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Fig. 1. Sketch map of the acoustic focusing based on the

acoustic lens of Fresnel zone plane.
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Fig. 2. Schematic diagram of the radial pressure distribu-
tions in the focal plane for the super-resolution acoustic fo-

cusing based on the multi-frequency super-oscillation.
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Fig. 3. Flow chart of the Particle Swarm Optimization al-

gorithm.
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Fig. 4. Relationship between the normalized focal radius
(r/X) and the focal length (F) for the Fresnel lens at the
center frequency of 1.0 MHz.
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Fig. 5. Axial pressure profiles focused by the Fresnel lens (F = 50 mm) for acoustic beams at the frequencies of 0.6-1.4 MHz.
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Fig. 6. Axial pressure profiles focused by the Fresnel lens (F = 40 mm) for acoustic beams at the frequencies of 0.6-1.4 MHz.
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Fig. 7. Axial pressure profiles focused by the Fresnel lens (F = 30 mm) for acoustic beams at the frequencies of 0.6-1.4 MHz.
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Fig. 8. (al)—(a3) Axial pressure profiles of super-oscillation super-resolution acoustic fields; (b1)—(b3) the corresponding iteration

processes of the PSO for three kinds of Fresnel lenses with F' = 50, 40 and 30 mm.
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Fig. 9. Distributions of the focal radius of the super-oscillation acoustic field with respect to (a) the number of multiple frequencies
and (b) the center frequency, and (c) the radial pressure distributions in the focal plane for three acoustic fields.

204304-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 20 (2022) 204304

AR B ORI, HARAERCR 1 5
AR E. B, MK T F =50 mm fl f=
1.4 MHz W HEIR &5, JHiHaAR 21 El 9(c) i
NI 1.4 MHz BRSSO A% n] 75 o0 A (4%
), R E f EAR 1.4 MHz S5 o Fl 2250
PR Z PO 1.0 MHz FER H A8 5 1 B A
Y, 442 9(c) B iy o A %8 (1 MHz, 21
), F AR (1.4 MHz, &) IR (6 0)
R S R AR ) R A3, AT DB IR
PR BN T 5 AR, IF B8 M T I
2 1.0 MHz 75 i PR

4 7

ARG R R 4 A T IR A BRI
BB, (LI T Rk G TRk
K IR AR, T LAFE (R ARG 7 PR 1
T, AR B 5 A 0 T A 0
TN 0 R 65 U AT 558 10 5
3%, P IRAR ) B AR AT 1 5
IR 2729, SRR A SR U
55 S i A B NI SR, A,
fAi NG I, DAL (0 R RO, A
RO I, R A ROR T RESE R A
IR AT RPN S IR, LT B0 e ) S ke
Sy TSR, (P T2 p 2ext Al 2
PR B IOREN, 55 T W A SRR LA, 1K i
2 . RN 5 3, LA 5 A 25
GO, BTSN 0 SRR 1 LA A7 1 — 8
W, AR R 074 R I R 0.025 mm,
AR R PLAEOR, 30— A4 SR A

z/mm

20% 40%
L =8.9 mm L = 6.8 mm

—14 0 14 —14 0 14

z/mm z/mm

’ <
’UE \(E
7 =0.49) 7= 0.49)

—14 0 14 —14 0 14

AAF IR 45 5L

AT EN, AR E g R4 B O A R R A R
et FHAA AR A B B A A RIS
. LI F = 50 mm AAPGGHCR f= 1.0 MHz
PRI BB BT MBI, 24 9 A5 5 ARG R 44
K (80%) i, oA 1) #2545 Ak 5 61 4 +27.95 mm,
T 2445 3R 5 BB /N (20%) IR, H A ) B 2 A8 Ak Y
RN £7.8 mm, P, 3830 XS 5 1800 5
HEATHIAL, PTDAERE K AR BV R (8—12 mm)
WP W o BEER £ 75 37, G5 R anl&l 10 s, /T
DB B35 o3 HE SR A 7 1 ) e N S AR AR AT 3k
) 0.49 X, [FIE A58 0 ) K 32 Bl SR 1 5005
O 80N, UE B AR e R 25 O A
A BT T, 3SR BERR A A T8 1T LA
U/ NS Al 1) R B e il e SRARE . FERT A
B T8 F i T — el 2 e A BTl ) ] B [
75 8 RO SR LA AR 1 Jr vk ) AR IR K B
L AR AT LA B 20 mm, SR 1 AR I A2 AN RE R
WEAT AR B PRI, AR ST E R 1) 200 ik 3 e Ak
T35 T DAAE S8R BBl N TR B0 43 B AR08, L AR I
T 43 A SR AR5 Ay R R I PR PN ) R A TR 4
PSR R T B k.

HE— S E AR AR RN 3 A
FEO I N e/ MRS AR AR IR () &R, AT LY F >
50 mm B, 7EEERE B bn X3 N JC Hs 8 o [ AR e
1) 22 A 7 SRR Fa AT S A PR P e 43 B 7 SR £
AR AR, ASRIA 3R 75 R ) £ e A% A 1 3
K, PRI 22 A P e — e 3 BRI, B 28 5 i s
FHOL AR AEATISR TCIETE SR 7 W £ 0 TR FEE
B DIBANAR 1] DL tE— 2545 8 22 0075 AR 4, A
AR TN EREAR. 541, 24 F < 20 mm B,

v Max

. L x

\B T

vy 8

r = 0.49\ § 7=0.49A
W
60% 80%
L =5.6 mm L =45 mm
0

z/mm z/mm

B 10 HF R 1.0 MHz, HIXHTE B8 (a) 20%, (b) 40%, (c) 60% I (d) 80% HYZ 45 /5 K 28 F = 50 mm A4 3E 1% B35 55

ey Sl AR 3% 7 3 B i 1) 7 R 0

Fig. 10. Axial pressure profiles of super-oscillation acoustic fields formed by the Fresnel lens with F' = 50 mm for multi-frequency
beams with the relative bandwidths of (a) 20%, (b) 40%, (c) 60%, and (d) 80% at the center frequency of 1.0 MHz.
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Super-resolution acoustic focusing based on the particle
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Abstract

The spatial resolution of conventional waves is restricted by the diffraction limit of half wavelength. Hence,
how to construct super-resolution acoustic beams with a smaller focal radius is one of the major challenges in
recent studies. In the present paper, the super-resolution acoustic focusing method is proposed based on the
superposition of multi-frequency super-oscillation beams and the Particle Swarm Optimization (PSO), which
can improve the spatial resolution concurrently with good controllability. Based on the diffraction effect of
traditional ultrasound fields, the acoustic lens of Fresnel zone plane (FZP) at the center frequency is designed
by the half-wave zone method. Multiple acoustic beams at several preset frequencies within the transducer
bandwidth are sent out to build the super-oscillation focal area by the pressure superposition. The radius of the
super-resolution focal spot constructed by the PSO algorithm with optimized amplitudes and phases is less than
the half wavelength at the center frequency, which is even smaller than the focal radius at the highest
frequency. Furthermore, the focal radius is also proved to decrease with the increase of the number of multiple
frequencies and the center frequency. The favorable results demonstrate the feasibility of super-resolution
acoustic focusing based on the PSO of super-oscillation, and provide an applicable strategy for the high-

resolution acoustic imaging and manipulation.

Keywords: super-resolution acoustic focusing, super-oscillation, particle swarm optimization, Fresnel zone

plane
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