 S 5 PN [
D7 18], AR SCA3 A SO 1w X6 BE A5 DX el 7 J2 18] AR [
{18 i AE DG AR 11 S i, 88 1 35 e L AR 46 11
)i ey Ty g TE B



6 RN, 5 TSR L R FRR R R R A AR P T - 591 -

1 BERfREXIER

1.1 BB R RIE

T AR B RO E M) TR ASH 7 I
USSR SRR A SR B R A PR ES
L R e (2R P U AR 7 T
ST AL o P B UR A 53 ST P I RED LI 1
e AR TR SRR SR T LA 1A% W3
IBEHLIEE 7, BB A BB MR BT L
O3 IR S — T T DA SR S LB 1 725
L S E R T HOMAT LA
JEIRANEGIT 41 , A AR IR M 52 I35 2 1 S T
2] LN, R P B 5 4RI 2 ] A A
Y NPT 8 7 A A 53BN T
2 R LU B AR A R A A R
FE AN e 4 3 23 ] B ke e , e
FCTREABE . —MBA 76 B R P B D
PR TR, B R AR K O R B
HIR PR B S5 A, 9 ELRCHT MO BERLAM 1Y . 5l
HICSR BR B BRI N RO R R A 2 58 2 R A Y
BEA . TEAPRELSRISIREEIN , 56 2B A B 3R
B> | BT LSRR e R R A 2 Ak A T
B DR
1.2 PR KRS

T 7 B SROAT JLA 2K I 9 R R o 4
i, PR R AR 2 ORI TR A — 43 B 20 BT
PR R IR L TR R R
A1~ 53 4 BT L 30 M — s B P 4 7
D P19 B 25 S 1115 B AT — 5 RO A
AR K 6 ) 80 A T /I 9 B4, T B 5 A A
S AR DR Y SR L SRR L ARG
PECECEAEAE TILAER BITE B o HHCAEE 3 T Pear-
son HIX REOR 4T, HAAA N -
p (P.P,) =

N PP P Pal)
N PO - POVINY, . Pi) (X, P.6)]
(1)

o, PP, R XL BB DR, T DX
A8 NAMBRAL PG FRE | AR KR4
AMGER SRRLAY R (. BEAHDCHE SR ]
Y T LU BRI 2o 4, BB AR G 2R ™ . A
AR I 2 B B A A R AR I A 7 2

2 R SREEX

2.1 BEBEGLIEAE

WE TR, AR R, 5D O T
WAk T M L 2 5 5w AN T el e
(R FEREAR 5, SR I Rl B A A A
TR B ), B R 5 4 A T EE LAY 5 1], FR
R m JRE Tt R A 2 S R O ) A
B, W UCHAEX AN 5 1) 4 B TR N R T
PR RE o AR R IR T 1) B BERLYE PN T T
H S HEBATC I AS B, (A BRE s DX 3 e o )t LA A G
P BT R DU A [l BRE DX Sl A g 2 ]
D5 T WA — S D A A DRI, X A Sk
FIAHOCSEES .l TR RGN S R AL, B pd DX I,
(T T ASZRE LA, TR A — L L m R P
WK 2 s, A B .C 3/ X s gr B 5L S R] 5 [ L 1H.
BRI AR T TE B . A B XIS BE S A e
LN 3 N 4 Fi , SE6 K B, Ko anlel B B BE A X
8, BB 1) R 7K, 7E 0~3 mm P J2 )R 5% i
LR S TEARR] ] RUBE R )2 PR A AR G i R 1A
AR Y R R i UnTR] A C A X ek, BIGCH s 6] fi
KV, J2 BRI ] A ARG B 2R R BRI 2251

Elevational

Direction

" Lateral Direction

E1 BERGEH3INAE

Fig.1 Three directions of ultrasound system
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Fig. 2 Speckle areas at different texture orientations
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Fig.3 Decorrelation curves of area A
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Fig.5 Flowchart of the novel Fourier transform—based algorithm to

detect and correct the texture orientation
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Fig.6 Results after each step of the novel algorithm
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Fig.7 Decorrelation curves of original speckle area
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Fig.8 Decorrelation curves of new speckle area
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