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Circular statistics vector weighting for ultrasound coherent
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Abstract: To improve the quality of ultrasonic coherent plane wave compounding (CPWC) imaging, a weighting algorithm based on
circular statistics vector (CSV) is proposed. In this algorithm, the phase of delayed signal is taken as the circular statistical samples and
the coherence factor reflecting the consistency of phase distribution is established through the sample average resultant vector.
Furthermore, according to the different number of beamforming and coherence factor construction, the weighting algorithm of total
circular statistics vector (tCSV) is proposed. Compared with CPWC, results show that the scattering target resolution and cyst contrast
radio of CSV and tCSV are increased by at least 23. 67% and 27. 69% , respectively. And the CNR value is decreased by up to 39. 37%.
Compared with the coherence factor (CF) and the sign coherence factor (SCF) , the maximum resolution and contrast of CSV and tCSV
algorithms are reduced by about 12. 83% and 88. 31% , respectively. However, the ability to suppress background noise and retain the
amplitude of target echo wave is better. The CNR value is improved by about 20% , and the image quality is more robust.
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Fig. 1  The principle of phase consistency degree reflected by circular vector

SR AT EE S PR 5 mT A, S5 B R 4 3] 190 75 1 5 1R
(ERZ NARPAIRE RIS R I B w2
B IRIER (S SO B w2 (8) Al hi A R4
AT I ST PR S, (1) BTN R 1R

S,(t) =5(t) +iH[S(1) ] (9)

KA H VHES S(o) WA RARE#R A7 =-1, FIH
W ECEP AT S, (o) MBI AR @ (2) -
H[S(1) ]
S(t)
() ITFER AN 23 B RARMIF B A TE L T 2 H

¢(t) = arctan (10)



5 10 ]

Wk S8 A AR T A A R PR SETT R AL 267

A @ (1) 2 THBR T (5 SRS INEGE TREAR 5, 3XFE,
XA JABARREA X, e, E RS
{1 HE: (cireular statistics vector, CSV) G AR ER N

J ; 1 J
26% 272 (cosgo/. + igosinqoj) =
j=1

1
P~

a +1ib (11)
e Tl b 43 590 A R L S35 R0 R BB A & NAE, XA, &
S RE A R R K E TSR,

L=(a*+b)" (12)

pa(12) AL L RS [0, 1], #FL=1,%
HH BT AR AR B MR R 6 # B R TE e 315 1 CSV 4R
TR SE e —30, #F L=0, KA FEA SIS /A A 2
BEALEY , CSV F5EFJ7 0] 56 4B BH B A 48 1

XFEE(2) L (6) ((12) AT, CSV E—FhidE i &
KK L AR AR TR D7, ML TA T T
CF MFF5H T W7 SCF, R4 B8 AN F AT EE K,

%X]': 1,2-]

B CSV BT ST AH T R AT SR ™ 46 34 Van Cittert-
Zernike REEUEN] , [RIIL, CSV AT LIAE A —FhFH F I H
TE R MG B 3 (A AL R 7, 38 3 1 33 07 AR 38 8 75 1]
BSART R, BRI, X T CPWC 8%, X (11) i a
bR HE .

] N
A=Y eose,(7,)
| n:\I (13)
B =W;singo,,<m

P, T HGE CPWC SUE i) CSV AT 51

Ly =(A* + B*) " (14)

XF CPWC MR T AR R 5l (%, 2) 247 CSV
FL, FG 5T t REAS AT BB S -

Ieo(x,2) =1(x,2) * L, (15)

Pl 2 g (i T b A ] 30 RO Jlad 2, 4 BBORA o2 47 5,
PEATHIEGETE R A A i R s R

T | E EEN iﬁiﬁiﬁﬁl &
CIITTTITITT]  « « o o e

1

a
)
]

i

a3

i DY) [
z z
T T
H¥ H¥
(a) CSVH#: (b) tCSVELE:
(a) CSV algorithm (b) tCSV algorithm

B2 CSV FIlCSV B A i i
Fig.2 Flow of CSV and tCSV algorithm sweighting
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Table 1 The main parameters of the L3-8 linear

array transducer
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(a) DAS algorithm
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Imaging results of scattering targets

Fig. 3
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R e — 2 PO A% SR 0 LA O3 B AR AR S, 3 ) i
BURIE 2z, =5 mm.z, =6 mm,z, =7 mm,z, =21 mm I
z=41 mm b 5 DNHBA BRI L VR R A X 4 i
PEX IR 3 (a) PHICAE N TR, g8 1~5, B IRIIE
B R AL T AR B AE 1Y rhoO A FE R AE /N E
2.6 mmx2. 6 mm, AR P R K58 R E X, it
B 5 UL STEA R R T FWHM fi, 715345
k2 Fin, B4 5 AW TEA R SR Bk TR
FWHM fE Y 2Z b2

®2 AEEEHH =M FWHM &
Table 2 FWHM values of scattering points of

different algorithms mm
e
ik
1 2 3 4 5

DAS 0.3929 0.390 7 0.378 0 0.363 1 0.4757
CF 0.246 8 0.234 9 0.199 1 0.228 2 0.319 1
SCF 0.208 0 0.196 8 0.158 8 0.2103 0.316 9
CSV 0.280 3 0.2311 0.188 6 0.244 6 0.363 1
tCSV 0.2639 0.240 1 0.207 3 0.240 1 0.3385

ZAT5, 565 DAS AkM L, 45 3.4 B A S
CF .SCF.CSV J tCSV AU , /3 B m i R K, Jo
HAEGR 'S 3 BT RUAL, o PR IR TR B S K, 43 0 Ry
47.33% 57.99% .50. 11% Fl 45. 16% , T 1E4m 5 5 05
S 5y B R B TR B A /N, 4 0 Dk 32.92% (33.38%
23. 67% Fi1 28. 84%

(a) DASELH:
(a) DAS algorithm

(d) CSVHE
(d) CSV algorithm

K 5

(b) CFH.IL
(b) CF algorithm

ME 4 Hrl DUE O FASE O 5, 5 58 DAS
BV FWHM {E 5 K, 58] CF,SCF,CSV J tCSV iX
4 FOACR 1 AT LA 84 w2 UG 1) 43 s Horpr SCF 3
R FWHM {E e/ s Hoagx 3 FmA A A FWHM {H 25 5%
RN KR G 7 AN TR 45 A = AR, MR
CF Zr #1318 BE JE A T CSV AT CSV, T CSV 5
tCSV Byt G o HE R I 1 5 A B AR AR ], FWHM
(B 22 (B Y5 FEI7E 0. 004 5~0. 024 6 mm Z P, Zr P4 7}
B AR 22 1.23% ~5.17% . MIE 4 s B dh 2
A TR G AT DL B A B 100 HIC S A0 o5
[ 73 R R AL

0.5r

—=—DAS ——CF ——SCF
—v—CSV —e—tCSV
04r

03F

FWHM /mm

02F

1 2 3 4
B R T

Bl 4 AFFEA FWHM EX]
Fig.4  Comparison of FWHM values of different algorithms
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Fig. 5 Local imaging results of scattering targets
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Fig. 6 Lateral amplitude variation of the scattering target
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90. 74% 42. 50% F1 65.21% , 454K 5 W4 45 %, CF
B4 TP AT 1 (4 30 L 43 i E 1 B, 20l EE CSV R tCSV
F 48, 79% Fl 26. 08%

25 b X T DAS Bk CSV Ml (CSV A] LAAT &4 =
PR S 53 R S oy HERE ), DB/ DT SRS

R, 5y BER Ky HRRE ) B R AR RS 55 CF A0
SCF, 7ET5 SRR 7T LCSV AR EARN R 145
3.2 REIEEMHREGER

I [ 75 44 i S 360 KU P 7F - 60 dB /R R AY AR 45
WE 7 s, AR XIS HOR R s A, 7 ]
HLTEREE 40 mm 40, 3 DMIEBE, 5148 DAS EIEXT
WWERIHL,E 7(b) ~ (f) F AL B A, CSV fil 1CSV
TR0 5] H 51645 DAS LB @ AH T, T CF 5
SCF XJ3r 37 IX (5 Sl s il 5o, B LI 7(d) L ()
B AFRA T (-8 mm,40 mm) & (KIS BE, CF Fl SCF
IAE AR ILF- 3 M i CSV R CSV BIHR Y
MR A AFAE D e S . A AR (5 mm, 40.5 mm)
(17 mm,41 mm) Zb PP G BE, INALAL B ) , CF Al SCF
HP Y LB I BE DN € TR IS B TR R T A

X/mm
-15-10 -5 0
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20 20
g g
e E
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(a) DASELH: (b) CFH#: (c) SCFE£#:
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Fig.7 Ultrasound imaging comparison of cysts in the CPWC mode
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R e — 2 B A B0 AR R L E CROFIER P % L
J& CNR B 52 m AR 95 (19) M1 (20) , % 3 47 TR E
z=40 mm 4k 3 S AR[EIEBERY CROCNR BYTF5E45 2R it
SR A I RN S AU BEHCAN I 7 (a) TR, %
3RS 1~ 3, EHUX WU IE B T HE R, W
HAW X K I ITHER S, S o 1 F 2, 36 B4
S RHLUWEN 15 2 SREBETE R (19) (20)
B, Fl oo, 95 2 ESHALUERN 3 SREBEITHE L
H(19) ((20) T w, Fl oy HEERANE 3 R,

®3 TEEEREME CR.CNR &
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