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Abstract: As an inspection method, new technology using p-focused digital radiography is nowadays
mncreasingly used in welding or fabrication industry. Compared to film based radiography, digital image can be
acquired with high time efficiency and less radiation. However, noises can easily occur due to the system
complexity, parameters sensitivity and environmental effect which can ndicate low quality image and can result
in difficulty for interpretation. Therefore, a need of an application tool which can improve, analyze and record
the image is becoming an urgent task. In this research, an interactive and user-friendly application tool was
developed containing important components which can be needed by interpreter or operator to analyze the
defects and to record the results. This tool 13 divided nto three unportant parts, namely: Image Processing
Method (IPM), Image Quality Measurement (IQM) method and Radiographic Inspection Report (RIR). This
application tool was written by using MATLAB’s image processing tool which is further followed by a
compilation process using GUIDE toolbox in MATLAB to build a WINDOWS stand-alone application which
allows to be executed at any computer without the installation of MATLAB.

Key words: Digital radiography, image processing method, unsharpness, sensitivity, modulation transfer

function, peak signal-to-noise ratio, mean squared error, MATLAB GUIL

INTRODUCTION

Welding is a common joining technique used in
industries. In order to produce a sound welding quality
result, several factors must be considered. One of them 1s
the inspection method. Non-Destructive Testing (NDT) is
an applied technology for thus purpose. Other common
purposes using NDT are i.e., to assist in product
development, to screen or sort incoming materials, to
monitor, improve or control manufacturing processes and
to inspect for n-service damage. There are various NDT
methods and radiographic testing s one of the most
commonly used technmiques m welding industries
(Pardikar, 2008). Film has been the primary medium for
capturing, displaying, and storing radiographic images
since the discovery of radiographic technology in 1895.
To obtain an image showing the defects, film processing
15 one of the important steps which mclude development,
fixing, washing and drying. As the last step of the
ingpection process, interpretation is carried out by an
ingpector for the acceptance of the requirement stand.

Digital radiography is progressively replacing
conventional (film-based) radiographic techmque which

promises consistently lugh levels of image quality, more
effective use of radiation and more efficient work practices
through by passing chemical processing and the ability
to digitally transfer and to enhance images. Furthermore,
less radiation can be used to produce an image of
similar contrast to conventional radiography. Digital
radiography 1s a two-dimensional M>N array of gray
levels that cab be in the form of x-ray imaging (Saadi ez al.,
2010). The digital X-ray sensors such as Charge-Coupled
Devices (CCD) and flat-panel detectors (FPD) are used
instead of traditional radiographic film. A comparison
between film-based and digital radiography image
properties 1s summarized m Table 1 (Parks and
Williamson, 2002).

For processing and measuring quality of image, there
are some well established software existing such as Quick
MTF, I See, Imagel and Imatest. However, there is still
found a deficit on a comprehensive analyzing and
reporting tool which 1s particularly tailored to the needs of
modern welding industry. In this investigation, an
application tool for analyzing and reporting of
radiographed image is designed and developed using
MATLAB. Generally, this tool comprises of three main
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Table 1: Comparison of Radiographic Quality between Conventional and Digital X-ray

Conventional X-Ray

Digital ¥-Ray

Contrast is the difference in densities between various areas on
a radiograph; high contrast images have few shades of gray
between black and white while low contrast will demonstrate
more shades of gray

Resolution is the ability to distinguish between small objects
that are close together; measured in line pairs per millimeter

Density is the overall degree of darkening of an exposed film
Sharpness is the ability of a radiograph to define an edge or
display density boundaries

Require higher radiation exposure

Focal 8pot Size of conventional units is greater than 200 microns

Tmage acquired from the film directly without any special image
processing techniques that can enhance overall image

Contrast resohition is the ability to differentiate small differences in density as
displayed on an image

Spatial frequency is to measure of resolution expressed in line pairs per millimeter.
MTF is to measure image fidelity as a function of spatial frequency (How close is
the image to the actual object?)

Brightness is equivalent to density or overall degree of image darkening

Signal to noise ratio-ratio (SNR) between the fraction of the output signal (voltage
or current or charge) that is directly related to the information (signal) and the fraction
of output that does not contain information (noise)

Less radiation exposure can be used to produce an image of similar contrast to
conventional radiography

Focal 8pot 8ize of p-focused digital radiography is smaller than 50 microns which
is enable to achieve the best resolution

Immediate image preview and availability, a wider dynamic range which makes it
more forgiving for over- and under-exposure as well as the ability to apply special
image processing techniques that enhance overall image

()

X-rays

. —

Object

Electrodes

T Lense

Fluorescent screen

Detector

(b)

X-ray source

s o

Fig. 1(a-b): System overview of (a) Image mtensifier and (b) Unsharpness (U) on the detector

components, which are: (1) Image Processing Method
(IPM), (2) Image Quality Measurement Method (IQM) and
(3) Radiographic Inspection Report (RIR). In the first part,
image processing method consists of methods for noise
removal, intensity adjustment and edge detection. Image
quality measurement 1s used to analyze the image quality
based on Modulation Transfer Function (MTF) method,
image sensitivity using 1QT single wire (10 FE EN), image
unsharpness wsing TQT duplex wire (EN 462-5) and
Normalized Signal Noise

Ratio (SNRnorm) using step wedge. Results from
IPM and IQM will be transferred automatically and
displayed on RIR. A proper report can be recorded which
allows easy traceability process for further use.

BASIC PRINCIPLE AND SYSTEM OVERVIEW OF
M-FOCUSED DIGITAL RADIOGRAPHY

In this investigation, image is acquired using NDT
Analyzer Model: m 225D from GE Phoenix X-ray with
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digital image chain for enhanced contrast and superior
resolution. This p-focused digital radiography has 97
triple-, 6” dual- and 6 single-field image intensifier for full
digital 1maging. In this system, radiographs are
acquired using 1000x1000 pixel-CCD camera creating
various 12 bit 1mage formats. Figure 1 shows an
overview of the image intensifier system. The incoming
x-rays are converted into a visible light. A photo
cathode is converting the visible light into electrons,
which 15 then accelerated and focused onto a
fluorescent screen. On this screen, a bright, small and
visible X-ray image appears which 1s then received by
the CCD camera. X-ray tube is wused to control
radiation for high detectability of small details such as
weld defects.

A smaller focus size indicates smaller geometrical
unsharpness to produce sharp image (Nadila et al., 2010).
Fig. 1 and Eq. 1 show relation between focus spot size (),
focus-to-detector  distance (FDD), focus-to-object
distance (FOB) and geometrical unsharpness (17).
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—fxfPD-FOD _, b-a (1
On Fig. 2, the digital radiography and system set-up
used in this investigation are shown.

MATLAB-BASED GUI DEVELOPMENT OF
APPLICATION TOOL

This application tool was designed and developed by
using three main tool boxes in MATLAB which are image

processing toolbox, GUIDE and compiler. Tmage
processing toolbox has a variety of methods that can be
used to enhance the image and the generated codes were
integrated within the GUT to develop a complete function
of components. The developed GUI was compiled using
MATLAB Compiler. The standalone executing process
includes selection of windows standalone application,
adding the m-file to main functions, building the m-file and
packaging the compiled file. Fig. 3 shows a model
development process which describes the development
process of this application tool.

Fig. 2(a-c): (a) u-Focused Digital Radiography, (b) System Set-up and (¢) Radiographed Tmage using Flawed Specimen
using 180 'V, 240 A, FDD = 870 mm and FOD = 270 mm

GUI development

| |

I }

Introduction and
theroetical background

Image processimg method

Image quality
measurement

Reporting

MATLAB compiler
(windows standalone application)

New deployment
project

Fig. 3: Model development process
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Fig. 5: Tmage processing method results (1) Histogram results, (2) View window and (3) Tmage processing method

This application tool consists of three sections
namely: Image Processing Method, Image Quality
Measurement and Radiographic Inspection Report as
shown as main page in Fig. 4.

Tmage processing method (IPM): TPM is divided into
four parts which are noise removal, intensity adjustment,
edge detection and other methods. The main objective
of these methods is to bring out details of image or
toenlarge the contrast in a low contrast image and it can
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be done by modifying the intensity of the pixel of the
input image (Xie ef al., 2009).

The selected methods are based on a MATLAB
image processing tool such as Gaussian, adaptive
filtering, median, etc. It 13 mmportant to choose suitable
image processing method because the requirement of
welding image enhancement 1s to unprove image quality
and vision effect which is the foundation of the following
process and analysis of welding defects (3iaowei ef al.,

2009). Fig. 5 shows the IPM contammng following
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components: (1) Histogram results, (2) View window and
(3) Image processing method Menu.

The principle of enhancement techniques is to
process an image so that the result is more suitable than
the original image for a specific application (Gonzalez and
Woods, 1992). One of the image enhancement methods in
umage processing 1s noise removal which can be
considered as the first step by giving smoothing effects
on the image. There are various techniques for noise
removal that apply filters on neighboring pixels.
Techmques such as average, Weiner mediann and two
dimensional order-statistics filter are types of noise
removal that apply filters on neighboring pixels
(Noor1 ef al., 2011). According to Cai and Lee (2009),
median filter is an alternative approach to remove the
umpulse noise (salt and pepper) which preserves the better
edge by replacing the grey level of each pixel with a
median of the grey levels m a neighborhood of that pixel.
To calculate the median, the pixel values from the
surrounding neighborhood is sorted into a numerical
order and then a consider pixel 1s replaced with the middle
pixel value. An image with M>N size is filtered using 3x3
size of the neighborhood. The median filter 13 represented
using the Eq. 2.

(2)

g '(x,y) = median {g (x,y) igin N(x,y)}

where, N(x,y) 1s the immediate neighbors of pixel (x,y). The
procedure for median filter is summarized in the algorithm
described as below:

Algorithm: Median Filter

Tnput: Image g(,y) of size M=N

Output: Image g’(x,y) of same size, MxN
Forx=1tomdo

Forx=1tomdo

Use N=[3 3], size of neighborhood
g(e,y) = sort Col([il j1],[i1,j][T-1,j+1])

The is a 2D
convolution operator that is used to "blur’ images and

remove detail and noise. The Gaussian filter can be

Gaussian smoothing operator

shaped using structuring element and standard deviation.
Gaussian low pass filter can remove nowse sufficiently well
by using the equation below:

2
= 3

G(x,y)=¢ u? ( )
where, u 1s the standard deviation of the distribution
and it controls the amount of blurring. The distribution is
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assumed that it has a mean of zero which is centered on
the line x = 0. The algorithm of Gaussian filter 1s described
below:

Algorithm: Gaussian Filter

Set [3 3] size of neighborhood and standard deviation, u = 0.8
Apply Gaussian filter to G6oy)

Tt % =0.8, then G’ (x,y) is more blurring

Else, G’(x.¥) is less blurring

Average filter replace the value of center pixel by average

value of mneighbothood pixel The image after
neighborhood smoothing 1s hence:
o hgrnd gy @

where, M 1s the total points of neighborhood pixel and S
is neighborhood of point (x,y). The algorithm of Average
filter is described below:

Algorithim: Average Filter
Tnput: Trnage g(x,y) of size M=
Output: Image g°(x,¥) of same size, MxN
Forx=1 to m do
Fory=1ton do
Use [3 3] size of neighborhood,
Average=sort 1/9([i-1,j-1+[i-1,j]+[i-1,j+1]+
[ -1 L HHL - L AL+
Replace the average value at the center pixel,
2’2, 2)=Average(i,j)

Disk filter or called as circular averaging filter (pillbox)
1s also a method that was used m 1mage processing tool
and gives blurring effect. It 1s defined as in Eq. 5.

h(x,¥)=0 =’ £¥° )R
1/R%) \/xgiyz =R

Here, R is a defocus radius. The image will be
smoothed when the radius is increased. The value of the
radius chosen for this method is 3. The algorithm of
Radius filter is described below:

(5)

Algorithm: Radius Filter
Add the radius of filter to the original image, A(i,j)
Process the image using B(i.j) = imfilter { A(i,j).h, replicate’

Important method that was used to alter the
dark image is Histogram Equalization (HE). The
previous research by Kim (1997) state that HE method
is  widely used for contrast enhancement where
improve the brightness of an image and give effect on the
dynamic range stretclung. HE method usually increases
the global contrast of many images, especially when the
usable data of the image is represented by close contrast
values.
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Through this adjustment, the intensities can be better
distributed on the histogram. This allows for areas of
lower local contrast to gain a higher contrast. HE
accomplishes this by effectively spreading out the most
frequent intensity values. Thus, with the HE method, it
can increase the contrast quality with the result the weld
discontinuties on the film can be seen clearly. The
formula for histogram equalization 1s given as in Eq. 6.

i (6)

n

[~

k
8, =T) = 2p, () =
=L

¥

where 1, 1s mput mtensity, s, 1s processed mtensity, k 1s
the intensity range {(0.0-1.0), n, is the frequency of
intensity j and n is the sum of all frequencies. As aresult,
dynamic range of histogram is stretched evenly flat where
the entire gray levels have uniform probability density.

Image quality measurement method (IQM): The quality of
enhanced image 13 further analyzed mn terms of noises,
sensitivity, unsharpness, Modulation Transfer Function
(MTF) and the ratio of signal to noise. The noise is
measured based on MSE and PSNR, whereby two types
of Tmage Quality Indicator (TQI) are used to evaluate the
sensitivity and unsharpness of the image. The
Modulation Transfer Function (MTF) of a Region of
Interest (ROT) on a Tungsten plate which can produce a
clear distinct edge. The measurement of Signal-to-Noise
Ratio (SNR) is carried out on a step wedge with five (5)
different thicknesses. The following methods for
measuring the image quality are summarized as follow:

Measurement of noise (MSE and PSNR): Besides visual
evaluation by a human interpreter, the performance of
enhanced 1mage can be evaluated quantitatively using
methods such as Mean Square Error (MSE) and Peak
Signal to Noise Ratio (PSNR).The MSE represents the
cumulative squared error between the processed and the
original image, whereas PSNR represents a measure of the
peak error and is measwred in decibels (dB) unit.
Equation 7 and Eq. 8 show MSE and PSNR formula.

MSE:% i[l(x,y)— Iyl (7)

==

where, M and N are the height and width of image,
respectively. I(x,y) is the original image and I"(x,y) is the
processed image.

(8)

2
PSNRlelogm[M

R
SE
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PSNR is the ratio of peak signal power to average
noise power. Equation Eq. 8 shows the PSNR, where
PSNR represents the ratio between a maximum of the
signal (R%) and the Mean Square Error ([I(x,y) and I'(x,v)]).
R’ is a maximum peak-to-peak swing of the signal,
whereby R 13 255 for on 8-bit images. If processes having
a lower MSE and a high PSNR, it is considered better one.

Measurement of sensitivity and image unsharpness
using IQI: IOI 13 used to control the quality of a
radiograph that can help better visualization on the
film. Two common types of IQI are used for assessing
the radiographic quality which is IQI single wire
(10 FE EN) and IQI duple wire (EN462-5). For single wire,
the last visible wire on radiographic image is considered
as the contrast sensitivity of the wire can be calculated
using Eq. 9.

Diameter of thinnest discemible wire
Material thickness

YeSensitivity = x1009% (%)

Tmage unsharpness is one of the image quality
parameters which 1s important in evaluating the system
properties and qualities. Tt can be achieved by taking the
geometric unsharpness divided by the magnification.
Detector unsharpness is determined by the basic spatial
resolution (SR,) which corresponds to the effective pixel
size (Zscherpel et al, 2007). According to standard
comimittees, it was recommended to use the duplex wire
method due to its simplicity (EN 462-5, ISO 19232-5 and
ASTM E 2002) (Ewert et al., 2007). By referring to the IQI
duplex wire table (Table 2), the total unsharpness and SR,
can be determined using Eq. 10.

Total unsharpness (TU)
2

SR, = (10)

Measurement of modulation transfer function (MTF) and
spatial frequency: Modulation Transfer Function (MTF)
of an imaging system 1s a measure of how well sine waves
that describe the transmission of x-rays through an object
are represented truly mn the image. The transmitted x-ray
beam is modulated by the object being inspected and the
imaging system 1s responsible to translate this signal mto
avisible image. The MTF is represented by the curve with
the spatial frequency response and measured n line pairs
per millimeter (Ip/mm) or cycles per millimeter {c mm™")
(Hendee and Ritenour, 2002). In this mvestigation, a
Region of Interest (ROT) on a Tungsten plate which can
provide a clear distinct edge is to be determined for
measuring the MTF. The MTF of an imaging system can
be determined by the Edge Spread Function (ESF) and line
spread function (L.SF). The ESF is differentiated to obtain
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Table 2: TQT single wire table (10 FE EN) with contrast sensitivity calculation and TQI duplex wire table (EN 462-3) with unsharpness and SR,

calculation

Wiy S|
Gl SINGLE WIRE TABLE
Wi WEFEEN WAL FEEN
Wiire Hurehas [4-7) e Humber (842 ‘Wirn Kurnber (1818
WA e | e Dievate o) | | i Marber | W DAamelnr i) | (i Murmbes | W Biamat
Wi E] | i)

(L]
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the I.SF. ESF uses a sharp edge rather than simply a line.
Tt is measured when various influences to the imaging
system are dependent on the area exposed, such as when
the spatial properties of scattered x-radiation are
measured, or for systems that have a large amount of
optical light scatterings, such as fluoroscopy. The ESF
formula is given as:
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MTF is analyzed based on Edge Spread Function
(ESF) and Line Spread Function (I.SF). ESF uses a sharp
edge rather than simply a line. It i1s measured when
various influences to the imaging system are dependent
on the area exposed, such as when the spatial properties
of scattered x-radiation are measured, or for systems that
have a large amount of optical light scattering, such as
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Fig. 6: Modulation transfer function, (1) Objects and (2) Resulting Graph

fluoroscopy. In this research, a thin tungsten plate was
used to produce sharp image. The ESF formula 1s given as
mEq. 11.

ESF(x)=0x,>x= -B
=A B=:Xex,

(1

where, x is the direction perpendicular to the edge, %, is
the location of the edge, -B and B are the left and right
boundaries of the image and A is constant. LSF can be
considered as a line of continuous holes placed very
closer together. Experimentally, the long narrow slit is
located m the center of the lead to get LSF form. The gray
level distribution 18 high m the center lLne after
penetration and it is called L.SF of the imaging system.
Mathematically, the line spread function is the first
derivative of the ESF. LSF 1s given by the Eq. 12.

(12)

LSF(x)= %

High spatial frequency means that more line pairs
(black and white) in one millimeter. The Fourier Transform
(FT) method changes the pixel form to spatial frequency
mn terms of a line pair per millimeter (lp/mm). Inmost cases,
FT is used to convert images from the spatial domain into
the frequency domain and vice-versa. The FT is also
an important image processing tool which 18 used to
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decompose an image into its sine and cosine components.
The output of the transformation represents the image in
the Fourier or frequency domain, while the mput image 1s
the spatial domain equvalent. In the Fourier domain
image, each point represents a particular frequency
contained in the spatial domain image. MTF equation and
algonthm structure 13 given as below and Fig. 6 shows the
MTF interface with resulted graphs.

1o
MTF {fx) = % J' LSF{x)xe 2565 gy
J LSF (x) dx I

=00

(13)

Algorithm: Modulation Transfer Function

(1) Find Region of Tnterest (ROT)

(2) Determine gray scale using Edge Spread Function (ESF)

(3) Find Line Spread Function by differentiating the ESF

() Convert spatial to frequency domain by:

Determnine the length (L) of LSF

Find the sampling rate (SR) in samples per mm by inversely
proportion to isotropic detector pixel spacing [mm] and pixel
subdivision [-]

Detenmine factor FD=L/SR

Generate the frequency axis (FA)

Calculate the firequency F, (F=FA/FD)

Creating Modulation Transfer Function and spatial frequency
Convert the T.SF using Fourier Transtform method

Scaling the MTF axis

Scaling the spatial frequency axis

(6) Fitting the MTF and spatial frequency curve using high degree of
polynomial method
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Fig. 7(a-c): Operation of Application Tool, (a) Image processing method, (b) Image quality measwrement and (c)

Radiographic inspection report

Measurement of normalized signal noise ratio (SNR_,,.):
Signal-to-noise ratio (SNR) is a technical term used in
digital radiography to quantify how much a corruption of
signal caused by noise. The corruption of signal is
focused on the imaging system which is a Charge Couple
Device (CCD) camera. In CCD image sensor, the SNR is
given by the ratio of the light signal to the sum of the
noise sighals and measured in decibels (dB) units. SNR is
given as in Eq. 14.

_ signal, Moy (5, ¥)

ey (5> ¥ )

SNR a4

HO[SEES'

where M. .., (X.y) is mean grey value m local area and
Oy (%) 18 square reot of window variance.
Theoretically, SNR increases with square root of
detector’s pixel area under same radiation quality and
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exposure time (Ewert et al., 2007). The standard pixel area
should be normalized using SNR,,.. to allow comparison
of different detectors. The proposed equivalent square
pixel area is 88.6x88.6 um® and detector’s basic spatial
resolution, SR, is calculated by using equation Eq.10. The
normalized SNR (SNR,...) can be obtained using Eq. 15.

SNR,. =SNR (15)

rosasmed

Experimentally, the normalised SNR 1s measured
using the step wedge method according to EN 14784-1
with constant voltage while current and exposure time are
set to different values. Based on theoretical and
experimental results, the normalised SNR 1s reduced as the
thickness increases. Figure 6 shows the layout of Image
Quality Measurement Method.
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Table 3: Parameters used to capture the radiographed image of flawed specimen

Parameter
Method Voltage (V) Current (A) Exposure time FDD (mm) FOD (mm)
Unsharpness and MTF 110 160 333 847 610
Contrast sensitivity 150 130 100 590 350
Table 4: Results of image quality for five noise removal methods

Noise removal method

Tmage quality methods Original Median Gaussian Average Motion Disk
MSE - 16.8501 13.1209 19.1809 18.68%9 34.4708
PSNR - 35,8988 36.9852 353361 35,4489 32.7903
MTF (Lp/mim) 10 12.1 11.5 11.6 11.2 11.5
Sensitivity (%) 1.6667 1.6667 2.6667 1.6667 1.6667 2.0833
Unsharpness 0.32 0.40 0.40 0.40 0.50 0.50
SRb 0.16 0.20 0.20 0.20 0.25 0.25

Radiographic inspection report (RTR): This section helps
the user to collect all information and save to Portable
Document Format (PDF) file. Some results from IPM and
TOM can be automatically transferred to the RTR section
and can be also fulfiled manually by a
radiographer/interpreter. The information collected and
displayed n RIR 15 experimental results, original umage,
enhanced image and radiographic technique. The four
technicues of radiography namely single wall single image
(SW3I), single wall single image panoramic, double wall
double image (DWDI) and double wall single image
(DWSI) can be selected and noted in the report. These
techniques are usually used for welding process in
welding mdustry.

In this section, the orignal and enhanced 1mages are
displayed side by side to provide transparency in
analyzing the weld defects. All parameters and image
quality results for both images are shown in table form. In
this reporting section, the user is enabled to indicate the
defects by using drawing tool and to measure the defects
with the help of a measurement tools. Figure 10 shows the
drawmg and measurement tool from the reporting’s
toolbar. The mmportance of reporting can be summarized
as follows: (1) Increasing productivity which can lead to
savings in time and costs, (2) Meeting quality assurance
requirements for welding and documentation for all major
codes and standards, (3) Reducing costs with a fast and
easy creation of NDT reports, (4) Saving time with
predefined layouts for radiographic and image processing
techniques and (5) Mimmizing the effort by ensuring
traceability of documentation.

Execution and operation: Once the user executes the tool
package, this application tool 1s ready to be operated.
Fig. 7 shows the operation flow chart starting from
Section 2 (IPM), Section 3 (IQM) and Section 4
(Reporting). In this research, a flawed specimen from
SONASPECTION No.. U-C-15 was captured and
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enhanced using various methods in TPM. Prior to the
calculation of ESF/LSF/MTF, isotropic pixel spacing
based on detector specification of CCD camera and pixel
subdivision which is suggested to be between 0.03-0.15
(Samei et al., 1998) are to be determined.

In this study, flawed specimen which 1s carbon steel
and with thickness of 12 mm was captured using
parameters shown in Table 3. The original image was then
processed using various noise removal methods as
shown in Table 4.

Theoretically, high PSNR and lower MSE will give a
better result. Tt is because the image had less error of
signal after enhancement by using image processing
method. The result of spatial frequency m lp/mm (MTF)
can be obtained by defining a clear distinct edge on the
image such as using Tungsten plate. The spatial
frequency is increased at 20% MTF by using methods of
noise removal in I[PM section. Figure 8 shows the results
of noise measurement and spatial frequency. On the image
i Fig. 9, the 8th wire can be seen clearly and by referring
to the IQI duplex wire table, the total unsharpness was
0.40 mim. By using the Eq. 10, the value of basic spatial
resolution (SR,) 1s displayed. The result of contrast
sensitivity, unsharpness and basic spatial resolution are
shown in Fig. 11.

Based on a result shown in a Table 3, origmal image
and enhanced image of radiographic weld image was
improved in terms of three parameters which are Mean
Square Error, Peak-to-Signal Noise Ratio and Modulation
Transfer Function. The chosen method from image
processing is in category noise removal. Six methods of a
noise removal show smoothing effect and the results
show increasing of MTF compared to original image. The
lower of MSE and the higher of PSNR are considered
better than the original image.

The normalised Signal-to-Noise Ratio (SNR,,..) is
used to determine corruption of signal caused by the
noise which 1s measured using step wedge method. The
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10 mm

Fig. 10: Step wedge with different thickness for normalized signal-to-noise ratio
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Fig. 11: Extracted information from image quality to reporting (1) Extract button and (2) Result after transferring data

SNR,,.. result is obtained used the equation Eq. 14 and All information from image quality measurement is
Eq. 15. Table 5 shows the results of SNR and SNR,,,  transferred automatically to reporting section. The user
measured using step wedge. should fill up the remaming information until a proper
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Fig. 12: Radiographic mspection report
Table 5: Results of SNR and SNR,...

Results

Image Thickness (mm) Exposure time Voltage (V) Current (A) SNR SNRuom
Image 1 5 67 110 190 20.4519 11.3252
Image 2 10 100 140 180 19.0526 10.5504
Image 3 15 200 140 170 5564 2.4649
Image 4 20 333 140 100 6.7594 1.4972
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radiographic inspection report is created, printed and
documented in PDF format (Fig. 11-13).

CONCLUSION

In this study, a MATLAB GUI for image processing
method, image quality and radiographic inspection report
was developed. The process is allowing the user to fill up
the parameter value, displaying the results through the
window and determine a suitable method to improve the
mmage. Each of tool part was tested and the corresponding
results were compared Development of this tool is
attractive because it has a complete step to evaluate the
image and measuring the system qualities and properties.
For further development, this tool will be supported with
comprehensive theoretical background for user to gain
some mformation about welding inspection works. It 1s
well known that the future of radiography will be digital in
welding fabrication industty which behooves mterpreter
or operator to be familiar with the technical principle and
image quality criteria.
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