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ABSTRACT  

Ultrasonic testing (UT) are the most common technique used for composite laminated non-destructive (NDT) 
inspection. In the current practice, the dependency of human interpretation during perform UT resulted in inequality 
detection issues on inspection process step. This paper presents an improvement of UT approach using graphical user 
interface (GUI) to provide defect percentage of C-scan image. Several of composite laminated C-scan defect image was 
identified before the defect percentage being calculated. The intensity difference between defect and non-defect image was 
calculated in this GUI. Base on this experimental result shows that the defect calculation was reliable which is proved by 
calibrated image. The different between an ideal and actual defect calculation is 0.69 % are considered insignificant and 
negligible. The average execution time for three test series is between 7.35 sec to 8.52 sec while the longest time is 9.52 
sec. Since the execution time is not exceed 10 sec and acceptable. Instead of application, this GUI, however, able to 
operate only in offline and flat surface condition.  
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INTRODUCTION  

The inspection process is highly demanded in 
aircraft manufacturing industries. The type of inspection 
process basically depend on several aspect included 
material properties, dimension, the shape to be inspected. 
Some inspection process required naked eyes for cosmetic 
type of defect such as scratches, dented, pinhole that 
occurred on a surface panel while some inspection 
required low-frequency ultrasonic probe in order to detect 
an inter-layer flaw in the thicker panels such as bond, 
crack and void. In the current situation, human visual 
inspection for a long time cause eye strain and irritation, 
blurred vision, headache, stress and neck pain [1]. This 
problem will lead to low productivity and cause miss 
interpretation of defect detection where the quality control 
is questionable and required a further cross verification 
stage. Therefore, the development of computer-based 
inspection method being crucial works in order to cross 
check the inspection quality done by inspection operator.  
 In the past few years, a lot of research in defect 
detection of composite material has been done widely. 
Variety of techniques applied for defect inspection 
included pulsed eddy current thermography for surface 
crack detection [2], pitch-catch ultrasonic for subsurface 
defect detection [3], non-contact laser ultrasonic imaging 
technique on surface defect detection [4], flatbed scanner 
image for composite laminates surface detection [5] and 
ultrasonic pulse-echo measurement on composite 
laminates panel [6]. However, this approach requires a 
complex procedure for defect determination and difficult 
to trace back the inspection history of inspected parts. 
Therefore, the user-friendly and traceability of quality 
inspection become necessary for improvement purpose. In 
this developed GUI, image enhancement improved the 
image quality especially for the exact size of defect and 

edge detection. In the current application, image 
enhancement approaches are successfully applied in x-ray 
inspection for medical purpose as done by Paolo Irrera and 
his research team [7]. Besides, image enhancement also 
been applied for defect detection in complex shape of 
aircraft composite using thermography [8] and ultrasonic 
approach [9]. These research, however, focus more on 
image enhancement process where none of them finalize 
until end user application. 
 In this paper, the self-developed GUI for defect 
percentage calculation applies both ultrasonic immersion 
pulse-echo scanning technique and image processing 
approach in order to compute and determine defect 
percentage of fiberglass composite laminates (FGCL) 
panel. The developed GUI act as cross-check approaches 
for quality inspection engineer to verify the inspection 
result performed by inspection operator. Besides, this GUI 
enables the user to record the inspection result if 
necessary. Based on cross-checking and traceability 
function, this GUI is suggested for inspection industries 
use especially for non-destructive test application.      
 
METHODOLOGY 
 
a) Overall flow chart 

In this study, the overall research as shown in 
Figure-1 below can be classified into several process flow. 
The process is starting from C-scan image acquisition by 
using ultrasonic scan equipment. Then, recorded a c-scan 
image which is input image was displayed in GUI axes 
before perform image enhancement using adjustment 
function. After that, the enhanced image was evaluated 
and adjustment was made in order to avoid blur image 
before convert into a gray level image. Once image pre-
processing phase completed, the next step is defect 
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analysis which is consist of pixel selection, calculation of 
defect percentage area and finally evaluation of defect 
percentage. Further defect percentage calculations are 
discussed in result and discussion part. 
 
 

 
 

Figure-1. Overall process flowchart. 
 
b) C-scan image acquisition 

In this research, FGCL with 7.4 mm thickness is 
used. Before acquiring an ultrasonic C-scan image, certain 
parameter setup has been following such as gap distance 
control, type of transducer used, gate positioning setup, 
sound velocity, sampling frequency and type of filter. 
Since this C-scan image was acquired from immersion 
ultrasonic scanning equipment, the sample must be fully 
immersed at least 20 mm from water surface level in order 
to avoid the sample moving during scanning operation as 
shown in Figure-2.  However, it also can be fixed using 
sticky tape between the surface of FGCL sample and 
holder block. 

 

 
 

Figure-2. Immersed ultrasonic scanning system. 
 

Figure-3 shows the ultrasonic device setup. This 
equipment used UltraPAC system together with UTWin 
software for data acquisition, scanning movement control 
and imaging purpose. This ultrasonic scanning device able 
to scan up to 200 mm/s speed with scanning resolution as 
low as  0.1 mm. However, the higher the resolution used, 
the higher the storage size and will cause time delay effect 
if the storage size was too large. Once scanning 
completed, the C-scan image was converted into ASCII 
file format for further analysis. Through this data, it can be 
re-plot using Matlab for further image and signal 
processing analysis.  
 

 
 

Figure-3. Overall ultrasonic scanning setup. 
 
c) Image enhancement 

Image enhancement is an adjustment process to 
improve the quality of digital image for a specific 
application. For an example, by removing noise, sharpen 
or brighten an image makes the image easier to identify. 
Image enhancement method basically is based on several 
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techniques included point operation, spatial operation, 
transform operation and pseudo-colouring. In general, 
simple intensity transformation and histogram processing 
commonly applied in point processing approaches while 
low pass and high pass filtering setup are used in 
frequency domain techniques. Spatial filtering approaches 
have determined by smoothing and sharpening the filters 
while pseudo-colouring perform transform the 
monochrome image into RGB transformations.  

However, instead of difficulties, the most 
challenging task in image enhancement is how to quantify 
the enhancement criterion for a satisfactory result. In this 
study, the author adjusts the intensity values in the 
grayscale image in the range between 1% up to 100% 
where that data is saturated at low and high intensity of the 
image. This adjustment then will increase the contrast of 
the input image. Slider box in this GUI functions as 
intensity adjustment for the user-friendly purpose during 
enhancing the input image.   
 
d) Percentage of defect 

Based on the percentage of defect algorithm as 
shown in Figure-4 below, once input image was enhanced 
to improve the exact size of defect and edge detection, the 
pre-processed image then convert to grayscale format. The 
purpose of this process is to reduce the unwanted image 
information from three layers of information in the form 
of red, green and blue known as RGB image to just single 
information which is a gray scale from 0 to 255. Despite 
gray scale image, the user still can identify the defect 
region easily without compromise the inspection quality.  
 

 
 

Figure-4. Percentage of defect algorithm. 
 

Once the defect region identified, the percentage 
of defect area is calculated. This process starts by 
differentiating the selected pixel value in defect region 
with others. Then the desired defect % was gained as 
follow equation 1.  
 

Defect % 



all

d

N

N
x 100     

 

Where a total number of selected pixel value, 
d is divided with the total number of pixel on entire 
input image frame, all before multiply by 100. 
 
RESULTS AND ANALYSIS 

There are several experimental results discussed 
in this topics. In the beginning, calibration test was 
performed in order to ensure the reliability of defect 
percentage result. Then, several type of ultrasonic C-scan 
image is used to determine the defect percentage 
calculation. Finally, the last experimental result to be 
discussed is execution time study during calculating defect 
percentage in a variety of input image. The purpose of this 
study is to know the time range of developed GUI during 
execution. The detail of calibration, defect percentage and 
execution time result are discussed in the following 
section. 
 
a) Calibration result 

Figure-5 below show the calibration result of 
developed GUI using binary block image. The total size of 
this square block image is 79242 bytes (282 x 282 bytes). 
The ratio between black and white for this calibrated input 
image is known as 50%. The percentage of defect result 
for this GUI is reliable since it shows the same result as 
calibrated input image info. 

 

 
 

Figure-5. Calibration results. 
 
b) Defect percentage result 

There is two type of C-scan input image have 
been tested in this experiments which are drilled holes as 
an artificial defect and another one is delamination defect. 
Figure-6 shows a C-scan image of drilled holes FGCL 
panel. The total area of inspected FGCL panel is 16 x 103 
mm2 (200 mm length x 80 mm width) while total drilled 
holes area is 2.29 x 103 mm2 for 9 holes of 6 mm diameter. 
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Base on ideal condition, the total ratio between drilled 
holes and FGCL panel area is 14.31 % while GUI shows 
15.00 %. The different between ideal and actual result is 
0.69 % which is still in acceptable range. 
 

 
 

Figure-6. Drilled hole scanning result. 
 

The following experiment is using the C-scan 
image of FGCL delamination defect. Since calibration test 
and comparison test have been done in the previous 
section, this experiment has no comparison data deal with 
the ideal situation because it almost impossible to perform 
it. Base on Figure-7 below shows the delamination region 
is marked as red in colour. The defect percentage of defect 
calculated by using this GUI is 59.63 %. 
 

 
 

Figure-7. Delamination result. 
 
c) Time study result 
 Figure-7 below shows C-scan input image for 
execution time study. Each test is repeating three times to 
ensure the reliability of execution time study. The defect 
image includes in this study was drilled holes as an 
artificial defect and 2 types of delamination defect.  
 

 
 

Figure-8. C-scan input image for time execution study. 
 
 Base on Table-1, the longest execution time is 
9.21 sec for delamination 1 type of defect while the 
shortest execution time is 6.64 sec for drilled holes defect. 
Thru this result, it's clearly shows that complex image 
required more time to execute. However, the average 
execution time for all test series is below 10 sec which is 
affordable for inspection operation.  
 

Table-1. Defect execution test. 
 

 
 
CONCLUSIONS 

The developed GUI for defect percentage 
calculation of C-scan image is demonstrated using image 
processing approach. The reliability of defect percentage 



                                     VOL. 12, NO. 4, FEBRUARY 2017                                                                                                       ISSN 1819-6608            

ARPN Journal of Engineering and Applied Sciences 
 

©2006-2017 Asian Research Publishing Network (ARPN). All rights reserved.

 
www.arpnjournals.com 

 

 
1358

result is proven according to calibration result where there 
are no different between binary box image information 
with defect percentage calculation result. Besides, the 
different between ideal and actual defect percentage 
calculation as low as 0.69 % is considered insignificant 
and negligible. Moreover, average execution time during 
defect percentage calculation did not affect overall 
inspection operation time since it consumes less than 10 
sec. Hence, the functional of this developed GUI as a cross 
verification tool for quality engineer are suggested.  
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