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(1) Acousto Optic Imaging
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(2) Light Detection Schemes

(3) Optical Signal (5) System Setup

(6) Optimal Optical Gain

Acousto optics imaging is a hybrid imaging
method that measures light �luence rate
inside tissues using ultrasound modulation
of light.
In AOI, the tissue is both illuminated with a
coherent laser and insoni�ied with an
ultrasound transducer, leading to a pressure-
induced refractive-index modulation and
vibrations of the optical scatterers in the
insoni�ied regions.
Photons that travel through the insoni�ied
region experiences a phase modulation with
the same frequency as that of the ultrasound
wave, manifested as a temporal modulation
of the speckle grains intensity formed on the
boundary proportional to the �luence rate in
the insoni�ied region.
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(7) Results

Using high-bandwidth photodetectors to
produce time-domain signals, faster than the
US frequency and speckle decorrelation.

(4) SNR in AOI Detection

Low QE Noise Figure Not Scalable

Low intensity of reemitted light and limited
number of detectors require high gain
photodetector as PMT.

Replace PMT with low-gain photodetector
with better characteristics → Higher SNR

Arti�icially injects more background light and
amplify the signal without changing the SNR .

In strong reference intensities, the dominant
noise is the optical shot-noise → the
photodiode-based scheme introduced better
SNR.
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Utilizing time-of-�light (ToF) principle to
reconstruct entire line with single US pulse.

Check our paper!
Levi, A.R. et al. Biomed. Eng.
Lett. (2022).

𝐼𝑏𝑘𝑔 ≫ 𝐼𝐴𝑂

Main Challenge:

𝑆𝑁𝑅 ∝ #𝐷𝑒𝑡𝑒𝑐𝑡𝑜𝑟𝑠

𝑄𝑃𝑀𝑇 = 5% 𝐹𝑃𝑀𝑇 = 1.4

𝑄𝑃𝐷 = 76% → 𝐺𝑆𝑁𝑅 = 4.5

𝑁𝑜𝑖𝑠𝑒 = 𝑁 ⋅ 𝐸 𝐼𝑏𝑘𝑔 ,𝑖 𝑆𝑖𝑔𝑛𝑎𝑙 = 𝑁 ⋅ 𝐸 𝐼𝑏𝑘𝑔 ,𝑖 𝐼𝐴𝑂 ,𝑖

𝑆𝑁𝑅𝐴𝑂 =
𝑆𝑖𝑔𝑛𝑎𝑙

𝑁𝑜𝑖𝑠𝑒
= 𝐼𝐴𝑂

Phantom
Silicone +TiO2

50:50 
BS

2.5MHz 
LPF

TI
amplifier

Voltage
buffer

Photodiode

48V 
amplifier

Function
generator

PBS

Lens

Lens

Lens

Lens
Linear 

polarizer

Linear 
polarizer

Motorized
λ/2

Splitting

CW 780nm 
laser

λ/2

US
transducer

Water tank

Diffusive
light

PM
fiber

Sensor
fiber (MM)

Lasing
fiber (MM)

Mirror

Collecting
fiber (MM)

y

z X

Merging

Circuit

[ ]9.4  cmUSf =0z =

0=y

/2TD


