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Ultrasound tomography measuring system for acquisition  
and analysis data 

 
 

Abstract. Ultrasound tomography provides the ability to analyse processes occurring inside the facility without interfering with the production, 
analysis and detection of obstacles, defects and various anomalies. The presented measuring system has a specially designed measuring structure 
(including electrodes, thanks to which it is an innovative solution in the field, particularly effective in the analysis). Knowledge of the characteristics of 
each tomographic technique solution, the application allows you to choose the appropriate method of image reconstruction. A reverse problem is the 
process of identifying optimization or synthesis, in which the goal is to determine the parameters describing the data field. 
 
Streszczenie. Tomografia ultradźwiękowa daje możliwość analizowania procesów zachodzących wewnątrz obiektu bez zakłócania produkcji, 
analizy i wykrywania przeszkód, wad i różnych anomalii. Prezentowany układ pomiarowy ma specjalnie zaprojektowaną strukturę pomiarową (w tym 
elektrody, dzięki czemu jest innowacyjnym rozwiązaniem w terenie, szczególnie skutecznym w analizie). Znajomość charakterystyki każdego 
rozwiązania techniki tomograficznej, aplikacja pozwala wybrać odpowiednią metodę rekonstrukcji obrazu. Odwrotnym problemem jest proces 
identyfikacji optymalizacji lub syntezy, w którym celem jest określenie parametrów opisujących pole danych (System pomiarowy tomografii 
ultradźwiękowej do pozyskiwania i analizy danych. 
 
Keywords: Ultrasound Tomography, Sensors, Inverse Problem. 
Słowa kluczowe: tomografia ultradźwiękowa; sensory, zagadnienie odwrotne. 
 
 

Introduction 
The main purpose of this work is to design a system for 

data acquisition and data analysis. Control methods include 
issues related to the processing of data obtained from 
various sensors located in nodes. Monitoring takes place as 
part of data processing and parameters obtained and 
processed (Fig. 1). The device has been designed for 
tomographic measurements of the properties of processes 
occurring in reservoirs. 

 
Fig. 1 Principle of ultrasonic measurement using the transmission 
method 

Measurement technologies are still being built and 
improved. There is a clear tendency in the industry to 
implement more optimal related functions with an emphasis 
on active inspection and monitoring [24-26,18-22]. There 
are many optimization methods [1,8-15], but to solve the 
inverse problem in the ultrasound tomography can use [2-
7,16,17,23]. 

 
Measurement system 

One of the active probes sends an ultrasonic signal (the 
number of sent signal periods will depend on the type / size 
of the tested object, in the case of the container being 
tested, 4 periods were sufficient), the rest of the probes are 
in the listening mode. Active probes measure the time 
individually from the moment the signal is sent until it is 

picked up by individual transducers. We assume that this is 
the time in which ultrasounds overcome the distance 
between the probes. 

 
Fig.2 Signal waveforms in the measurement probe 

 
Fig.3. Measurement time of one measuring frame 

After receiving the signal by all sensors, one measuring 
frame is terminated, the signal from the next probe is 
transmitted, the remaining probes receive the signal again. 
The sequence repeats until each probe gives a signal and 
all times are collected. Figure 2 shows the signal waveform 
for one pair of transducers. The signal is fed into a 
rectangular signal fed to the ultrasound transducer in order 
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to force transmission (probe). The obtained signal is the 
shape of the signal wave at the transducer output, which is 
then transformed into a rectangular signal (processed 
signal) so that it can be read by the digital input of the 
microcontroller. The red segment is the measured time that 
is sent to the control unit. 

Thanks to the active measuring probes, the analog 
signal path has been reduced to a minimum, which reduces 
the level of interference. The probes communicate with the 
main unit via the digital CAN bus. The concept of an active 
probe enables the switching system to be switched off from 
the system - a multiplexer that would introduce additional 
delays. 
The measurement time of one measuring frame depends 
on the ultrasonic reflections inside the tested object, the 
next measurement can be made only after the reflected 
signals disappear. Figure 3 shows the recorded reflections. 
This is a serious problem because these reflections prolong 
the time of a single measurement many times. For example, 
the times to be measured are of the order of hundreds of 
microseconds, while the reflections of ultrasonic waves last 
several milliseconds. Depending on the number of 
measuring probes, the time needed to collect the data 
needed to create one image will be a multiple of the time of 
a single measurement and the number of measurement 
probes. In the case of the test container for 16 
measurement probes, obtaining data for one image would 
theoretically last about 120 ms. 

 
Fig. 4. Block diagram of the ultrasound tomograph 

 
Fig. 5 3D design of the active measuring probe 

The concept of construction of an ultrasound tomograph assumes the 
construction of active measurement probes controlled by an 
external module via a CAN bus (Fig.4). Active measuring 
probes are divided into digital and analog parts. The digital 
part is responsible for sending ready measurement results 
to the tomography controller via the bus. The analog part 

has been adapted to work with a piezoelectric transducer 
operating at 40 kHz (Fig. 5). 

The active ultrasound tomograph measuring probe 
performs measurements using one piezoelectric transducer 
using the absorption method. The transducer can work as 
both a transmitter and an ultrasonic wave receiver. Its 
resonant frequency is 40kHz. In the PCB, it is possible to 
connect an external transducer by means of SMB socket 
(submersible devices immersed in medium or permanently 
mounted in the tested object). The probe has an integrated 
signal processing system and a microcontroller with a built-
in A / C converter. By using a programmable digital 
potentiometer, each probe can regulate the gain of the 
received signal. The probe PCB also provides the option of 
filtering out the signal using an active filter. In the current 
version, this filter is not used. A small RGB diode is used to 
signal the operating status of the device. The probe control 
and reading of the measurements made by it takes place 
via CAN 2.0A buses. 

 
Fig. 6.View of composite 32 PCBs of ultrasound probes. 

 
Fig.7. View of attached ultrasonic probes on the test object. 

 

Fig.8. View of the test object with placed phantoms. 
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The probes are designed so that they can be placed 
very close to each other. Power lines, communication bus 
and break lines necessary for the correct implementation of 
the time measurement from the moment of sending to 
receiving the signal on other probes were carried out using 
RJ-12 cables (Fig. 6-8). 

The casing of the device was laser cut out of acrylic 
glass. PCB assembly inside the housing is done by 
inserting a ready plate with a soldered ultrasound 
transducer and blocking it with plastic screws. Under the 
ultrasonic transducer there is an elastic rubber pad that 
allows its movement, thanks to which it can adjust to the 
curvature of the tested object. Installation of probes on the 
tested object takes place through flexible strips threaded 
through holes located in the upper part of the housing. 

Each probe is assigned a number from 1 - 32. The 
probe number is assigned based on the microcontroller 
serial number. Therefore, after all serial numbers have been 
written down, it is possible to update the probe software 
with the same batch file. The measurement of ultrasonic 
wave transition time from one probe to the other was 
achieved by connecting all probes to an additional 
communication line (Fig. 9). When the low state occurs on 
this line, all probes outside the transmit probe start the time 
measurement and end it when the ultrasonic wave is 
received. Then, each receiving probe sends the 
measurement result to the CT controller. On the basis of 
information about which probe was a transmitter and which 
probe sent the result, the measurement value is recorded in 
the appropriate cell of the measurement matrix. The analog 
signal is processed by means of an A/C converter or by 
means of a comparator with a programmable threshold. 
Due to better accuracy in the current version, the 
measurements are sampled and the exact time of 
appearance of the acoustic wave is determined on the basis 
of the samples. This method is much more accurate but 
unfortunately it requires more processing power of the 
processor, which means that the measurement lasts longer 
than the previously used method. 
 

 
Fig. 9. Captured and amplified signal from a piezoelectric 
transducer at the time of receiving a 40 kHz acoustic wave. 

 
Fig. 10. Ultrasound tomograph controller. 

 
Fig. 11. Measuring system with ultrasound tomograph. 

The main controller of the tomograph is responsible for 
managing the measurement sequence, setting the active 
probes in transmit / receive mode, and saving the results on 
the SD card (Fig. 10.11). The controller interface was made 
in Polish and English (Fig.12). This is an early version that 
will be further improved with additional features: 
• the ability to change the gain on individual probes, 
• the ability to send results via a USB port to external 

imaging devices, 
• displaying graphics illustrating changes in values in 

individual cells of the result matrix. 
 

 
 

 
Fig. 12. View of the configuration screen and when the 
measurements are taken. 

 

   
Fig. 13. Model and image reconstruction - 32 measurement points 
40 khz transducers - 3 phantoms. 
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Results 
Figure 13 shows the example of the model and the 

image reconstruction 32 measurement points at 40 khz 
transducers for 3 phantoms. 

 

Conclusion 
This article presents a data acquisition system. The 

ultrasound tomography enables the analysis of processes 
taking place in the facility without interfering with the 
production, analysis and detection of obstacles, defects and 
various anomalies. The presented measuring system has a 
specially designed measuring structure (including 
electrodes, thanks to which it is an innovative solution in the 
field, particularly effective in the analysis). 
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