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Abstract: Photoacoustic is a unique imaging method that combines the absorption contrast of light or 

radio frequency waves with ultrasound resolution. When the deposition of this energy is sufficiently 

short, a thermo-elastic expansion takes place whereby acoustic waves are generated. These waves can be 

recorded and stored to construct an image. This work presents experimental procedure of laser 

photoacoustic two dimensional imaging to detect tumor embedded within normal tissue. The 

experimental work is accomplished using phantoms that are sandwiched from fish heart or blood sac 

(simulating a tumor) 1-14mm mean diameter embedded within chicken breast to simulate a real tissue. 

Nd: YAG laser of 1.064μm and 532nm wavelengths, 10ns pulse duration, 445mJ pulse energy has been 

used to induce the acoustic wave signal in these targets. The acoustic signal is then filtered and analyzed 

to construct the target image. The analysis of experimental data and image construction has been 

accomplished using matlab software. The measurement analysis showed reasonable agreement between 

the estimated object dimension and the actual object size. The error in fish heart object dimension ranged 

from -14% to +9%, and the maximum error in Blood sac object dimension was -55%.   The object 

dimensional error increased to -92% when the laser spot was magnified from 2mm to 45mm (to cover the 

phantom area) as the energy density decreases significantly.  

 

 

 

 

 

Introduction 

 

Photo Acoustic Imaging (PAI) is a general 

name that refers to a collection of non-invasive 

imaging techniques, which are used to get 

pictures of biological tissues and their internal 

structures [1].  

Photoacoustic imaging is based on the 

photoacoustic effect that converts optical energy 

into acoustic energy. This phenomenon appears 

whenever a tissue is exposed to a short-pulsed 

laser beam in the nanosecond time scale. As a 

consequence, some of the light is absorbed; 

most of the absorbed energy will transform into 

heat.  Because of thermoelastic expansion, this 

heat is then converted to mechanical stress. The 

pressure rise travels in the tissue like a 

broadband ultrasonic wave, this wave is 

generally called photoacoustic wave. If this 

wave is detected by an ultrasonic transducer, it 

is possible to use the information that it provides 

to form an image of the photoacoustic source [1-

2] as shown in figure 1.  

 

 

              

 

 

  

 

 

 

 

 

 

 
Fig. (1): Schematic of photoacoustic effect, adapted 

from [3] 
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The selection of the correct optical 

wavelength is extremely important in 

photoacoustic imaging [4]. PA imaging usually 

uses light in the non-ionizing visible or near-

infrared (NIR) parts of the spectrum, for these 

wavelength ranges, and for light intensities 

below exposure safety limits, heat deposition is 

the dominant mechanism for the generation of 

acoustic pulses [5]. Due to the strong optical 

scattering effect in biological tissues that 

enhances the effective optical absorption, light 

intensity, and hence photoacoustic strength, 

decreases with depth approximately 

exponentially, with a decay constant of a few 

millimeters [1]. To reach deeper tissue 

structures, NIR is a better excitation source 

since it has a low water absorption coefficient 

and a relatively low scattering coefficient in 

biological tissues and can, consequently, 

provide deeper penetration (a few centimeters in 

tissue up to ∼7 cm [6-7]) [3]. When a pulsed 

beam of light strikes a medium, the medium 

emits sound waves that vary in intensity with 

the amount of light absorbed. If these sound 

waves can be detected, a reconstruction of the 

medium becomes possible. Since the 

wavelength of light used can be altered to fit the 

absorption spectra within the medium, this 

adaptable technique has many uses, including 

accurate detection of some cancers, and possible 

treatment [8]. 

 

Types of PA imaging systems: 

 

PA Microscopy (PAM): Uses spherically 

focused ultrasonic transducers with 2D point by 

point scanning to localize the PA sources in 

linear or sector scans, and then reconstruct the 

image directly from the measured data set. Its 

imaging depth is limited by the ultrasonic 

attenuation. Detects changes in oxygenated / 

deoxygenated Hb in small vessels, images skin 

melanoma [9].  Photoacoustic / Thermoacoustic 

/ Optoacoustic Tomography (PAT/TAT/OAT): 

Images complicated structures by using a pulse 

laser as a pumping source to irradiate a medium. 

PAT makes use of PA signals measured at 

various locations around the subject understudy. 

A typical PAT system uses an unfocused 

(wideband) ultrasound detector, usually in a 

circular or spherical fashion [9]. Detects brain 

lesion, monitors hemodynamics, diagnoses 

breast cancer [10-12]. 

Photoacoustic imaging has been developed 

rapidly in the past decade, with applications 

explored in cancer detection (preferred in breast 

cancer, because it can be used to determine the 

stage of the cancer; by using different 

wavelengths) , imaging vascular structures in 

tissue, mapped rat brain structures with and 

without lesion , monitoring the temperature 

distribution in tissues noninvasively. This is in 

addition to its ability in diagnosis, therapy 

planning and monitoring of treatment outcome 

for cancer, cardiovascular disease, and other 

pathologies [8, 13-15]. 

PAI has the advantages of being non-

ionizing radiation, its ability to detect cancer at 

early stages and with a high spatial resolution in 

sub- microns and in breast cancer detection use 

with requires no or mild breast compression 

which can make the process more comfortable 

for the patients [13]. However the most 

important challenges in PAI for in vivo animal 

study and eventual clinical translation are the 

limited penetration depth of the source light 

(The effective penetration depth of the light is 

determined by the scattering and absorption 

coefficients of the tissues). The PA imaging 

depth is mainly limited by the attenuation of the 

source laser light at NIR ranges propagating 

through the soft tissues, and an optimal design 

of the light source and energy delivery method 

is pivotal for the deep tissue PA imaging [16-

18]. 

PAI technique can mainly be used for breast 

tumor detection because of the high contrast 

between the breast tissue and the tumor, because 

of the limited penetration depth of laser 

radiation, and the well projection of the breast 

organ outside the human body. 

 

Experimental procedure 
 

Photoacoustic experiments were performed 

using an arrangement which consists of a light 

source, piezoelectric detector, and data-

acquisition system. The arrangement used to 

perform photoacoustic measurements in vitro on 

different phantoms is shown in figure 2. Q-

switched Nd:YAG laser has been used to 

irradiate the phantoms, which generates light 

pulses with a duration  of 10 ns, and a repetition 

rate of 1 Hz. The pulse duration fulfills the 

requirements of stress confinement for 

generating photoacoustic signal. The phantoms 

were irradiated using near-infrared and visible 
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wavelength range of 1064 nm and 532 nm 

respectively. The laser pulse energy was 445mJ. 

 

 
             
Fig. (2): Schematic picture of the experimental 

arrangement 

 

More than 30 phantoms in different 

arrangements have been tested, 11 of which are 

presented in this work as distinctly significant 

results. These phantoms have been prepared 

with two types of object:  

 

Biological tissue: fish heart 1to8mm in diameter 

as shown in figure 3. It was difficult to obtain 

signal from fish heart with low noise due to the 

porosity and cavities in the fish heart organ. Fish 

heart loses its blood content in few hours where 

it becomes difficult to obtain any signal; 

therefore it is recharged with blood. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (3): Fish heart organ 

 

Blood sac: which is made from silicon rubber 

charged with blood, with a diameter ranging 

between 5 and 14mm as shown in figure 4. The 

signals obtained from this type were noise-free 

due to the absence of porosities.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (4): Blood sac 

 

However these phantoms cannot be used 

after a while, because the  Red blood cell 

viability decrease during storage as a result of 

physical and metabolic changes, increase 

temperature (exceed 6  ) speed up the damage 

of the red cell (hemoglobin is dissociated into 

heme and globin) [19]. These objects were 

embedded in chicken breast tissue, or placed on 

the upper surface of the tissue, as single or dual 

object. The thickness of chicken breast tissue 

ranged between 3 and 21mm. 

These phantoms need to have optical and 

acoustical properties corresponding to the real 

tissue [20]. Because of the absorption contrast 

(                  ) between the fish heart organ 

or blood sac and chicken breast (chicken breast 

has approximately the same optical absorption 

to the human breast tissue [21] therefore they 

have been used as phantoms, as shown in 

figure5.  

 

 

 

 

 

 
 

 

 

 

 

 

Fig. (5): The phantom (2 pieces of chicken breast 

issue and fish heart as a tumor) 
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The signals from these phantoms were 

detected by piezoelectric detector. Lenses with 

focal length of 2.5, 7.5 and20cm were used for 

expanding laser spot to fulfill the spherical 

model requirment, covering the whole object 

with the laser radiation.  

Finally these signals and corresponding data 

were recorded by digital storage oscilloscope 

and imaged in a microcomputer using matlab 

software.  

 

Experimental Results 
 

The following parameters have been measured 

in this work  

 

Object diameter evaluation 
 

In time domain positive and negative peaks, 

can be used to determine the object diameter, If 

the sound speed   in the object is known, then 

time from peak to can be used to determine the 

object diameter [22-24], using the equation: 

 

                 (     )                          
 

Where    is the recorded time of the positive 

pressure peak and    is the time of the negative 

pressure peak. This evaluation has been done 

with two types of objects: 

 

Results of using fish heart organ 
 

Phantoms with object size 5, 6, 7 and 8mm 

has been irradiated with 445mJ, gave the signals 

shown in figure 6. 

 

                 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (6): Signals of different objects size (a) 5mm (b) 

6mm (c) 7mm and (d) 8mm 

 

The results of the fish heart organ from the 

signals in figure 9 gave the following results in 

table 1 

 

Table (1): Diameter of fish heart organ 

measurements 

 

Real diameters (mm) Measured diameters 

(mm) 

5 5 

6 5.7 

7 7.3 

8 7.7 

 

Results of using a blood sac 
 

Phantoms with object size 14, 13 and 5mm 

has been irradiated with 445mJ, gave the signals 

shown in figure 7. 
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Fig. (7): Signals of different objects size (a) 14mm 

(b) 13mm(c) 5mm  

 

The results of the blood sac from signals in 

figure 7 gave the following results in table 2 

 

 

 

Table (2): Diameter of blood sac measurements 

 

Real diameters (mm) Measured diameters 

(mm) 

14 7.1 

13 6.8 

5 4.6 

 

The signal results from figures 6 and 7 shows 

that the signal from the blood sac is cleaner and 

easier to be generated from the object because 

the sac is filled with blood, however the porosity 

in the fish heart organ helps to give a signal with 

better results (object size) because it fulfills the 

spherical model due to its low absorption ability 

compared with blood sac. Blood sac of 5mm 

diameter can be measured easier and more 

correct than larger one. 

i.  

ii. Effect of the detector position 
 

Phantom with object size 7mm has been 

irradiated with 445mJ and the signal has been 

detected in different piezoelectric positions, the 

resulting signal as shown in figure 8. 
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Fig. (8): Signals with different piezo positions (a) 

beneath phantom (b) beneath phantom, 60 mm off 

the object centre (c) beneath phantom, 110 mm off 

the object centre (d) beneath phantom, 120 mm off 

the object centre  
 

The results from the signals in figure 8 from 

object with diameter 7mm gave the following 

results in table 3. 

 
 

Table (3) Diameter of different piezoelectric 

detector positions 

 

Piezo detector 

positions 

Measured diameters 

(mm) 

beneath phantom 7 

beneath phantom, 60 

mm off the object 

centre  

6 

beneath phantom, 110 

mm off the object 

centre 

5.3 

beneath phantom, 120 

mm off the object 

centre 

5.2 

 

The image will be seen from these signals is 

shown in figure 9. 

 

 
 

 
Fig. (9): Image of phantom with one object 

 

The results from signals in figure 8 shows 

that the acoustic signal can be detected even if 

the detector far away from the object (tumor) up 

to 120 mm, however the rate of error was 

increased with the increase of the distance, 

because of signal attenuation. 

 

 

iii. Measurement of distance between two objects 
 

Phantom with two objects has been used to 

measure 1-4mm distance between the objects. 

Figures 10 and figure 11 presented the signal 

results when different wavelengths were used 

with diffusion lens of focal length 2.5cm for 

measuring these different separating distant. 

 

 
 

Fig. (10): PA signals when 532nm used with 2.5cm 

diffusion lens 
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Fig. (11): PA signals when 1064nm used with 2.5cm 

diffusion lens 

 

The resulting distance between the two objects 

was 4.3mm for 532nm and 2.5mm for 

1064nm.The image from these signals as shown 

in figure 12. 

 

 
 

Fig. (12): Image of phantom with two objects 

 

Results from the figures 10 and 11 shows 

that the signal obtained from wavelength 

1064nm was more distinctive compared with 

signal obtained from 532nm, due to the peak 

blood adsorption in the visible range resulting in 

higher noise due to the contrast between the 

blood and the porosity of the fish heart tissue.   

The object size can't be obtained from these 

signals because the diameter measured is 

restricted by the absorption depth. Low energy 

density causes low absorption depth therefore 

the diameter measured is so small compared 

with the real diameter.  

 

Conclusions 
 

From the experiments that have been 

accomplished and analyzed, the following 

conclusions have been deduced: 

1. The peak-to peak time (   ) of the laser 

induced pressure wave has been used to estimate 

the object diameter (or axial dimension). The 

measurement analysis shows that the estimated 

object dimension is significantly dependent 

upon object absorptivity and laser energy 

density. The error in fish heart object dimension 

ranged from -14% to +9%. The Maximum error 

in Blood sac object dimension was -55%. While 

object dimension error increased to -92% when 

the laser spot was magnified from 2mm to 

45mm (to cover the phantom area) as the energy 

density decreases significantly. 

2. The pressure amplitude of the signal 

was linearly proportional with the laser pulse 

energy according to Beer lambert law, and 

inversely proportional with the depth of target 

object and the distance from the object to the 

detector due to signal attenuation. 

3. The blood must exist in fresh form to 

obtain the right results. Red blood cell viability 

decrease during storage and with increase in 

temperature. It's found that when the blood 

damaged, no signal can be detected, while fresh 

blood gives. It's expected that a shift in an 

absorption line has occurred that why no signal 

could be received. So the blood was replaced by 

a fresh one injected in the object.   

4. The signal obtained from wavelength 

1064nm was more distinctive compared with 

signal obtained from 532nm, due to the peak 

blood adsorption in the visible range resulting in 

higher noise due to the contrast between the 

blood and the tissue (porosity).   
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 للتطبيقات الطب الاحيائيالصوتي للانسجة الحية -يالتصوير الضوئ
 

 حسين عبد الامير محمد             اروى عامر موسي 

 
 قسٌ ْٕذسح اىيٍضس ٗالاىنرشٍّٗاخ اىثصشٌح ، خاٍعح اىْٖشٌِ ، تغذاد ، اىعشاق

 

اىص٘ذً ٕ٘ أسي٘ب اىرصٌ٘شاىفشٌذ اىزي ٌدَع ذثاٌِ اٍرصاص اىض٘ء اٗ ذشدد اىَ٘خاخ -اىرصٌ٘ش اىض٘ئً :الخلاصة 

ٍع شذج اىَ٘خاخ ف٘ق اىص٘ذٍح. فعْذ إخرضاُ  اىطاقٔ اىض٘ئٍح خلاه ٍذج صٍٍْٔ قصٍشج، سٍر٘ىذ ذَذد حشاسي  اىشادٌٌ٘ح

ٌقذً ٕزا اىعَو  ٍساقاخ   ٍشُ ٗاىزي ٌ٘ىذ تذٗسٓ اىَ٘خاخ اىص٘ذٍٔ. ٍَنِ اُ ذسدو ٗذخضُ ٕزٓ اىَ٘خاخ ىثْاء اىص٘سج .

ذٌ اّداص  عِ اى٘سً اىسشطاًّ اىَ٘خ٘د داخو الاّسدٔ اىطثٍعٍح.ذدشٌثٍح تاسرخذاً اىيٍضسىيرصٌ٘ش ثْائً الاتعاد ىينشف 

ٍيٌ  11-1اىرداسب اىعَيٍح تااسرخذاً عٍْاخ شثحٍح  ذرنُ٘ ٍِ قية اىسَل اٗ مٍس دً )ىَحاماج اى٘سً( ٍعذه قطشٕا 

تط٘ه ٍ٘خً ٌاك -ٍطَ٘سج داخو قطعح ٍِ صذس اىذخاج، ٗرىل ىرشثٍٔ اىْسٍح اىحقٍقً. ٗقذ ذٌ اسرخذاً ىٍضس اىْذًٌٍَ٘

ٍيً خ٘ه ىيحص٘ه عيى اشاسج اىَ٘خح اىص٘ذٍح فً ٕزٓ الإذاف  114ّاّ٘ ٗطاقح  10ٍاٌنشٗ ٍرش ٗط٘ه ّثضح  1.0.1

ٗقذ ذٌ ذحيٍو اىثٍاّاخ اىعَئٍ ٗتْاء اىص٘س تاسرخذاً  اىَخريفٔ. ثٌ ذَد ذْقٍح ٗذحيٍو الاشاسج اىص٘ذٍح ىثْاء ص٘سج اىٖذف.

ٍاساخ ذطاتقا ٍعق٘لا حدٌ اىدسٌ اىَقذس ٗحدَٔ اىحقٍقً. ذشاٗحد ّسثح اىخطأ فً اتعاد اظٖش ذحيٍو اىق .matlabتشاٍدٍح  

%. ٗقذ اسذفعد ّسثح 44-%. فً حٍِ ماّد امثشّسثح خطأ فً اتعاد خسٌ مٍس اىذً  9 +% اىى  11-خسٌ  قية اىسَنح 

ىرغطٍح ٍساحح اىشثح( ٗاىرً ادخ اىى ٍيٌٍ ) 14ٍيٌٍ اىى 2% عْذ ذنثٍش تقعح اىيٍضس ٍِ 92-اىخطأ فً اتعاد اىدسٌ اىى  

 ذقيٍو مثافح اىطاقٔ تشنو مثٍش.
 

 


