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ABSTRACT

Neutron radiography (NR) has been applied successfully to investigate different types of building materi-
als, rock samples, sculptures, statues or monuments for since long. The utilization of neutron imaging for
non-invasive investigations of cultural heritage objects is demonstrated on the example of ancient bricks
found in Mahasthangarh and Sonargaon, two key archaeological sites in Bangladesh. The visualization of
the internal structure of different brick samples, by means of Neutron Radiography (NR), has been
experimented using the BTRR research reactor in Bangladesh - the only neutron imaging facility availa-
ble in Bangladesh for R & D purposes. Manufacturing building materials have become a very good
option for business in developing countries like Bangladesh. Among the non-destructive testing (NDT)
techniques, neutron radiography is the most common procedure to identify light and organic materials,
homogeneity, any inclusion or voids or cracks etc. inside the structure. The radiographic images in a dry
condition for individual samples have been investigated. The image analysis was performed using ImageJ
software and texture features were extracted using gray level co-occurrence matrix implemented by
MATLAB for acquiring qualitative and quantitative information from this inspection technique at a high
level of accuracy. The results obtained by neutron imaging provide the statement that the brick sample
from Mahasthangarh is more homogeneous inside.

Keywords: Ancient Brick, Features Extraction, Neutron Radiography, Non-destructive Testing, Research
Reactor.

INTRODUCTION objects represent a very versatile group with respect to
the composition as well as on the questions and topics

Cultural heritage artifacts need to be studied by  they represent and need a special technique to study.
means of non-invasive testing methods due to their
delicacy and uniqueness. For this purpose, different
methods based on the transmission of radiation, such as
neutron, X-ray and gamma imaging are employed and
they have proven to be particularly suitable as they
provide inside information on the structure and
composition of the studied object. The studied objects
most often are composite materials and can consist of a
large variety of different constituents such as metals,
alloys, ceramics, organic (wood (Barman et al., 2021),
textiles etc.) and inorganic materials. Besides further
substances related to aging (e.g. corrosion products),
conservation treatments (e.g. biocides, consolidants
etc.) or storage (e.g. moisture) are added to these
cultural and historic artifacts. Thus, cultural heritage

Neutron and X-ray imaging are two differing but
partially complementary attenuation methods for the
investigation of various cultural and historic artifacts.
While neutrons have high contrast for hydrogen and
thus for organic materials accompanied by good
transmittance for most metals, X-rays show high
contrasts for metals and good transmittance for
materials consisting of light elements. Either technique
can be used depending on the composition of the object
and the question to be studied (Mannes et al., 2015). A
major advantage of neutron imaging over X-rays and
other imaging methods like MRI is the high sensitivity
to hydrogenous materials or some other light elements
and higher penetration depth in metals or ceramics.

141



BARMAN ET AL.: Study of structural characteristics of ancient bricks with neutron radiography

Besides neutron imaging has the distinctive feature of
higher contrast between neighboring elements in the
periodic table or isotopes of the same element. A large
field of applications is utilizing neutron radiation
instead of X-rays or both methods in combination. The
user community of neutron imaging varies from
industrial or materials research, non-destructive testing,
geology, archaeology and fundamental research.
Imaging with neutron radiation is used worldwide in
quality control of explosive devices for mining, defense
and industrial applications, for example, to assess oil
and water flow in sedimentary rock reservoirs,
assessing water damage in aircraft components and the
study of hydrogen embrittlement and cracking in
zirconium-alloys (Garbe et al., 2017).

English physicist James Chadwick discovered the
neutron in 1932. Three years after his discovery,
Hartmut Kallmann and Ernst Kuhn initiated neutron
imaging work (Chadwick, 1932; Kallmann, 1948). At
the end of the Second World War, their work was
stopped and little progress was made from their
discovery. In the mid-1950’s Thewlis utilized a neutron
beam with a flux of between 108 to 10° n/cm?s from
the BEPO reactor at Harwell (Thewlis, 1956), marking
the beginning of the utilization of neutron imaging in
practical applications. Neutron radiography emerges as
non-destructive testing (NDT) technique with the
availability of a higher flux of neutrons from the
research reactor and paves the way for insight into a
number of challenging practical applications. Neutrons
can penetrate high atomic number materials, such as
metals, to observe internal low atomic number
materials. Neutron imaging begins to change from
providing just qualitative insight about an object to a
techniqgue that can also provide quantitative
information about the details within the object with the
improvement of film-based neutron radiography
technique. Development of neutron imaging facilities
and devices continued from the late 1950’s to the
present (Brenizer, 2013).

Neutron radiography is a very efficient method to
enhance investigations in the field of non-destructive
testing. Neutrons have a high sensitivity to hydrous
materials of brick’s components which are highly
visible in the radiographic image compared with other
components. Neutron radiography is based on the
attenuation of a neutron beam by atomic nuclei. A
collimated neutron beam is transmitted through the
sample. Neutrons can either be absorbed or scattered,
or they can pass undisturbed through the sample. The
intensity of the neutron flux after passage through a
sample is detected by a two-dimensional neutron
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sensitive detector screen. Information about the mass
and thickness of neutron-attenuating components, such
as bricks, can be derived by comparing the transmitted
and the unperturbed neutron beam. Digitisation of the
radiographs yields two-dimensional gray value images
with pixel values proportional to the neutron flux
received at the detector screen (Oswald et al., 2008).

The aim of this research is to introduce NR as a
non-destructive examination technique and describe the
NR equipment at BTRR nuclear reactor that was used
for this study. The neutron radiography instrument
significantly enhances the research capabilities of the
Bangladeshi neutron science facilities at BTRR. It
provides university and scientific community-based
users of the BTRR research reactor a powerful tool for
non-destructive real space testing and evaluation, with
properties complementary to x-rays and synchrotron
methods. The instrument can be effectively utilized by
a large area of scientific research from medical
applications, biology and environmental science,
geology and engineering science as well as an
industrial application which are key areas for future
technology and industrial developments in Bangladesh.
Neutron radiography finds applications in various
fields, such as archaeology, biology, aeronautics, car
industry, material studies, etc. The methodology and
the application range of neutron imaging techniques
have been significantly improved at numerous facilities
worldwide in the last decades. We aimed to assess the
capabilities of NR combined with image analysis tools
for studying non-destructively ancient bricks with
particular attention to the quantitative effects of image
texture features extracted by means of gray level co-
occurrence matrix. The texture is a property that
clarifies the structure of an image or is defined as an
organized recurrence of pixels or patterns on the
exterior. It is complex optical patterns that are
collections of pixels, or objects within patterns with the
properties of bright effect, colors, shapes, etc.

MATERIALS AND METHODS
NEUTRON IMAGING FACILITIES

The design goal for a neutron imaging facility is
the bombardment of a specimen with a nearly parallel
and properly collimated neutron beam. The neutron
beams should have a dimension generally a little larger
than the sample and are equally distributed over the
field-of-view (FOV) of the detector with well-defined
energies. The detector is closely placed behind the
sample (Lehmann et al., 2017). The basic experimental
set-up of a neutron imaging facility consists of a
neutron source, a collimator functioning as a beam
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formatting assembly, a detector and the investigated
object, which is placed between the exit of the
collimator and the detector and shielding protection
from the harmful radiation surrounding workplace. A
perfect imaging result is possible only when these
individual components are optimized (Zhang et al.,
2018).

Neutron imaging activities have been progressed in
recent years from a tool for non-destructive testing to
more sophisticated research methods for many kinds of
investigations and applications (Lehmann and Ridikas,
2015). Neutron imaging is based on measuring the
transmitted intensity of neutron beams through an
object, either in two dimensions (radiography) or three
dimensions (tomography). Currently, more than
seventy (70) research facilities perform neutron
imaging in over 41 countries. In addition, several new
facilities, for example, CARR and CSNS in China,
LAHN in Argentina, DINGO at ANSTO in Australia
and ODIN at ESS in Sweden, are under development
(zhang et al., 2018). The total number of neutron
radiography facilities in different research reactors is
depicted in Fig. 1 and Fig. 2 illustrates the geographical
distribution of operational research reactors worldwide
at present.

Most of the neutron imaging facilities are designed
and built in a manner where the beam from an initial
source of fast neutrons is extracted towards the sample
position after moderation and filtration by a collimator
and other beam tuning devices. The transmitted neutron
beam is recorded in a 2D image detector which is
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(https://nucleus.iaea.org/RRDB/Content/Util/NeutronR

positioned just behind the sample before the residual
beam reaches a beam catcher or a dump. Such facilities
are shielded adequately to ensure radiation protection
requirements with a controlled access system
(Lehmann and Ridikas, 2015).

PRINCIPLE OF TRANSMISSION NEUTRON
RADIOGRAPHYTRON IMAGING FACILITIES

Neutron radiography is the projection of the object
in two dimensions. The information is averaged over
the thickness of the object along the beam projection
path. When neutrons encounter a matter, they are partly
absorbed, partly scattered, and partly transmitted.
Neutron intensity follows the exponential attenuation
law of Beer-Lambert. The intensity of the transmitted
beam, | (n/cm®-s), i.e. the number of particles passing
across a unit area in unit time, can be described as
follows:

I = Ioe_z'x

M)

where, 10 (n/cm?-s) is the intensity of the neutron beam
leaving the collimator and penetrating the object, x
(cm) is the total thickness of the object along with the
beam projection and ¥ (cm™) is the neutron linear
attenuation coefficient or the macroscopic cross-
section. For a substance containing more than one
element, the total macroscopic cross-section is
determined by the addition of its constituent elements
(Zhang et al., 2018).
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This technique is based on the absorption and
scattering of a neutron beam as it passes through a
sample. With this technique, the inner macroscopic
structure and material composition of the sample can
be visualised (Orina et al., 2017).

Neutron radiography (NR) has been demonstrated by
several researchers to be one of the NDT methods for
over 40 years. The best image quality NR can be
obtained by using Gd as the neutron converter screen
and X-ray film as the recording medium but high
intensity neutrons are needed due to its slow speed. It
is, therefore, practical to carry out NR with neutron
beam from a research reactor but not from other
neutron sources like neutron generators and Cf-252
(Chankow et al., 2010). Depending on the availability
of the converter materials, film based neutron
radiography experiments are conducted in two ways
namely, direct film method and indirect film method as
shown in Fig. 3. In the direct film method, the film is
placed in close contact with the converter material and
the converter materials do not become radioactive but
do emit radiation promptly after absorption of the
neutrons during experiments. Gadolinium, boron,
lithium and cadmium are used as converter materials in
the direct exposure method. This technique is fast but
prone to background radiation effects.

In the indirect or transfer method, the film is not
placed with the converter material during exposure
rather only the converter is exposed to neutron
radiation. The converter materials become radioactive
after neutron absorption. The film is then placed with
the converter in a separate area and leaves the
converter to decay. Since the film is not exposed to
neutron directly it takes more time than the direct
method. Indium, dysprosium, gold and samarium are
mainly used in the indirect method. This method is
suitable where the background radiation level is very
high since it is less prone to background radiation.

Neutron radiography has the capability to reveal
detailed components that are not visible in an x-ray
image. Neutrons can penetrate many heavy materials
such as titanium and lead. This allows for some unique
applications, which is impossible with X-ray or
Gamma-ray radiography. Thus, neutron radiography
supplies a unique contrast mechanism not found with
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other imaging methods based on electrons, X-rays, or
nuclear magnetic resonance. Elements having adjacent
atomic numbers can have widely different absorptions
of neutrons and it varies from element to element, even
from isotope to isotope. Neutrons also provide high
quality radiographs of highly radioactive components.
The contrast mechanism can be established for a
neutron radiography image by the darker area that
represents the lower attenuation and the lighter area
representing the greater attenuation.  Neutron
radiography images can be produced with contrast set
by different attenuation due to different elements (Luo,
2007).

TEXTURE FEATURE EXTRACTION USING
GLCM

Texture analysis is used in a very broad range of
fields and applications, from texture classification such
as remote sensing, biometric issues, medical images
and pattern recognition for image retrieval. For each of
these image processing operations, it is needful to
extract significant texture features, that can be obtained
by Gray Level Co-occurrence Matrix (GLCM). Gray
level co-occurrence matrix (GLCM) is a popular
texture-based feature extraction method. In image
analysis, texture feature is the result from the observed
groups of the intensity in specific locations statistical
distribution relative to each other from the image. The
GLCM is a matrix of how often times several sets of a
pixel in grey levels exist in an image. GLCM is
computed for a selected pair of distance and angle. For
a specific pair of distance and angle relative
recurrences are computed of that pair of each pixel and
its neighboring as shown in Fig.4 (Alazawi et al.,
2019).

The GLCM determines the textural relationship
between pixels by performing an operation according
to the second-order statistics in the images. Usually,
two pixels are used for this operation. The GLCM
properties of an image are expressed as a matrix with
the same number of rows and columns as the gray
values in the image. The elements of this matrix
depend on the frequency of the two specified pixels.
Both pixel pairs can
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vary depending on their neighborhood. These matrix
elements contain the second-order statistical
probability values depending on the gray value of the
rows and columns (Oztiirk and Akdemir, 2018).
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Fig. 4. Angle relative of interesting pixel and its
neighboring.

SAMPLE COLLECTION AND HISTORIC
IMPORTANCE OF THE SITES

Historical places are very important for any
country to represents its culture, traditions and
religions. It preserves the traditions and cultural
identity of any country with them which can be a great
source of knowledge for future generations (Islam and
Kabir, 2019). Mahasthangarh and its environs are a
potential heritage site and one of the prominent earliest
fort city centers of South Asia that help to understand
chronological history along with the cultural
development of ancient civilizations of Bengal Delta.
The Mahasthangarh is situated at the Shibgonj thana of
Bogura district, the northwestern part of Bangladesh.
Alexander Cunningham was the first European scholar
who brilliantly identified the ruins of Mahasthan as the
capital city of Pundravardhana in 1879 (Khan, 2020).
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The geographical location of the Mahasthangarh is
shown in Fig. 5 (a).
(https://en.banglapedia.org/index.php?title=Mahasthan)

A large number of significant movable and
immovable artifacts have been discovered from the
Mahasthangar. The major findings are Brahmi
inscription dated back 3rd century BCE, Arabic
inscription dated 13th century CE, Aurangzeb’s Sanad
(decree of Muslim ruler) and Parsi inscription dated

1718 CE, which indicate the rich history of
Mahasthangarh. The site’s existing ruins and
archaeological findings (artifacts) elucidate the

transformation of political, social, cultural, economic,
religious, and artistic values from the early historic (4th
century BCE) to the colonial period (19th century CE)
(Khan, 2020).

As the capital of the fifteenth-century Bengal ruler
Isa Khan, and once an important trading and political
center, Sonargaon boasts architecture of the Sultanate,
Mughal, and colonial periods. The Sonargaon historic
city, located near the present-day capital of Dhaka,
Bangladesh, includes several Mughal monuments. Old
Sonargaon can be found near Narayanganj and Dhaka,
cities in Bangladesh, and is considered one of the first
and oldest capitals of Bengal. Sonargaon was known as
“The City of Panam” and was a focal part of the
renowned Deva Dynasty until the thirteenth century
(Sharmin, 2019). The geographical location of the
ancient trade city Sonargaon is given in Fig. 5 (b)
(https://earth.google.com/web/search/Sonargaon/-
@23.6431314,90.6020637,6.85087328a,10647.842304
8d,35y,0h,0t,0r/data=CigiJgokCQTgpEnszdAEUemO-
C_ukDdAGIfmgVVdJgIZAITu4dXtVymIZA).
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Fig. 5. (a) Satellite image of Mahasthangarh (Banglapedia, 2015); (b) Google earth image of Sonargaon and its

surroundings).

Two samples were collected from Mahasthangarh,
Bogra which is an ancient city, discovered in 1931,
dates to at least 3rd century BC (Hossain, 2006) and
the fortified area was in use until the 8th century CE
(Department of Archaeology, Ministry of Cultural
Affairs, 2003) and lies between latitudes 24° 50' N and
25° 0" N and longitudes 89° 15' E and 89° 30' E
(https://en.banglape-
dia.org/index.php?title=Mahasthangarh, Physica-l_Se-
tup). The other two samples were collected from
Sonargaon, Naraynganj, Dhaka which was inaugurated
as capital during the Buddhist reigning period in the
middle of 13th century and lies between 23° 37' 09" N
and 90° 35'59" E
(https://en.banglapedia.org/index.php?title=Mahasthan

(b)

garh,_Physical_Setup). The samples, collected for the
present study are nearly 150 years old.

THERMAL NEUTRON RADIOGRAPHY
FACILITY AT BTRR

Reactors are excellent sources of thermal neutrons.
The neutron radiography for this study were obtained at
the BTRR. BAEC TRIGA Research Reactor (BTRR) is
the only research reactor of the country located in
Savar, at a distance of 40 km from Dhaka and operated
by the Center for Research Reactor, Atomic Energy
Research Establishment (Das et al., 2021ab). The
TRIGA MK-II research reactor is a pool-type; light
water-cooled and zirconium-hydride moderated reactor
as shown in Fig. 6 (a).
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Fig. 6. (a) 3aMW BAEC TRIGA Mark-Il Research Reactor; (b) Different beam port facilities at BTRR; (c) Schematic
diagram of the thermal neutron radiography facility; (d) Biological shielding house of TNRF at BTRR.

Thermal Neutron Radiography Facility (TNRF) has
been installed at the tangential beam port of the 3 MW
BAEC TRIGA Research Reactor (BTRR). The
tangential beam port has been used for neutron
radiography facility because of its less amount of
gamma rays emission compared to other three beam
ports (two Radial Beam Ports and one Radial Piercing
beam port) as shown in Fig. 6 (b) and also because of
sufficient thermal neutron flux. The quality of neutron
radiographs using this facility has been found to be
category-l. The NR facility consists of a Bi-filter, a
cylindrical divergent collimator, a beam stopper, a
sample and camera holder table, a beam catcher and a
semi-building biological shielding house. The full
schematic illustration of these facilities is provided in
Fig. 6 (c). The Fig. 6(d) is depicting the materialistic
structure of biological shielding of the entire neutron
radiography facility.

EXPERIMENTAL SETUP

Loading the Converter Foil and Detector in the
NR Camera. The object being imaged is located in
front of a neutron radiography (NR) camera system
containing a film and metal converter foil. In the NR
camera, gadolinium foil of 25 pm thickness was used
as a converter and Agfa structurix D4 DW industrial X-
ray films were used as a detector in the NR
experiments. During loading the film and converter foil
in the NR camera, the emulsion surface of the film was
kept in contact with the converter foil. The camera was
then closed tightly. All these procedures have been
done in the darkroom.
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Setting the NR camera and sample in the
neutron beam. The experiments were carried out at
the end position of the BTRR tangential beamline using
an NR cassette system with conventional x-ray film as
a recording medium and Gd metal foil as a converter.
The sample and the NR camera were placed on their
respective tables across the neutron beam. To ensure a
stable positioning of the bricks during the radiography
the brick sample was attached to the surface of the NR
camera and fixed with aluminium thread tape.

Irradiation condition. Four types of brick
samples were studied by using thermal neutron beams
from BTRR. To take neutron radiographs samples were
irradiated by opening neutron beam at 2.4 MW reactor
power level. The direct film neutron radiography
method was utilised to capture the inner details of the
samples as shown in Fig. 7 with different exposure
times. After irradiation, the irradiated film is separated
from the NR camera in the darkroom.

Transferring the NR camera. The irradiated film
i.e. NR camera is not allowed to take outside the
reactor hall till the radioactivity drops down to the
permissible level. Then the NR camera was transferred
to a dark room with a polyethylene bag by using a tong
(1 meter long). The darkroom facility has been
prepared for developing neutron radiographs. Each
irradiated film was chemically processed with Kodak
D19 developer powder and Kodak fixer powder to
visualize the sample image.

Strength of the irradiated samples. The radioac-
tivity strength of the sample depends on the intensity of
the neutron beam, compositions, density, thickness and
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neutron cross-section of the sample. The samples were
irradiated with a thermal neutron flux of ~10* n/cm%s.
In most of the cases the radioactivity of the sample
becomes slightly higher than the background level.

Stopper

[

Beam Port

Beam
Catcher

Fig. 7. Experimental setup of direct film NR method.

Ui~

Data processing and evaluation. Evaluation and
visualization of the data sets from 2-D radiographs
were carried out using a Java-based image processing
program named Image] developed at the National
Institutes of Health and the Laboratory for Optical and
Computational Instrumentation
(https://imagej.nih.gov/ij/download.html). Further data
acquisition was performed by using the MATLAB
image processing module.

The developed images were digitised with a digital
camera. The ImageJ software was used to get 8-bit
image from RGB image of a camera. This image
processing technology provides the capability to
acquire, enhance and analyse the images. Different
techniques, such as filtering, edge detection and
pseudo-coloring are applied routinely to improve the
visualization of the radiographic image. Finally,
MATLAB code was run to extract some common
texture features of the images using the concept of gray
level co-occurrence matrix.
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RESULTS AND DISCUSSION

Direct film NR technique had been applied in this
experiment to have the images of the internal structure
of the brick samples and observe their characteristics.
Two brick samples collected from Mahasthangarh are
coded as MB-1 and MB-2 and those collected from
Sonargaon are named as SB-1 and SB-2. The
radiographs had been obtained after optimum exposure
of thermal neutron beam for 3.5 minutes for samples
SB-1, SB-2 and MB-1 and 5 minutes for sample MB-2
(top and lateral view) respectively.

The brick sample MB-1, radiograph, region of
interest (ROI), edges and the corresponding gray values
and surface diagram had been depicted in Fig. 8 and
Fig. 9. In Fig. 8 (c) the ROI was selected in the middle
of the sample to ensure it covered most of the area of
the sample. The original radiograph image was
converted to 8-bit image from RGB image. The
roughness of the surface of the sample MB-1 was
visualized in Fig. 8 (d).

Variations of gray values with pixels positions in
2-D and 3-D were depicted in Fig. 9 (a) and Fig. 9 (b)
respectively. It was clearly observed from these two
figures that the gray values dipped in the middle region
of the sample. This behavior may be attributed to the
internal roughness and some porosities in the middle
region of the sample. The gray values are distributed
from 0 to 255 in Fig. 9 (a) and (b) since these figures
represented the 8-bit image of the sample. 0 means a
dark area while 255 indicates a brighter region.

As we moved from the central region to the edges
the gray values gradually increased. The maximum
gray value was observed as 234.1519 at a pixel position
of 2. The gray gradually decreased as we moved to the
next pixel location. Minimum gray value was found at
pixel location of 133 and the value was 196.2386. The
variation of the gray values in the ROI was 16.19% for
sample MB-1. Fig. 9 (a) only showed the gray value
distribution of ROI while Fig. 9 (b) showed the gray
value distribution of the whole region including the
background. The outer dark area of the central dome in
Fig. 9 (b) represented the background information of
the 8-bit image.
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Fig. 8. (a) Mahasthangarh Brick Sample (MB-1); (b) 2D transmission radiograph of MB-1(307 x 195 pixels; RGB;
234K); (c) ROI of 8-bit image from RGB image of MB-1(8-bit; 58K); (d) Edge detection of MB-1.
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Fig. 9 (a) Gray value distribution of MB-1 at different pixel positions for ROI; (b) 3-D Surface plot of 8-bit image of
MB-1

in two dimensions with pixel locations for ROl was
depicted in Fig. 11 (a) while Fig. 11 (b) showed the
distribution of gray values in 3-D along with the
background.

The top view of brick sample MB-2 and its
radiographs, ROI and edges were illustrated in Fig. 10.
The edges and surface roughness were clearly
visualized in Fig. 10 (d). The gray values distribution
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Fig. 10. (a) Top view of Mahasthangarh Brick Sample (MB-2); (b) RGB radiograph of MB-2 (327 x 260 pixels;
RGB; 332K); (c) ROI as 8-bit image extracted from RGB image of MB-2 (8-bit; 83K); (d) Edge detection of MB-2

(top view).
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Fig. 11. (a) Gray value of MB-2 (top view) for ROI at different pixel positions; (b) Surface plot of 8-bit image of

MB-2 (top view).

The gray values changed throughout the ROI. At
one end of the ROI, the intensity level was slightly
lower than the other extreme end of ROI. No drastic
change was observed in gray values across ROI. But
the gray values were decreasing with increasing pixel
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positions. The highest value of the intensity was found
at 201.1553 at pixel position 21. The lowest value was
observed as 150.2547 at a pixel location of 277. The
variation in gray value was 25.30% for sample MB-2
(top view). It meant there were fewer voids and
porosities in the ROI of the sample since there was no
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drastic dip of intensities in the central region. But large
variation in gray values indicated that there were
erosions and deformations at the edges of the sample.

The lateral view of brick sample MB-2 was shown
in Fig. 12 (a). The radiograph, ROI and edge formation
were depicted in Fig. 12 (a) to (c). The intensity
distribution in 2-D and 3-D format was given in Fig. 13
(@) and (b). From Fig. 14 (a) it was seen that the gray

value distribution curve resembled a parabolic shape.
The maximum gray value was 183.2751 which
occurred at the 37-pixel position and the minimum gray
value was 141.455 at a pixel location of 77. Variation
in gray value intensity was 22.82%. The lateral view of
the MB-2 sample provided a flat curve representing no
layer deformation inside the sample.

Fig. 12. (a) Lateral view of MB-2; (b) Lateral radiograph of MB-2 (126 x 416 pixels; RGB; 205K); (c) ROI of MB-2
(lateral view) (8-bit; 51K); (d) Edge finding of MB-2 (lateral view).
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Fig. 13. (a) Variation of gray value with pixel position for ROl of MB-2 (lateral view); (b) 3-D surface plot of 8-bit

image of MB-2 (lateral view).

The brick sample from Sonargaon (SB-1), a
radiographic image of the sample, ROI of the SB-1 and
edge detection were shown and depicted in Fig. 14. A
shadow dark spot was visible in the ROI of the
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radiograph which implied the porous surface of the
brick sample. Besides the edges were prominent in Fig.
14 (d) which indicated that SB-1 had a very rough and
eroded surface.
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(b)

Fig. 14. (a) Brick sample from Sonargaon (SB-1); (b) Radiograph of SB-1(278 x 306 pixels; RGB; 332K); (c) 8-bit
image and ROI of SB-1 (278x306; 8-bit; 83K); (d) Detection of edge of SB-1.
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Fig. 15. (a) Image intensity at different pixel distances for ROl of SB-1; (b) Gray value distribution in 3-D surface

plot of 8-bit image from SB-1.
curves, it was seen that intensity gradually increased

The intensity variation of the SB-1 sample was from the left side of the graph (Fig. 15 (2)) to the right

depicted in Fig. 15. From these gray value distribution
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side. SB-1 image had a maximum intensity of 206.4726
at pixel position of 255 and minimum intensity of
155.6287 at pixel location of 80. The variation from
maximum to the minimum value of intensity was about

24.63%. The surface plot in Fig. 15 (b) showed a slight
depression in intensity value towards one end of the
intensity profile.

Fig. 16. (a) ) Brick sample from Sonargaon (SB-2); (b) RGB radiograph of SB-2 (319 x 286 pixels; RGB; 356K);
(c) ROI 8-bit image of SB-2 extracted from RGB using ImageJ (89K); (d) Enhancement of edges of SB-2.

The second brick sample from Sonargaon SB-2,
along with its radiographs, ROI and edge profile was
shown in Fig. 16. Some dark spots appeared in the
radiographic image of SB-2. The unsmooth surface of
the sample was clearly visible in Fig. 16 (d). The
variation of gray value or the image intensity with
respect to a pixel location in the image was plotted in
Fig. 17 (@) and a 3-D version of this plot was also
shown in Fig. 17 (b). The intensity profile showed a
zigzag profile with the maximum intensity of 173.8795
at a pixel position of 243 and a minimum gray value
was found 138.6473 at a pixel location of 124. The
percentage of variation in gray value was 20.26%.
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Few dark spots have been appeared in the
radiographs of all the samples, indicating the vacant
place and cracks inside the sample. The radiographic
images had been appeared to be inhomogeneous except
MB-1 where variation in gray value was lowest among
all samples. The dark spots and cracks have been the
indications of voids or free spaces and in-built cracks
inside the sample through which neutron passed and
reached the detector more frequently than other
portions of the sample. These spots might have become
trigger points to break down the sample. These had
been the internal porosities where water is possible to
be trapped and these vacant spaces may allow to grow
different moss or even the roots of trees from the
Moraceae family.
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Fig. 17. (a) Image intensity at different pixel distances for ROI of SB-1; (b) Gray value distribution in 3-D surface

plot of 8-bit image from SB-1.

Gray value comparison curves had been shown in
Fig. 18 where four line graphs of gray values resolution
corresponding to the homogeneity of that individual
samples at dry condition have been depicted using
ImageJ software. Variation in homogeneity or
structural deformation from edge to edge inside the
sample has been implemented through the changes in
Y -axis values for these individual curves. Among these

four curves, the yellow lined curve corresponding to
MB-1 has been seemed to be more consistent showing
very few signs of deformation in homogeneity of
constituent materials inside the sample except the edge
region. Because the corrosion parts of the edge region
are not perfectly cut. The other three curves were also
nearly flat showing very few signs of deformation.
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Fig. 18. Comparison of gray values with pixels among different brick samples for ROI.

Fig. 19 illustrated the histogram plots of all
samples for ROI. Histogram of an image, like other
histograms, also shows frequency. But an image
histogram shows the frequency of pixels intensity
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values. In an image histogram, the x-axis shows the
gray level intensities and the y axis shows the
frequency of these intensities.
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A histogram measures and illustrates the character-
istics of brightness and contrast of a digital image. In
the histogram, the X-axis represents the intensity of a
given pixel, and Y-axis represents the counts, i.e., the
number of the pixels that possess that intensity in the
image. As in 8-bit gray scale images in this study, the
X-axis in a histogram represents the intensity range 0
through 255. Fig. 23 shows the histogram of MB-1.
The neutron images obtained originally from the digital
camera are 24-bit RGB color images, which are also
referred to as a true color images. It is well known that
any color can be represented as a mixture of varying
levels of three primary colors of light, i.e., red, green,
and blue. Thus, the RGB image in which RGB stands
for red, green and blue, respectively is the most
straightforward way to represent color images by using
those three primary colors of light. In a 24-bit RGB
bitmap image, each pixel contains a 24-bit value called
RGB triplet made of three separate 8-bit scales. Each
scale represents the level of its respective color
channel, i.e., red, green or blue. The brightness values
represent levels with a 256-level scale, ranging from 0
(black) to 255 (brightest). Before the intensity analysis
was performed, those RGB neutron images were
transformed into 8-bit gray scale images by using the
default procedure provided by the software Imagel.
Afterwards, those 8-bit gray scale images are processed
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with pseudo-color, which is used to visually amplify
specific intensities that are difficult to distinguish from
their surroundings by rendering those intensity values
in different colors. The process of filtering of pixels is
also used in order to choose and distinguish the pixels
of interest from their surroundings. In the processed
still neutron images, the lower pixel intensity indicates
the lower attenuation of neutrons at that location. For
instance, in an 8-bit gray scale neutron image of the
bricks, the pixel intensity of the area in the edges
always has a lower value than that of the area in the
center of the bricks.

As it can be seen from the graphs that most of the
bars that have high frequency lies in the second half
portion which is the brighter portion. That means that
the images we have got are brighter. And this can be
proved from the image too. Especially in case of MB-1
all the bars lies at the high end of gray values since
MB-1 appeared as more brighter images among all, In
Fig. 19 (e), all bar lies in the slightly lower region of
gray values which indicated that SB-2 is darker image
compared to others. Histograms have many uses in
image processing. We can predict an image by just
looking at its histogram. The histogram is used for
brightness purposes, adjusting the contrast of an image
and to equalize an image and thresholding.
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Fig. 19. Comparison of gray values with pixels among different brick samples for ROI.

Feature extraction plays a vital role in pattern
classification. Gray Level Co-occurrence Matrix
(GLCM) features were determined along 0° for all
radiographs. In this work, 9 (nine) texture features
shown in Table 1 are extracted from the texture feature
sub-space based on GLCM using MATLAB codes. The
contrast is a measure of the spatial frequency of an
image, i.e. pixel intensity and its neighbor over the
image. It also determines the amount of local variations
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present in the image. The contrast is measured by the
difference in the color and brightness of each object
with other objects within the same field of view (Mall
et al., 2019). Variance present in the radiographs is
measured through it. Its value is high in the case of SB-
2 and low for MB-2 (lateral view) has huge variation in
the matrix.
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Table 1. Different texture features extraction for brick sample images

Variables MB-1 MB-2 MB-2 SB-1 SB-2
(Top View) (Lateral View)
Contrast Contrast 0.051506  0.042496 0.040430 0.040955  0.058418
Group Dissimilarity 0.051090  0.042496 0.040430 0.040955  0.058418
Homogeneity 0.974496 0.978752 0.979785 0.979523 0.970791
Orderliness Angular Second 0.556368 0.370108 0.264327 0.384641 0.389248
Group Moment
Maximum Probability ~ 0.717290 0.525594 0.321970 0.531755 0.546675
Entropy 0.394308 0.525271 0.674714 0.503920 0.521027
Energy 0.745901 0.608365 0.514127 0.620194 0.623897
Statistics Group Mean 7.165472 5.945452 5.787373 5.846073 5.163969
Variance 4.098717 5.415515 6.325594 5.123084 3.767700

The dissimilarity feature measures the distance
between pairs of objects in the ROI. It measures the
gray level mean difference in the distribution of the
image. A larger value implies a greater disparity in
intensity values among neighboring pixels (Mall et al.,
2019). There is a similarity between the contrast and
dissimilarity of an image. In all radiographs, values of
contrast and dissimilarity are the same except the MB-1
sample.

The homogeneity is commonly referred to as
inverse different movement. It measures image
homogeneity with larger values for smaller gray tone
differences in pair objects. Homogeneity decreases as
contrast increases with constant energy (Mall et al.,
2019). It is the inverse of contrast weight. Its value
ranges from 0 to 1. Since SB-2 had the highest contrast,
it has the lowest homogeneity and MB-2 (lateral view)
has the highest homogeneity due to its low contrast.
Thus the obtained results conform to the inverse
relation between contrast and homogeneity.

Angular Second Moment (ASM) is also known as
uniformity or square of energy. It is the sum of squares
of entries in the GLCM. Highest ASM was found for
MB-1 and the lowest was recorded for MB-2 (lateral
view). MB-2 (top view) showed the second lowest
value of ASM.

The maximum probability measures the maximum
likelihood of producing the pixels of interest. MB-1 has
a high value of maximum probability and MB-2 (top
view), SB-1 and SB-2 have close values for maximum
probability.
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Entropy shows the amount of information of the
image that is needed for image compression. Entropy
measures the loss of information or message in a
transmitted signal and also measures the image
information (Mohanaiah et al., 2013). Entropy is a
measure of randomness; it also describes the
distribution variance in a region. MB-1 was found to
have the lowest entropy value and MB-2 (lateral view)
had the highest entropy value. Entropy is strongly but
inversely correlated to energy as images with larger
gray levels have high entropy.

The energy feature measures the degree of pixel
pair repetitions. It is the measurement of disorder in
texture in an image. With highly correlated pixels, the
energy value is very large (Mall et al., 2019). A high
value of energy was observed for the MB-1 sample and
a low value was noticed in the case of the MB-2
sample. Its value ranges from 0 to 1.

The sum average feature measures the mean of the
gray level sum distribution of an image. It expresses
the relationship between clear and dense areas in
radiographs. MB-1 showed the highest mean value
while SB-2 had the lowest mean value.

The sum of squares variance measures the
dispersion of the gray level sum distribution of the
image. This heterogeneity is strongly correlated to a
first-order statistical variable, i.e. standard deviation.
As the gray level value differs from its mean value,
there is an increase in the variance of the image (Mall
et al., 2019). The radiograph of SB-2 showed low
variance compared to other radiographs. MB-2 sample
emerged with the highest variance among all
radiographs.
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Fig. 20. Variation of extracted texture features of brick samples.

Fig. 20 showed the variation of nine extracted
texture features of all the brick samples. The contrast
and dissimilarity of all samples are the same and they
overlapped on each other. Mean and variance had
higher values of greater than 1. SB-2 had the lowest
variance whereas MB-2 (lateral view) had the highest
variance.

CONCLUSIONS

The aim of this study is to analyse and process the
obtained images using ImageJ and extract texture
features by GLCM method as well as illustrate the
neutron imaging technique. In this experimental work,
the internal structure of the samples has been studied
by measuring gray value/intensity distribution,
histograms and extracting texture features from the
neutron radiographic images of each sample. Variation
of gray values of the radiographic images of the
samples depicts about uniformity distribution and
indications of internal porosity. The images obtained
here can tell us about the homogeneity, any voids or
cracks etc. The present study has provided some
information about the brick manufacturing quality of
industries during the ancient time of Bangladesh. These
samples are still quite competitive to the samples of the
present time. NR is a Non Destructive testing technique
and perhaps the only alternative to assess these
properties of the samples accurately. This study shows
the capability and ability of neutron radiation imaging
to obtain information about building media and their
structural properties through image processing and
texture analysis methods and will enhance the R & D
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capabilities through future studies at BTRR. In
addition, there will likely be academic interest in the
study of historic artifacts including ancient pottery, or
in rare fossils for instance from various archaeological
sites in Bangladesh.
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