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Abstract. The aviation and railway industries constantly adapt to market 

forces, which include economic growth, infrastructure, environmental concerns, and 

market regulations. As a result of these market forces there is a demand to increase 

the production of airplanes, trains, and associated infrastructures. Consequently, 

manufacturers in these industries are facing new challenges such as an increase in 

production rates, high probability of detection (POD) due to the critical nature of the 

parts being manufactured, lack of skilled operators, increasingly complex geometry, 

and new materials. Ultrasonic phased array (PA) instrumentation is constantly 

evolving allowing increased performance and the implementation of advanced phased 

array methods. The introduction of scalable instrumentation and advanced inspection 

methods enables manufacturers to address the inspection challenges they are facing. 

Scalability, a popular concept in computer science, can now be applied to 

nondestructive testing (NDT) and enables system integrators and manufacturers to 

improve the performance of their quality control solutions by using multiple 

instruments in parallel. Evolution in electronic components enables the 

implementation of advanced phased array methods such as adaptive ultrasound, Full 

Matrix Capture, and others at an affordable cost.  Advanced inspection methods 

simplify the inspection of complex geometries and improve the POD by using 

innovative signal-processing algorithms. The technical content of this paper can help 

NDT integrators and manufacturers to address the challenges they face in terms of 

system performance, production output, and quality control. 
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1. Introduction  

Over the past 20 years phased array technology has continued to gain market acceptances as 

the benefits over the conventional ultrasound approach are numerous. As phased array 

evolves, it gains from development in the medical and telecommunication industries. With 

the constant evolution of technology, a new generation of instruments that will go beyond 

standard phased array will become increasingly popular as they will address more efficiently 

the challenges faced by various industries, such as aviation and railway. These new 

instruments, just like computers today, will be scalable, offering the ability for the hardware 

and software to evolve easily to match the needs of inspection in terms of productivity and 

quality. Scalable instrumentation, as explained in this paper, can take multiple forms. System 

scalability refers to the ability of the hardware and software platform to evolve whereas 
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acquisition scalability enables a platform to host various advanced phased array inspection 

methods. This paper addresses both scalabilities.  

2. Toward a Scalable Phased Array Instrument  

Scalability is generally defined as the capability of a system to handle a growing amount of 

work or its potential to be enlarged in order to accommodate that growth. For a phased array 

instrument, scalability can be defined as its ability to drive more transducers and bigger 

apertures and manage more data by adding hardware. This is referred to as system scalability. 

Scalability can also refer to the ability to add more processes within the same hardware and/or 

software to manage more signal and/or image processing. This will be referred to as 

acquisition strategy scalability.  

2.1 System Scalability  

Olympus has developed a new scalable phased array and conventional UT instrument 

designed to address the needs of manufacturers in multiple industries. The approach selected 

was to develop a basic instrument that offers users benefits from the new technology at a 

very affordable price with the ability to connect multiple instruments together for the most 

demanding applications. The unique software application is designed to support all possible 

configurations, from a single instrument to a multiple instrument solution.  

 

Fig. 1. Single application scalable solution   

The first main attribute for a scalable instrument is the ability to connect multiple 

instruments in parallel. Up to 4 instruments can be connected in parallel meaning that a single 

instrument configuration of 32/128 can be extended by a factor of 4. The benefits of this 

approach are numerous and include the following:  

 

• Access to 512 pulsers, providing the ability to drive multiple probes in parallel  

• Ability to pulse 4 apertures in parallel, increasing productivity  

• Increased data throughput to 60 MB/s, enabling raw data retrieval for advanced signal 

processing  

 

Multiple instruments are connected together through a synchronization cable where 

the clock is shared at high frequency, delivering the previously described benefits. In 

addition, the synchronization is designed to simplify the integration of multiple instruments. 

It does so by removing the need for an I/O connector on each device. Moreover, the cable 

allows synchronization of the acquisition cycles between the instruments, which helps to 

reduce cross talk between probes during inspection. This is done by introducing a master and 

subordinate concept when working with multiple instruments. The master unit is responsible 

for the following functionalities:   

 

• Receiving the encoder position from the inspection system 
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The master instrument produces ultrasound data that includes the position for each 

acquired datum and its associated clock count. The subordinate units also produce 

data, which only includes the clock count. For both types of units, the data generated 

is received by the application software, which uses the clock count and position of 

the master unit to position the data coming from the subordinate units.  

 

• Triggering the acquisition cycle for the subordinate units  

 

The acquisition cycle is triggered by the master unit, taking into consideration the 

PRF of all instruments.  

 

Fig. 2. Multiple unit integration    

2.2 Acquisition Strategy Scalability  

System scalability addresses the needs of increased inspection speed and full volumetric 

coverage but other challenges remain. The increasingly complex geometry, manufacturing 

processes, and requirements in terms of defect sizing with the objective of improving safety 

are sometimes difficult to address with only a standard phased array approach. The ability to 

combine standard phased array with advanced inspection methods and use them in the same 

instrument is referred to as scalable acquisition strategy. The instrument developed by 

Olympus uses standard phased array, but it can also be enhanced to support adaptive 

ultrasound and full matrix capture acquisition strategies.  

 

2.2.1 Adaptive Ultrasound  

Adaptive ultrasound is an acquisition strategy that has gained popularity in recent years, 

mainly in the aviation industry because of the increasingly complex parts manufactured for 

the new aircraft programs. In the aviation industry, adaptive ultrasound helps address the 

following problems faced by the industry:  

 

• Varying radiuses and twists  

• Production process leading to nonconstant radiuses (flat zones)  

• Misalignment of the phased array transducer relative to the part  

 

Adaptive ultrasound allows the transmission of a wave-front parallel to the part on 

complex geometries when flat transducers cannot be parallel to the surface or the curved 

phased array probe cannot be concentric with the radius to be inspected.  
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Fig. 3. SAUL wave-front correction process   

In this case, the adaptive ultrasound process can be divided into three main steps. The 

first step is the transmission of a plane wave using all available elements on the phased array 

probe and the recording of all elementary A-scans. The second step is an iterative process 

that adapts the front-wave to the geometry of the part. This process will adjust the delays for 

each transmission event until a convergence criteria, based on the time of flight from each 

element, is reached. Once the convergence criteria is obtained, the third step is to generate 

the sum A-scans, just like standard phased array, using the elementary A-scan received from 

the last transmission event.  

Set Time Delays to zero

Set MUX Through Algo 

Delay banks generate trig for pulser 

Pulser excite transducers

Transducer receive on all elements

Data acquisition for all element

Cross correlation

Get delays

Convergence check
Are new delays near old ones ?

No

Time shift on received signals

Yes

 

Fig. 4. Schematic representation of Beardsley et al. [1] algorithm for adaptive ultrasound process 

As a live data display is required during the inspection, the algorithm for adaptive 

ultrasound is directly implemented in the instrument in order to obtain real-time data 

visualization. Finally, as the inspection speed needs to be optimized, the implementation of 

adaptive ultrasound will benefit from the information used for the convergence algorithm 

(elementary A-scan for all elements) to generate the sum A-scans, avoiding the need to go 

through multiple transmission events as is necessary with standard phased array acquisition. 

Thus the impact that the iterative process inherent to the convergence algorithm has on 

inspection speed is negligible.  

 

2.2.2 Full Matrix Capture (FMC)  

 

Full matrix capture (FMC) is based on an acquisition process that allows reconstruction of 

any Tx/Rx combination. Following a standardized acquisition process, it enables the user to 

focalize the beams at various depths or steer them in various directions without needing to 

go through multiple transmission and reception cycles. This acquisition strategy is still 
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mainly used in R&D, but a lot of effort is being put into implementing it in industrial 

production environments. The main benefits include the following:  

 

• Fully focused images leading to more accurate sizing  

• Higher sensitivity to smaller flaws  

• Better ability to size vertical flaws  

• Improved calibration process  

 

The Olympus instrument is designed with the ability to define the Tx acquisition and 

Rx reception parameters in order to perform FMC acquisition. This can be done through a 

low level library, available for research projects. In addition to the library the instrumentation 

specifications have been designed to sustain a very high data throughput of up to 30 MB/s, 

which allows retrieval of elementary A-scans at a fast pace. In this case, the scalable 

acquisition strategy will enable research centers to benefit from standard phased array as well 

as FMC, using the same hardware platform.  

3. Benefits and Results 

Scalable phased array instrumentation offers several benefits to many industries, including 

aviation and railway. These benefits, supported by tangible results, are illustrated in the 

following sections.  

3.1 System Scalability  

An increasing number of inspection solutions require multiple transducer configurations in 

order to perform full volumetric inspection in a single scan with the objective of reducing 

inspection time. Additionally, more stringent specifications require recoding of 

uncompressed raw data without any compromise on speed. Two examples of the benefits of 

a scalable system for the aviation and transport industry are detailed in the following section.  

 

3.1.1 Aviation    

Multiple parts can benefit from system scalability but let’s have a look at a precise component 

of modern aircraft, the floor beams, to illustrate the advantages. Their complex geometry 

requires a multiple transducer approach in order to inspect its full volume. Based on the 

number of transducers required using a standard instrument approach, the inspection would 

need a minimum of 4 scans to cover the full volume as illustrated in figure 5. A scalable 

system, where 4 units are used in parallel, enables full volumetric inspection in a single scan 

and decreases the inspection time by a factor of 3.5.  

 

Fig. 5. Floor beam inspection schematic 
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Table 1. Inspection time comparison for a typical floor beam    

 Conventional approach Scalable approach 

Scan length (m) 5.7 5.7 

No. of instruments  1 4 

No. of scans  4 1 

No. of focal laws  126 (maximum) 446 

Amplitude resolution (bits)  8  8  

Data throughput (MB/s) 19 19 

Inspection time (s) 671 190 

 

The aircraft floor beam is only an example out of many structural parts that would 

benefit from a scalable system. Other parts include stringers, Z-splices, frames, etc.    

 

3.1.2 Railway   

Another example of the benefits of a scalable system is for the inspection of high speed train 

wheels in both railway maintenance and manufacturing. The geometry and areas to be 

covered also require a multiple probe configuration in order to perform a full volumetric 

inspection. For example, the inspection of HST wheels during light maintenance, when the 

wheels are still fixed to the train, necessitates a configuration of over 15 transducers for a 

total of 170 pulsers. A scalable system where 2 instruments are used in parallel reduces the 

inspection time by a factor of 2.   

 

 

Fig. 6. High speed train inspection schematic    

Table 2. Inspection time comparison for a typical high speed train wheels  

 Conventional approach Scalable approach 

Scan length (m) 1100 1100 

No. of instruments  1 2 

No. of scans  2 1 

No. of focal laws  57 (maximum) 114 

Amplitude resolution (bits)  8  8  

Data throughput (MB/s) 15 15 

Inspection time (s) 60 25 
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3.2 Acquisition Strategy Scalability  

System scalability is not sufficient in itself as it only addresses a portion of the challenges 

faced by many users. In addition to improved performance and productivity, users are 

confronted with more complex geometries to inspect with stringent requirements in terms of 

detection and sizing. Some of these challenges can be addressed by complex 

mechanical/automated solutions, but these will drive up the cost and the additional 

complexity of the solution requires very skilled workers that are becoming harder to find. 

The other alternative is to address these challenges with a different acquisition strategy than 

standard phased array. Two acquisition strategies are of main interest, adaptive ultrasound 

and FMC.  

 

3.2.1 Adaptive Ultrasound  

As mentioned in the previous section, adaptive ultrasound is of particular interest for the 

avionic industry as it addresses three main issues faced by manufacturers:  

 

• Varying radiuses and twists  

 

Figure 7 illustrates the results obtained with and without the adaptive ultrasound 

approach on varying radiuses and twists.  

 

 

Fig. 7. Variable radius inspection with and without adaptive focusing 

• Production process leading to nonconstant radiuses  

 

Figure 8 illustrates the results obtained with and without the adaptive ultrasound 

approach on nonconstant radiuses simulating the manufacturing process.   

 

Fig. 8. Nonconstant radius inspection with and without adaptive 
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• Misalignment of the phased array transducer relative to the part  

 

Figure 9 illustrates the results obtained with and without adaptive focusing on a 

misaligned probe for flat surface inspection.    

 

 

Fig. 9. Misalignment with and without adaptive focusing 

Finally, the implementation of adaptive ultrasound is performed in such a way that is 

does not have any impact on productivity when compared with conventional phased array as 

it is illustrated on figure 10 where a comparison between an adaptive ultrasound approach 

and conventional phased array is done for a stringer inspection.  

 

 

Fig. 10. Projected stringer inspection time with/without adaptive UT 

3.2.2 FMC 

Full matrix capture is still mainly used in R&D, but there are significant potential benefits 

for a lot of applications in many industries. The benefits are very application related, 

including better sizing capabilities, reduction of the instrument cost, optimized calibration, 

more meaningful imaging resulting in easier interpretation (image based interpretation versus 

signal based), and more. The latest generation of Olympus instruments is now able to manage 

FMC acquisition for development partners. Some basic results obtained with the new 

platform is illustrated in figure 11.  
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Fig. 11. Comparison of PAUT and FMC/TFM for side drill hole detection   

4. Conclusion  

In conclusion, the ability of the latest generation of instrumentation to offer system scalability 

and acquisition strategy scalability will provide benefits for a multitude of industries, 

including the aviation and railway industries. System scalability enables users to pay for what 

they really need and helps them address the challenges they face concerning the increased 

complexity of the parts to be inspected and the need to inspect at higher speeds to match the 

production rhythm. Acquisition strategy scalability offers users three important advantages: 

the ability to easily compensate for geometry variation or production process without needing 

to develop a very complex mechanical solution, improved sizing capabilities thus reducing 

the number of parts rejected, and an improved and simplified calibration and analysis process.  
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