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Abstract 

Monitoring the progress of the construction industry is recognized as one of the key elements 

to the success of a construction project. The implementation of these as corrective measures 

and other appropriate actions can be taken in a timely manner, thus enabling the actual 

performance to be as close as possible to the desired outcome. However, the methods used for 

data acquisition and their use in construction require more realistic image assistance in 

detecting defects. Applications and research on the rapidly expanding Synthetic Aperture 

Focusing Technique (SAFT), particularly in the field of disability monitoring involving the 

industrial and medical sectors. Ultrasonic Tomography (UT) monitoring method with SAFT 

imaging process as an advantage. The tendency for discussion on the development and 

construction of SAFT-UT images from signals received from senders and receivers used in the 

industry. 

Keywords: Ultrasonic Tomography, Syenthetic Aperture Focusing Technique, Image 

Recontruction. 

 

1. Introduction 

Ultrasonic (UT) testing was first started in 1929 by the Sokolov Federation [1] using ultrasound 

for cast iron testing. Whereas in 1949 the commercial use of the Krautkrämer design was a 

market leader in the early 60s. In addition to Krautkramer Karl Deutsch and Nukem in Germany, 

Panametrics and Stavely in the US, Sonatest and Sonomatic in GB, Gilardoni in Italy and 
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Mitsubishi in Japan. From the 1980s to the present, computerized UT systems can be 

programmed for use in large materials / structure inspections, more complex components, 

systems using either single or multiple transducers [2]. Many researchers have proposed the 

use of Wiener filters [3] but the Synthetic Aperture Focusing Technique (SAFT) approach [4], 

is an option for flexible imaging that can be adapted to a wide variety of materials, specimen 

geometry, and ultrasonic propagation modes  

 

Non-destructive testing (NDT) utilized non-invasive methods to assess the integrity of a 

material without changing the physical or chemical properties of the object. Ultrasonic testing 

is a non-destructive technique and it can be used to determine the defects in a material and can 

be used to determine the thickness of the sheets of blocks used in the industry [3]. Ultrasonic 

methods do not pose any hazard and are safe to use. It also does not damage the object to be 

investigated and does not harm anyone who conducts the investigation. Ultrasound has been 

used to characterize and detect defects [4]. An ultrasonic sensing system can transmit the 

required energy into and out of the wood. As an example, Brenjaux et al [5] investigates the 

use of high power ultrasound for oak wood barrel. Skowroński and Stawiski [6] conduct an 

investigation regarding the impact of corrosion on roof trusses using ultrasound.  

 

Early applications of ultrasound monitoring from Prine's radar experience, 1972. Ultrasonic 

data were recorded on a photographic film using a phase reference or coherent decoder. The 

received signal is amplified by incorporating the reference source signal to give the coherent 

signal unscheduled on the oscilloscope. The oscilloscope output was recorded on a film using 

a camera scanned in synchrony with an ultrasonic transducer scan. 

 

Improvements to recover ultrasound images obtained from B or C scans with a focus on 

recovery from distorted signals. This method is to increase the image resolution and maintain 

signal beam changes. This synthetic focus is based on the reflection or acoustic ray of the 

geometric model. The focus of the ultrasonic transducer is the continuous phase point of the 

sound wave passing through the source of the defect before deviating in the angular beam focus 

as determined by the transducer diameter and focal length [5]. 

 

2. Saft Fundermental 
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SAFT is a process of focusing openings on transducer signal widths such as the role of lenses 

during the imaging process series. The combination of control over the opening of the 

illumination is based on the choice of level for a more effective image [6]. Basic system 

parameters such as resolution, frame rate, and image uniformity show how resolution can be 

improved by receiving synthetic aperture, image uniformity with synthetic aperture transmitter 

with virtual sources, and synthetic frame rate [7]. 

The SAFT algorithm of the time domain [8] focuses on coherent aggregation at locations along 

the hyperbola in the region (ROI) in a gradual way to aperture on a focused image. This 

hyperbole simply represents the distance, or time delay of the transducer to the target position 

when the transducer is scanned in linear [9]. 

 

In practical implementation of SAFT imaging there is a balance between the size of the 

transducer and the need for signal to noise ratio (SNR) in the received signal. Using larger 

transducers can increase the SNR rate but at the same time the processing time [10] to identify 

the wave incompatibility of the transducer element reduces the quality of the reconstructed 

image. SAFT processing is a focal simulation for transducers [11], which is done in computer 

software. Some studies use the basic SAFT equation as follows: 

 

 

 

where N = is the number of transducers, Xn = represents the signal received by the transducer 

n, c = is the speed of sound in the media, rn = is the distance between the transmitter and 

transducer n [4]. 

 

The above equation uses high frequency wave support. However, at the beginning of the study 

it was not suitable for monitoring of elements of wood and concrete and usually only used very 

low frequencies (about 100 kHz). 

 

According to a previous study the diameter of the transducer affects the resolution level [12], 

for example if large size interferes with the intensity of the image resolution [13]. Image defects 

are first detected by ultrasound reflection waves. Data called echo pulse [14] is used to transmit 

and receive ultrasound data. Signal sources and receivers that produce high voltage pulses. 
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Pulses received in vibrating waves such as ultrasound waves [15], from defects received. At 

the same time the pulse is processed from analogue to digital (A / D) [16]. In general, the flow 

process is summarized as shown in Figure 1 below. 
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Figure 1 The process of ultrasonic flow monitoring system for the material flow. 

 

3. Saft Fundermental 

The transducer is used to transmit and receive ultrasonic waves [17] with the received signal 

as shown in Figure 2. The raw signal is received along with the noise. The signal processing 

method [18] uses filters to obtain clean signals. 

 

 

 

Figure 2 Example of raw signal received from transducer 

 

At each point 256 times the data is collected and their average is considered acceptable [19] as 

shown in Figure 3. The signal marked "a" represents a reflection of the first contact area 

between the transducer and the material, "b" represents a reflection of the defect (s), "c" is a 

reflection of the back wall and "d" is a repetition of "b". The assumption of such a signal is 

repeated [20]. 
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Figure 3 Classification of raw signals before processing 

 

Signal frequency is 125 kHz with 75 kHz bandwidth [21]. Based on the sampling frequency, 

the analogue signal sampling frequency theorem [22] must be greater or twice the largest 

frequency in the signal [23]. It was found that the recorded data were time-dependent but using 

ultrasound velocities in time-averaged media could be translated between the two samples, 

there was a 1 / FS time difference in which FS was the sampling frequency. When the time axis 

is translated to the axis, between two samples there is a C distance / Fs [24]. This means that 

vertical resolution depends on the ultrasound speed and frequency of sampling. For certain 

materials the velocity cannot be changed. Therefore, higher resolution requires higher FS. 

Typical frequency band 2 MHz sampling is used [25]. 

SAFT can also be implemented in the frequency domain using Fourier transform [26]. It is the 

solution to the problem of scattered inverse signals. Furthermore, SAFT is a technique of 

computing space, which has several practical advantages. For example, it can reduce noise and 

blurred images by increasing the signal-to-noise ratio (SNR) [27]. If the target is located below 

the centre of focus and in the beam curve, it is easy to calculate the wavelength and transit 

signal time. Beam widths are conical curves at a given distance equal to the width of the 

synthetic aperture, and the signal must travel parallel to the phase displacement to be carried 

to the transducer position. This information makes it possible to build a corrected data set that 

incorporates the benefits of a larger aperture transducer. 

 

Refer to Figure 4, X1 as the source of the signal wave. While X2 is considered a defect in the 

material. The image will look like Figure 5, where 'd'  refers to the thickness of the material 

tested [28]. The width of the scan space depends on the opening width of the transducer signal 

used. 
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Figure 4 Transducer beam width on the test block, showing the inspection position X1 

and the defect position at X2 

 

d1 d2

d
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Figure 5 Distorted image resulting due to the beam width during a B-scan. The defect is at 

position (X2, D2) 

 

The large image resulting from scanning is caused by the wide-open transducer [29], as shown 

in Figure 6. The algorithm selects and recalculates the points from the rows in the A-scan and 

subsequently associates these signals to enhance the obtained image. 

 

 

Figure 6 Schematics of A-scan signals which compose the B-scan image 

 

 

4. Saft Fundermental 

The aperture transducer cone is a model of geometric reflection [30]. This algorithm works for 

three dimensions but the previous study only used two dimensions. Referring to Figure 6, 'd2' 

is the distance the echo from the defect in X2 appears to X1. Thus the distance 'd2' can be 

calculated from the equation below: 
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d3 = [ d2
2 + (x1 - x2 )

2 ]1/2   atau dalam bentuk lebih generic,                (2) 

dn = [ dA
2 + (xA - xn )

2 ]1/2                                                                      (3) 

 

Where xA = or x as the A-scan line, xn = A-scan line position near xA line, dn = the distance 

between the surface of the front block and the reflection of the pulse, dA = the distance from 

the material surface and the pulse of the system signal. 

 

Figure 7a, 7b and 7c describe the correction process during the A-scan line transition that 

presents the echo signal due to defects in X2, together with the position of the two adjacent 

rows (four-line window), corrected in such a way that it appears that the defect started in X1. 

After this correction a correlation between the five rows is made which results in zero. Figure 

7c illustrates the line in X2, which presents the position of the corrected signal for X2, and 

since the defect is as assumed in X2, the correlation between the five rows is now maximum. 

 

D

D

 

Figure 7a shows the A-scan sequence with the dashed line showing curvature due to the 

beam 

 

D

D

 

Figure 7b shows the SAFE process for the line in X1, which presents the echo signal due 

to a defect in X2 [4] 
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Figure 7c illustrates the actual process for the lines in X2 (real) corrected [4] 

 

As we can see, the signal from the adjacent position (consisting of the aperture) is moving to 

the appropriate phase and added to the first signal. If that assumption is correct, the summary 

result is an enhanced response; if wrong, there is a weak or zero relationship. The implied 

correlation process in the window region adjacent to the correction line is made only after the 

correction procedure has been taken place. This correlation is obtained by summing the lines 

along the lines [4]: 

 

 

 

 

If 'm' is the sum of the number of adjacent lines (correlation window widths), lines A, and 'k' 

represents the distance from the surface of the test material is generally different, the line 

resulting in Xr corrected 'k' is then calculated according to equation (4). 

 

5. Previous Of SAFT Application 

The SAFT process is particularly popular in studies of the detection of internal defects in thick 

steel plates, we employ synthetic aperture focusing technique (SAFT) to find and visualize 

internal defects of steel plates. The source of the moving pulse laser source is used to produce 

longitudinal ultrasonic waves in steel samples. Laser vibrations are used to obtain B-scan 

ultrasound domain signals at fixed points. Longitudinal echo waves are reflected by defects 

extracted from domain time signals. And the internal defect imaging of the sample was realized. 

This imaging process was simulated numerically by finite element method (FEM) and 

validated in experiments. Experiment results coincide with numerical calculation results. 

Defective imaging methods that realize the detection of defects under conditions were defective 
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echo waves have low signal-to-noise ratio (SNR). The process is simple and straightforward, 

and it has practical value in the field of laser-ultrasonic detection [31]. 

 

There are studies on the effects of acoustic nonlinearity (CAN) visualized by synthetic aperture 

focusing (SAFT) techniques through signal processing methods for acoustic nonlinear imaging. 

The proposed signal processing technique, called Synthetic Aperture Imaging of Nonlinearity 

Acoustic (SAIAN), enables SAFT to visualize CAN that is difficult to visualize by linear 

ultrasound imaging. Using the SAIAN algorithm, the basic and second harmonic frequency 

components are extracted from the burst tone wave signal and then the component signal is 

converted to pulse-like signal. To confirm the effectiveness of the SAIAN, non-linear 

ultrasound measurements using broken waveforms were performed to visualize the interface 

closure. As a result, the CAN effect appears on some of the interfaces in the CAN image of the 

CAN converter; In contrast, the CAN feature is not shown in the linear ultrasound image based 

on the fundamental frequency components. These results support that SAIAN is a useful signal 

processing for acoustic nonlinear visualization that increases the detection probability between 

closure and accuracy in crack measurements [32]. 

 

In ultrasonic non-destructive testing, when using ultrasonic linear array transducers for 

nonplanar surface imaging objects, coupling medium must be used. To balance the refinement 

of the interface of the coupler object, the shape must be known. Two methods for surface 

detection of convex objects in immersion are proposed, using the same linear array transducer 

for surface detection and for SAFT imaging. One is based on imaging techniques and the other 

is based on the time-of-flight from the echo on the captured ultrasound signal. The accuracy 

and performance of both methods is compared to an experiment with an existing fast method 

called pitch-catch. The proposed method produces smaller errors in some of the tested 

configurations, with slower performance than the capture method. After surface detection, in 

the phase of SAFT image formation, delays are calculated using the proposed technique and 

fast to determine the fastest path, according to Fermat's principle. Images are formed for nine 

different groups of elements, and then combined using an effective aperture technique. The 

results show that the method developed allows the creation of interactive two-medium images 

on general purpose CPUs [33]. 
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Laser pulses illuminate the target zone which results in rapid therapeutic development, 

producing high-frequency ultrasound waves (photoacoustic waves, PA waves). We developed 

a PA (PAM) microscope with laser and ultrasound vision areas for applications in non-volatile 

(NDT) testing. Synthetic aperture focusing (SAFT) techniques are used in PAM for three-

dimensional (3D) imaging of internal defects. Here, we report experimental evidence for the 

NDT of surface defects in thin laminated materials. Graphic graph (a) shows carbon fibre 

reinforced plastic (CFRP) specimens with artificial healing. Here, it should be noted that the 

velocity of the group varies sequentially due to the strong anisotropy of the CFRP specimen 

(see Abstract Graph (b)). Considering the velocity distribution of the groups in the SAFT, the 

shape and location of the underwater spraying are precisely estimated as shown in the Abstract 

graph (c). The surface coating of CFRP specimens with light-absorbing material increases the 

amplitude of the PA wave. These findings indicate that the signal-to-noise ratio of the scattered 

waves can be improved [34]. 

 

The reinforcement of steel reinforcement in concrete structures is one of the causes of structural 

deterioration in the form of concrete cover cracks that can lead to more moisture and damage 

the rebar. Early detection of cracks caused by corrosion using non-destructive techniques can 

be helpful in scheduling maintenance activities. In this paper, we present ultrasonic imaging 

techniques to evaluate changes in concrete surfaces, during various stages of rebar corrosion. 

Accelerated corrosion preparation was developed to induce corrosion in rebar embedded in 

concrete slab specimens; Field capture mode along with ultrasonic scanning is performed on a 

set of grid points on test specimens. A variant of Aperture Focus Technique (SAFT) is used to 

produce flat slab images through slabs at various depths. The limited directivity effect of 

transducers is included in the algorithm for image generation. Studies show that with corrosion 

advances, rebar signatures are missing from the SAFT image, which could be a useful 

diagnostic indicator for rebar corrosion. In structures that generate realistic corrosion, the 

proposed technique can provide useful input into the scheduling of further inspection, repair 

and maintenance activities [35]. 

 

The development of the current ultrasound pulse-echo system is supported by the increased 

reliability of the inspection results. The application of the Synthetic Aperture Focusing 

Technique (SAFT) is one of the solutions to this problem. Implementation of SAFT-based post 

processing algorithms is highly dependent on ultrasonic scanning conditions. In this paper, 
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issues related to the implementation of SAFT in the case of welding ultrasonic examination are 

considered. As a result, a post-processing algorithm, which takes into account the key features 

of the object's inspection, is proposed. The capabilities of the proposed algorithm have been 

verified through computer simulation. It has been determined that the proposed algorithm can 

give an accurate and accurate picture of the disadvantages of welding [36]. 

 

One of the UTs implemented for process forgings, usually one of the most critical components 

especially in power generating machines, requires intensive volumetric inspection to ensure 

adequate life. This is usually done by manual or automatic ultrasound testing. The author 

reports on game changers in ultrasound testing: Ultrasonic Computed Tomography uses 

analytical (that is, mathematical algorithms) to reconstruct the volume (It even uses a 

straightforward, straightforward tomography-based approach to solving inverse problems). 

This not only allows the exhibit to display spatially and accurately on the 3D volume, but also 

increases the signal to noise ratio significantly, allowing for greater sensitivity to the magnitude. 

This method is based on Aperture Focused Aperture Technique (SAFT). The software being 

applied is a new application of SAFT with strong focus on large-scale industrial applications: 

2D complete as well as 3D reconstruction of ultrasound examination of rotating heavy players 

[37]. 

 

Detection of cracks in structures welded to different materials using guided waves has not been 

well developed. This paper examines the effect of material permeability on plate structure and 

excess plastic deformation, at welded spacing (FSW), on the behavior of guided wave 

propagation towards their application in welding evaluation. Measuring the dispersion, 

softening and velocity of guided wave groups as they propagate across different media, as well 

as determining the elastic properties of materials in welds will provide rich information on the 

behavior of ultrasonic waves. Three free friction friction defects were used in this study. The 

first specimen is of different aluminum / magnesium alloy welding material (AA6061-T6 / 

AZ31B), the second is of different aluminum alloy grade (AA6060 / AA7020-T651) and the 

third is of the same aluminum grade (AA7020-T651 / AA7020-T651 ). Elastic properties across 

all welds were extrapolated using nano induction techniques. Ultrasonic guided waves are 

excited and measured using a piezoelectric wafer and a laser Doppler vibrometer (LDV). In 

addition, sensor network design was performed on three specimens using piezoelectric 

transducers. Wave reflection, based on LDV results and information gathered from the sensor 
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network, was observed in the welding zone AA6061-T6 / AZ31B FSW, while no reflection 

was detected in the welding zone on the AA7020-T651 / AA7020-T651 and AA6060 / 

AA7020-T651 plates. . The results are attributed to the measurements obtained from the nano-

indentation experiments, where sharp changes in the elastic properties of the base metal in the 

welded connection AA6061-T6 / AZ31B were detected, unlike the other two plates showing 

elastic properties of welding zones. The results show that the amount of scattering in the joint 

is a function of the direction of the wave propagation. It has been observed that the average 

reflected wave is generated when the wave passing AZ31B to the base metal AA6061-T6 is 

about 35% of the incident signal, but it decreases to 25% when the wave propagation direction 

is reversed. Characterizing ultrasonic waves in FSWs and incident behavior and reflected 

waves in welded zones will improve the technology used for the examination and monitoring 

of solid-welded joints [38]. 

 

Studies on the detection of defects in dense joints in the early phase of multi-pass arc welding 

will be invaluable in reducing costs and time in the need for recycling. As a non-contact method, 

laser-ultrasound (LUT) technique has the potential for automatic welding inspection, 

eventually online during manufacture. In this study, the tests were conducted using LUT 

combined with synthetic aperture focusing technique (SAFT) at 25 and 50 mm thick butt 

welded steel joints both complete and partially welded. EDM slits of height 2 or 3 mm were 

inserted at different depths in a multi-pass welding process to simulate joint defects. Scanning 

of the horizontal line to the weld is done by the discovery and detection of laser spots sprayed 

directly onto the surface of the weld bead. CCD line cameras are used to simultaneously obtain 

surface profiles for correction in SAFT processing. All artificial defects but also actual defects 

are visualized in the specimens of thick back welding, either completed or partially welded 

after certain passes. The results clearly indicate the potential of using LUT with SAFT for 

automatic inspection of arc welding or laser-arc welding during manufacture [39]. 

 

Concrete is a composite material consisting mainly of water, sand, aggregates, and cement. 

High-resolution properties of concrete for ultrasound lower the performance of ultrasound (UT) 

tests, especially when the target size is significantly smaller than the aggregate. Recent 

advancements in electronic devices and computing technology have made comparisons 

between overall method (TFM) and staged (PA) techniques. However, the question of a better 

approach to UTof concrete remains unresolved. Early studies found that synthetic PA images, 
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similar to those obtained by PA systems, and synthetic TFM images, similar to those obtained 

by TFM systems, were made for UT concrete. The quality of these images is compared to that 

produced by traditional B-scans and synthetic aperture focusing (SAFT) techniques. 

Comparing the cost, complexity, complexity and efficiency of this technique, the results show 

that modern techniques (TFMand PA) are always better than traditional methods (B-scan and 

SAFT) based on 100 kHz ultrasonic experiments with low-to-noise ratio (SNR). The SAFT 

method can only improve the quality of B-scan images. In addition, a moderate distance 

between the source and the receiver is suggested to detect shallow and small targets in the 

concrete to avoid scattering backwards. However, the PA technique has the advantage of 

detecting small targets at specific depths in concrete. On the other hand, when detecting large 

targets in concrete, the TFM performs better than the PA technique. The results show that both 

PA and TFM have their own merits and demerits. PA performs well in low SNR environments, 

and TFM performs well in high SNR conditions. In conclusion, to detect small targets at 

specific depths in concrete, PA techniques are recommended. Otherwise, to detect large targets 

in concrete, TFM is a better choice [40]. 

 

There are also studies using the Phased Array Ultrasonic Technique (PAUT) method that offer 

great advantages over conventional ultrasound (UT) techniques, especially focal beam, beam 

steering and electronic scanning capabilities. However, the obtained 2D images usually have 

low resolution in the direction perpendicular to the array element, which limits the quality of 

inspection of large components by mechanical scanning. A new approach to improve image 

quality by combining three ultrasound techniques: Phased Array with dynamic depth focusing 

on reception, Aperture Targeting Synthetic Technique (SAFT) and Imaging Coherence Phase 

(PCI). The imaging algorithm shows that the obtained image quality is comparable to that 

obtained with a variety of equivalent matrices, but uses conventional NDT arrays and tools, 

and is implemented in real time [41]. 

 

As we can see, the signal from the adjacent position (consisting of the aperture) is moving to 

the appropriate phase and added to the first signal. If that assumption is correct, the summary 

result is an enhanced response; if wrong, there is a weak or zero relationship. The implied 

correlation process in the window region adjacent to the correction line is made only after the 

correction procedure has been taken place. This correlation is obtained by summing the lines 

along the lines [4]: 
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6. Previous of SAFT Application 

Significant changes to ensure the integrity of the newly constructed pipeline, the detachment 

detector require proven and qualified technology. There is a study of the concept of current 

inspections based on (a combination of) zone discrimination, ToFD and well-known sectoral 

scans, the limitations inherent in inspection philosophy can lead to uneconomical compromises 

to ensure pipeline integrity. Due to advances in computer technology (faster processing and 

greater storage capacity), the development of the 'IWEX' (Inverse Wave Field Extrapolation) 

based on FMC (Full Matrix Capture (FMC)), as ultrasound data imaging, with innovative 

inspection techniques more recently, signs in intersection welding are recorded in real time in 

2D and 3D. The images reveal the presence of signs where orientation, position, height, etc. 

are displayed in real context behind the back and front walls and the geometry of reinforcement 

and root reinforcement. Identification and measurement of the pointer can be done accurately 

and clearly, leading to reduced repair rates. Since the image is independent of welded bevel 

design, standard sensitivity blocks can be used, where the preparation work and number of 

calibration blocks are significantly reduced. To benefit from the full potential of this new 

screening technology, recipients industry is needed. Therefore, the system is subject to 

extensive eligibility program under DNV OS F101-2013, as it is a basic requirement of some 

major Oil and Gas pipeline companies. In addition, owners and contractors of the channel 

(engineering companies) may have their own additional requirements. Once the DNV 

qualification program has been completed successfully, IWEX imaging technology has been 

used in conjunction with standard AUT inspections during the actual project qualification 

program, as a joint venture between the pipeline owners, an engineering and inspection 

company. Additional details and requirements for validating IWEX imaging technology during 

the program. The study was carried out in two phases: 1) Confirmation of results obtained 

during DNV qualification. This phase involves welding examination with superior defects 

according to project-specific procedures. Position, height and length are verified using macro 

restrictions. 2) Durability test to evaluate the robustness of the system under actual production 

conditions. This phase involves welding scanning at the base of the spool, performing 12 hours 

of transition for 3 weeks with an average of 80 welds per shift. From the results of phases 1 

and 2 it is concluded that IWEX imaging technology is available for industrial use and can be 

regarded as a mature, economical and reliable solution for pipeline cross-sectional inspection 

[42]. 
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Various studies were conducted in three applications of dementia using aperture focusing 

techniques without damaging the medium, the overall focus method (TFM) attracted many 

researchers because of its ability to provide superior image quality. But its use in multimedia 

is largely limited by the complexity of point counting (POI) calculations and the increasing 

amount of ultrasonic data obtained. This paper presents a novel 3D-TFM called line-scan 

conversion (LSC) 3D-TFM for 3D multi-layered media imaging, which uses line segment 

conversion scanning algorithms to replace traditional ray-detection methods for calculating 

POIs. Iterative calculations in the ray tracing method are avoided, which can reduce time 

complexity by one order of magnitude. Simulation experiments show that LSC 3D-TFM 

accelerates the imaging process 28 times while maintaining similar results [43]. 

 

In addition, synthetic focusing applications have also been used in the study of cobalt-

chromium alloy specimens produced on cylinder medium containing defects of size and 

distribution. The specimens were characterized using immersion, concentrated synthetic 

aperture (SAFT), gradient, and non-linear ultrasound techniques. The results include efficiency, 

signal to noise ratio, and results comparison between methods and what are believed to be the 

first determinants of non-linearity (beta) parameters for additives. The results indicate that the 

manufacture of additives provides a valuable method for generating reference samples, 

although additional work is required to confirm the shape and morphology of the defect [44]. 

 

3D imaging studies using SAFT allow for fast data acquisition and optimized image focusing. 

The computational burden for 3D imaging is large for each delay voxel for each A-scan 

obtained should be calculated, e.g. O (N 5) for N3 voxels and N 2 A scans. For reconstruction 

of large 3D objects in terms of wavelengths, e.g. 100 (100 λ) 3, the calculation of a volume 

takes several days on the current multicore PC. If 3D speed of sound distribution is used to 

correct delays, computation time increases. In this work, the flight-based GPU implementation 

time (TOFI-SAFT) is presented that speeds up the implementation of the previous GPU for 

SAFT-corrected sound speeds of 7 to 16 min. with only reduced image quality [45]. 

 

Ultrasonic susceptibility plays an important role in the examination of heterogeneous materials 

so theoretical models are crucial for size improvement. Studies on 3D on several effects of 

weakening factors. The study was carried out using DREAM.3D Software used to produce 10 
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different quantum ensembles, each containing 50 equations of ore equated with single 

symmetry of solid crystals, from which the degradation was calculated. Comparisons are then 

made with the value of the weaknesses derived from classical theories. These theories often 

underestimate the spatial and sensorial components of microstructures, assume isotropic 

statistics, and use spatial correlation functions that have certain exponential shapes. The 

validity of this assumption is examined by computing space statistics to obtain the most 

common form of bias. The results show Voigt for nickel at 15MHz shows that the longitudinal 

and horizontal deflections are about one-third and one-quarter of that obtained from the theory, 

respectively. These differences are due to the relevant spatial correlation function. The results 

also show little anisotropy in the weakening. Finally, for micro structures with a narrow 

distribution of grain size and poor texture, the assumption of decoupling proved to be valid 

[46]. 

 

Testing of metal objects containing defects embedded in different sizes is an important 

application for quality control. Most of these techniques allow detection of defects, but some 

methods provide sufficient information for the reconstruction of test images in 3D. Studies use 

a hybrid laser-transducer system that combines laser-generated ultrasound excitation, and the 

detection of unrelated ultrasonic transducers. This method completely does not allow access to 

scanned areas in different mediums and defects from different angles / perspectives. This 

hybrid system can analyse object volume data and allow images to be reconstructed in the form 

of 3D embedded defects. The research innovations implemented improved signal processing, 

using 2D apodization window filtering techniques, implemented in conjunction with synthetic 

aperture focusing algorithms, to eliminate unwanted effects as the side lobe and wide-angle 

reflections propagate ultrasound waves, resulting in enhanced 3D rendering of image defects. 

Studies provide qualitative and quantitative volumetric results that yield valuable information 

on the location and size of defects [47]. 

 

As usual, there are also SAFTs used as probes to allow the focus of various measurements with 

overlap. Studies using heavy metal plate mediums, where the plate is scanned for fast feed by 

ultrasonic sensors and results on material quality (entry, hole, crack, etc.) are obtained in real 

time. This application has a high demand for SAFT usage, due to the computational expense 

commonly used in post-processing. Therefore, specific tuning of the algorithm and 

compromise on reconstruction quality versus speed is required [48]. 
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In addition to studies improving signal to noise ratio (SNR) and side resolution, phase-imaging 

algorithm (PCI) algorithms are used in ultrasonic time-lapse detection (TOFD) for heavy-wall 

welding. The first two stages are performed, delay operation and volume for TOFD-B image 

opening data are performed by synthetic aperture focusing (SAFT) technique. In the second 

stage, the aperture data phase is used to establish a phase coherent factor representing the phase 

propagation for each pixel in the B-SAFT image. Finally, B-SAFT images are dynamically 

weighted by phase coherent factors. The results show that PCI is able to suppress the structure 

noise and increase the SNR by amplifying the contribution of phase information. For austenitic 

welding with a thickness of 78 mm, the average SNR of three drill holes was Φ3 greater than 

30 dB, 20 dB higher than the TOFD-B image. In addition, PCI can improve lateral resolution 

by improving beam aperture directivity. Compared to TOFD-B images, half-width defects in 

processed images have decreased by more than 70 percent for 48mm CV thickness [49]. 
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