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LEGION AMP �. motivation
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Thermoacoustic data acquisition systems require a dedicated multichannel broadband analog front-end

Bandwidth: Tens of kHz to tens of MHz 
(examples of PA signals and their distortions by 
limitations on front-end bandwidth)

AMP LEGION ADC
2V, 12-bit DR

Laser excitation
F = 4 mJ/cm2

Blood vessel
�Î 0.1 mm, µa = 5 cm-1�ð�1���1�½�1�V�ï�W

Pmax = 2 kPa Pmax = 55 Pa

PA wave propagating 65 mm distance

TriTom 
transducer
Smax = 20 µV/Pa

Vmax = 1.1 mV

A = 59 dB to scale to the ADC DR

Amplification 100-100,000x or 40-100 dB is required to appropriately scale µV input signals to volt-range ADCs
Example:

LEGION AMP is used as a 128-channel first-stage 40 dB preamplifier for third-party ADC  units



LEGION AMP �. design
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LEGION AMP �. noise measurements
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Setup
�‡ LEGION AMP with 2.2 MOhm input impedance
�‡ Non-controlled (lab) noise environment
�‡ Spectrum analyzer

�‡ Interrogated window 0 �. 30 MHz
�‡ Resolution bandwidth (RBW) 10 kHz
�‡ VBW/RBW = 0.1
�‡ 100 µV reference noise level
�‡ Averaged over 5 frames

Noise
�‡ Max 2.5 nV/sqrt(Hz) @ 150 kHz, < 1 nV/sqrt(Hz) for f > 500 kHz
�‡ For a 50 Ohm resistor �. 0.9 nV/sqrt(Hz)
�‡ EMI pickup in 10-14 MHz range by open vs closed QLC260 

connector. Hand close, but not touching, acts as an antenna for 
open connection, similar to a poorly shielded probe.
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Additional graphs From Noise Demo

Probe connected, system powered off. No probe connected, no hand present.



LEGION AMP �. variants
�W�X�^�1�™�Š�›�Š�•�•�Ž�•�1�Œ�‘�Š�—�—�Ž�•�œ�ð�1�Z�V�1�•���ð�1�X�ï�X�1���Í�ð�1�V�ï�V�X�[�1�.45 MHz
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Photoacoustic Guided Fiber Tip Tracking
using LEGION AMP

Photoacoustic & Ultrasonic Research & Engineering (PURE) Laboratory
PI: Dr. Mohammad Mehrmohammadi

Wayne State University
Website: https://www.pureresearchlab.com/

Presented by: Dr. Yan Yan, Samuel John



Unmet Clinical Need �±
More Accurate Tracking for Ultrasound-Guided Surgery Procedure 

Angular Dependency

56 mm

Poor Visibility in Deep Tissue

1. Schafhalter-Zoppoth, Ingeborg, Charles E. McCulloch, and Andrew T. Gray. "Ultrasound visibility of needles used 
for regional nerve block: an in vitro study." Regional Anesthesia & Pain Medicine 29.5 (2004): 480-488.
2. Ketelaars, R., et al. "Which ultrasound transducer type is best for diagnosing pneumothorax?." Critical ultrasound 
journal 10.1 (2018): 1-9.



PA-guided fiber tip tracking

US imaging

Anatomical
Image

PA imaging

Functional
information

US + PA imaging

Anatomical
& Functional 
information

Yan, Yan, et al. "Ultrasound and photoacoustic imaging for enhanced image-guided endovenous laser ablation procedures."Medical 
Imaging 2018: Ultrasonic Imaging and Tomography. Vol. 10580. International Society for Optics and Photonics, 2018.

~100 uJ/pulse



PA-guided fiber tip tracking

Yan, Yan, et al. "Ultrasound and photoacoustic imaging for enhanced image-guided endovenous laser ablation procedures."Medical 
Imaging 2018: Ultrasonic Imaging and Tomography. Vol. 10580. International Society for Optics and Photonics, 2018.
Hariri, Ali, et al. "Development of low-cost photoacoustic imaging systems using very low-energy pulsed laser diodes." Journal of 
biomedical optics 22.7 (2017): 075001.

US + PA imaging

Anatomical
& Functional 
information

�‡ High energy pulsed 
laser

�‡ Complicated optics

Cheap Diode Laser 



Legion AMP: Enhanced PA imaging

Normalized
PA imaging

Legion AMP Enhanced PA imaging

High SNR

Fiber tip

Poor 
Visualization

Fiber tip

Enhanced
Visualization

SNR 8.84 SNR 21.76

Low SNR

~10 uJ/pulse



Experimental Validation: Methods

Ablation fiber

25
 m

m

10 mm
10 mm

Ablation fiber

Tissue-mimicking 
phantom

US Transducer

Pulse energy at fiber tip: 11.3��J

Schematic Photograph



Video Demo



Video Demo



Video Demo



Easy to Use: LEGION AMP 
Legion AMP Modification in Verasonics Coding



Legion AMP: Live
US Image

Not able to identify the fiber tip
Verasonics PA Image

Weak detectable PA Signal
Legion AMP PA Image

Clear PA Signal from Fiber Tip

~10 uJ/pulse 1.3mJ/cm 2

ANSI MPE @532:
24mJ/cm 2



Legion AMP: Quantitative Results

Normalized PA Image 
WITHOUT Legion AMP

Normalized PA Image 
WITH Legion AMP

Enhanced Fiber tip (PA)

SNR 8.84 SNR 21.76

Fiber tip (PA)

Tissue Mimicking Phantom

Ablation Fiber



Conclusion
�‡The LEGION amplifier significantly 

increased the SNR for PA signals (from 8.84 
to 21.76 dB)

�‡The amplification can potentially remove the 
background noises in the image.

�‡The amplitudes of the amplified signals are 
10-40 times stronger than the original PA 
signals.

�‡The LEGION amplifier can be used for low-
energy PA- guided fiber tip tracking in deep 
tissue-based clinical applications.



PA imaging: Real-time 
Thermometry

US 
Transducer

Ablation 
fiber

Yan, Yan, et al. "Photoacoustic-guided endovenous laser ablation: Characterization and in vivo canine study."Photoacoustics24 (2021): 100298.



Audience Poll
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Q&A Session

Please enter your questions in 
the Q&A section
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Other products
LEGION and FLASH series of multichannel parallel data 
acquisition systems and components for OEM 
implementation of optimal photoacoustic imaging 
instruments, non-destructive testing, and structural integrity 
monitoring

MoleculUS �. User-friendly compact 
ultrasound imaging system with a 
photoacoustic molecular imaging mode

TriTom �. Imaging platform based on 
Photoacoustic Fluorescence 
Tomography (PAFT) technology that 
provides unparalleled capabilities for 
whole body imaging and in vivo 
characterization of small animal 
models
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Contact Information
PhotoSound Technologies, Inc.
Imaging and Data Acquisition Solutions
9511 Town Park Drive | Houston, Tx 77036 USA
713-401-9407

For questions pertaining to the study please email:

yyan2@wayne.eduor john.samuel@wayne.edu

INFO@PHOTOSOUND.COM

WWW. PHOTOSOUND.COM
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SNR Calculation
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where �� signal refers to the mean signal
generated at the tip of the ablation
catheter, and �1background refers to the
standard deviation of the background

SNR 8.84 SNR 21.76

Background std: 0.072
Signal Mean: 0.199
Threshold: 30% background
Normalization: Localized Maximum

Background std: 0.0079
Signal Mean: 0.0962
Threshold: 30% background
Normalization: Localized Maximum

Normalized PA Image 
WITHOUT Amplifier

Normalized PA Image 
WITH Amplifier

Background Background

Signal Signal


