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Low-complexity generalized coherence factor estimated from binarized signals in
ultrasound beamforming

Masanori HISATSU" %, Shohei MORT’, Mototaka ARAKAWA™, Hiroshi KANAT*?

Abstract

Purpose: In coherence-based beamforming (CBB) using a generalized coherence factor (GCF), unnecessary signals
caused by sidelobes are reduced, and an excellent contrast-to-noise ratio (CNR) is achieved in ultrasound imaging.
However, the GCF computation is complex compared to the standard delay-and-sum (DAS) beamforming. In the present
study, we propose a method that significantly reduces the number of GCF computations. Methods: In the previously
proposed GCF,.,, generation of the analytic signal for each element in the conventional GCF could be omitted.
Furthermore, in GCF estimated from binarized signals (GCFB) proposed in the present study, the GCF value is
calculated after the received signal of each element is binarized to reduce the computational complexity of the GCF.
Results: The values of GCFB and GCF,,, estimated from simulation and experimental data were compared. We also
evaluated the image quality of B-mode images weighted by GCFB and GCF,,. Compared with GCF,,, GCFB was
superior in reducing unnecessary signals but tended to reduce the brightness of the diffused scattering media. The CNR
improvement was comparable for both methods. Conclusion: Generalized coherence factor estimated from binarized
signals exhibits excellent CNR improvement compared to DAS. CNR improvements yielded by GCFB and GCF,.,, may
depend on the observation target; however, under the conditions of the present study, comparable performances were
obtained. Because GCFB can significantly reduce the computational complexity, it is potentially applicable in clinical
diagnostic equipment.
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B () WL CEA s, 72721, GCFidm

Jpn J Med Ultrasonics



M EFER O TR IS 2 ), Z0FF
HAEE LTS5 &, P O—FREELEE O H
FEA IR S, BT —F7 7 7 MY
k¥ 5. 2070, BE— FBEIZGCF 2#EHT 5%
AR R 2 ET 2 LS H D, ABFFETIE,
fFeftae -1 ¥ A7 7 7 % (sign coherence
factor: SCF)" & [alk12, f8%p ##E AL <X (1)
D& IZEAFT 5.

Xou(n, 1) = [GCF(n, )P xy, (n, 1) (1)

COpFIZEHHEIL Fig.1 (a) DIy T T v
77 —7)v (look-up table: LUT) |2 &> THEH
n, BHET—F 7727 b2 b7:01lp<1 &
WET AL, GCF(nl) & [GCF(n, )]’ OBFRIE
Fig. 1 (b) D L)% 5.

W2 GCF OHEMIZOWTHAY 5. GCF X, %
TAZXHET A F ¥ A NVTEEm (n=0,1, -, M—1)
DZERHF L ER LB ES T (m,nl)+j0
(m,n, 1) 126t LT, m JilA1OD DFT 543515 Sy

(kn 1) VT, K Q) »oHEHINDY.

Q&Mﬂ%qz

M- 3N 1Gmn, D) + §Q0m, n, D)

GCF(n,l:K,) =

kiEm FHEOBREBIHRIE L-F 5 THY, ZEFx
PVEM BB OE, k=-K,~K+1,,0,, K
-1 (K=M/2) T»A. GCFIZ, LRI D
T~ () & [-K,, K] TRESNLEGE
BT O3 — M (53F) OlTHL. KX (2) 12
£ % GCFHE ORI % Fig. 2 (a) 2R, %7 ¥
IV B DINTE T OERIE n FH OB > 7
VU ZREEBICBWTI R EIGu— 82T 1V
% (low pass filter: LPF) EDWBPSVE L 7 572
W, INLEEF Y ANVOEFIEATIUTHES
AREBZHINT 5. 22 TR L, BITES DER
B L CEBEST,S GCF iz E T 5 Fik%
BELEY, BT ETOERY B L, ERET)
5 GCFExHIET 5L, ZoffEL L TZERT
D JEBEN 0 LT 2 (5 D WIS 25 n TN FEAE

(@) element
N s(On0) |
0 D—> channel 0 » ADC —@ Xin(n, 1) Xoue(n, 1)
1 »| channel 1 » ADC delay s(ln l)t
] N s(2,n,1)
2 » channel 2 ADC delay 5
Ij [GCF(n, D]?
» look-up
= table [¢—
L] > (Lum) p
] ™  GCF I
B s(M—1nD estimator GCF(n,1)
1| —s[amam [ 70c > dam T
(b _
o8l il
"1_‘ ‘ P /
= 06 ~
- 7
=
i Fa -p=1
8 0.4 / p=05
= / p=03
0.2 - p=0.2
/ p=0.1
0
0 0.2 04 0.6 038 1
GCF(n, 1)

Fig.1 (a) b —L Y 2DV ZEE -2 7+ — I Y 7 ORERXE (b) LUT ® AT

Jpn J Med Ultrasonics



GCF estimator Ko
§ | = e e e . e
: : . v v |
s(0,n, 1) 1 Hilbert 100,n,1) +jQ(0,n, 1) Si(=Kom, 1) !
H transformer =1 d !
& 1
s(L,n,1) Hilbert 1G,n0) +je(Ln, IL Sialtko + 1'"'2 numerator )
3 transformer DFT of Eq. (2) .
: : | GCF(n, 1; Kp)
' Si(Koim, 1) —
s(M—-1,n1) ! Hilbert | > divider i
: transformer = !
: i
' 1
: denominator | !
- of Eq. (2) g '
H IM—1,n,0) +iQ(M — 1,n,1) H
: :
i 1
b . M, Ky 1/M?
®) GCFB estimator
e e o e S S o i ey e syt o i s 2 e e o e e e e ez e g
: Y U(—Ky,n,1) * E
s(0,n,1)! —Ko,n,l) o
i U(=Ky + 1,n,1) | -
s(1,n,0) 1 — u(l,n,l) il > LPF
o DFT of Eq. (7) '
E 1
i i
: U(Ky,n, 1) > E
sM—-1,n,1), _ '
| "
: !

___________________________________________________________________________

Fig.2 (a) 3£ GCF & (b) GCFB & H Okt X
T5, ZORGELPFICE > THETLIEIZE

DS S GCFy 1&, 3 (2) @ GCF L [HEDE
LBl ERLIZ. GCFy E, X (2) THIE
FI(mnl)+i0 mnl) %FEEESs mnl) 12,
S kn 1) % s(mnl) ®mIMICKT % DFT T
BoNsb7—1) TS knl) ZEEHR, 57,
SREEN K L Cn HIANIC LPF 23BN 5 Z
Lizky,

S Ve { T 1800 - P Y]
Ty [oest - { M Z) smn = P

3)
THEENS. KX (3) 13, LPF & LTHRE fr (B), (h=
—N..Ny) OFBRA ZSVARET 4 V8 & vz
el Tna.

GCF oy (n, 1:K,) =

3. REF &

3.1 2{E{LEELSEHT A —{tab—L >R
774942 (GCFB)
AWfgeCl, BIHME S DOAER % 4 LT GCF i

THEET AN Q) ITHLT, & 5ICHEERZ K
TAHTHRERET . ADNFEBEG s (mn, 1) 120
LT

—1 if s(m,n,l) <0

um,n, 1) = { +1if s(m,n,0) 2 0

(4)

E2MALL, ulmnl) @ mFIANZHT 5 DFT %

M-1
.2mkn
ko) = . Dexp| 2 |
U(k,n,l) Zu(mn exp|—j i

m=0

(5)

TET. ulmnl) 1F1F723-1Thi7z0, K (5)
IEFEREEHoONBRETELETE%. X 3) @
smnl) % ulmnl) 12, Sknl) % Ulknl)
IZE SR,

Ko

S [ { T8 UG =P ]
Sy o - {M B0 umn = 0P }]

(6)
LYh e, ROV, lulmn D=1 X1 H
SEfEE % %728, LPF x BW5T X,

GCFB(n,l:K,) =

Jpn J Med Ultrasonics



S s - { T, 1UGn =D }]
M?

GCFB(n, l:K,) =

(7)
&% %. GCFB T, (i) 3N (5) @ DFT 23
BoArTEHRTELZE, (i) R (6) OO
BELPFHAERTE L2 &, (i) & (7) oBkE
EEM /M OFFICEZBEZONLT L 12X
TGCF,, &Y bEFE=Z M TE 5. X (7)) 56
GCFB # 5 9 A # 1 1 Fig. 2 (b) THE SN,
Fig. 2 (a) |Z/R 95tk GCF OREMIZ L THHEAL
S5,

3.2 GCF, GCF,.., GCFB O;EEEDLLE
MR 1YY 7N B720 122w, GCF,
GCF,,, GCFB ORI LB 5, A O R %,
Table 1 [ZLELRIIZRY. 22T, X 3) Tk
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TH, REHFE = CHEUISRITES 2 £ T X 2725,
ADC O > 7)) ¥ FREEFA IR S, L8k
BECIRERZBEENTEAET L7207, KifzeCla®
B L7,

4. 5l 7 &
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DOFIENE L EE % 5 £ )1 paers T D T2,
NS THMEINCFEOEFHEIrS T TR
& CNRIEZH L 72

5. KB A&
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X (7) 5 GCFBExHM$ 5. oy Ial—
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EATNT+1 &%), GCF,., & GCFB OfEih kK
&L b, The#tszo, X (14) oFyo7
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720 Fio, EEHEERT H7200%REL LG
BN, ERROMBEF IR D X ) IREE L7
RF 7 — & AR D 24215 S % Table 2 (2R

6. ¥ R

6.1 18EFELD GCF,., & GCFB DL
AFZE T, DETOBE 128 W TAREE T DK
WAZHE L TWe Ky=1 DFFTTRTOMGEEZ 1T -
72. Fig. 412V 32— a vy F— Y OERERT
(x,,2,) = (0,46.2mm) |2 1 DOFGELED B 5 H5E

L L7k &D, DAS, GCF,,, GCFB Ofi#* Fig. 4

Table2 32l —3 3 &FEET— 7S5

Parameter Value
Transmit
Number of element 76
Focus depth [mm] 105
Apodization function Hamming
Center frequency [MHz] 5
Band width [MHz] 3
Receive
Number of element 96
Sampling frequency [MHz] 20
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Y MATIEELZRF 7— % %5 DAS THEZE L 72
BE— FETHY), HEOFENTRT LIRS O
T 28 L7z GCF,,, GCFB O34l % Fig. 6 (d)
WRT. YIalb—3a UREREFERRC, GCFB il
X GCFou ICHRT/ANEWEE 2572 T 72,
GCF,;, GCFB DfEAVN ST UL E DD /N E <
hHZLHMERTE L, ET— ¥ T, WMEICL o
THEEBIZE SNR AR T3 %728, Fig. 6 (a) O
Ialb—va RIS & GCF,, & GCFB fi
dhE L, FARGEESL) FRO S mm THRA
Loz,

6.3 BE—NRN&EOV MNSA MR

INSEL7ZEBT— 7 5% L 72 DAS &,
GCF,.;,, GCFB # H\»\7-CBB 2L % B £— F{§%
Fig. 7 (a) - (¢) CZNEIURT. FROSAF I v
7L V13 80dB & L72. GCF, I2BWC, Fig. 7 (a)
DR TRT TAVEBIBIEE T —F 77 27 b aF
A LRI DI pocrrea ZE L, pocren =0.2 &
L7z, ZoLzxoT A YiEFEHEBIZE TS GCFB
DFIGMEDY GCF o D FIIE & FFLEE DI 72 5 &
I poers AL, poers =0.26 & L7z, Fig. 7 (b),
() XINoDpfliEHWTHTHELZHEHETH 5.
F 72, Fig. 7 (b) IZ# B O TR FEBIZOWT,
PRREST I P L 72 S WG O T AL R 7 a7 7
A V% Fig. 7 (d) 12/”¥. GCF.,. GCFB TIi,

Jpn J Med Ultrasonics



(@
08
©
T 06
=
c
& a4
IS .
02 Transmission!
O focus depth |
" .
40 60 80 100 120
depth [mm]
(b) 1
— GCFreq)
- ~ GCFB
© 06
=
=
)
% 04
=
02
S
0 S
=70 60 -5 40 30 20 -10

noise level [dB]

(c)

Omrn_

(d)

magnitude

— GCFreal

081 | — GcFB

Transmission

e focus depth |

04

0.2

depth [mm]

Fig. 6 — LB E ' D GCF,y & GCFB DL (a) ¥ I a2l —3 3 v F— 2 I12B1F 5 —H#ALEEE ' @ GCF,. &
GCFB. (b) MEOIRIEIZHF % GCF,y & GCFB OZAL. (¢) EBRT— 128175 GCF,,, & GCFB OF . (d) FEbk7 —

ZIZ B B —FEEGELE o GCF,, & GCFB

Table3 £FEICLABE—FHENIY 5 AL CNR

DAS GCF,., GCFB
Region 1 : red Contrast [dB] -13.9 -17.7 -17.9
Region 2 : yellow CNR 247 2.87 2.92
Region 1 : green  Contrast [dB] —5.2 -79 -7.8
Region 2 : yellow CNR 0.98 1.38 1.35

DAS 12 AT —BREL & O M EEHEAYER T L Tw
B, ENLLEIC, AEESERBARICL > TR
I—HOMEMIREETLTEBY, a3V FT R
FASAILE L C\WB Z EAShr A, Table3 12, Fig. 7
(a) W IRTAREHOBLLHEE T TN ZNHEE 1, 2
EL72GE L, e HOBLHEE T £ 1,
2L L72GmEILowT, KX ®), 9) »oHEELL
ZWED T FT A ECNR #7RT. GCF.,,
GCFB Tl, 2> FJ A b, CNR7ZE 12 DAS &
DENTBY, FEEDOIT Y bT A M ER)REITE
b7,
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R HF, —#IZH D 2.
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SIS B 720, GCFB X GCFy £ 1 /& W
b, ZOL) b hRMAEDD 256
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