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Abstract—Optoacoustic instrument systems 
have been widely developed due to the mutual 
advantages of the optical and acoustic properties. 
Recently, optical and acoustic system 
developments composed of optoacoustic 
instrument systems have been widely focused on 
overcoming the limitations of various 
applications. However, most of the review articles 
for optoacoustic instruments are focused on how 
to handle and use optical or ultrasound systems. 
This article is intended to introduce how to design 
and use each optical and ultrasound device 
components that construct the optoacoustic 
instrument systems Therefore, a technical 
summary of the optoacoustic instrument systems 
at the device and component level could be 
helpful to academic researchers or engineers who 
construct such optoacoustic instrument systems. 

Keywords— optoacoustic instrument systems; 
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I.  INTRODUCTION  

Imaging modalities for human disease diagnosis 
have been widely developed in clinics or hospitals [1-
12]. It is because they are beneficial to determine the 
surgery operation or treatment using medicines [13-18]. 
There are several imaging modalities such as 
magnetic resonance imaging (MRI), computed 
tomography (CT), ultrasound, positron emission 
tomography (PET), and optical imaging [19-25]. The 
transmit sources of these modalities are light, 
magnetics, mechanical vibration, radiation, etc [26-28]. 
The imaging modalities have their advantages and 
limitations so the current research direction of the 
imaging modalities [29-34]. They are combinational 
modalities such as MRI-guided high-intensity focused 
ultrasound (HIFU), PET-CT, Optoacoustic instrument 
system, and PET-MRI [35-38]. 

The fundamental principle of signal generation from 
an optoacoustic instrument system [39-42]. The 
optoacoustic instrument systems are composed of 

optical and acoustic (ultrasonic or ultrasound) systems 
[43, 44]. 

 

The fundamental concept of the optoacoustic 
instrument systems is to use the transmit sources of 
light and receive sources of the transducer devices in 
the receive sources [45]. The transmit sources such as 
laser, light emitting diode (LED), or radio frequency 
(RF) power sources would be delivered to generate 
the thermal expansion into the desired targets such as 
human tissues or cells. Typically, RF power sources 
are not used to construct optoacoustic systems due to 
very low sensitivity [46].  

The mechanical vibration caused by thermal 
expansion generates acoustic waves from the target. 
In the receiver systems, the ultrasound transducers 
need to detect such very weak waves [47-50]. The 
detected waveforms are amplified by a preamplifier 
and time-gain compensation amplifier and then, are 
digitized using an analog-to-digital converter (ADC) in 
data acquisition systems before creating the images 
[51-54]. From the obtained images, we could obtain 
the necessary information about the desired target for 
human disease diagnosis [55-62]. 

 The optoacoustic instrument systems utilize mutual 
advantages of the optical and acoustic properties to 
overcome such limitations of each modality. The 
advantages of the optical systems could provide the 
tissue characteristics because absorbed light 
properties are different for each different light 
wavelength [63]. Thus, they could provide high image 
contrast for different tissues [64-68]. The advantages 
of the acoustic properties are non-invasive and less 
harmful sources and high spatial resolutions [69-71]. 
Therefore, optical or acoustic-only systems could 
provide only one advantage compared to optoacoustic 
instrument systems.  

As mentioned in the theory of the optoacoustic 
process, we could understand how to make and 
combine the optical system and ultrasound system. 
From currently published review papers, these optical 
or ultrasound system-based optoacoustic systems do 
not show in detail how to construct the optical system 
components or how to utilize them so optical design 
engineers in optoacoustic instrument systems do not 
have enough information for system optimization. In 
addition, most review articles of the optoacoustic 
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instrument systems just describe how to use such a 
system for specific biomedical applications so this 
review article could be helpful for the researchers who 
design and construct the optical and acoustic systems 
used in optoacoustic instrument systems.  

Sections II and III describe which kinds of optical 
and acoustic systems are used to construct 
optoacoustic instrument systems, respectively, and 
which components should be utilized. Section IV 
describes the optoacoustic instrument systems, design 
techniques, and other related component design 
including commercially available optoacoustic 
instrument system information. Section V is the 
summary of the article. 

 

II. OPTICAL SYSTEMS 

The optical systems are very important in how to 
effectively generate light sources [72-76]. The convex, 
conical, or concave optical lens (optical systems) have 
been normally used to diverge or focus the light beam 
into the target [77-80]. Depending on the target 
locations, these types of optical lenses were combined 
to deliver the light beam. The light beam was worked 
by the transmit electronics of drivers and optical 
amplifiers with proper repetition time. 

Recently, micro-optical systems were used to focus 
the beams that increase the beam intensity [81-83]. 
The fisheye optical systems were used to overcome 
the small target fields [84-86]. The designed fisheye 
optical system could scan the target in wide diagonal 
and vertical locations. This could be helpful to 
decrease motor scanning ranges, thus reducing 
unnecessary motor noises because motor noises 
critically affect the image quality.  

The macro optical systems are useful for the low-
sensitivity optoacoustic instrument systems because 
they could improve the very low intensity of the light 
sources [87-89]. Therefore, the engineers could 
construct small-size portable systems by using macro 
optical systems. 

The double-gauss optical systems are effective in 
delivering the light beam with a constant beam shape 
[90-93]. The uniform field of view of the target area 
could help reduce the signal intensity variances. 
Therefore, it could compensate for the burden of the 
receiver electronics. 

The omnidirectional optical systems are useful to 
cover wide target ranges with uniform intensities. 
Original omnidirectional optical lenses are used to 
cover 360

o
 in field of view [94-96]. However, this 

designed optical system could cover 180
o
 area in 

optoacoustic instrument systems. 

The specific optical systems that cover several light 
wavelengths are useful for optoacoustic instrument 
systems because each different characteristic is 
dependent on the tissue light absorption rate. For 
instance, water, melanin, hemoglobin, collagen, and 

DNA have different absorption rates of the light beam. 
The custom-made optical systems that combine three 
different lights such as green, red, and blue lights are 
suitable to generate only one light source [97-100]. 
However, the received acoustic signals in the signal 
processing steps need to be differentiated for each 
different light wavelength to obtain specific tissue 
information [101-104]. 

 

III. ACOUSTIC SYSTEMS 

Acoustic systems are composed of transducer 
devices and their supporting hardware with algorithms 
[105-110]. Compared to ultrasound-only systems, the 
acoustic systems used in optoacoustic instrument 
systems are receiver electronics of the ultrasound 
systems with synchronizing electronics that need to be 
compatible with optical systems [111-113]. Therefore, 
protection circuits and transmit control electronics used 
in ultrasound systems are not necessary to be 
implemented [114]. Compared to ultrasound-only 
systems, optical systems generate lower acoustic 
powers so the receiver electronics need to have larger 
voltage gains for image mapping [115-118]. Therefore, 
high voltage gains in the receivers normally increase 
the noise levels [119-121]. This could be a large 
burden for electronics engineers due to lowering the 
signal-to-noise ratio [122-125]. In addition, the acoustic 
signals generated by light sources normally produce 
unwanted high-frequency noise signals with higher 
signal distortions [126-131]. Therefore, engineers need 
to be concerned about the signal identity to detect the 
right signals.  

Timing algorithms between the transmit electronics 
for light generation and the receive electronics for 
acoustic signal reception need to be concern [132-
136]. Typically, a lower pulse repetition rate (PRF) 
needs to be controlled so the light generation timing 
and acoustic signal reception need to be covered.  

In particular, matching circuit units are needed to 
deliver the optimized power to the transducer while 
reducing the radiation effects [137-139]. Between 
ultrasound transducers and receiver electronics, 
matching circuit units are necessary for very weak 
acoustic signal levels, especially for optoacoustic 
instrument systems [140-142]. There are some 
passive components such as resistors, capacitors, and 
inductors which make matching circuits [143-146]. 
Therefore, resonant frequency shifts and electrical 
impedance values need to be properly adjusted [147]. 
Without matching circuit units, the desired power could 
be reduced up to one or fourth times [148-151]. This 
could be very critical for high-frequency receiver 
systems. 

For optoacoustic instrument systems, different 
types of ultrasound transducers could be used such as 
a ring or circular-type transducers. These types of 
transducers could be easily detected by the optically 
triggered acoustic signals. However, transducer 
fabrication costs could be increased. For traditional 
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transducers used in ultrasound systems, mechanical 
motors that move transducers need to be controlled by 
step motors [152-159]. Therefore, this configuration 
could affect the signal-to-noise ratio of the 
optoacoustic instrument systems. 

 

IV. OPTOACOUSTIC INSTRUMENT SYSTEMS 

The optoacoustic instrument systems are 
composed of optical and acoustic systems with timing 
control logic and software algorithms [160]. The first 
optoacoustic instrument system was produced Vevo 
LAZR X by Fujifilm VISUALSONICS Inc. located in 
Canada. PST Inc. also made PAFT for small animal 
imaging. iTheraMedical GmbH made MSOT inVision 
for real-time body imaging applications. Endra Life 
Sciences made the Nexus 128 + for tumor imaging. 
Tomowave Inc. fabricated LOUISA for breast cancer 
imaging applications. The transmit source in these 
optoacoustic instrument systems is a laser.  

However, the next two systems utilizing LED 
sources are transmit sources. In the optoacoustic 
instrument system manufacturer located in Japan, 
Cyberdyne Corp. which produces Acoustic X using 
LED array, and Advantest Corp. manufactured 
Hadatomo Z Photoacoustic Microscope WEL 5200 
based on laser sources. However, these commercial 
instrument systems are still tested for clinical purposes 
and they are currently not used for diagnosis purposes 
in clinics or hospitals because some alternating 
imaging instrument systems cover the advantages of 
the systems. Breast cancer imaging applications might 
be one of the solutions for optoacoustic instrument 
systems.  

To fully commercialize the optoacoustic instrument 
systems, full custom level design of the optoacoustic 
instrument systems requires optical and ultrasound 
engineers collaborating on the system level design. 
First of all, the whole system specifications such as 
noise level, lateral and axial resolutions, signal-to-
noise ratio, dynamic signal level, etc need to be 
determined [161-164].  

Second, the most important device components 
need to be properly selected or designed such as laser, 
power amplifier, transducer, analog-to-digital converter, 
storage space, and signal processing units depending 
on the budget and whole system specifications [165-
168].  

Third, software algorithms and user interface need 
to be determined. Last, is the system interface such as 
testing environment devices (water tank, transducer 
connector electronics, laser cooling systems, etc) [169-
171]. The multi-axis supported tilt, angular, and motion 
stages in the pulse-echo measurement system need to 
be constructed with a water tank, target plates, and 
transducer holder [172-177]. 

 

V. CONCLUSION 

This article is the technology summary of the 
optoacoustic instrument systems especially used for 
medical instrument applications. There are a variety of 
medical instruments used in small clinics or large 
hospitals even in low-income countries. Among those 
medical instruments, newly focused medical imaging 
instruments just like optoacoustic instrument systems 
were described with fundamental principles for 
academic readers or engineers.  

Due to recent semiconductor, communication, and 
software technology developments, various medical 
instruments are becoming more popular and compact 
[178]. Even though some fundamental medical 
instruments were developed earlier than 1950, they 
are not widely used due to hardware and software 
technology limitations. In addition, there are deep-
learning and security techniques for medical imaging 
modalities [179, 180]. 

For example, the fundamental concept of the 
optoacoustic instrument systems was first developed 
around 1900. With recently developed technology, 
these medical instruments are becoming compact and 
complex. In addition, researchers in academic areas 
engineers in companies, or doctors in hospitals could 
find some useful applications. Investigating research-
related data to develop the optoacoustic device 
hardware and ultrasonic transducers and presenting 
guidelines for designing and manufacturing optical 
devices could be helpful to optical or ultrasound device 
engineers or researchers to optimize the performances 
of the optoacoustic instrument systems. 

Various optical systems such as double-gauss, 
fisheye, omnidirectional, microlens, etc have been 
developed to optimize the light beam quality because 
the received acoustic signal power is relatively low 
compared to ultrasound-only systems. The receiver 
electronics also need to be considered to improve the 
signal-to-noise ratio. Currently, developed 
optoacoustic instrument systems are only 
combinations of commercially available optical and 
ultrasound systems with some interface and algorithms. 
However, full custom-made optoacoustic instrument 
systems could improve the image quality while 
compensating the costs. The engineers could consider 
selecting the right devices or components to construct 
the instrument systems [174, 181-187].  Most optical 
design engineers do not have some experience as 
ultrasound system engineers. Therefore, they need to 
collaborate full custom design of the systems. This 
review article could be a guideline to understand how 
to select the right optical and ultrasound components 
and to design full custom-level instrument systems. 
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