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Abstract.The aerospace composite industry demands the inspection of 100% of the 

manufactured components, which places the non-destructive-evaluation methods in 

the critical path of the manufacturing process. In one hand, inspection time has to be 

minimized to avoid the NDT process to be a bottleneck in the process, which 

requires increasing the inspection speed and/or incrementing the number of probes 

and electronic channels in the case of ultrasound inspections (UT). 

 We present in this work the result of 2 years of work, with the achievement of 

a highly modular, scalable and affordable solution for high-speed ultrasound 

automated inspection, called SITAU TRITON. 

SITAU TRITON is the most advanced and flexible automated UT solution in 

the market, integrating in a single machine, three UT inspection systems: 

 1) SITAU TRITON GIMBAL: Able to perform like a 3 axes Cartesian system 

to inspect planar and smooth curvature parts, by using PA technology for high speed 

operation. 

 2) SITAU TRITON COMPLEX: With up to 896 ultrasonic channels, it is 

designed to inspect the 100 % of complex geometry components in one pass, which 

guarantees the minimum possible inspection time. A quick and automated 

interchangeable system allows using specific inspection heads for each component. 

 3) SITAU TRITON TTU: Is a through transmission system (TTU), able to 

work with conventional water coupled technology or with air-coupled ultrasound, 

and with single or dual frequency transducers. Trajectories are optimized for each 

component ensuring a collision-free operation. 

 One of the unique features of SITAU TRITON is phased-array AUTOFOCUS, 

which takes automatic UT inspections to the next level. Geometry changes and 

manufacturing tolerances along the component are automatically compensated in 

real-time by the UT equipment, which make the SITAU TRITON system one of the 

most robust and reliable on the market, even for radius and complex geometries. 

Furthermore, our air-coupled ultrasound sub-system based on the AIRSCOPE 

technology, has proven to be one of the more sensitive and robust solutions in the 

market, able to face inspection problems only solved with water-coupled system up 

to date. 

 In this work we present the key innovations of the SITAU TRITON technology 

and the results obtained with the system. 

https://creativecommons.org/licenses/by/4.0/
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Introduction  

The increasing use of composite materials in more industries and the high-quality 

standards, required for this type of material, implies a 100% quality control of the structural 

elements before these parts are assembled and subsequently used. This comprehensive 

control implies finding a suitable way for testing and evaluation. Ultrasound Non-

destructive testing is an appropriate method to detect defects in these types of materials. 

When the NDT inspections began, at the end of the last century, the need for their 

automation arose. This automation would increase the velocity of inspections one order of 

magnitude, at the same time that would allow reaching great precision and repetitiveness, 

making possible the generalized use of the images for evaluation.Many of the inspections 

of complex surfaces have been carried out for years by specialized human operators. 

Although, as time passed technological background regarding the use of robots in the field 

of non-destructive inspection appeared [1]. 

The automatic systems are subject to great requirements of stability, velocity and 

precision in the whole trajectory of the movement and, in many occasions, of size to be able 

to inspect large pieces. For this reason, the first designs were based on gantry system, 

which are still the most used in NDT. 

However, in most current industrial processes, prevail the use of articulated robotic 

arms, that usually have six axes, unlike the typical gantry systems used in NDT inspections 

that are a combination of linear axes (X axes, Y, Z) and rotary ones. 

In this way, some of the modern articulated arm robots have appropriate 

characteristics to be used in automated NDT systems [2]. Thus, in order to increase 

productivity, there is a growing interest in robotic solutions within the aerospace sector. 

However, it is necessary to look for the best mechanical design that allows the probes to 

adapt to the geometry of the piece in order to achieve automated inspection without loss of 

signal. Nevertheless, this is not enough in the case of complex and variable geometry 

components, and it is necessary for the ultrasonic system to dynamically adapt its operation 

parameters to guarantee the best possible image at all time. This is known as adaptive 

imaging or auto-focusing, a research hot topic among the ultrasound scientific community 

[3-6]. 

In summary, both in the automatic inspections with ultrasounds and in other NDT 

techniques, the images quality is totally related to the quality of the robotic system, to the 

signal acquisition and processing system and to the position and stability of the probes 

during the acquisition. These parameters become even more critical in elements that have 

complex geometries. In this case there is an additional challenge in the design of automatic 

systems and UT equipment [7]. 

1.Objectives 

The importance of quality control in the aeronautical sector, the complex structure 

of new components, and the increase in production volume requires to develop new 

flexible, accurate and fast inspection machines. 

Conventional ultrasonic testing based on single-element probes is limited by its lack 

of capacity to reduce the inspection time and to tackle complex geometries components. 

The alternative and current trend for composite materials is using phased-array (PA) 

systems, based on multi-element probes able to control the beam properties. Besides 

increasing the inspection speed by electronic scan, they allow to dynamically focusing 

inside the material, achieving the best possible image even in the presence of complex 

shape interfaces. 
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The objective of this work is to present a flexible and robust platform based on the 

PA technique, for the development a whole new range of automated inspection machines. It 

uses a robot and an advanced UT equipment, which inspects, not only flat parts, but also 

curved geometries following the contour of the part without loss of signal, removing the 

necessity to delimit different zones of inspection, optimizing the representation of results 

and reducing the time of evaluation and errors in interpretation. 

This system has robotized trajectory tracking, applying Pulse-Echo, and Double 

Transmission techniques with Phased Array auto-focusing technology, as well as TT 

transmission, with water coupling, so that it is possible to inspect one hundred percent of 

monolithic structures of solid laminates and sandwich structures. 

2. Development 

In this way, Tecnitest and Dasel have worked on the development of a robotic inspection 

system that allows the inspection of the pieces with a complex geometry. 

Technical specifications of the system were defined by Caetano Aeronautic in order 

to develop a multi-technical installation able to follow the outline and inspect in an only 

pass all Airbus Defence Space products, type Omega. All this, based on the specification 

defined 24 months earlier by Aciturri Aeronautics to inspect all profile type products with 

pulse-echo technique using Phased Array 

The SITAUT TRITONsystem is a device designed to perform inspections, using 

ultrasound, in pieces made of composite materials. 

2.1 Parts of the system 

To be able to track this type of trajectories in a robotized way, the system consists of: 

 A modular immersion tank. 

 A flexible ultrasound system DASEL SITAU ST 187 designed to operate in automatic 

systems which require multiple phased-array probes to cover 100% of the area to be 

inspected. The connection of up to 7 phased-array probes with 128 elements each, gives 

the necessary flexibility to set the most appropriate configuration depending on the 

geometry of the component to be inspected. 

 Advanced AutoFocusalgorithm for surface detection and real-time Dynamic Depth 

Focusing, ensuring the best possible image along the whole inspection. 

 An articulated industrial robot with programmable manipulator in its six axes, 

automatically controlled and programmable to work in a linked and independent way in 

different areas of movement simultaneously, applying the Pulse-Eco techniques with 

Phased Array, double transmission with plate reflective, and transmission for sandwich 

structures, so that the inspection of one hundred percent of the surface of the piece is 

possible. A fast and automatic tool exchange mechanism allows easy and reliable 

switching between operation modes. 

 A robot guidance system with linear axes with a programmable length. 

 A Security system, composed by: physical barriers, optical barriers, security stop 

buttons, control cabinet. 

 VisualScansoftware comprises of user-fiendly interface modules for motion 

programming and control, data acquisition in all operation modes, signal representation 

in single or multiple window frames and evaluation.A, B, C and D-scan representation 

are available with complete A-Scan data recording and reporting functions. 
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Fig. 1.Immersion tank with robotized trajectory tracking.  

a) Prototype installed in Tecnitest; b) System installed in a company of the aeronautical sector 

3. Operation modes 

Currently this system allows working in three operating modes 

3.1Operation mode 1(SITAU-TRITON Gimbal) 

The immersion tank and the robot are used together and the displacement is done following 

a linear track (Fig. 2). The use of encoders and a gimbal allows the inspection of surfaces 

with certain curvature and a trajectory tracking according to a plane that is not necessarily 

horizontal. 

The available inspection techniques are: PE and DT, with PA technology, for 

inspection of solid laminates with a flat or slightly curved shape. In this mode of operation, 

the pieces are placed in immersion in the bottom of the tank and the scan is performed 

according to a plane that can be vertical or horizontal. 

 

 

Fig. 2.Process of inspection with PA in immersion for flat and slightly curved pieces 

a) Simulation; b) System working in operation mode 1 installed in Tecnitest 

 

3.2Operation mode 2(SITAU-TRITON Complex) 

The tank is used and the pieces with complex geometry (e.g. omegas type) are placed on an 

ad-hoc tool (previously designed for this use) immersed in the tank (Fig. 3). The robot, with 

the previous information corresponding to the CAD design, is responsible for carrying out 

the inspection completely automatically using a custom-made probe head that allows 
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absorbing deviations in the geometry. Final image improvement is achieved by the 

AutoFocus capacity of the SITAU ultrasound equipment. 

 

 

Fig. 3.Process of inspection with PA for elements with complex geometry 

 

 The inspection technique available is PE, with PA probes (Fig. 4). Inspection 

trajectories are programmed, based on the information of the coordinates of the piece to be 

inspected, so that the robot together with the head can follow the defined geometry.In this 

mode of operation, omega-type pieces with complex geometry, height and variable 

thickness, have been used. Despite the deviations of the piece, it is possible to perform the 

inspection in a single scan. In order to increase the productivity, the robot has been 

equipped with an automatic tool change system, which avoids manual intervention and 

reduces the time in the test. This element allows, in turn, a tool change between modes of 

operation. The head is designed to inspect 100% of the surface of the piece in one step, 

using 7 phased array probes, up to 896 Ultrasonic Channelsin less than 15 minutes 

 

 

Fig. 4.Presentation of results for a defective type omega piece 

 

3.3Operation mode 3 

Based on the use of TT inspection mode using a single-transducer dual-frequency with 

water or Air-Coupled ultrasound with Airscope technology. It allows inspecting sandwich 

components, both flat and with complex geometry using a transmission tool (Fig. 5). 

 The pieces are placed following an axis, the inspections can be done by means of a 

single scan, when the geometry is slightly curved, or when more complex geometries may 

be necessary to program a trajectory for each piece. So far two dual frequency ultrasound 
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probes have been used for transmission in water, but the development can be extended to an 

in-air inspection system based on DASEL AirScope. 

 

 

Fig. 5..Process of inspection using TT inspection modeto inspect sandwich components 

 

4. SITAU Phased-Array System 

Ultrasound phased-array systems are based on individually controlling, in emission and 

reception, the elements of an array. This usually requires a large number of ultrasound 

channels (typically between 32 and 256), increasing the hardware and software complexity 

of this kind of systems. Furthermore, the image formation process requires to precisely 

know the time of flight from each array element to each sample in the image (focal law), 

which is not a simple task for complex shape components in water immersion. 

 These two aspects have limited the development of automated inspection machines 

for large and complex shape components in the aerospace industry. In one hand, there is a 

strong demand for reducing the inspection time, which requires increasing the number of 

arrays and UT channels in order to inspect the components in only one pass. On the hand, 

the geometry variations of the component along the scan require continuously changing the 

focal laws to achieve normal incidence, a necessary condition to inspect highly anisotropic 

materials like CFRP. 

 When the geometry is exactly known by design, it would be possible to pre-

calculate the focal laws for the whole component and to apply them during the inspection in 

a second step. Nevertheless, this approach is useless in practice, due to the manufacturing 

geometry tolerances and positioning uncertainties of real components and machines. The 

alternative is to develop systems able to automatically calculate the focal laws with no 

previous knowledge of the component geometry, which is known as auto-focusing, a 

research hot topic among the ultrasound scientific community.  

 To face these challenges, DASEL has developed the SITAU phased-array 

technology, one of the most advanced UT platforms in the market. Its modular design 

allows building systems with up o 2048 channels, which enables to design complex 

scanning heads based on large arrays count. Furthermore, it implements a novel auto-

focusing algorithm able to guarantee normal incidence regardless the geometry variations 

and positioning errors along the scan, a unique feature among current state-of-the-art 

ultrasound equipments. 

 In particular, the SITAU-TRITON system counts with an 896 channels electronics 

(Fig.6 left), able to simultaneously control up to 7 phased-array probes. With this 

configuration omega type components can be inspected in only one pass, considerably 

reducing the inspection time (Fig.6 right).  
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Fig. 6. (Left) SITAU phased-array system with 896 channels (Right) example of PA probes distribution for 

inspecting an omega stiffener with SITAU-TRITON. 

 

 The common UT practice in aerospace NDT is to perform linear scans with 0º 

incident beams. The main reason for this is that propagation inside CFRP is highly 

anisotropic, which means that a preference detection direction exists: Normal to the carbon 

fiber layers. While in a plane component with ideal positioning a simple linear scan can be 

used for this task, for curved components or in presence of positioning errors, it is 

necessary to adapt the beams direction to achieve normal incidence. Some alternatives 

based on iterative algorithms have been presented [3-4], but can be only applied to small 

thickness components as no focusing exists. These methods are based on generating a plane 

wave that adapts to the surface shape ensuring normal incidence at all points, but no 

focusing is produced into the component. 

 By contrary, the AutoFocus algorithm developed by DASEL, estimates the 

component surface shape from a set of single element acquisitions, and then, it calculates 

the focal laws for dynamic depth focusing at all depths. This way, the best possible image 

is obtained regardless the component geometry, even if it changes along the scan. The 

AutoFocus algorithm operates in strict real time, not reducing the inspection speed and with 

no previous knowledge of the component shape. It is based on the Virtual Array concept 

[9], which allows simplifying the focal law calculation in two media scenarios (i.e. water 

coupling and solid component). 

 AutoFocus is necessary for reliably inspecting radii and corners in T and omega 

type stiffeners. Current practice is to use a circular PA probe with its curvature center 

coinciding with the radii center (Fig.7 left). This way, a linear scan with zero-delay focal 

laws can be used, which guarantees normal incidence. However, if the curvature center 

does not match the curvature center of the radii (Figure.7 right), the normal incidence 

condition is lost, and the zero-delay approach is not valid. This kind of misalignments is 

common in practice and can have multiple sources: Component positioning errors, 

manufacturing tolerances, variations in the radius along the component, robot trajectory 

errors or mechanical clearances. Because of the large refraction index between water and 

CFRP, slight probe misalignments severely reduce the amplitude of the back-wall echo and 

the probability of delaminations detection.  

Although probe misalignment can be minimized by carefully designed mechanics 

like that of the SITAU-TRITON scanning head, normal incidence cannot be guaranteed if 

the component shape is not perfectly circular. This is a quite common situation in aerospace 

CFRP components, which are manufactured by layer stacking without using a rigid mold in 

the upper face. 
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Fig. 7. Typical configuration for radii inspection with curved PA probe (left) perfect positioning (right) probe 

misalignment. 

 

 Fig.8 top shows a B-Scan of the upper radii of an omega structure with the probe 

configuration of Fig.7. Although the curvature center of the radii and the probe coincide, 

the radii is not perfectly circular, which severely distorts the B-Scan. In one hand, the 

amplitude and position of the interface echo changes. But more important, the amplitude of 

the back-wall echo is reduced in some regions, which will be misinterpreted as porosity. 

Fig.8  bottom shows the B-Scan image obtained with the same set-up and the SITAU 

AutoFocus algorithm. By automatically detecting the interface echo and calculating, in real 

time, the correct focal laws, homogeneous interface and back-wall echoes are obtained, 

greatly improving inspection quality and reliability. This is performed without a-priori 

knowledge of the surface geometry, which makes the ultrasound inspection completely 

independent of the robot movement and/or the component shape. 

 

 

Fig.8. B-Scan image of an omega radii with the array set-up of Figure 2 (top) conventional B-Scan (bottom) 

SITAU AutoFocus algorithm. 

 

Different from other approaches that use non focused emission with normal incidence only, 

the SITAU AutoFocus algorithm is able to perform arbitrary angle scans with emission 

focus and dynamic-depth-focusing on reception (Patented ProFoctechinque [8]), which 

allows inspecting not only small thickness components but also larger complex structures. 

Fig. 9 shows the S-Scan obtained from a 80 mm thick aluminum component, where the 
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details of the bottom surface can be clearly identified regardless the complex shape of the 

water-aluminum interface. 

 

 

Fig.9. Inspection of a complex geometry and large thickness component (left) picture (right) AutoFocus S-

Scan image. 

 

In summary, SITAU AutoFocus technology represents a new paradigm for the automated 

inspection of large and complex components in the aerospace industry: No matter the 

surface profile, the best possible image is guaranteed by the ultrasound system at all time, 

greatly simplifying the inspection set-up and increasing the machine reliability. Its real-time 

operation, along with the large channel count available with SITAU architecture and a 

carefully designed scanning head and robotic system, allow reducing the inspection time of 

large and complex shape aeronautic components to unprecedented levels. 

5. Conclusions 

An automatic system using a robot to inspect complex materials has been presented. Its 

flexibility, both in the mechanical and the UT equipment configuration turn it in a flexible 

inspection platform for multiples uses. Up to now, three operation modes are implemented : 

 Operation mode 1: the immersion tank and the robot are used together and the 

displacement is done following a linear track. It is able to perform like a 3 axes 

Cartesian system to inspect planar and smooth curvature parts, by using PA technology 

for high speed operation. 

 Operation mode 2: The pieces with complex geometry (e.g. omegas type) are placed on 

an ad-hoc tool (previously designed for this use) immersed in the tank. With an UT 

module of up to 896 ultrasonic channels and 7 PA probes, the scanning head is 

designed to inspect the 100 % of complex geometry components in one pass, which 

guarantees the minimum possible inspection time. Furthermore, image quality is 

guaranteed by a innovative AutoFocus algorithm. 

 Operation mode 3: Based on the use of TT inspection mode with water or air-coupled 

ultrasound, and with single or dual frequency transducers. Trajectories are optimized 

for each component ensuring a collision-free operation. 

Operation modes 1 and 2, have already been certified by Airbus Defence Space 

following Caetano Aeronautic specifications. Mode 3 is expected to be certified during 

2019. 



10 

6. Acknowledgement 

This work has been partially founded by Torres Quevedo Grant PTQ-17-09089. 

References  

[1] R. Bogue. The role of robotics in non‐destructive testing. Industrial Robot: An International Journal, 37 ( 

5),421-426, 2010. 

[2] X. Zhen, et al. Profile tracking with ultrasonic alignment for automatic Non-destructive testing of complex 

structures. Robotics and Computer–Integrated Manufacturing 49, 134–142, 2018 

[3] S. Robert, O. Casula, O. Roy and G. Neau, “Real-time Inspection of Complex Composite Structures with 

a Self-Adaptive Ultrasonic Technique”, 18th World Conf. on Non Destructive Testing, Durban (South 

Africa), 2012. 

[4] Evaluation of conventional ultrasonic inspection facilities, equipment and probes. AITM6-0013 Issue 

6Page 1 of 76, October 2014 

[5] Richard D., Monette M., Maes G., “Iterative Time Reversal Technique for Inspection of Composite 

Structures”, WCNDT, Munich Germany, 2016. 

[6] A. Hunter, B. Drinkwater and P. Wilcox, “Least-Squares Estimation of Imaging Parameters for an 

Ultrasonic Array Using Known Geometric Image Features”, IEEE Trans. on UFFC, 58, 2, pp. 414-426, 2011. 

[7]I. Cooper, I. Nicholson, D. Yan, B. Wright, D. Liaptsis, C. Mineo. Development of a fast inspection system 

for complex composite structure - the Intacom project. 5th International Symposium on NDT in Aerospace, 

13-15th November 2013, Singapore. 

[8] Patent ES2525600 "Method for real-time control of the dynamic approach in ultrasonic imaging systems 

and associated sampling advance calculating device", 2014. 

[9] Patent WO 2005073957 "Coherent composition of signals by means progressive focal correction", 2005 

 


