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The Optimization Research on Element Failure of
Ultrasonic Array Transducer
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Shaanxi Normal University ,Xi’ an ,Shaanxi 710119 , China)

Abstract; Array transducer is the crucial component of all kinds of these instruments depending on ultrasonic phased
array technology. While, efficiency changing and size error of a single element or several elements can make significant neg-
ative effects on the acoustic field and its directivity,and reduce the detection effect on the field of high performance and high
resolution application. Using the adaptive algorithms, we presented a method to optimize and correct the array from the exci-
tation mode of elements. By adjusting the excitation amplitude of each normal elements, the influence to the acoustic field
from element failure can be decreased availably. The experiment results and theoretical analysis indicate that this method is
much available to correct the acoustic field of the array with disabled elements by using the acoustic pressure of a few refer-
ence points in the field. In consequence,the array transducer with element failure or size errors can be well optimized by the

method we proposed.

Key words: ultrasonic phased arrays;element failure ; directivity ; distribution errors ; adaptive algorithm

1 5|8

TR 7 A4 R AR S — o A5yl ey 4 A I 91 8 g
PRI W T TN TR Ll
TEARAGIN VPRI F 3 A2 W 26 224 2
Rt 2 th 22 A4S R HL 0 S Y TR R A S B T,
HE— 7 PR R DU 51 2 ol 1) 8 7 B 91 i R . 0 o A

Wk H 91 :2016-05-27 & (8] H 1] :2016-10-24 5 53R S i - T 223

WP PPN A5 di R, T LR (B 1 P g ) SR A
FUR 6 A PG D B ) 7 2, LA e 9 R AR
S HERRGE W L R o B8 I T 1 4
R, AN 25 B A 3 2 3R S BRSO iR
SERCRBEAR 7 A B 5 e S 5 S B il A e A v, e
PR RS 5 B RO R o 25 17 76 i 22 , 32 i e
o A R OS2 A 0 i

SEATNH  EF A REFF 4 (No. 11574192, No. 11274217 ) 5 BT 25 Hr 9 85 R SEARHIF L 5 9% 4 198 4 ¥ B (No. GK201704003 )



1996 M ¥ 2 Eihd 2017 4¢
M1 4 RE 7% AP0 A — B B 7 A4 I R B i 5 P, =p Py ot (1)
(rit) — i €

P 1999 4F, Wooh'®”' 2522 I 5T 1 2% M AH % [ 75 R
FARRHE 08T T FE s H oo B iR B e RS %
F1 X3 P R 2. 2010 4F 21 SR\ iRk
2 F N 4 B KB A 0 0 A, 4 G e
R I 2 S5 A 78 )y 6 465 34 7 AT LA /N 2. 2014 48
Zhengyao He'"" Fil FF1 3T 310 17 1] 45k 185 AN o &5 e 15 4
RE S5 75 58 5 FRL A% v B 20 25 9 77 A P D g R
Ik

FIUR, 1245080 1 R 20 BF 5 1 B 48 P 7 4R w5 R e
PR A% 10 75 375 38 1m0 PE 2 (R, W/ 5 4 N
R ph T TR i 2 I Sk R A e 4 PR 2
JIE P LR B P 35 4 A 1 2%, 4 I S T 8 T A8 Gl T AR
PR B3] 4 e , 2B A IE 6 s 1 v o O ol 1 RS
A O 4 R 6 R B I B AR ST A R B T Y
WU Z 50, IR B R A B, X AT B TGSl 8 el
AR A TR [ B 14 7 3 3 AR BEAT AR AR B AE , I i T
B T2 33 T L AT 22 T 77 A 1 % 75 3 40 A L B i o 48
1] P P S0, 0 R 0 158 45 P . AR o T R 4G
VP R —— W (A MR L AR S A I (1 3R
5 22 Ll , X% IE AT AR HEA T A
2 BESHMEERSEMEG S B RAURESEZX
2.1 HEZMEMNEES®

H NV AN B ST 4 B G2 BT A R R 1 T
& ,a FRETEIENE b AR TC IR, r AR A | AT
B3 [ 5 A (r,0) (8RB, 7E3L 3%, B — A METCHR AT LLIE
ARL SR A5 EURE Lk 7 M 8 B

A(r0)

|?\

K1 FESRAE SR B

N TG R T AL RS B T R 2 TR AR X
TR SRR NbE 2 IS YN BN VT 87 NN v 24 U
S5 R G DR A M TR SRR 22 5 O RN e,
{HVEFEIA 1 21 0, F/R FETC M58 42 1E 7 4 5 31 58 42 2R 3%
ANERG PP R AR o (89 /N T BT LA RS
TR SR 2003 9 RO R 2. B B A 225 18] g Y 4 A0 P
Ji& P AIFETG R B 1 o BAE B, AR 75 R s (1)
}3)?%[17].

25 D AT A5 3 4 ) $6 R g 7 2 1) s B 75 T
X (2) PR

P _ > & i(wt—kr) (2
(ro.) = Zﬂi . © )

B w AR | AT R BUA T
2.2 ETHENEENEGMRK

o i R AR A ] i A R — S A R
B A A i AR 5 22 1] 4 BRGS0 1 2R 22 A A
AR BB A TR, FIE 7 vk — WA I8 TRk B BE N B
Bk /N 7 B (Least mean square, fij /R LMS &
W) GBI A DL s s
A SCHFFEXS 75 S 43 A0 AL IE DAL, PR F R G LMS
B I O 0 D DS RAE P A P 2 R, AR B
59 d (1) 5 IR AR LG 5 (o) B 10 1 s i
F5 () ZZEBIHE e (1) , KRB B /s A, 18
HERBERAEIMN AR 0(1) , HE (1) 53 /N ek
H il

SRRANA) S

P2 A IS A A P

BT @ N TR A R R E ] 3
TN RS A M ST E AT IR AL , LA 2R B 46 fig 4 7F 25 1)
RGP, (i) VR B I8 W8 A% 55 y
(1) LRI e S 19 THE A (PR HERE S 75 R 431 P,
(i,7) ) ABCH B 3 0 8 3 & W I BB AE 5 d (1) B IR
BOK(n) WIGHME R O, FF 4 25 A Q& 1 if B T 1) ) «
(1) , HENS e s 1 S PRt i 75 e P, (i) R EE 7 R
P, (i) MBI HRIRZE M e (m) IR BB/, i AL IE &
B K(n) AERIZFETC B IL AL R 5L 45 A% oo i
AL SR E AT T — AT A R B Al 11, H 3
SERUTA FE T R B Akt P s e gs A, vl LA
FHIC R E5 FAE R 9 16 (8 B R AT AR AL, B 31 22 5K )
BOR S Z O, — B 2 -3 IR RIES
SRR AR AN AR R 22 IR B A
2.3 RUHMERRFHITE

TEEMR AL B HE AR iy 1 )5 46 BR 5 A RR
22 5 FH R UG O o 4 40 2 0 {1 15 12 L ( Peak Signal to
Noise Ratio, f&i 5 & PSNR) "', =t (3).

255
RMSEO ) (3)

Horp RMSEO S FE M PR i 3 05 iR 22, 1 (4).

PSNR =20 * Ig(




% 8 M VTSR BTG IR0 7 [ B 8 e e (5 M) B A AT 5 1997

v
n ARG TS,
Yl n=1
2 v
o v B 471 2 [ 75 m NRIEAEFRX |
TR 46 Pyi,j) B, WiiEm=1

K(n,m)=m*0.0001 |«

[ TCHURN 7 T K (n,m) *P,
5% 22 W 1 2% V) 7 s Pa(if)
]

v

%%ﬁﬁﬁs%)=/ZUmJ%€@ﬁf

F iRz 7 IR A T
LB /ME e(m)> e (m-1)

it DR A i ARAEK ()
Kn,m-DIENFn =11ERE )
A B TCIURh 2R E (LT U ES

B3 AR AR AR

RMSEQ = Jl;lz 2 [H(i,j) - K(i,p] (4)

K mn JEEUR A S8 H K 53 50 2 UG AR 05 00 IR
(B, bR PR 0 4 e I T P 114 I 3 (L A4 0t
i
ASCHR A Sy A T L e SRR T HR A Y R
{8, R T PEH 25 SOl A AL I 04 AR A ofE B 51 75 i
ORI, A SCHR A PSNR Jy 3 JEL B, %5 75 4 75 T 43 A
EZE HE R R IR I BE AL, $12 7 0 {1 91 M 12 25 LL ( Peak
Amplitude to Error Ratio, {5 5 > PAER) /E R 3EA 7 1L
iR ZE W, X (5).
PAER=20*1g(é%§E) (5)
Hodr P CHARUHERE S 75 3 b 75 R S R AE, RMSE b i
W2 5 A B T 2 B 9] 7 45 i e TR B B3 T AR R 251
RMSE = \/}72 2 PG PG (6)
K P, (1)) A BRITO B S50 FR AR RE S 9 75 R0 AT
P, (i) A BRSNS A3 A 1 T 3 3 ok A

PR R R TER A DR A b B A fEL
3 BEIREERESHO T

3.1 BEERBETRAYEIIRERNERS T

KA — Mk, FATTBIF 53 45 B G [R) A 800 7 A2 1
S T 987 2 P 3 R 08 A 4 o 5 A DU Y R 4% T
A3 I P9 A A7 A28 B 38t 75 380 %) 0 2 3R 4 B N 78 1 T 2%
A G
3.1.1 IBEMIRERFHS T

WP RERS SO0 : T ¢ = 6260m/s, [T
AN =32, [ 5ClalE b = 4mm, FEICTEE @ = 2mm,
B f = 50kHz, % il 75 FE PR I P = 10000Pa. X 32 4[4
JCIFIAH A RN , 388 35 A BR TG0 B, 45 21 34 59 26 B 1) °F- 1
FE R A R B I 4 (al) Fos , B e A 250 Tk
T PE AT 4 (a2) 7R 5 X454 B 0 R 7 P 2R 6 it
PRV A5 B B0 AR A SE AT 06, 45 B R 8 M R
30°, £ 57 B B UL BEIT S0mm Ab (4 fR ik B S 7R 37
LR R AN & 4 (1) FirR , FEF 4 BE #5841 305 a4
] AN & 4 (62) Fir7R.
3.1.2 FEETRBEIRERNERZS T

BB 51) 46 B i 1) 2 R0 R o6 R 26 16 A B ST RN 5
17 BTG, KRR F =0, Hofth 4 6 1F #8575 0, 2%
BT o= 1. X BB 4 020 A7 AE R 19 T K A7 38 Dl A0 AH
V7 JIE BN, A5 265 0 1) T T8 5 A A R g B SR R
P A AN 5 (al ) FEL 5 (B1) Bt/ , 75 4 %07 R 4R
] P [ 43 R ] S (a2 ) AL 5 (62).
3.2 #HEEsRMURENRISEERE

AR IE ) B A5 &, N 5 (al) FFR B9A BRI R
BB B) B4 T8 0 75 37 03 AR, 3 3 6 R R AL T
PRI AT LAk, (5 A5 W 00 2 R 51 7 3 A 5 R 4
(al) "RFRIERES 75 b 00 AR B AR 58 22 38 B fe /S, Wl
JE S BRAH PR, X 3 F R A A I S Y L 3R
355 I v s R L 32 B A ISRk A7 4R Ak - B 4
(al)H x J5 ] — 100mm F| 100mm (1) 58 B L,y J5 )
Smm F| 170mm {19 55 BEE ], B Tmm S — A RAE 5, 15
F 1=201 41],J =166 17, X AE— 7 H R A X 5.

MAE 3 F 20 (2) 115 32 MR iERE o TE 4
6] 224~ A5 P A 44 B B 3 B DT 2 O B 1 O, 75
B BETC IS BB 5) 4 R 25 75 3 vhox I 23 (8] 24 s
JEAE. FIFHE 3 FraFe e, LA B oo 5k 8508 51 F s i B
HI RS IR 22 07 RAE & (m) 35 3 5/ Ry FI Wb o, 75
BN FEICHBE R B K(n). B K(n) T A BR s
B A T S8, 3R St R E R AR A B
TCIRELRES 1 75 R 40 A, 38 3k 40 BT 1% 75 3 43 A 5 4
5 oy AT 1l 4 (al ) 1 75 I (B % R 2 25 L (PAER) |
RO HTIEIE S B A [0 2 85 9 A IE AR AR 35CR



1998 SR S 2017 4F
200 —— ad34 200 —— A702 200 ——— A578 20 = 4706
180 - —— ~ 1800 e 180 P e 18 & x
1 — i S N = = b N

£120 — 400 EI20 N 400 o130 —_— 400 of9 N 400
=100 £ | — 200 E100), \\ 200 5 2100 /4 — \ (1200, E100 £ ~ ) (11200 o
g — )= S S (oERET —— el S e
40 r——s ' 200 40 N 300 4o — 200§ N\ -200
28  — 400 28, \ = -600 28’ — 400 2 R :ggg
-100 0 100 v -451 -100 0 100 v-690 -100 0 100 v-374 -100 0 100 v-690
x/mm x/mm x/mm x/mm
(al) “FTT B 7 T P] (b1) R A G 75 T 1A (al) I Sk 75 T 1] (b1) SR A kI 75 T 5]
105° 90" 75° 105° 90" 75° 105° 90" 75° 105° 90" 75°
120° 60° 120° 60° 120° 60° 120° 60°
135° 45° 135° 45° 135° 45° 135° 45°
150° 30° 150° 30° 150° 30° 150° 30°
165° 15° 165° 15° 1657 15° 165° 15°
180° 128 89.6 1664 2432 0° 180° 112784 1456 212.8 0° 180° 6.4 704 1344 1984 0°180° 12.8__76:8 1408 204.8 0°
Pa Pa Pa Pa
195° 345° 195° 345° 195° 345°195° 345°
210° 330° 210° 330° 210° 330° 210° 330°
225° 315° 225° 315° 225° 315° 225° 315°
240° ~300° 240° ~300° 240° . 300° 240° £300°
255°270° 285 255°270° 285 255°270° 285 255°270° 285

(a2) VI 8 (b2) BEFE R bk
El4 bR R RE RS R

ARBIR , 25 (0] 2 2% 5L B FVECER 1 28 95 5 A IR AL
SRFHH . AHIE , AR R A DI rp i A D AL
ES2% 5 HHR AR R, AN I SE. AR SO R
Yoy i h i D 225 5 IR BB AR R ERBCR.
PO IE 2% fl e $%, FRATTLE B 38 1 F2 )y
Ay IR B B4 %) | = 10mm ,20mm ,30mm ,40mm ,50mm
(LU,12,L3,IA,I5) 1) 5 5 FATEAE NS H & TERE 5%
S FUCE RS Num, [0 BRI 51 03 A 19 225 53, 41
JHAR T L A T AR K AR AR IE R BB A T R
R F 2 W oT 1SRN B 2, AT BROTO B b, 45 BUALIE
JE WP S 034, SRR ERE S 7 B 5 LU, 79 3 PAER.

XFE AR SHR B2 A R AR X U ) 5
A LB (Num/T) FIBEJ P19 PAER R ZR 0
6 J. Kl L1-LS &SR35 1) PAER.

20

16 26 36 46 56 60
Num/I (%)
K6 275 s B RESE L

3.3 AETRBEFHRUKIE

L3RRI A B A, B L = 20mm X 5k 5%
80 NS S (RIBEFE T 40% W2 % S50 ) i1
PR3 108 [ T 1 R IE FR B 2 A W T 2R R 51 1) A
FLSH, RIS IE Z 850, XoF I 8 7 4% 4 T 1Y) 38 il A it

(a2) -1 75 e (b2) B R 1k

FES AT R Re g im i 5
PR BNRE I J5 A R TG 2R A5 51 1) ~F- T 75 37 R A SR A 75
Gy BEet s R B 53 an il 7 (al ) FRIEL 7 (b1) BoR, B
YR AR 1) 43 Al 7 (a2 ) FEL 7 (62) E 7.

2007 = 4580 —— A750

180/ P i bt o -

1901 —— w18 N 600
E120| A S \ E120 S ) | [400
E100/ 4 so— \ (1200 . Ejgo £ ~ \ 1200 o
=50/ g— Vo £ =750/ = 0 &

% S 200 o N 200

BN seree a0 3! T\ -400

G100 0 100 v 385 2100 0 100 v-750
i/‘mm( o x/mm
(al) A BRI 7 (b1) BAEF W 7 R I
IF 105° 907 75° &P 105° 907 75°
i . 120° 60°
135 45 135 e

150 30 150° 30°
165 157 1650 15°
180° 1307684 1456, 21285 | (° 180° 112,784 1456 2128 0°

Pa R Pa
195 345" 1950 345°

210 330 210° 330°

225° 315 225° 315°

240° . 300 s
255" 270° 285 207 s o707 285° %0
(a2) -7 g i 1k (b2) B IS
7 PIRETCAR M S RE AR R R SR AR 75 5

4 HISE

(D) BIES% i e 4%

Bl 6 i TLATHIZR L1-L5 73 5 9 KL IE AR P 1B FE 1)
TASHL LIS 0N 7 R R DR 1) 5 5
Fe) (Num/T) SHEZER A PAER BICHR. 5% fi L
/NT 50, o g 1] BN T 20% I, TLAREGR AR
PSR PAER AFRE. RN N S i /i,
TR R P T AN BE 58 A AR BB S P 7 1 20 A A A
FOESRR B 3 AR B E S R 22 S BOR. 275 5
Bk A ] SRR T 20% I, T AR SR SR AR
T2, RZWIRKIE G 9 PAER JEAF &, X 2EH NS %
SO Z | AR R BURE A7 I 00 A R AL B IE 45 R BT



% 8 M

FVTE G - [ TR SO0 75 4 21 5 R i 1) 2 ) S A AR 5 1999

S BHABE RN | =20mm IR IEROUR AT 25t 2R
FURR ST, B K B2 2 2 e 5 A 10T a7 114 58 57 [X Sl et
DT R SE

(2) FETT IR RO 75 5 52 )

S R ERE S 7 4 03 A 1A (1L 4) S5 2R 3809 oo
S o Al (P 5) 19 FEA, i FAFAE R oG, 1431
et BRI P oA 1B (B 4 (al ) 58T S (al) LRI
4(b1) 55 (b1) ) 7716 W K 9 fi 22. i S 7E 40 Ok
R IC R DX IR, 7 T A5 s v PR 87 7 3 2 [l A5 A A 224
XTI I RO TR, e AR AR Dok ), 25 G 0

PN
(3) H 38 R R A e o0 2k 8% 9 e RE 45 75 3 1
AR IE

7 S L B E S EURE 5 B A 2R T Y FE )
BB g A o0 A I, -1 A 5 18 (187 Cal ) ) i
FeRAEFGE (K 7(01)) el LB R, A0 28T
PRUERES 0 75 3 53 A5

PRAERES AT B T 2R R0 51 FA G i 1A B T 2k
RO 5 = DR P 35 0 A AT i S ECR PN 1.

F1 FIIHREERFHHHER

i % R
FIRUE (Pa)  ZHRIE(EH(Pa)  APMAANTERZE RS (Pa)  FHMRE(H(Pa) S AiARXTIR2E
FRUERE3 287.54 140. 8 256.71 100. 8
H HETT R4 5) 232.62 110.6 45.31% 240.01 112 11.04%
¥ 1EJG 4 e e e 3 [ 51) 248.92 128.0 30.26% 255.96 95.2 1.36%

MR ] DUR B IE S A Mo R B 5 P
AT 7 375, 2 A U (L 389 3] 248. 92Pa, 55 i 16 (i 35 5
128. 0Pa, 73 A AH X % 25 1 AN 45.31% F& % 2
30.26% . i B g, BRI (E T} 5 3 255. 96Pa, Fa AR
bR UE [ 51— 2, 55 e e 8 0% 95. 2Pa, FIAR E R 51) 1
T, HA AR ZE AR S T 1. 36% , 75 35 30 A1 5 DL HE A
FIFRE R 5 AR — B, P A A IERCR FLAE.

(4) B3I B0 00 A R O AR R 1% 22 19 [ 31 46 fiE
P A AL IE

AR BT M 0 58 4 RO [ 51 45 BE A 1) S T
AR 1 3 3300 1R IE AR e X A e Ok Ak
FIHEATRCIE. SEPR I ] 22 B T A7 TR A iR 22
AL, B e 9 0 2 1 2Z (8] AR SCHR A IE T 3%
TR T R S, Bk AR XX S B A K
P AT 0 R R R I s B I 3 R M T AR
1E R B R TT , X R 25 B U A AE, FATTRT LA od
T VR IR 22 M T AR B 1 RCIE B ORI SR IR 22 1 52
M. AR SCHR AR IE AR I R RE I T A ROR IR E B2
VLR BN 58 2R AL 1§ DL

5 HitERE

BEXT H T R G AR5 R Y e RE AR 7 S D 22, R
I SR TR A SR R ST A1 A T AR K, A
W 7 = B, SEIOEAR AL TE. B8 43 BT B Ay EL 5L g 4G
SR, BTSN e REAS 1) 58 S 75 A W) P2
PP IR I 18 22 L (PAER) £ 2 PEAR 016 A0 A% T A0CR
BRI AT B s 18 3T 3 DX B 5 AT T MRS I 2 2%
A IESHA b Wl P R AR X R 18] 3 % 20%
LB 27 1, T AR B AN P 3 (4 5 T Ao o 5 4T
TR, D TTIURN 2 B 1 BE AT DA 0 A

TORBIEIN AT A IE, A 45 17 1 55 1 BE 45 4 BE
IR B BT o 1 4 70 PR 5 S 7 0 o o K AR IE 5 ik
AT LARFAR R4 571 $86 6 i i 35 r s L ARD A 88 ) acd v 25K,
ANSCRT LAl /0 ¥ 7] 0 i (o2 400 1y = B e 40 A 22
S TT A B0, SE 1 52 B 1N v 4 47 46 BE 45 14 A 43¢
], 11 L A 4 SR T AR B 7 3 A 2R K B 1) 48 i i
I AR A T 2R T — R AR T 5.

57 3k

[1] Azar L,Shi Y,Wooh S C. Beam focusing behavior of line-
ar phased arrays[J]. NDT & E International ,2000,33(3) :
189 —198.

(2] #ritb A A IERT, BRI A, A5 P R 2 R Ao D B AR Y 42
JE e R ] r I 5 A 2 i, 2014, 28 (9) 1 925
-934.

Jin S J,Yang X X,Chen S L, et al. Development and appli-
cation of ultrasonic phased array inspection technology[J].
J Electr Meas Instr,2014,28(9) :925 —934. (in Chinese)

[3] Ellens N, Hynynen K. Simulation study of the effects of
near-and far-field heating during focused ultrasound uterine
fibroid ablation using an electronically focused phased ar-
ray: A theoretical analysis of patient safety[ J]. Med Phys,
2014,41(7) :072902.

[4] Drinkwater B W, Wilcox P D. Ultrasonic arrays for non-de-
structive evaluation: A review [ J]. Ndt & E Int, 2006, 39
(7):525 -541.

[5] Lee J H,Choi S W. A parametric study of ultrasonic beam
profiles foralinear phased array transducer[ J]. IEEE Ultra-
son Ferroelect Freq Contr Trans,2000,47(3) :644 —650.

(6] 3k, 59 v, AR ) — A G it 800Dl £ 8 75 A 15 M
FLR B ISE[ T ], 244 ,2011,39(11) 12701 - 2707.



2000 T

¥ W 2017 4

LIU B,Guo J Z. Research on SNR Improvement in ultra-
sonic imaging by coded excitation with carrier modulation
[J]. Acta Electronica Sinica,2011,39(11) ;2701 -2707.
(in Chinese)

(7] thu, S v 2 4 R T i) B R0 5 5 X 08 TR 1) P 114 5%
Wi 3] BRPGIME R4 ,2010,38 (1) :46 - 50.
Yao X, Guo J Z. Influence of linear array element width
and element spacing on beam steering behavior [ J]. J
Shaanxi Normal University ,2010,38( 1) :46 —50. (in Chi-
nese)
[8] Wooh S C,Shi Y. Optimum beam steering of linear phased
arrays[ J]. Wave Motion, 1999 ,29(3) ;245 —265.

[9] Wooh S C, Shi Y. Influence of phased array element size
on beam steering behavior [ J]. Ultrasonics, 1998 ,36 (6) :
737 -749.

[10] F=, RhBABR, 7 W1 ~J , 46, 256 [ 0 ey ik JBE 5% 45 75 A

TR GRZEE S 2R m B EOR  E [ T ]. Py P,
2010,59(2) :1349 - 1356.
Xu F,Lu M Z,Wan M X, et al. System errors ofa256-ele-
ment high intensity focused ultrasound phased array and
precise control of multi-focus patterns [ J]. Acta Physica
Sinica,2010,59(2) :1349 — 1356. (in Chinese)

[11] He Z. Optimization of acoustic emitted field of transducer
array for ultrasound imaging [ J]. Bio-Med Mater Eng,
2014,24(1) ;1201 - 1208.

[12] Lookwood G R, Foster F S. Optimizing the radiation pat-
tern of sparse periodic two-dimensional arrays[ J]. IEEE
Trans Ultrason Ferroelect Freq Contr, 1996,43 (1) .15
-19.

[13] Diego C,Jimenez A,Hernandez A, et al. Improved ultra-

sonic phased array based on encoded transmissions for ob-

FEZE  F,1991 4 11 A FREE iy
2, DA PH T R 2 Wy B A AR 2 e B vy
BN A P B SR AR TR 3, RN 5 1n)
RS B R
E-mail ; yinguanjun123@ 126. com

stacle detection[ J]. IEEE Sensors Journal ,2015,15(2):
827 —835.

[14] Wooh S C, Shi Y. Optimum beam steering of linear
phased arrays [ J ]. Wave Motion, 1999, 29 (3 ). 245
-265.

[15] Huynh-Thu Q,Ghanbari M. Scope of validity of PSNR in

image/video quality assessment[ J]. Electr Lett, 2008 ,44
(13) :800 —801.

[16] SR, ZRIGEAT. g A 1 s 4 7% S 75 el 15 o A A
WFFELT ] PR A5 B RE,2012,42(6) 743 - 753.
Guo J Z,Qin X W. The performance of reconstruction ul-
trasound imaging based on compressed sensing by sparsity
[J]. Science China Information Sciences,2012,42(6):
743 —753. (in Chinese)

(17 ] AE2iMe, R4 B, 3R F5 25 A2 kA [ M. B 50 1 50 K
22 kL, 2012, 218 - 222.

[ 18] Walach E, Widrow B. The least mean fourth (LMF) a-
daptive algorithm and its family[J]. IEEE Trans Inform
Theory, 1984 ,30(2) ;275 —283.

[19] Smolka B, Plataniotis K N, Chydzinski A et al. Self-adap-
tive algorithm of impulsive noise reduction in color ima-
ges[ J]. Patt Recogn,2002,35(8) :1771 - 1784.

[20] Fukada T, Tokuda K,Kobayashi T,et al. An adaptive al-
gorithm for mel-cepstral analysis of speech[J]. IEEE In-
ternational Conference on Acoustics, Speech, and Signal
Processing,1992,1:137 - 140.

[21] FBFT, Spadtrp. BIFMERES G S T]. 8
24 ,2016,65(4) 44305 —044305.

Zheng L.,Guo J Z. A controllable circular ring acoustic fo-
cused field[ J]. Acta Physica Sinica,2016,65 (4 ) :44305
—-044305. (in Chinese)

BEPBEREE) H,1967 41 Al
TFRRPG VY2, B 7Y O i R 2 A B £ S A
AREEBE VY R P ST ST I A, AT
T Ay PR P A A S A B Ak L

E-mail ; guojz@ snnu. edu. cn



