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Abstract 

Our company develops special ultrasonic imaging systems of modular design in the frequency range of 10 kHz 
to 200 MHz. The 30th anniversary of our company this year is a welcome reason to look back to the innovations 
of ultrasonic systems during the last three decades and to a take a look forward to new developments. 
Our first system called Sonograf 1000 provided concrete testing. In spite of this low-frequency device our 
HFUS 2000 developed in the 1990th has a frequency range up to 120 MHz. Both systems could be used for 
imaging because of their digital peak detectors. The connection to a PC (with DOS operation system at this time) 
was carried out by special interfaces in the ultrasonic systems as well as in the PCs. The rapid developments of 
the electronic and therefore the performance of the computer totally changed the systems. Other key techniques 
are analogue to digital-converters. These devices provide a full A-scan data conversion with a resolution up to 
16 bits and up to 5 Gs/s. A comparison with the telecommunication engineering shows the same trend: after pre- 
amplification and low pass-filtering and A/D conversion the signal procession is carried out by software. 
Hardware for peak-detectors is not necessary, the hardware is replaced by software.  
This paper also presents several applications of ultrasonic signal procession in order to increase the resolution. 
We will follow this trend in the future. Additionally, we will focus our developments to special scanners, multi- 
channel -systems and a one side’s air-couple technique. 
 
Keywords: Ultrasonic imaging, concrete, low-frequency, high-frequency, imaging, air-coupled ultrasonic 
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1.  Introduction 
 
Since 30 years our company is developing special ultrasonic systems for materials with high 
sound attenuation, new materials and/or high scattering and for thin materials. Therefore we 
cover a frequency range from 10 kHz to 200 MHz. Our highlights are low-frequency UT (f< 
1 MHz), high-frequency UT (f>30 MHz), air-coupled UT and SHM (structural health 
monitoring) [1]. 
 
During the last 30 years the systems have changed dramatically because of the large 
progresses in electronic and computer technique including software. For ultrasonic systems 
the developments of the analogue to digital converters (A/D-converters) enabled a total digital 
evaluation of the received signals. The sample rate and the number of bits give the time 
resolution and the dynamic range. Large parts of the hardware (i.e. peakdetector, time-of 
flight counter, gate generator) could be totally replaced by software modules. In spite of all 
digital possibilities a high quality analogue front-end including a pulser module is important 
for a high resolution. Any distortions, overdrives of amplifiers reduce possibilities of digital 
signal processing. 
 
Usually ultrasonic testing is carried out in a frequency range below 30 MHz. A comparison 
with the communication technique in this frequency range shows the same tendency: 
hardware reduction by software modules thanks to powerful A/D-converters and computers. 
Fig. 1 shows the printed board of a communication receiver (AR7030, developed 1996). The 
frequency selection of the double is carried out by hardware filters (inductive reactances and 
ceramic filters). The number of electronic components is very high in comparison with the 
SDR (software defined radio) in Fig. 2 [2] where the input signal from the antenna is directly 
converted by an A/D-converter. For the operation a PC is required on which the software for 
receiving is installed. The high data transfer enables storage of frequency band (e.g. 2 MHz 
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bandwidth); so that you can load the data file and later evaluate the stored signals in this 
frequency band. Back to ultrasonic testing this kind of store means full-wave A-scan storage 
during scanning and a calculation of B-, C- and D-scans afterwards.   

    

 

 
 
 

 
 
 

 
Figure 1. Communication receiver 0.01 to 30 MHz 

 
Figure 2. Software defined Radio (SDR) [2] 

 
As first company in Germany we developed the pulser-/receiver PC-board HILL-SCAN 3000 
in 1995 [3]. Several other boards for low and high frequencies followed (HILL-SCAN 3041, 
3010HF). Also a special ton-burst board (HILL-SCAN 3100) has been developed. We do not 
produce serial flaw detectors but we combine special systems out of our assembly hard- and 
software set [3]. Additionally we develop user specific scanning systems. Some of our 
highlights are described below. 
 

2.  Highlights 
 
2.1 High frequency ultrasonic techniques 
 
Since 1990 we are involved in high-frequency ultrasonic testing with dynamic range and high 
resolution. Our system HFUS 2000 provided a bandwidth of 120 MHz [4]. Fig. 3 
demonstrates the large hardware part (cf. Fig. 1). Actual we have reduced the hardware and 
developed the system USPC 3060 UHF with a frequency range of 10 kHz to 200 MHz [5]. 
 
In order to have a short cable to the transducer the pulser/receiver is built-in a separate case 
which is situated directly on the scanner near the transducer. Transducer with different 
impedances can be used and deliver a high signal-to noise ratio. The other components of the 
system (Fig. 4) are the scanner with water tank and a 19“-rack with a controller and a 
computer (Fig. 5). 
 
High frequencies generate in dependence of the velocity a wavelength between 25 and 
500 µm in the material. Therefore very small defects can be detected. Frequencies in the 
range of 100 MHz provide the separation of interface and backwall echo of a razor blade 
(0.1mm steel). Because of the complex construction of modern components, e.g. thin layers 
with thicker core material, the system enables testing with frequencies down to 1 MHz 
without loss of signal quality. In dependence of application different AD-converters are used: 



500 MHz to 5 GHz, and 8 to 14 Bits. The combination of analog and digital filters enables an 
optimal signal to noise ratio and best axial and lateral resolution.  
 

 
 

Figure 3. Block diagram of the HFUS 2000 Ultrasonic system (1992) 

 
 

 
Figure 4. Block diagram of the USPC 3060 Ultrasonic system (2010) 

 

 
 

Figure 5. USPC 3060 Ultrasonic system Figure 6. C-scan 

 
Fig. 6 demonstrates the detection of artificially introduced failures (displayed in black) in the 
bonding of a 0.3 mm thick silicium plate on substrate.  

 



2.2 Low frequency ultrasonic techniques 

 

Inhomogeneous materials such as concrete, foam core sandwich with a high sound attenuation 
and high scattering require low test frequencies down to 50 kHz. Sonograf 1000 developed 
1986 low frequency ultrasonic system for concrete components provided amplitude and time 
of flight measurements so that first C-scans (see Fig. 8) and measurement of time of flight 
were possible. 
 
Twenty years later we developed the high resolution imaging system for concrete within the 
Flexus project together with MFPA Weimar sponsored by the German Government. This 
system consists of an active transducer-array with 48 elements in 16 groups. The elements are 
electronically multiplexed [6]. Additionally the electronic scanning is extended by a 
mechanical scanning system with three axes with a scanning area of 1.0 m x 0.8 m. The z-axis 
is used to lift the array during moving of the array. Fig. 9 shows the System Flexus concrete, 
the array and the possibility of 3D-imaging. A clearer imaging is achieved by a Synthetic 
Aperture Focusing Technique (SAFT).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Sonograf 1000 (1985) 
 

Figure 8. C-scans of concrete specimen with defect (1985) 

 

 
Figure 9. Flexus Beton, system, array and 3D-imaging 

 

2.3 Air-coupled ultrasonic testing 

 

The air-coupled ultrasonic inspection technique is a very attractive method because it avoids 
the disadvantages of the coupling liquid (water, squirter, immersion technique) or coupling 
paste [7]. However, the large impedance mismatch between solids and gas (air) produces an 



amplitude loss of more than 150 dB using through-transmission technique with separate 
standard transducers as a transmitter and a receiver on opposite sides of a CFRP-component. 
Therefore, a special equipment consisting of transducers with impedance-matching to air, a 
high-power pulser and an ultra-low noise preamplifier have to be used. 
 
Since 1998 we are involved in air-coupled ultrasonic testing which was used only in 
laboratories [5]. In co-operation with IFFP in Saarbrücken, Germany focused transducers had 
been developed [8]. Off our research in years the USPC 4000 AirTech and special scanners 
for imaging such as FlatScan and RobockScan have been developed [9, 10]. 
 
Using a robot instead of a XY-scanner for the ultrasonic system USPC 4000 AirTech a high-
precision three dimensional and temporal synchronisation between all axes and the ultrasonic 
system is required. In co-operation with the company Robo-Technology GmbH a hard- and 
software interface for this synchronisation has been developed [10]. 
 
This interface was the pre-condition for the test facility of the EC 145 helicopter tail-boom in 
Donauwörth, Germany which has been designed in co-operation with Airbus-Helicopters, 
Airbus Group Innovations, Robo-Technology, Ostertag und Dr. Hillger (Fig. 10) [11]. This 
equipment with dimensions of 5,3 m x 4,9 m and a height of 10,6 m fulfils are requirements 
for the inspection of the honeycomb part of the tailboom [12]. 
 

  
  

Figure 10. 10-axes-scanning  system for 
non-contact inspection of the EC 145 

Tailboom 

Figure 11. 10-axes-scanning  system for non-contact inspection 
of sandwich space-structures 

  

Another air-coupled ultrasonic system with travelling distances of is 5.7 x 4.0 x 2.5 m has 
been started up in 2014 at the company Ruag Space in Zürich, Switzerland, also in co-
operation with Robo-Technology and Ostertag (Fig. 11) [13]. An addition facility for Ruag 
with travelling distances of 20 x 6 x 4 m is in development.  
 

2.4 Digital signal processing 

 
After recording of 3D-data-file (full-wave A-scans in a volume-scan) not only the calculation 
of A-, B- C- and D-scans is possible but also the application of additional signal procession. 
Fig. 12 shows A- scans and C- scans of a CFRP-wedge with a thickness range of 2 to 35 mm 



thickness before and after signal processing. The A-scan shows the Interface echo and a very 
small backwall echo. The thickness in the D-scan is displayed in a range of 13 mm. After 
calculation of a time corrected gain starting with the interface echo and a low pass filter the 
backwall echo is nearly constant in spite of the different thicknesses. The D-scan shows the 
whole thickness range and an area of porosity situated before the backwall.        
 

 
Figure 12. Increasing the defect-detection by digital signal procession 

 

2.5 Structural Health Monitoring (SHM) using Lamb waves  
 
Lamb wave can penetrate large areas of components and therefore are able to provide fast in-
service inspections without time consuming scanning. Piezo patches at fixed positions of the 
structure are often used as actuators and as sensors. These patches can be embedded in the 
component or attached to the surface. In opposite to longitudinal waves used for ultrasonic 
imaging technique at a certain frequency at least two Lamb wave modes with different phase 
velocities exist: a symmetric and an asymmetric one. Usually Lamb wave propagation is 
highly dispersive [13, 14]. The received signals are a complex mixture from different modes 
and therefore difficult to evaluate. For a practical application a lot of research is necessary. 
 
For Lamb wave investigations the 8-channel system USPC 5000 has been developed. This 
system provides both ultrasonic imaging technique and Lamb wave technique with 
8 transmitters and 8 receivers. The senders and receivers can be switched over so that 
64 measuring cycles are possible. The data logger provides an automatic measurement in 
adjustable time intervals. 
 
The excitation is carried out with rectangle burst signals which are crystal controlled. The 
advantage is a simplified electronics without linear power amplifiers. However, the harmonics 
in the signal which generate additional wave modes have to be suppressed by hard- and 
software filter which are built in the system. The digitalisation of the Lamb wave responses is 
carried out by a 14 bit analogue to digital converter (ADC) with a sampling frequency of 
10 MHz. This ADC provides dynamic a range > 60 dB. 
 
The USPC 5000 also provides ultrasonic imaging so that complementary inspections with 
longitudinal waves (f = 0.001 to 20 MHz, 200 Msamples/s ADC) and the visualisation of the 



Lamb wave propagation and their interaction with defects are possible, too. The built motor 
controller for the MUSE manipulator enables an in-field ultrasonic inspection. 
 
The software filter option enables high-, low-, band-pass and band rejection filters in a 
frequency range of 1 kHz to 2.5 MHz with a resolution of 100 Hz. 
 

 

 

Figure 13. USPC 5000 8-channel pulser/ receiver unit Figure 14. Wave propagation recorded with air-

coupled Ultrasonic technique 

 
In order to visualize the complex wave propagation the FlatScan or the MUSE or FlexiMUSE 
can be used with an air-coupled broadband transducer (AirTech 10-60 BB) which receives the 
wave information during scanning. The USPC 4000AirTech is used as a pulser and a receiver 
and calculates B-scans of the wave propagation which contains information of the velocities 
of the different wave modes. Special software calculates video snap shots of the wave 
propagation. In comparison with laser interferometers the method is faster and cheaper.  
Figure 14 shows an example of the wave propagation in a CFRP plate with an excitation on 
the left hand side. At the top and at the bottom edge reflections are visible. In the middle a 
small interaction with an artificial defect is indicated.   
 
2.6 Project BUC 
 
Since 2013 we are involved together with our partner MFPA, Weimar, Germany in the BUC 
project. BUC means Imaging of Defects in Composites and contains the suject Air-coupled 

ultrasonic technique with one sided access.  BUC is sponsored by the German Gouvernement 
(BMBF). The usually carried out inspection in through-transmission technique requires a two 
sided access of the component and a 10 axes scanning system for complex designed 
components. In order to reduce the number of axes down to five we are developing a method 
for a one sided access. Also within this project a array technique will be developed which 
reduces the scanning time to30 %. 
 



Conclusions 

 
The different kind of acoustic parameters of materials and their specific test requirements 
need optimized facilities relative to coupling, test frequency and bandwidth, signal evaluation 
and imaging. Therefore Dr. Hillger in Braunschweig, Germany is developing special 
ultrasonic imaging systems for materials with high sound attenuation, for high frequencies up 
to 200 MHz, air-coupling and for general applications. Combining our hard- and software 
modules special systems are possible which can be upgraded later. In order to reduce the time 
for scanning we are developing multichannel systems for low frequencies including air-
coupled testing. Applications are e.g. non-contact testing of concrete and aerospace 
honeycomb materials. The Flexus-system already enables a testing with 32-channel in the 
frequency range from 10 kHz to 10 MHz.  
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