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X-ray photoacoustic phantom experiment based on wideband detection
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Abstract: Objective To discuss on the difference of X-ray photoacoustic signals in different media and different denoising
methods for the photoacoustic signals of human body slice model by establishing a single element photoacoustic signal acquisition
system based on wideband detection for capturing photoacoustic signals of different phantoms. Methods A single element
wideband transducer with a bandwidth of 0.10-1.00 MHz was used to collect photoacoustic signals at the side of the sample
perpendicular to the direction of X-ray beam. The signals were amplified by a preamplifier with a bandwidth of 0.05-5.00 MHz
at 34 dB, and the amplified signals were acquired by a data acquisition board with a sampling rate of 40.00 MHz, and stored in
a computer. Differences of photoacoustic signals among 4 kinds of phantoms in the envelope, signal intensity, oscillation tendency,
and the area between the top and bottom envelopes were analyzed. Based on the finite impulse response (FIR) low pass filter,
the X-ray photoacoustic signals of the human body slice model were treated by wavelet translation invariant denoising method.
As an reference, the photoacoustic signals of model were treated by wavelet translation invariant denoising method alone. The
denoising performances were compared between the two denoising methods. Results The photoacoustic signals of different
phantoms were different, which were related to the composition and ratio of the substance. The wavelet translation invariant
denoising of 5 layer decomposition of the Db3 wavelet base was performed on the photoacoustic signal of human body slice
model, which improved the signal to noise ratio better than the FIR low pass filter. Conclusion The differences in different media
of short pulse X-ray photoacoustic signals generated by 6 MV clinical linear accelerator and wavelet denoising can be used to
improve the research and application value of X-ray photoacoustic signals in radiotherapy.
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Fig.1 X-ray photoacoustic signal acquisition system
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Tab.1 Homogeneous phantoms

Phantom Composition and ratio

C1l Cellulose: Gelatin: Water = 2:10:88
X1 Gelatin: Water = 15:85
Gl Graphite: Agar: Water = 0.1:13.0:86.9

G2 Graphite: Agar: Water = 0.4:13.0:86.6
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Fig.2 Photographs of 4 kinds of homogeneous phantom with diameter of 8 cm and height of 3 cm
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Fig.3 X-ray photoacoustic signals of different phantoms
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Fig.4 X-ray photoacoustic signal acquisition system of human

body slice model
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