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Fig. 1 Schematic diagram of sound field projection
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Fig. 2 Simulation results of near-field length for three transducers. (a) 86 kHz; (b) 100 kHz; (¢) 200 kHz
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Table 1 Evaluation indicators of sound field reconstruction images under different scanning resolutions
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Table 2 Selection of sound field scanning parameters under

different conditions

The optimal parameters for requiring close
to original sound field with minimal
distortion and clear image

Frequency of
transducer /kHz

86 Ar=1mm, AG=10"
100 Ar=2mm, AJ=10"
200 Ar=2mm, AG=10"

computer | NI acquisition
| Moomiglan |,

—— [Sopmoor|— [

power air-coupled ultrasonic
S— — e [\ @

AO=10", %} T 100 kHz F1 200 kHz e GE %% , i %k Ar=
2 mm Fl AG=10", BT £ 48 br A T Fe B 1 22 AN
Ko T UL, Bl 5 AR T /N TR 20 i ) R s BRI R
AR T I R R, T B b S 800 Y
AR, M T Ar=1 mm A0=5ZEH ,Ar=1 mm,
AG=10"F1 Az=2 mm . A0=10"Z %40 F 09 = #i o K
W45, W4 Ar=1 mm . A0=5"Z5H T 1/2
M 1/4. HIL, B 2 IR )G 05 386 S 5Tk
PR ROR AR & 2~4 4% o 5 B A 0T {5 B g o ik 1 22
KR HE— B R mE M ROR

WG RAEEF AT R FE PR SFH R
S A S B, N T 5 RS 1 AR ) A R R T A, R R
Ar=1mm Fl A0=5"F s % BT 3R R BAR R Ry
A A S8, ) B SR S R b e IR Y 49 B 3R A
B, AN H RN G AR B Ar=1 mm (5 Ax=
2 mm)F AG=5",10",15°, 20" ] ; 75 B 5K 7 37 K 1% A
FEA R I ELARE S B [ e 5 [ B A% 1 )
AL AR 3 S PR SR KK JE Ar=1 mm Al A=5"  Ax=
2 mm Ml AG=10° . Ax=3 mm 1 A0=15° . Ax=4 mm Fl
AG=20",

g5 b Al MRl SE PR R R A A S, T LA
W P S R R AR AR . mAHR RN
WHHREG A REESCFEMEEREE.

4 SLE R

TE N [R5 238 FUAS [] 43 B 26T 47 25 Rl 7 B g 2
I 75 b7 B, TR B AR AN [A] 43 B 3T X e e 1 R A ik
AT A5 B R A7 B A J7 ) B TR AR B
41 IWHWEKE

AL 95 MATLAB 45 ) #2 ¢ , 8 o 34
AR A ] A BE A8 IK S0 A 5 1 & S O I PR S
15 5 1 SR 42 A 8 vk i TR) 28 SR, S8 R A TR 5 1
R o B R HE 2R SE ) B 43 i dn ] 5 RN E 6
Jr o A NT R A R B 1 AR I A1 38 1Y) 75 I 8K B0 15

R reflector

A

LDV

T

ent platform |

FS 7R A Sl e A T HE 28 B B

Fig. 5 Control framework and components of sound field automatic scanning system

0504001-6



HEXE-MRIEX

#5514 F5H1/2024 £ 3 B/ E#N:

K6 /A shifm sy s
Fig. 6 Photo of sound field automatic scanning system
A5 5 T8 3 D SRR A T R T 28 ) s b e P
o WOCIRAUR B EOL S e g A A b,

@ negative maximum
position
— )
l step translation
2 RS
‘ \
m
LDV r
reflecter
©
g RS
‘ \
v L~ 4
step step translation
rotation
LDV E
reflecter

Y 28 SO B 3 10 2 OGRS b 38 G O I AR 10
I I A AR A OC B AR T R A
2= NURAE R S it LR BOEOE I IR A F
A5 5 .
42 FEHRAMAR

O T B v S ] HE R RE O SR R R A
rE BB EAAIE/NT 1 mme FH0 A8 A
i@ e A8y I, v AL AR Sl 48 BE AR AR A TR X I N iz 8. Je
li] PO A5 70 M # 2l 2 0RO R B, AT Bl R AR L
L7 (a) BT 7 5 98 I 45 0 1Y) e B A0 o 1) 308 ek 41 e
180° I BEAT M 2 , N1l 7(b) B s , 4 i) A7 0 F- 3% I 4% ¢
SE [ JE (B BEEAT A4 W 7 () s . R ki
SEERE A, WME 7(D) PR . Bk, BRI R AL
56 8 b WA 2 49 8 B0

® negative maximum
step position
rotation —— —9
LDV E
reflecter
@
g Y
' \
L ,'
77~ l step translation
LDV L 1:
N <L~
WA \
. \
Tolaion (\ ,’ l reflecter

——
positive maximum
position

K7 g ar %

Fig. 7 Sound field scanning scheme

43 XWHERE5ITR

O I R AL 5 Polytec OFV 505/5000, 7 fif
FE R 2 mm/(s+ V), 8 2% 1F 5% 9K 20 {5 5 1 e 0 i
WH8 V. AT HIELDV LM & 25 5 5] S5 | &1 %
100 kHz e GE % , 70 51 2% FH 1/8 #~F BRK 4138 1% 4 4%
LDV X e fE 288l 7 cm &b B4R 5] 75 1 43 A 1647 )
o, AL E L BN ER 2 mm, LDV %
B 7% 40 gk 1) BE A B2 mm, g 5 45 o 1] B A B
5°, 3 A X A 6 em X 6 em. il i MATLAB
B GG RS REMN R AR S8R b
R80T RN AR 75 3 o A, 1l 8 I

AL LAE Y, A8 O 2 A U5k v Lok 18 5 1% 75

AR AR T AR IR R R A [ 4 A I e S o B e
fEAY I 7 cm 4b LDV 3L L 5 257415 B8 —3 dB
FEHCGE AR 1.41 em FI 1,73 em, 7 BB 2 9
11.46°F1 14.25°,  Fh F P kI & TG vk A8 38 A 52 4
[ 7 B b 64T, IF B2 AL 75 3 A 5 LU LDV i3
b R R ANE T R A R AR i A Y 7 3 4%
AFAE—E 225 o R YE T R LDV & 174
P g A T R

Fie 4.2 75 Fr iR 7R g A O L FEAS R AR )
PR T TSR e . B
LML R T 52 S 5, L F B8 40 R A KL
2.3 mm , 7E B FhF B A ik [ BE R, 5 4% 46 2k ) A0 43

0504001-7



HEXE-MRIEX

%51 %

% 5 H/2024 &£ 3 B/HEEN

Sound pressure /Pa

6

5

4

&

3 B~

2

il
0.03
-0.03 -0.02 001 O 001 002 0.03

X/m

Sound pressure /Pa

10
TR © — LDV
a —— B&K 4138
6 308
(=1
5 3
2 0.6
4 3
3
3 3 0.4
) /
'é 0.2
L2

-0.03 0 . N . . s
-0.03 -0.02 001 O 001 002 0.03 -3 -2 -1 0 1 2 3
X /m

X /m

P8 A& ARk A LDV ik iy 75 i ik 45 SR X L o (a) & 75 8315 5 (D) LDV ik 5 (o) 42 [0 74 TR 43 A X LE

Fig. 8 Comparison of sound field measurement results between microphone and laser-based methods. (a) Microphone method; (b) LDV

method; (c) comparison of radial sound pressure distribution

SELS HN 10", MR 52 R R FH A 460 BB 25, 148 3800l A 36 %)
BN 86,100,200 kHz, i if MATLAB - & 5 il
{55 &% 5 RER R P il & , 5530 25 R 88 75 6 6E 25 BF
BF A e B Al L SR AR S 1 MHz, 7 3 ) 45
XA RS 6 cm X6 em., %UFHFBP*HammingE
BAERTHRBAARIBRES N ERE B LE
AR e, A B RO RN A g B R A B
Ar=1mmMAI=5" Ar=1mmHAIAF=10° . Ar=2 mm
MAO=5" Ar=2mmF AI=10" . Ar=3 mm fl Ad=5",
Az=3 mm M A= 101 74 A7 &4 (H F 2 KA, an s 9
J s o

NS 25 B 0T DL HHF T 75 O /00 I 2 A R
7H BB 4 A A R VT AT Y, HHn X

Wi 2845 22, W I 85 v A M s R 8 L R R I B iR
Bl e RE RS AN B AT . YA BRI
B ] A L ALK 2R 48 7 3 e e M 2 ot ) - 5 9 A
P o 2 R 7= A S DR RS v R 6 T LA AR A
Ui A R

X HE T 9 BT 7 AS [R) B30 23R R0 [R] 43 3 2 R Y 2
A& A . 1) 7E Ar=1 mm Fl AG=5"(5 A=10")
B, 75 37 U W 0 2 2 kg W A0 5 I A 1 R e e 20 0[]
B 38 K b I8 W IR A 1% B B LA B 7 7 4 S (R
S DA R R A3 A ) 24 UG AR A ABER , ks 150 B R
AP BGERIE M. 2)%F T 100 kHz ¥ fig s, Av=
2 mm B 1 R BOR B Ar=1 mm B} [ 5 47, 505 B 45
=8, XEEREHTHERR B S PRE, L

P, 550 A5 R — B0, 755 [ 15 28 8 P e RE 48 75 TR

LA o 38 A X Eb ] 9 ATAL 4 R LA & B S 0 K 4 o A
GRS Ko i B MG BT ik, 33 2 DR oAy S B 0 4t ot 2 v 5%
1 mm, 5° 2 mm, 5°
Sound pressure /Pa Sound pressure /Pa

@@ 003
0.02
0.01
&
S 0
-0.01
-0.02

—003 -0.02 0010 0.01 0.02 0.03

1 mm, 10°
Sound pressure /Pa

&

D
-0.01
-0.02

—003 -0.02 0010 0.01 0.02 0.03

' 22
! 20
18
H 16
=] 114
=5 0 12
10

-0.01 8

6

-0.02 4

2

—003 -0.02 001 0 0.01 0.02 0.03

2 mm, 10°
Sound pressure /Pa

E

= 0
-0.01
-0.02

—003 -0.02 001 0 0.01 0.02 0.03

0504001-8

WA R BUR R L Y RO A M, S BFBP
BV B0 B B oy C 1R 22 1 O[] IR B 4 4R
JEE o R e TT ABRAS S A B 25 2R o 3) PREFF- B8 A0 ok [] f

3 mm, 5°
Sound pressure /Pa

0.03 99
20
0.02 T8
16
: 114
g

< 0 12
b 10

~0.01 8

6

~0.02 4

2

—003 -0.02 001 0 0.01 0.02 0.03

3 mm, 10°
Sound pressure /Pa

: 18
E 14
D
-0.01
6
-0.02 4
2

—003 -0.02 0010 0.01 0.02 0.03




HEXE-MRIEX

515 FESH/2024FE3 A/

1 mm, 5°
Sound pressure /Pa

-0.01
-0.02

-0.03
-0.03 -0.02 0010 0.01 0.02 0.03

1 mm, 10°
Sound pressure /Pa

0.02 g
5
0.01
-4
0
3
-0.01 9
-0.02 1
3

-0.0
-0.03 -0.02 0010 001002 0.03

Y/m

(C) 1IIIII1 B
Sound pressure /Pa

0.02
0.01
0
-0.01
-0.02

-0.03
-0.03 -0.02 0010 0.01 0.02 0.03

Y/m

1 mm, 10°
Sound pressure /Pa

Y/m

0.02
0.01
0
-0.01
-0.02
3

-0.0
-0.03 -0.02 0010 0.01 0.02 0.03

&9

2 mm, 5°
Sound pressure /Pa

-0.01
-0.02
-0.03
-0.03 -0.02 001 0 0.01 0.02 0.03

2 mm, 10°
Sound pressure /Pa

' B
’ -4
E
> 3
-0.01 9
-0.02 1
-0.03

0;
-0.03 -0.02 001 0 0.01 0.02 0.03

2 mm, 5°
Sound pressure /Pa

E
-0.01
-0.02
-0.

03
-0.03 -0.02 001 0 0.01 0.02 0.03

2 mm, 10°
Sound pressure /Pa

3 mm, 5°
Sound pressure /Pa

-0.01
-0.02

-0.03
-0.03 -0.02 001 0 0.01 0.02 0.03

3 mm, 10°
Sound pressure /Pa

0.02 5

0.01 4

6 3

-0.01 9

-0.02 1
3

-0.0
-0.03 -0.02 001 0 001 0.02 0.03

Y/m

3 mm, 5°
Sound pressure /Pa

0.03

0.02

0.01

0

-15

-0.01

-0.02
-0.

03
-0.03 -0.02 001 0 0.01 0.02 0.03

Y/m

3 mm, 10°
Sound pressure /Pa

Fig. 9 Experimental reconstruction results of sound field for three transducers at different frequencies and resolutions.

) 20
i 0.02 18
16
! 0.01 -14
E E o, 12
N &~ <10
8
-0.01 -0.01 2
-0.02 -0.02 4
2
-0.03 -0.03
20.03 -0.02 001 0 0.01 0.02 0.03 20.03 -0.02 —0.01 0 0.01 0.02 0.03
X /m
A TAAF R FNAS [] 43 9% 25T 7 37 1) 2 96 T 45 2R . () 86 kHz; (b) 100 kHz; (¢) 200 kHz
(a) 86 kHz;

(b) 100 kHz; (¢) 200 kHz

AR Y A k) B A0 I 578 S 107, i A g R 2
Lo 4) PREFTE 3 A0 ik R B AN AR | AR - 20 gk [A) B, 7
Y o SR B R SO R DR, TR AP U ] R
B/NBIAE LT HEAT S5 PR A 3 00 T I SF 8% 20 2 (8] R
(S T e AP R R . DL 2 5 0 B R A 2
45—,

2 T AN [ 23 B R 0 NS E R S A A 1)

RS, W E 10 PR .
A LLA D)X T 86 kHz F1 100 kHz, 5253615 5] 4
Fﬁimgiﬁdﬁﬁ/n%ﬂﬁjﬁ,ii%ﬂﬂ:]:ﬁﬁﬁﬂté%ﬁﬁﬁ
R ML PR e e S B A A2k, 2) 55
IEI'433@3%:0ﬂEXﬁ%B@%ﬁﬁi%ﬁ%Ha%ﬁ?%%%tl%bﬁ:u
O AR B S BN . ) AEX R #E AT IH — 1k
Jo [a) — 38 AN TR 43 RN 1Y 7 O B A 25 R Bl

0504001-9



HEXE-MRIEX

#5514 F5H1/2024 £ 3 B/ E#N:

simulated

o
®

S
>

o
=~

o
o

Normalized acoustic pressure

|

=
=]

()

o
)

Normalized acoustic pressure
e o o

| (<= [\ > (=2
1Y
[\V) <

4\\‘
(=)

/ |

(A}

=
=}

©

= = o
IS = ™

Normalized acoustic pressure
I
[\V)

0t
-3 -2 -1 0
X/cm

1 o S =
'S o ® =

Normalized acoustic pressure
o
Do

e o4 o
-~ =2} ®

Normalized acoustic pressure
S
Do

2 e =
IS o> ®

Normalized acoustic pressure
S
[\

P10 ANTR) 23 B AT (7 200 S 3 o 75 37 9 42 1) 74 PR 20 A1 % LE < (2) 86 kHz; () 100 kHz; (¢) 200 kHz
Fig. 10 Comparison of simulated and experimental radial sound pressure distributions of reconstructed sound field at different
resolutions. (a) 86 kHz; (b) 100 kHz; (¢) 200 kHz

B HE 0 PR REAL, A S BOE D A Ar=3 mm [} &
B R oA R B 0 AR e e, EE RS R .
I, BT XX = Rl AE RS, 0T LA S IR L 2 U 1 2 80, 1
PRIE P 37 3 PRV 0 i A AT T BRI 75 S i o R
B RCRAR B 2~4 % . 4) AR 18] 75 3434 I ] LU
W F 2] FBP Bk A Re Xt S5 b AT 2, XA A F i
LG AR RS E AR oY oAb P S Rk
5 4 1w

AR SCHEFE T F 7 8N O 2 BT R 1 50~
200 kHz 25 #5748 7 e B 28 16 5 T4 flil i L s g 8
. E eI BRSPS SR A I A
SR 300 A, R )5 ) ] Radon 28 e £ Radon 9 7%
Xt A 7 46 S 50T B 75 b A SOR AT L S
) 23 [ 38075 S 19 15 S 500 D Ak SR w78 (R IE 75 3 o
PEIAZ 0T 10 B K 0 1 AR R o 2~4 i . #E A

ARG IATE IR . B Ll S L R g B A
R LB UE T T OGO SR AT AR HE AT A
A Y DA P ARl A S A AT BN ) 2 R T S
P A BE A 10 75 3 T TR R, SR A R S O LA R R
Fi T R — Stk o AT O 3 T 6RO JE M AR
(R P R g R SRR BRI T A AR AR X T AR
P REAS S A A A I A BRI S R

& £ X #

(1] Besk, BRJuog, 2 M, 45 AT 58w R 06 0% D 19 A OB ATT 5 R0 1
S ARG BT TELT]. WOt 5ot Tk, 2021, 58(1): 0123002.
Bi R, Chen L R, LiJ P, et al. Acousto-optic diffraction efficiency
enhancement system for polarization maintaining of arbitrarily
polarized light[J]. Laser & Optoelectronics Progress, 2021, 58(1):
0123002.

[2]  BEIE, EFRR, WAL, &R TR0 AL R KR A F AR o B
BREE 7R ], o EREOE, 2022, 49(18): 1810004,
Cai W, Wang D L, Feng W, et al. High-resolution tracking

0504001-10



(3]

[4]

(8]

HEXE-MRIEX

method of underwater acoustic target based on laser sensing[J].
Chinese Journal of Lasers, 2022, 49(18): 1810004

Bente K, Rus J, Mooshofer H, et al. Broadband air-coupled
ultrasound emitter and receiver enable simultaneous measurement
of thickness and speed of sound in solids[J]. Sensors, 2023, 23(3):
1379.

Fang Y M, Lin L J, Feng H L, et al. Review of the use of air-
coupled ultrasonic technologies for nondestructive testing of wood
and wood products[J]. Computers and Electronics in Agriculture,
2017, 137: 79-87.

Kang I, Feeney A, Dixon S. The high frequency flexural
ultrasonic transducer for transmitting and receiving ultrasound in air
[J]. IEEE Sensors Journal, 2020, 20(14): 7653-7660.

American Society for Testing and Materials International. Standard
practice for evaluating characteristics of ultrasonic search units:
ASTM E1065/E1065M-14[S]. West ASTM
International, 2014.

R, Bk R, Bogdan P. s AR G B 4 R A% 75 3 19 I BT 5O7
L] TR, 2020, 42(5): 59-62.

Li J, Zhang M, Bogdan P. An approach to compute transient

Conshohocken:

acoustic field radiated by air-coupled transducer[J]. Nondestructive
Testing Technologying, 2020, 42(5): 59-62.

N, W ORI A A AR AR R O AR AT S T] R ERL,
2014(14): 118.

Gao Y R, Han L. Study on sensitivity characteristics of ultrasonic
piezoelectric transducer[J]. Technology Wind, 2014(14): 118.
Anderson M I, Liu X. Use of reciprocity to characterize ultrasonic
transducers in air above 100 kHz[J]. The Journal of the Acoustical
Society of America, 1996, 100(4_Supplement): 2672.

Li X B, Dai Z J, Zhang G D, et al. Determining the responsivity
of air-coupled piezoelectric transducers
method:

using a comparative
theory and experiments[J]. IEEE Transactions on
Ultrasonics, Ferroelectrics, and Frequency Control, 2021, 68
(10): 3114-3125.

R G, ATRGE, B, AF 2 ARG R RSk 3 B X R
ML) TAUM OB T L, 2018, 48(2): 73-77.

Wu J H, He S Q, Luo M, et al. Acoustic field of air-coupled
ultrasonic probe and its effect on detection[J]. Aerospace Materials
&. Technology, 2018, 48(2): 73-77.

Torras-Rosell A, Barrera-Figueroa S, Jacobsen F. Sound field
reconstruction using acousto-optic tomography[J]. The Journal of
the Acoustical Society of America, 2012, 131(5): 3786-3793.

Jia X, Quentin G, Lassoued M. Optical heterodyne detection of
pulsed ultrasonic pressures[J]. IEEE Transactions on Ultrasonics,
Ferroelectrics, and Frequency Control, 1993, 40(1): 67-69.

Bou M O, Pizarro L., Certon D, et al. Characterization of airborne
transducers by optical tomography[J]. Ultrasonics, 2000, 38(1/2/
3/4/5/6/7/8): 787-793.

Nakamura K. Sound field measurement through the acousto-optic
effect of air by using laser Doppler velocimeter[C]//Technical
Digest. CLEO/Pacific Rim 2001. 4th Pacific Rim Conference on
Lasers and Electro-Optics (Cat. No. 01TH8557), July 15-19,

[16]

[17]

[18]

[19]

[20]

[21]

(22]

[23]

[24]

[25]

[26]

#5514 F5H1/2024 £ 3 B/ E#N:

2001, Chiba, Japan. New York: IEEE Press, 2002.
Torras-Rosell A, Jacobsen F. An
investigation of sound fields based on the acoustic-optic effect[C]/

Barrera-Figueroa S,

18th International Congress on Sound and Vibration, July 10-14,
2011, Rio de Janeiro, Brazil. Lyngby: DTU Library, 2011.
Oikawa Y, Hasegawa T, Ouchi Y, et al. Visualization of sound
field and sound source vibration using laser measurement method
[C] //Proceedings of 20th International Congress on Acoustics,
August 23-27, 2010, Sydney, Australia. Lyngby: DTU Library,
2010.

Torras-Rosell A, Fernandez-Grande E, Jacobsen F, et al
Investigating the use of the acousto-optic effect for acoustic
holography[C] //Inter-Noise, August 19-22, 2012, New York,
USA. Lyngby: DTU Library, 2012.

Fernandez-Grande E, Torras-Rosell A, Jacobsen F. Holographic
reconstruction of sound fields based on the acousto-optic effect[C]//
Inter-Noise, September 15-18, 2013,
Lyngby: DTU Library, 2013.

Oikawa Y, Goto M, Ikeda Y, et al. Sound field measurements

Innsbruck, Australia.

based on reconstruction from laser projections[C]//Proceedings of
ICASSP’05. IEEE International Conference on Acoustics, Speech,
and Signal Processing, March 23, 2005, Philadelphia, PA. New
York: IEEE Press, 2005: 661-664.

Kwes), Wkl , AR ZE A B T L R fOL A E AT R Y
LR PRABLT]. D4R, 2023, 43(3): 0311001.

Zheng X Z, Yao ] Y, Li HJ, et al. Configuration optimization of
optical tomography based on genetic algorithm[J]. Acta Optica
Sinica, 2023, 43(3): 0311001.

X —JU, ML, SRR, A5 R T A% ek B O R 2
B AR B4 D5 BR[T). R OE 2023, 50(6): 0610001,

LiuY F, Hu Y H, Zhang X Y, et al. Imaging quality evaluation
method of laser reflective tomography based on modulation transfer
function[J]. Chinese Journal of Lasers, 2023, 50(6): 0610001.
NI, BRPTEC, SRR R SR D R T] Ot R TR
2015, 23(11): 3077-3082.

Pan S Q, Chen Z M, Zhang J F. Direct measurement of sound field
[J]. Optics and Precision Engineering, 2015, 23(11): 3077-3082.
EWETF, BFE, SO, A S R k0] ok i
4R, 2018, 39(3): 381-385.

Wang H'Y, Feng X J, Zhu H J, et al. Two-dimensional sound-
field scanning based on optical method[J]. Acta Metrologica
Sinica, 2018, 39(3): 381-385.

Torras-Rosell A,
beamforming system based on the acousto-optic effect[C] Vi
EURONOISE 2012-9th European Conference on Noise Control,
June 10-13, 2012, Prague. Stuttgart: S. Hirzel Verlag GmbH,
2012: 1048-1053.

W, Ay, RTINS ORGSR S 40 RE 4 1 S0 S BT 5
(V). HUAR T A4, 2019, 55(10): 10-16.

LiJ, LiL, Deng Y G, et al. Study on acoustic field of air-coupled

Jacobsen F, Barrera-Figueroa S. A

ultrasonic transducer in frequency domain[J]. Journal of Mechanical
Engineering, 2019, 55(10): 10-16.

Laser Tomography Imaging and Optimization of Scanning Parameters for
Ultrasound Field

Zhang Xiaoli', He Chenghao'”, Feng Xiujuan', Zhang Hui’, Niu Feng', He Longbiao"
'Institute of Mechanics and Acoustic Metrology, National Institute of Metrology, Beijing 100029, China;

*School of Precision Instrument and Opto-Electronics Engineering, Tianjin University, Tianjin 300072, China

Abstract

Objective

0504001-11

Air-coupled ultrasonic transducers offer unique advantages such as non-contact testing, adaptability to complex working



HEXE-FRILEX & 5T% 5 5H1/2024 £ 3 B/REHN

conditions, and in situ testing. They are widely used in areas such as ultrasonic ranging, radar, flow meters, and nondestructive
testing. Sound field reconstruction holds importance for characterizing the sound field parameters of air-coupled ultrasonic transducers,
including beam width and diffusion angle, ensuring the transverse resolution and positioning accuracy of the ultrasonic testing system.
The laser method, drawing on the acousto-optic effect, exhibits advantages such as a narrow laser beam, high spatial resolution,
extensive frequency range, high sensitivity, and a non-invasive sound field. This makes it an ideal approach for sound field
reconstruction. Achieving optimal spatial resolution and superior imaging quality remains pivotal when using laser tomography for
sound field reconstruction. Typically, improving the imaging quality involves reducing the translation and rotation step spacing (often
to less than hall the sound wavelength) to secure more comprehensive sound pressure path data. Given the short wavelength of
ultrasonic transducers, the scanning efficiency of ultrasound field reconstruction decreases considerably. This study, therefore,
centers on the sound field reconstruction of air-coupled ultrasonic transducers within the 50-200 kHz frequency range and seeks to
optimize the scanning parameters. The goal is to enhance scanning efficiency while maintaining the quality of the reconstructed sound
field image. We aim for our fundamental strategy and insights to aid in the realization of ultrasound field reconstruction and the
enhancement of scanning efficiency via laser tomography.

Methods This study investigated the sound field reconstruction of air-coupled ultrasonic transducers at frequencies of 50-200 kHz
based on acousto-optic effects and tomography technology. The spatial resolution of the sound field was optimized through simulations
and experiments. Initially, a model was established to simulate the reconstruction effect under various scanning parameters. By
exploring the rules and analyzing the outcomes from the perspective of measurement principles and algorithms, optimized scanning
parameters were determined. Subsequently, a two-dimensional sound field scanning system was constructed, and a laser Doppler
vibrometer (LDV) was employed to measure the integration of the sound pressure along the path. Employing the classic reconstruction
algorithm of tomography technology, the filtered back projection (FBP) algorithm, sound field reconstruction of the air-coupled
transducer perpendicular to the sound axis direction was completed, and the simulation results were validated. The reliability of
acousto-optic effect tomography for ultrasound field reconstruction was confirmed by comparing the reconstruction outcomes of the

sound field with the measurement findings from the microphone method.

Results and Discussions The translation and rotation step spacings have different effects on the quality of the reconstructed sound
field image. When the rotational step spacing remains unchanged, a smaller translation step spacing results in a higher-resolution
reconstructed image. The rotation spacing primarily affects the generation of image artifacts (Fig. 4). As the frequency increases,
reducing the translation step spacing weakens its impact on improving the quality of the reconstructed images. The range of the sound-
field scanning parameters can expand, and selecting the optimized sound-field scanning parameters can increase the scanning efficiency
by 24 times (Tables 1, 2). Laser tomography allows for the capture of sound pressure amplitudes and radial sound pressure
distributions similar to those of the microphone method, verifying the reliability of the LDV for sound field reconstruction (Fig. 8).
Experiments yield the reconstructed sound field images of the air-coupled ultrasonic transducer under various resolutions, which show
strong consistency with the simulation results (Figs. 9 and 10). To compute parameters, such as sound power or sound intensity, fine
sound field scanning parameters are essential. For parameters, such as the beam width and diffusion angle, only a high resolution in
the central area of the image is necessary, and the requirement for rotation step spacing diminishes. If artifacts appear unexpectedly in

the sound field image, then optimal combination parameters exist for the translation and rotation step spacing.

Conclusions This article investigates the ultrasound field reconstruction of the cross section perpendicular to the acoustic axis of air-
coupled ultrasonic transducers at frequencies of 50200 kHz, drawing on the acousto-optic effect and laser tomography method.
Initially, a simulation provides the original sound field distribution of the ultrasonic transducer, considering air attenuation. Radon and
inverse Radon transforms simulate the reconstructed sound field images under various scanning parameters, from which optimization
strategies for the sound field scanning parameters emerge. This optimization enhances scanning efficiency by 2 -4 times while
preserving the quality of the reconstructed sound field image. For experimental verification, a measurement system is constructed.
The accuracy of laser tomography for ultrasound field reconstruction is first validated by comparing measurement results to those from
the microphone method. Following this, acoustic field reconstruction images of the air-coupled ultrasonic transducer at different
scanning parameters are experimentally acquired, showcasing strong alignment with simulation outcomes. This research offers an
efficient methodology for optimizing the scanning parameters of the ultrasound field based on acousto-optic tomography imaging,
holding significant guidance for ultrasound field reconstruction.
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scanning efficiency
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