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Abstract Sound-field measurement technology is an important means of studying and evaluating acoustic phenomena as it
clarifies the distribution and propagation laws of sound in space. By measuring various parameters such as sound pressure
in the sound field, researchers can study the propagation characteristics and quality of sound as well as the interaction of
sound waves in a specific environment. Compared to traditional sound-field measurement technology, digital holographic
sound-field measurement technology converts the pixel points of a camera into high-precision sensors, exploits the
interference principle to record the hologram created by the sound field, and digitally recovers the phase information of the
light field modulated by the sound field. These processes quantitatively reconstruct an image of the sound field using
acousto-optic effects. The real propagation characteristics of sound waves in the medium can be noninvasively viewed as a
video with a full field of view and high spatial resolution. This review focuses on the basic principles of digital holographic
sound-field measurement technology, conventional measurement methods, sound-field phase reconstruction methods, and
the application prospects of digital holography technology in sound-field measurements.
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Fig. 1 Principle of off-axis digital holographic sound-field

measurement method based on Mach-Zehnder interference

structure™.  (a) System structure; (b) sound-field

reconstruction process
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Fig. 2 Sound-field reconstruction results of off-axis digital holographic sound-field measurement method based on Mach-Zehnder

interference structure”

7. (a) Sound-field time phase distribution; (b) sound-field time phase distribution after processing;

(¢) sound-field spectrum
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Fig. 3 Schematic of Fizeau interferometer structure
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Fig. 4 Sound-field imaging result of Fizeau interferometer structure™’. (a) Original sound field image; (b) phase-shift holograms; (c)

phase of sound field
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Fig. 6 Results of the recording and measurement of 1440 Hz sound field®". (a) One of the recorded holograms; (b) Fourier transform of

hologram; (c) reconstructed phase image; (d) time phase distribution; (e) spectrum

VL7 M R e St i e B A L i S R
Fig. 7 Sound-field measurement system structure of grating defocused common path off-axis digital holography™”’

J3E 5 155 0 P 3 A AR TE O PR I A fERURE A 3 T 4T ek
HAAR = 49 8 {E

4 Ry B ALK 5 ik

K7 4 B S 0 D7 vk AR AR 75 3 4 B 1R e A7)
Jei e BN LR AT AR S A b B E T A R U R 3
R SEGEEEEAMOIRIZ AR, L6 7 I i
e, T AR PSR B A A, e B AT R A 42 B
AR BE AN, TR S AR A A I AR D R I A A
PR BAETT S AL A AT I PR S 1 K Bl
EBEREEMLE, HT EIRERE, B N AMIFFEA G
By B MR T kT I T HE9E . AT H LLES
R 4 B A AR AL E o B BT A 48 5 0 K
4.1 REEBHBEARET %

T 58 P AR SR 52 05 1 = A8 R — T 4 B A

A AT AL AL 5 08 SO A B BR B O7 5, S ARG
YA o3 AT B S bR T o 2 R B R AT A R
S OUL I 75 7 5F 75 3 0 A AL 53 A g, S I AZ Y PR G AR
Bl s Y 4 S BT 2 B[R] A2 A i o SR, 7E R 2 8K
IO SANL 3 AT o SR WA AL, 5B RITE O .
I A5 Y P a4 B R AT DL R
I,,(I,y,t):B<x,y)+A<x,y>

cos[go,,(x,y,t)—‘—a(x,y)-ﬁ— 27rf,,.1‘}, (7)
Arp BIRORF I 5 A AR S BORYIR B 5 /AR B
Fo X T E AT 2B BOR, T #BI 2nf 2 B 1F
TE, Z G R £ 1 9 a] DLAE g 5L ST b A B
W, AT DL R B Oy ok A R A . BT 8 i
SRR VA /SRR DT V=N S I (o=
SRR LR 1 e bR 1 T VR RO L RE S A AR IS
PRS2 PR o

2400001-6

https://www.cnki.net



Hh | &N

HEXE - FEER

£ 6155 24H/2024 F£ 12 B/ ERBFEHRE

K8 f&5E g Al 1K A i 72
Fig. 8 Traditional sound-field phase reconstruction process
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Fig. 11 Digital holography optical audio encryption principle™
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Fig. 12 Audio encryption results®™. (a) Audio information recorded by digital holography; (b) spectrogram corresponding to Fig. (a);

(¢) encrypted audio information; (d) spectrogram corresponding to Fig. (c)
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Fig. 14 Airflow and sound-field measurements produced by the whistle™”’
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Fig. 15 Underwater sound-field visualization result™
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Fig. 16 3D sound-field reconstruction results "
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