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Abstract—The photoacoustic images are obtained from a custom
developed linear array photoacoustic tomography system. The
biological specimens are imitated by conducting phantom tests in
order to retrieve a fully functional photoacoustic image. The acquired
image undergoes the active region based contour filtering to remove
the noise and accurately segment the object area for further
processing. The universal back projection method is used as the
image reconstruction algorithm. The active contour filtering is
analyzed by evaluating the signal to noise ratio and comparing it with
the other filtering methods.
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1. INTRODUCTION

N emerging imaging modality photoacoustic tomography

(PAT) is non-invasive and nonionizing and has high
sensitivity, average imaging depth, good spatial and temporal
resolution. A short laser pulse is induced into the highly
scattering biological specimen known as photoacoustics (PA)
or laser induced ultrasonography. A theromoelastic effect is
formed when the laser heats up the absorbing part of the
biological tissues to a fraction of degree which results in the
excitation of ultrasonic waves [1], [2]. These ultrasonic signals
are collected using an ultrasonic transducer. While detecting
these ultrasonic pressure signals, the photoacoustic images of
specimens are formed [3]. Blood vessels up to a depth of few
centimeters can be imaged when absorption spectrum of a
specimen is found by excitation of multiple wavelength. Other
optical imaging modalities, such as optical coherence
tomography, have a high resolution imaging; but, it has the
limitation of scanning depth only to few millimeters due to the
nature of optical scattering [4]. PAT overcomes this limitation
and can image up to a depth of few centimeters [5]-[7].

A high frequency real-time PA microscopy system that can
image the microvasculature of living subjects up to a depth of
few mm [13] was reported recently. The PAT has prospects in
various aspects such as melanoma detection, PA endoscopy,
PA tomography of genes expression, Doppler PA tomography,
PA mapping of sentinel lymph nodes and PA along with
thermoacoustic tomography of brain, breast and molecular
imaging [14]. The real time PAT system has embedded large
number of linear array transducers used only for conducting
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experiment with small animals and this is mainly due to the
limited angular view which causes the low resolution and
distortion in images. This challenging task resulted in
invention of various probe types [15]. A two-dimensional
array probe [16] is used in a real-time three-dimensional PAT
system and also full angular views for image reconstruction
are achieved by ring-shaped probe. The high-speed cross
sectional imaging of deep brain of rats in vivo is obtained
using a full ring array photoacoustic computed tomography
(PACT) [17]. The main advantage of this system is that it uses
internal illumination with the optical fiber rather than the
external illumination which delivers less light to the base of
the brain.

PAT is used in the clinical applications such as detection of
cancers in breast, prostate and in melanoma cancer screening
[8]. There are several image reconstruction algorithms for
forming the photoacoustic image and the universal back
projection algorithm is adopted for the developed system [9].
Due to the nature of reconstruction and the complexity of the
system the photoacoustic image consists of noise in the image,
so the target needed to be accurately differentiated between
the noises. Among the several image segmentation techniques
the active contour models also known as snake [10] is one of
the most efficient method used in many applications.

A geometric active contour model algorithm known as
Chan-Vese model [11] has been used in this system.
Depending on the image constraints, the contour either shrinks
or expands over the object to easily segment it from the
background. A performance evaluation of the image
enhancement algorithm is carried out by obtaining the signal
to noise ratio for the results obtained from contour method and
other filtering methods. Also, a phantom test is carried out to
evaluate the effectiveness of the developed system.

II. METHODS AND ARCHITECTURE OF PHOTOACOUSTIC SYSTEM

A. System Components

The real-time photoacoustic system encapsulates a multi-
channel data acquisition board (DAQ) which is designed to
collect the measured PA signals from the linear array
transducer. A sequential order of execution is performed
between signal acquisition and image reconstruction. Fig. 1
shows the complete system design of the developed PAT
system which has a PCI extension for an instrumentation
(PXI) platform-based DAQ with 50-MHz sampling frequency.
It also has 12-bit resolution, 64 analog input channels, and 192
Mb/sec transmission speed. This system utilizes the advantage
of direct memory access (DMA) method for image
reconstruction and the control program was developed using
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Labview software (2010; National Instruments). The source, a
Nd:YAG Q-switched laser (NT352-A20-AW; EKSPLA) with
a 2-Hz repetition rate was used. A custom-developed trigger

controller is dedicated for laser emission and a trigger to
generate timing signal.

i

Initial
Instruction

Data
acquisition

Nd:YAG Laser Trigger

Pre-Amp

V/f@er us trags!ucer

Phantom

Fig. 1 Hardware block diagram of PAT system

A linear array probe (L14-5/28; Ultrasonix) with a 128
element transducers and 5-MHz center frequency were used to
measure the PA signal. A custom-developed pre-amplifier,
with 5-MHz passband, 128 channels and 40-dB gain, was
placed ahead of the DAQ to amplify and filter the defected
signal.

B. Image Reconstruction Algorithm

The construction of the photoacoustic images is performed
using the universal back projection algorithm [9]. This
algorithm uses the time domain and inverse property of
photoacoustic equations. Using (1), the initial source
distribution is formed by using the inverse property of the PA
equations.
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where T is the vector of the final PAI plane and Tq is the
sample or measurement point. p(Ty, vst) is the final
photoacoustic signal and the photoacoustic pressure is given
by po and the speed of the sound is given by vs. A constant
speed of sound is assumed while obtaining the unified and an
exact time domain results. This property uses the limited
angular method and enables the use of linear array transducer
for signal acquisitions. The number of transducer can be
varied depending upon the sample subject and higher the
transducer number yields accurate results. The basics of the
Fourier domain formulas are used in the reconstruction
geometrics to derive the universal back projection algorithm.
However, an inhomogeneity in photoacoustics can cause

distortion in the image when using the back projection
algorithm.

C. Chan-Vese Method and Image Enhancement Algorithm

The most commonly used image segmentation technique is
the Otsu global threshold method [12], where a threshold
value is defined to separate both the foreground and
background. However, in the Chan-Vese method (CVM) the
initial object is defined and the contour evolution takes place
based on the evolution equation (3). The contour evolution is a
process where the initial defined contour either shrink or
enlarges. The image plane P(x,y) has an evolving curve E =
Oo. The energy function is given by:

F(e, e, E)uIEI +4 |P(x,y) — e, |? dx dy
inside(e)

+ Joutsigetey 1P ¥) — €5|* dx dy 3)

where the outside and inside on E is given by outside(e) and
inside(e). The constant e, and e, are the intensities averages of
the image. To consider A; and A, to unity, the p positive
constant is used [18]. In order to regularize the contour, |E| is
used. Finally, to fix the minimization problem the Euler-
Lagrange functions are used in (3) and can be rewritten as:

T =58(9) [udiv (g%) —v =1 — e)* + L - )| (@)
where ¢ is the energy function defined in relation to the level
set method. The initial of the evolving curve can be marked
anywhere in the image. The contour can evolve with or
without gradients in the image plane and easily segment the
desired object.
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Once the PAI image is acquired it undergoes the image
enhancement algorithm. This algorithm consists of several
image processing techniques such as image preprocessing,

PA Image acquisition

Image pre-processing

image binarization, morphological operations and contour
filtering as shown in Fig. 2.

False

True

Apply active contour
method

Object
detection(Results)

Image binarization and
morphological
operations

Fig. 2 Image enhancement algorithm using CVM

D.Experiments

To test the ability and reliability of the photoacoustic
system a phantom experiment is conducted. The phantom is
made upon of water and gelatin in a ratio of 2:8 to imitate a
biological specimen. Once the photoacoustic images are
acquired, it goes through the image enhancement algorithm.
The image enhancement algorithm is developed based on the
CVM. Transparent plastic tubes with inner diameter of 300
um filled with contrast agents such as Indocyanine green
(ICG) and Methylene blue. These tubes are placed in between
the phantom to imitate the blood vessel in biological tissue.
The transparent tubes are placed in a non-uniform length and
multiple of these are placed in between the phantom to test the
accuracy of the PAT system.

III. RESULT AND DISCUSSION

The PAI images are acquired at different wavelength in a
range of 700nm - 900nm to test the ability of the contrast
agents. The PAI image with maximum intensity observed
were shown in Fig. 3. These images were taken with
methylene blue and ICG as agents in transparent tube. This
acquired photoacoustic image now goes through the image
enhancement algorithm to clearly identify the object. Image
preprocessing such as removing of noise using averaging filter
is applied and later the algorithm looks for the area of the
object. If the tube with desired area as above the threshold
value was found, then the CVM is applied or else the image

undergoes the morphological opening followed by either
dilation or erosion. Once the appropriate area above the
threshold is found then the PAI goes through further
processing. The results of the tube with contrast agent are
shown in Fig. 4 in a pseudo-color image.

Fig. 3 (a) PAI image with methylene blue as contrast agent at 750nm,
(b) PAI image with ICG as contrast agent at 780nm

The efficiency of the contour segmentation is verified by
comparing the peak signal to noise ratio (PSNR) and average
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root mean square error (ARMSE) of contour segmentation and
selective manual segmentation. Even though the selective
manual segmentation uses a large amount of time and code
complexity, the results are comparable to the contour image
enhancement algorithm. The ARMSE and PSNR of both
segmentation techniques. It is evident from Table I that active
contour filtering was an effective filtering method and it was
able to provide acceptable results to accurately delineate the
target in PAT. Even though, the active contour filtering is an
efficient algorithm; it is also a time burden method. It can be
used in a system where time is not a first priority and defining
a sample’s geometric shape is a main concern.

TABLEI
COMPARISON OF CONTOUR FILTERING AND MANUAL FILTERING

Active contour
segmentation

Manual
segmentation

Average root mean square error 6.827 5.273
Signal to noise ratio 2791 dB 29.07 dB

Fig. 4 (a) A 66x55 size of initial mask for contour segmentation, (b)
Final contour after 912 iterations using CVM, (c) PAI of ICG in
multiple tube, (d) Pseudo-color image of final segmented image using
CVM

IV. CONCLUSION

A PAT system is developed and it is capable of
reconstructing an image using universal back projection
algorithm. The active contour method is used to accurately
delineate the target which is imitated using phantom
experiment. The optoacoustic images are obtained using
methylene blue and indocyanine green at a wavelength of 700-
900nm using the developed system. In further studies, a
custom developed contour segmentation is developed which
can be solely used for photoacoustic image. Even more
different segmentation or filtering techniques can be used in
image enhancement algorithm. This developed algorithm is
proved to be efficient only when processing time is not an
important factor. When the PAT system is developed using a
graphical processing unit, the time taken by the image
enhancement algorithm can be drastically reduced. Also in the
next step of developing this study, contrast agents are injected
in rats and in vivo images are obtained to test the efficiency of
both the filter and system.
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