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Abstract 
We report on (to our knowledge) the first remote contactless photoacoustic measurements on semi-
transparent polymer samples. Samples consisting of a semitransparent polymer surface, black silicon 
glue and cast resin were produced. Measurements were done by illuminating the samples with short 
electromagnetic pulses of infrared radiation and detecting the generated ultrasound waves with a Fa-
bry-Pérot-Interferometer system. By scanning the sample ultrasonic signals on the sample surface were 
acquired in two dimensions. The acquired signals are visualized in depth layers. Furthermore, a SAFT 
(synthetic aperture focusing technique) algorithm was applied to enhance image quality. 
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1  Introduction 
Photoacoustic imaging is performed by illuminating the volume of an object with short electromagnet-
ic pulses. Depending on the local varying specific absorption rate the radiation is absorbed. This leads 
to local heating and to thermal expansion, and thus finally to generation of broadband ultrasound 
waves. This effect is called the photoacoustic effect and was first reported by Alexander Graham Bell 
in 1880 [1]. In Equation 1  
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) and the pressure p0 generated at time t=0 (i.e. the time if the excitation pulse) is described. 
The Grüneisen coefficient is calculated with the isobaric volume expansion coefficient β, the speed of 
sound c, and the specific heat cp [2]. Unlike normal ultrasound imaging the ultrasound waves are gen-
erated inside the object caused by optical absorption. Thus photoacoustic imaging combines the advan-
tages of two imaging methods: the high spatial resolution of ultrasound imaging and the high contrast 
of optical methods. To produce ultrasound waves effectively two conditions have to be fulfilled. First 
the thermal conduction needs to be negligible within the pulse length tp of the electromagnetic wave 
(„thermal confinement“). Second the pulse length has to be shorter than the time an acoustic wave 
needs to travel through the smallest structure which should be imaged („stress confinement“). For pho-
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toacoustic imaging non ionization radiation is used and therefore only laser safety requirements have to 
be fulfilled. 
The photoacoustic imaging technique was primarily developed for bio-medical applications like early 
cancer detection. This is based on the effect that cancer tissue absorbs more energy of the short elec-
tromagnetic pulses than the surrounding normal tissue at specific wavelengths [3]. The higher absorp-
tion leads to stronger ultrasound generation in malignant tissue than in healthy tissue.  Based on this 
properties photoacoustic imaging has high potential for mammography and early skin cancer detection.  
For bio-medical applications the sample is usually immersed in a tank filled with water (or another 
fluid). The fluid allows the wave to propagate from the source (i.e. the sample) to an ultrasonic detec-
tor. As detectors usually standard piezo-electric transducers are used. A simple photoacoustic setup is 
shown in figure 1.  

 
Figure 1: Schematic of a photoacoustic setup. A sample is irradiated by a short electromagnetic pulse (i.e. from a 
pulse laser) and the generated ultrasound waves travel through the water to the detector.  
 
To get information on the absorption of the sample volume ultrasonic signals have to be acquired 
around the volume.  From these data the initial pressure distribution can be calculated. For non destruc-
tive testing in industrial applications it is not feasible to use water as coupling medium. Therefore, a 
remote contactless setup has been developed. In this paper we utilize a confocal Fabry-Pérot-
Interferometer (CFPI) for remote detection of ultrasound waves on the sample surface. A schematic of 
the used setup is depicted in figure 2. Ultrasonic waves which are generated inside the sample travel 
through the volume and get the surface to vibrate.  Light from a detection laser which is reflected on 
the surface gets Doppler shifted by these vibrations. Subsequently, the light is demodulated in a Fabry-
Perot cavity.  
When using oblique incidence of the detection laser it is important to use the right polarization. From 
the Fresnel equations 2 and 3  
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Figure 2: Schematic setup for contactless photoacoustic measurements. The object is irradiated with a short laser 
pulse. The generated ultrasound waves travel from inside the sample to the surface. On the surface light from the 
detection laser undergoes a Doppler shift. The Doppler shift is demodulated with a confocal Fabry-Pérot interfe-
rometer.  
 
it follows that the reflectivity is a function of the incidence angle Θ and is different between horizontal 
and vertical polarization (n1 and n2 are the refractive indices). The vertical reflection coefficient rx in-
creases continuously with the angle Θ (thus more light is reflected back) while the horizontal reflection 
coefficient ry vanishes at the Brewster angle. Therefore, it is better to use vertical polarized light. A 
general drawback of using an oblique incidence is that the Doppler shift decreases by increasing the 
angle of incidence. 

2  Experiments 

2.1 Sample 
The measured sample consists of a semitransparent polymer surface, black silicon glue and cast resin 
as depicted in figure 3. The polymer surface and the black silicon glue are components which are used 
in industries. The polymer plate has a thickness of 3 mm. The black silicon glue was formed to a Smi-
ley (11 x 12 mm2) and directly placed behind the polymer plate. Afterwards the form was filled with 
cast resin. 

2.2 Photoacoustic setup 
The measurement setup was based on a confocal Fabry-Pérot Interferometer (CFPI) [4] to detect the 
ultrasound waves. Such a setup is commonly used in laser ultrasonics (LUS). Usually, LUS measure-
ments are done on metallic or opaque surfaces. For semitransparent samples some problems arise: 
First, less light is reflected back from the surface which can lead to a bad SNR (signal to noise ratio). 
Second, light not only from the sample surface but also from inside the sample is backscattered and 
detected with the interferometer. This can reduce the sensitivity of the setup. Furthermore, when using 
polymer samples absorbed light can lead to heating and subsequent melting. The CFPI system which 
was used for the photoacoustic measurements is shown in figure 4. As detection laser a frequency 
doubled Nd:YAG cw-laser with a wavelength of 532 nm and a output power of 1W was utilized. The 
detection beam was attenuated from 1W to 150 mW by using optical density plates and focused onto 
the sample surface. A 2” lens with 60 mm focus length was used to collect the light which was reflect-
ed form the sample surface. To collimate and to reduce the beam a telescope (Keplerian telescope) 
consisting of two lenses was used. 
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Figure 3: a) and b) Photographs of the measured sample. The sample has a dimension of x=58 mm y=58 mm z=40 
mm. It consists of a semitransparent polymer surface, a black silicone glue and cast resin. a) Shows the front side 
with the polymer surface. b)  View on the back side of the sample. c) Illustration of the sample 
 
The angle between incidence and surface normal was 27°. Two photodiodes are used in the setup. The 
first diode D1 was in the reflection path of the FPI and was used for the measurement of the ultrasonic 
vibrations. A polarizing beam splitter (PBS) and a quarter wave plate (QWP) were used to get the re-
flected light from the CFPI to the detector D1. By passing the first time the QWP the detection beam 
gets circular polarized. Light coming back from the CFPI in the reflection path passes a second time 
the QWP and the polarization finally gets rotated 90°.  The second diode D2 is placed in the transmis-
sion path and is used for the controlling of the working point of the CFPI.  
 

 
 

Figure 4: Schematic setup of the remote photoacoustic system. The setup is based on a confocal Fabry-Pérot Inter-
ferometer. As detection laser a Nd: YAG cw-laser with a wavelength of 532nm is used.  
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2.3 Remote contactless photoacoustic measurements   
The surface of the sample (see figure 3) above the smiley was scanned by 41 x 51 points in x-direction 
and y-direction, respectively. The step size for both directions was 0.4 mm. For the scan an x,y-
translational linear stage was used. To generate ultrasonic waves the sample was irritated by short 
pulses with a pulse length of 20 ps and an energy of 50 mJ at a wavelength of 1064 nm. A typical sig-
nal at one detection point is depicted in figure 5. The black curve are the detected raw data. The gray 
scaled curve shows the wavelet filtered data. The wavelet filtering leads to a reduction of noise. The 
first signal peak at 1.45 µs is the first arriving longitudinal ultrasound wave which is produced at the 
black silicon glue at a depth of 3 mm. At 3.7 µs the first arriving transversal wave is detected at the 
surface.  The small signal peak at 4.35 µs is the first reflection of the longitudinal wave. The longitu-
dinal wave is reflected at the polymer/air interface and is transmitted back into the polymer. Subse-
quently, the wave is reflected a second time at the polymer/glue interface and runs back to the surface. 
Therefore, the time is three times longer as the time of flight of the longitudinal wave of 1.45µs.  

 

 
Figure 5: Ultrasonic signal measured with the remote photoacoustic setup. The raw (unfiltered) data are plotted in 
black. The gray color data are wavelet filtered. The first arriving longitudinal wave arrives at 1.45 µs. 
 
The measurement data (41 x 51 points) at different times (depths) are shown in figure 6 a-c. At the 
time of 1.35 µs which is correlated to a depth of 2.8 mm no smiley is visible. The smiley is barely visi-
ble at a time of about 1.43 µs. At a time of 1.47 µs the smiley is clearly visible (figure 6c). In figure 7 
on the left side a photograph of the smiley consisting of the black silicone glue is shown. The detected 
smiley at a time of 1.5 µs is shown in figure 7b.  The features of the smiley can be clearly identified. 
The ultrasound waves are not only detected by a detector position directly above the emitting source 
but also at other detection positions, where the distance between the source and the detector position 
obeys the law of Pythagoras as shown in figure 8. This leads to blurring of the 2D images. To compen-
sate this a Synthetic Aperture Focusing Technique (SAFT) algorithm [5] was used. The result is shown 
in figure 7c. The 2 eyes, the nose and the mouth are clearly visibly and the contrast is enhanced.  Also 
small features like the asymmetry in the mouth of the Smiley are clearly visible. 
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Figure 6: Detected smiley with the photoacoustic setup based on a CFPI at different times. a) Measured data at a 
time of 1.35 µs. b) Data at a time of 1.43 µs. c) Data at a time of 1.47 µs. 
 
 

 
Figure 7: a) Photograph of the measured object, back view. b) Measured data at a time of 1.5 µs. Data are wavelet 
filtered. c) SAFT reconstruction of the data. The image quality is clearly enhanced. 
 

 
Figure 8: Detection of the ultrasound wave. The wave front is not only detected at detection position 1. It is also 
detected at other positions with a time shift caused by the increase of distance. 

 
 



 

131 

3  Conclusion 
We have shown that absorbing inclusions in semitransparent polymer samples can be imaged remotely 
by photoacoustic measurements. Remote contactless photoacoustic measurements were done on a 
sample which consisted of a semitransparent polymer surface. Behind the surface absorbing structures 
made of black silicone glue were placed. Ultrasonic waves were generated by exposing the sample 
with short electromagnetic pulses. By detecting the ultrasound waves on the polymer surface with a 
CFPI the structures could be clearly imaged. Furthermore, the image quality was enhanced by applica-
tion of a SAFT algorithm. 
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