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1. Introduction  
Photoacoustic tomography (PAT) is a relatively new high resolution imaging modality 
in the field of biomedical research. It has great potential for imaging optical 
absorption in biological tissue. Light based high-resolution imaging techniques such 
as OCT are restricted to superficial imaging depths, due to the heavy scattering of 
light in tissue. Resolution in photoacoustic imaging does not suffer from the 
scattering effects, giving ultrasound-like resolution while still using light as a probing 
energy.The technique is based on the photoacoustic effect, which refers to the 
generation of ultrasound transients when pulsed optical radiation is used, variant of 
the phenomenon discovered by Alexander Graham Bell in 1880 [1].  
 
In photoacoustic imaging, biological tissue is irradiated with a short laser pulse that is 
absorbed by hemoglobin and other chromophores in tissue causing thermoelastic 
expansion, which produces broadband pulses (MHz) of acoustic energy. These 
pulses propagate to the tissue surface and are detected by an array of ultrasound 
transducers. By applying the various reconstruction schemes with prior knowledge of 
the tissue ultrasound-transmission parameters, the acoustic signals can be 
backprojected to a 2D tomographic image of internally distributed photoacoustic 
sources. Since ultrasound scattering is two to three orders of magnitude weaker than 
optical scattering in biological tissues [2], photoacoustics can provide a better 
resolution than optical imaging for depths greater than 1 mm. 
 
Further, in common with light-based imaging techniques, photoacoustic imaging is 
non-invasive, non-ionizing, and has the ability to perform spectroscopic studies. It 
has been used for small animal imaging [3-7], imaging of human blood vessels [8, 9], 
and imaging cancer in human subjects [10-11]. To date, most photoacoustic 
tomographic systems for small animal imaging have adapted needle hydrophone 
based ultrasound detection systems. Due to the long measurement time these 
systems are not suitable for real/near real time in vivo imaging.. Recently there has 
been much interest to overcome this problem and achieve real time or near real time 
imaging by taking the advantage of multi-element transducer array to acquire the 
signals [3, 5]. 
 
In this work we present the design and development of a curvilinear array based 
computed tomography photoacoustic imaging system optimized for fast, high 
resolution imaging of small animals. A curvilinear array provides the most suitable 
configuration for tomographic imaging due to the matching to the cylindrical 
geometry. We begin with the short overview of instrument design and the detector 
characteristics followed by the initial validation results on chorioallantoic membrane 
(CAM) of the chicken embryo.  
.  
2. System Overview 
The system consists of a Q-switched Nd:YAG laser, delivering 10 ns pulses at 532 
nm to produce photoacoustic signals from the subject under investigation. The object 
is held stationary in an imaging tank with water.  Figure 1 shows the schematic of the 



imager. The light beam enters through the top, is split along two paths, thus providing   
side illumination of the object in the center. However, in the measurements described 
here, the beam illuminates the object from the top through a set of beam expanders. 
The detector is placed orthogonal to the light illumination and it rotates around the 
object to perform the CT type measurement.  
 
The curvilinear detector array consists of 32 element ultrasonic transducers shaped 
to 85 degree of a circle of 40 mm radius. The center frequency of the array is 6.25 
MHz with a reception bandwidth of greater than 80%. Individual elements feature an 
aspect ratio of 10 mm to 0.25 mm. These elements are arranged with an inter 
element spacing of 1.85 mm. Figure 1(b) shows the schematic of the curvilinear 
detector. 

 
 

Figure 1(a): Schematic of the imager. Figure 1(b): Schematic of the curvilinear detector 
 
The photoacoustic signals from each element were individually amplified to 60 dB 
using a 32 channel pulse-receiver system (Lecouer, Paris) with a sampling rate of 80 
MHz. A modified acoustic back projection algorithm is used to reconstruct the images 
of the object [12]. The excited acoustic pressure (p(r0,t)) from the source can be 
represented as  
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Where t is the time, �  is the coefficient of volumetric thermal expansion, c is the 
sound speed, Cp is the specific heat, r’ is the integral variable and A(r’) is the spatial 
distribution of the electromagnetic absorption. 
 
3. Chorioallantoic Membrane (CAM) Imaging 
In our experiments, a 10 day old chick embryo is used. A window of 2.5 x 2.5 cm was 
cut from the shell, for the direct illumination of the light and the entire area is covered 
with a thin transparent foil to prevent the water leakage during the measurement. A 
photograph of the CAM is shown in figure 2 (a). The sample was placed in the centre 
of the tank. Nine overlapping projections to cover 360 degrees were taken with 
fluence rate of 1.85 mJ/cm2 . Two slices of the membrane were taken with a spacing 
of 1 mm and the slice imaging was completed in 2 minutes. 
 
 
4. Results and Discussion  
Figure 2 (b) and (c) shows the reconstructed photoacoustic CT slice image of the 
Chorioallantoic membrane visualizing the blood vessels vasculature. It can be seen 
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that the reconstructed photoacoustic images matches well with the distributions of 
vessels in the embryo and the branching of blood vessels up to the 3 order are 
clearly visible in the PA images 
 

 
 

 

Figure 2(a): Photograph of the CAM. Figure 2(b) & 2(c) slices of the embryo with 1 mm separation. 

 
 
5. Conclusions and outlook  
The system is able to acquire the two dimensional slice images of the Chorioallantoic 
membrane in 2 minutes. The branching of blood vessels are clearly visible in the PA 
images. This was good validation study of the system with curvilinear array of 
ultrasound transducers. We are planning to continue this work with serial imaging of 
blood vessels development in the chick embryo. 
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