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Abstract 
Three-dimensional SAFT (Synthetic Aperture Focusing Technique) reconstructions can 

provide detailed information about the inside of concrete elements. However, efficient 
measurement techniques are needed to collect the large number of necessary measurements. 

With regard to this task, an ultrasonic measurement system has been assembled for high-
resolution concrete imaging applications. The system includes an automated scanner that can 
be used with single and array transducers employing water, dry, and air coupling. A 
proprietary software package provides imaging capabilities including three-dimensional 
SAFT reconstruction as well as signal and image processing. 

Initial measurement examples show some of the imaging capabilities of the measurement 
system. The measurements were performed at a test site of overall dimensions of 11.7 m x 
0.9 m which has been built into the floor of the institute’s new experimental hall. The results 
illustrate which detection and resolution abilities can be expected from measuring concrete 
elements using the described equipment. 

 

Résumé 
Les reconstructions tridimensionnelles SAFT (Technique à synthèse d’ouverture 

synthétique) peuvent fournir une information détaillée sur l’intérieur des éléments en béton. 
Cependant, des techniques de mesure efficaces sont requises pour rassembler le grand 
nombre de mesures nécessaires. 
En ce qui concerne cette tâche, un système de mesure ultrasonique a été conçu pour les 
applications d’imagerie haute-résolution. Le système inclut un scanner automatisé qui peut 
être utilisé avec des capteurs uniques ou assemblés employant un couplage avec de l’eau,  sec 
et par l’air. Un  logiciel propriétaire fournit des moyens de construction d'image incluant 
aussi bien la reconstruction SAFT tridimensionnelle que le traitement du signal et de l’image. 
Des exemples de premiers résultats montrent certaines des capacités d'imagerie du système de 
mesure. Les mesures ont été exécutées sur un site test de 11.7 m x 0.9 m qui a été construit 
dans le sol du nouveau hall expérimental de l'institut. Les résultats illustrent les capacités de 
détection et de résolution auxquelles on peut s’attendre en mesurant des éléments en béton  
au moyen de l'équipement décrit. 
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1 Introduction 
The development of ultrasonic imaging techniques for the application to concrete has 

proceeded to a state that allows solving a number of practical tasks. Imaging methods such as 
B-scans, C-scans or SAFT (Synthetic Aperture Focusing Technique) reconstruction have 
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been shown to enable thickness measurements, detection of tendon ducts and flaws, and can 
expose the inner structure of concrete elements [1, 2]. 

One of the main goals of current work is to find efficient measurement techniques 
employing theses principles, and to incorporate them into measurement systems [3, 4]. Since 
measurements on planar grids require up to several thousands measurements per square 
meter, an efficient scheme to acquire data at many different positions is crucial. One solution 
is to use an automated scanner, which carries a single transducer or a transducer array 
consecutively to each grid position. 

This contribution presents the ultrasonic measurement system compiled at the reporting 
institute and shows initial results obtained at a special test site. The measurement system 
contains an ultrasonic instrument, an automated mechanical scanner, and control and imaging 
software. The test site, located in an industrial hall floor, comprises 18 targets in an area of 
11.7 m x 0.9 m. Two-dimensional and three-dimensional measurement results will be shown 
which are obtained at this test site using different transducers and coupling methods. The 
results are intended to illustrate the detailed imaging possibilities of the measurement system 
as well as the respective advantages of different image representations. 
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2 Imaging Principles 
In single measurements (A-scans) of concrete, reflections in the signal can often not be 

attributed to certain objects due to broad radiation from the transducers. 
More promising are line scans. A number of single measurements are conducted on a 

linear grid (x direction in Fig. 1). The amplitudes of the received signals are then coded using 
a colour table, and are plotted line by line to form a B-scan, yielding an image similar to a 
cross section. A localised object is measured at several positions and is therefore contained in 
the corresponding adjacent lines, with the indications describing a characteristic hyperbola. 

 

 
Figure 1. Illustration of scanning and imaging regions  

 
To localise objects in the perpendicular direction along the surface (y direction in Fig. 1), 

measurements need to be taken on a planar grid, enabling signals to be imaged in B-scans 
along both x and y directions. Plotting data at a certain depth results in C-scans which 
produce results similar to depth sections (Fig. 1). 

The disadvantage of the methods mentioned so far is that information about an object is 
spread over several signals measured at different positions. In order to focus the information, 
SAFT reconstruction can be used [2]. During the reconstruction calculation, all measured 
signals are successively focused to every point of the reconstructed region. As a result, object 
borders are imaged at their actual positions. Measurements on a planar grid are transformed 
to a reconstructed volume, which can be displayed in x sections, y sections, or z (depth) 
sections (Fig. 1). Further insight provides a three-dimensional iso-surface view, as explained 
below. 

3 Measurement System 
The measurement system comprises a commercial ultrasonic instrument and a number of 

proprietary units such as an automated mechanical scanner, control software, and an 
integrated software environment. At one-sided access, one-dimensional, two-dimensional, 
and three-dimensional images can be generated in manual or automated scanning mode. 

While the primary use of the system is precision research work in the laboratory, it has 
thoroughly been designed to serve tough in-the-field applications. Two persons can transport 
the system and make it operational within 30 minutes. 

3.1 Ultrasonic Instrument 
The ultrasonic instrument is made by Ing.-Büro Dr. W. Hillger, Braunschweig, Germany 

(Fig. 2). Is consists of four PCI cards contained in an aluminium-cased field computer. Two 
amplifier channels provide support for conventional and air-coupled measurements, 
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respectively, in a frequency range from 20 kHz to 10 MHz. The signals are digitized with 
12 Bits at 50 MS/s. Features like a variable-width rectangular burst sender and a set of 
reception filters make it specifically suited for low frequency applications.  

Together with this instrument, a wide range of ultrasonic transducers is used including 
transducers for longitudinal, transversal, and Rayleigh waves. Coupling possibilities comprise 
viscous or liquid coupling agents, dry coupling, and air coupling. 

3.2 Scanner 
The automated scanner offers efficient line and area scanning (Fig. 2). Depending on 

coupling, transducers are moved along two or three linear axes, respectively. Transducers 
requiring a coupling agent and also air-coupled transducers are directly moved in the x or y 
scanning directions. Direct (dry) coupled transducers are additionally moved perpendicularly 
to and from the concrete surface, using an additional z axis. The scan area is 1.00 m x 0.80 m; 
for larger scans the system is moved. Stepping motors driven by a separate stepping 
controller provide a repeat accuracy of a fraction of a millimetre. Handshake signals between 
ultrasonic instrument, stepping controller, and scanning software control the automated 
operation of the scanner. The scanner can be operated horizontally, upright, or suspended. 

 

 
Figure 2. Ultrasonic instrument and scanner  

3.3 Software 
The measurement system is operated from the control software of the ultrasonic 

instrument and proprietary scanning software. After completion of a measurement, data is 
read into a proprietary, integrated software environment. Depending on the task, diverse 
signal processing is performed, and images such as B-scans, C-scans, and up to three-
dimensional SAFT reconstructions are generated and post-processed. Special digital signal 
and image processing algorithms enable removal of zero line deformations, depth correction, 
indication border detection, as well as stochastic signal detection and noise suppression. 

B-scan and two-dimensional SAFT reconstructions can be performed directly on the 
ultrasonic instrument. Three-dimensional SAFT calculations need more processing and 
graphic power and are handled on a personal computer. 

4 Test Site 
When a new experimental hall was erected for the reporting institute in 2007, the 

possibility arose to integrate a number of targets in one area of the concrete floor. The floor is 
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made of reinforced concrete with a compressive strength of C30/37 and a maximum 
aggregate size of 16 mm. On both surfaces the concrete is reinforced with a layer of 
reinforcement bars, each layer consisting of crossed bars with a diameter of 12 mm and a 
mesh size of 11 cm. 

The purpose of the test site is to provide targets of simple geometry to compare 
measurement and imaging methods in a known, but real construction environment. After 
consulting structural engineers about possible types, sizes, and distances of the targets, the 
test site was planned with 18 targets and overall dimensions of 11.7 m x 0.9 m. The site is 
divided into six fields each containing three elongated targets or six circular targets (Fig. 3, 
left). In every field of a size of about 1.0 m x 0.8 m the targets are arranged in three depths: 
the first just under the upper reinforcement layer, the second in the middle between the two 
layers, and the third directly over the lower reinforcement layer (Fig. 3, right). Empty and 
half-filled pipes as well as hard foam disks are used as targets. 

 

  
Figure 3. Overview of the test site under construction 

(left); the R1 test field before concreting (right)  

5 Initial Measurement Results 
Measurements on the test site started right after the move of the institute was finished in 

the mid of 2008. Meanwhile, all six test fields have been measured by planar scans using the 
measurement system and scanner in diverse configurations. Measurement times were about 
4 h for scanning a 1.0 m x 0.7 m area at a grid size of 10 mm x 10 mm. 

Some initial measurement results are shown in the following. All images are the result of 
the regular measurement and imaging work flow, and are not processed in a special way. 

5.1 Reinforcement and half-filled pipes 
In this experiment, a longitudinal transducer with water coupling was used to scan the R1 

field containing three pipes of 87 mm diameter, half of the length being filled with mortar, the 
other half left empty (Fig. 3, right). The transducer has a relatively high frequency spectrum 
from 180 to 570 kHz in glass and a centre frequency at about 200 kHz in concrete, which 
qualifies it for high-resolution images in near-surface regions of the concrete. 

Fig. 4 shows bipolar depth sections of the three-dimensional SAFT reconstruction at two 
different depths. In the left image, reinforcement bars of the upper layer extending in the x 
direction are imaged at a depth of z = 68 mm. Their y directed counterparts are shown in the 
right image at a depth of z = 80 mm. From the difference of depths the bar diameter can be 
approximated to 12 mm (real value: 12 mm). The right image also shows an indication of one 
of the three pipe targets. This indication belongs to the empty half of the pipe; the indication 
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becomes stronger at greater depths. Reflexions of the half of the pipe filled with mortar are so 
small that they do not appear in this image. 

Indications of reconstructed reinforcement bars that have higher acoustical impedance than 
concrete start with a positive (light) half wave, whereas the indication of the empty part of the 
pipe that has lower impedance than concrete starts with a negative (dark) half wave. 

 

  
Figure 4. Bipolar depth sections of the upper reinforcement layer: reinforcement 

in x direction at z = 68 mm (left) and in y direction at z = 80 mm (right). 
The empty part of the uppermost pipe is also visible (arrow).  

5.2 Circular targets 
ix hard foam lenses of 100 mm diameter, which mimic small 

ho
The H1/H2 field contains s
llow reflectors or compaction faults. In order to establish different reflection situations, the 

surfaces of three of the lenses are smooth, and the other three are marked with rough cuts. 
Two different targets are located together in each one of the three depths. For measurement, a 
transversal transducer array in the frequency range of 25 to 75 kHz (direct contact) is used. It 
contains 12 sending and 12 receiving transducers each wired in parallel. Number and 
frequency range of the transducers make this array suited for larger penetration depths. The 
so-called dry point contact (DPC) transducers are coupled directly onto the concrete without 
a coupling agent. A third scanner axis provides vertical shift as shown in Fig. 2. 

 

 
Figure 5. Iso-surface image of six hard foam lenses of 100 mm diameter  

 

   
 



 NDTCE’09, Non-Destructive Testing in Civil Engineering  
 Nantes, France, June 30th – July 3rd, 2009  
 
 
As before, measurements were processed by three-dimensional SAFT reconstruction; 

additionally the envelope was taken along the z-axis. A three-dimensional overview of the 
test field was created by calculating contours of the reconstruction data at a certain threshold. 
The resulting iso-surface image shows the stronger reflectors above the back wall (Fig. 5). 

All six targets can be identified and located. While targets with smooth and with rough 
surface are imaged similarly at two depths, the middle rough target is weaker indicated. In all 
cases, resolution decreases with depth. Additionally, some points of the upper reinforcement 
layer and reflections from a thick reinforcement bar appear in the image. The image is 
somewhat less precise at its borders since there is less data to be superimposed. 

6 Conclusion and outlook 
An ultrasonic measurement system has been presented that is designed for three-

dimensional, high-resolution concrete imaging applications. The system includes an 
automated scanner to handle the large number of single measurements needed for planar 
scans. A to three-
dim nsional SAFT reconstructions as well as pre- and post-processing. 
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The measurement system was used to inspect a test site built into the floor of the institute’s 
new experimental hall. Advantages of the test site are the lack of interfering reflectors, a plain 
and smooth surface, dry location, and good accessibility. 

In initial results obtained at this site, reinforcement bars, pipes, and circular targets a
aged using three-dimensional SAFT reconstruction in depth sections or three-dimensional 

volume views. Depending on the measurement set-up, near-surface resolution or range can be 
emphasized. While three-dimensional volume views give a survey of the imaged region, 
depth sections (as well as x or y sections) can be used to locate and examine target details. 
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