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Abstract 

 

This paper proposes a pulse-echo ultrasonic propagation imaging (PE-UPI) system 

capable of scanning an area of customizable shape for non-destructive evaluation of 

structural defects. The system inspects by detection of bulk waves that travel through 

the thickness of the specimen. This is achieved by joining of two laser beams, one each 

for the ultrasonic wave generation and sensing. A Q-switched laser is used for 

generating the aforementioned ultrasonic waves and a laser Doppler vibrometer (LDV) 

is used for sensing. The system also consists of a dual-axis automated translation stage 

for raster scanning of the specimen and a digitizer to record the signals. User can delimit 

the scan area in any abstract shape according to region of interest on the specimen. A 

graphical user interface (GUI) software controls all the individual blocks of the system. 

This software also manages scan area customization, signal acquisition, processing and 

display. The GUI is created in C++ using QT framework. Multi-threading is used for 

real time update of scan result while the scan is still on-going. This is achieved by real-

time and concurrent acquisition, processing, and display of ultrasonic signals from the 

latest scan point in a scan area. 

 

1.  Introduction 
 

Non-destructive evaluation (NDE) techniques find use in a diverse set of applications 

ranging from quality control in manufacturing process to in-service damage inspection. 

Numerous NDE methods have been developed so far including the simple visual 

inspection, eddy-current, X-ray and ultrasonic testing (UT). Among these methods UT 

provides the advantages of sub-surface defect detection without any radiation hazard 

and has also been shown to work well with composite materials. The conventional 

contact UT necessitates the use of a couplant to maximize the energy transfer from the 

probe to the specimen. Even the non-contact UT using air-coupled transducers requires 

the probe to be in close proximity to the specimen. Recently, laser based UT is being 

widely adapted due to its ability to generate broadband ultrasounds of diverse modes in 

the medium [1]. This is a non-contact inspection method which does not require the use 

of a couplant and allows the probe to work at a distance from the specimen [2,3].  

Such a laser based UT method was proposed by Lee et al [4] for non-destructive and 

contact-less inspection of structures. This pulse-echo ultrasonic propagation imaging 

(PE-UPI) technique utilizes an excitation and a sensing laser to generate and detect 

through-the-thickness ultrasounds in the specimen. A compact and mobile PE-UPI 

system working on this principle has been developed and deployed for defect evaluation 

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rt

ic
le

: 
ht

tp
://

w
w

w
.n

dt
.n

et
/?

id
=

23
27

2



 2 

[5]. The developed system uses a two-axis linear translational stage to inspect an area 

on the target structure. The stage implements a raster scan pattern to effectively cover 

the required scan area but supports only fixed (rectangular) scan shapes. However, 

depending on the actual specimen shape or region of interest, the fixed scan area may 

result in excess scanning leading to longer scan times and suboptimal resource use 

during the inspection. This paper details the development and operation of a 

customizable scan area PE-UPI system capable of scanning any shape selected or 

entered by the user. This allows efficient inspection of areas not conforming to 

rectangular shapes while ensuring optimal resource use and scan times. 

 

2.  PE-UPI system for customizable area inspection 

 
PE-UPI system uses an excitation and a sensing laser to generate and detect through-

the-thickness ultrasounds in a non-contact and couplant-less manner. A Q-switched 

pulsed laser is used as an excitation laser and a continuous wave Laser Doppler 

Vibrometer (LDV) is used for sensing the ultrasounds. Both the lasers are placed in a 

laser head and their beams are combined to generate and detect the ultrasonic waves in a 

pulse-echo fashion. As shown in Figure 1, this laser head is mounted on a two-axis 

translation stage system in order to scan a desired inspection area [5].  

 

 
Figure 1. PE-UPI system for abstract shape scanning. 

 

2.1 Fixed scan shape PEUPI 

 

In the fixed (rectangular) scan PE-UPI system initially developed, the height and width 

of the desired inspection area is provided by the user. The specified rectangular area is 

scanned in a raster scan pattern to effectively cover the whole area line by line. The 

resolution of measurements in the inspection area is controlled by choosing the interval 

between the two successive measurement points. Interval also dictates the separation 
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distance between two adjacent scan lines. Figure 2 shows the raster scan pattern 

followed by the stage and the measurements taken along the scan path.  

 

 
Figure 2 Fixed (rectangular) area and raster scan pattern of PEUPI system 

 

The result of the inspection can be thought of as from a grid of measurement points 

overlapping the inspection area, where the system makes a pulse-echo measurement at 

each of these measurement points. Each measurement taken is placed in a 3d-array and 

can be viewed in a C-scan or and A-scan fashion during or after the scan. Figure 3 

shows the organisation of these measurements [6]. 

 

 
Figure 3 Organisation of measurements in PEUPI system. 

 

The measurements are captured through a data acquisition card (DAQ) capable of 16-bit 

resolution. Thus each element in the measurement array is stored as a 16-bit short. Data 

at each measurement point is recorded for approx. 51μsec at a sampling rate of 10MHz. 
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This results in creation of 512 samples per measurement point. Thus reducing the 

number of measurement points can result in significant memory saving.  

 

2.2 Abstract scan shape PE-UPI 

 

In order to ensure optimal resource usage and scan duration, the PE-UPI system has 

been upgraded to support inspection area of any abstract shape of user’s choosing. As 

shown in Figure 1, a camera has been mounted on the laser head to provide the user 

with an image of structure to be evaluated. The intended inspection area can be 

delimited on this image by the user via mouse clicks. This allows for creation of any 

scan shape of user’s choice with ease. The lengths and starting points of each scan line 

of the raster scan is calculated from the scan area delimited by the use. This information 

is then passed on to the stage which performs the scan according to the length of each 

individual scan line. The stage scan mechanism has also been changed and instead of all 

the scan lines of equal lengths in the raster scan, it supports scan lines of variable 

lengths. Figure 4 shows a triangular scan pattern generated through this customizable 

scan feature.  

 

 
Figure 4 Triangular scan pattern generated by abstract scan shape PEUPI system 

 

3.  Results 
 

A steel plate of triangular shape was scanned to confirm the abstract scan feature of the 

system. Figure 5a shows the image of the specimen and the scan boundary delimited for 

the inspection. Figure 5b shows the C-scan results of the specimen clearly showing the 

holes in the specimen. This specimen does not have any special defects or sub-surface 

features, rather it was chosen just to illustrate the savings offered by a triangular scan 

shape compared to the fixed(rectangular)scanshape. 
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Figure 5 Steel Specimen inspection area selection and C-scan result. 

 

Table 2 contains the details of this specimen along with the inspection settings and 

performance improvements. A comparison of measurement points and scan time is 

included between the fixed-shape and abstract shape scanning. The fixed shape 

scanning is supposed according to the bounding box of the abstract shape selected. In 

this particular inspection there is about 36% reduction in measurement points and 

inspection time 

 
Table 1 Steel specimen inspection details and performance improvement. 
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Type Steel 

Thickness (mm) 3mm 
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Height – bounding box (mm) 112 

Width – bounding box (mm) 161.5 

Interval (mm) 0.25 

Pulse Repetition Rate (Hz) 1000 

Filter Range (KHz) 50~200 
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Measurement 

Points 

Fixed Shape 290503 

Abstract Shape 183098 

Saving 107405 

Scan Time (sec) Fixed Shape 290.503 

Abstract Shape 183.098 

Saving 107.405 

 

4.  Conclusions 
 

This paper detailed the development and operation of a non-destructive inspection 

system based on laser based excitation and sensing. The system works on the principle 

of laser generated ultrasounds in a pulse-echo fashion. The proposed system is capable 

of inspecting an area of abstract shape as selected by the user. The inspection area is 

scanned line-by-line in a raster scan pattern, where each line in the raster scan be of any 

variable length. It was shown that selection of an abstract scan shape according to the 

target structure or region of interest optimizes the time, memory and laser usage by the 

system. 
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