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Abstract
Gun-related violence in Thailand is in a high rate. Resume reports showed that most of them caused by gun-shooting.

Thus, Firearms and bullets are important evidence in the judicial process to link the events and the perpetrators.
Therefore, the aim of this study was to present the system recognizes the digital image of pistol shell casings by
developing algorithms combined with deep learning. The objectives of this forensic study were to 1) analyze, design,
and develop a Pistol Identification System (PIS) based on breech face marks of cartridge case digital images, and 2)
achieve a guideline or an alternative method for facilitating an expert to investigate firearms linked to the offender. In
this research the PIS that was designed with programming language applied to develop algorithms for identification
of the breech face marks of cartridge case digital images. In addition to that, MATLAB’s tools were applied in the
deep learning process to achieve the final PIS model. The steps of deep learning technique were composed of designing
a training and repeat the experiments over multiple cycles (Epoch) for the purpose of confirming, test and adjust the
proportions of the hidden layers until reaching the ratio of 80:10:10 and accomplishing a satisfied averaged accuracy
rate. The PIS model was subsequently used for comparison and predict the image pair through database management
technology. Materials used in this study were composed of 50,000 images of rear plates of .38 Cartridge case, Camera,
Mobile Phone, Computer, MATLAB language and Microsoft Access software. The findings showed that the PIS
developed is of satisfactory accuracy capable of accurately matching the pairs of images stored in the database and
could also be traced back to the gun used at the scene and gun owners. The results of this study would apply as the
alternative or guideline to PIS and even would help forensic practitioners to cross-checking and investigating firearms
in relation to the offender.
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1. Introduction punishment. Forensic science is therefore useful to

Investigations are carried out until the perpetrators conclude the case based on the evidence correctly.
are arrested and punished in accordance with the legal From the above points. Police Forensic Science Center7
procedure. It is an extremely important task for law (2015) therefore discusses the scope of applying
enforcement. This task requires the knowledge and forensic science in general, such as (1) crime scene
competence of experts in the field of forensic work. The investigations and forensics, (2) fingerprinting,
use of science and technology tools combined with palmprint, footprint, (3) documents such as signatures,
forensics is essential to facilitate the accurate, accurate handwriting, (4) forensic ballistics, (5) forensic
and timely work of experts. It affects the acceptance of chemistry, such as the chemical composition of a
stakeholders. And it can bring the wrong people to variety of substances, (6) forensic physics, such as
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vehicle collision detection, (7) biological trace evidence
such as hair, blood, sperm (8) forensic medicing,
including forensic pathology, forensics, biochemistry,
personal proof, medical imaging.

In Thailand, there is evidence of firearms, with
relevant research such as “Breech Face Digital Images
Recognition System” by developing an algorithm for
identifying the identity of the digital trace image of the
end plate of the shell casing to be used to in-depth the
prediction of the image of the end plate of the shell
casing. The results from the dual image predictions are
quite accurate (Jivorarak, Meethongjan, & Kunides,
2021). “Firearm ldentification System based on Bullet
Image Analysis”. It is a firearms verification system
based on bullet head images. Find attribute values based
on derived lines. To analyze the surface characteristics
of an image in two different ways: two-dimensional
spectrum and GLCM. Then compare the results to find
an appropriate method. The results from the dual image
predictions are quite accurate (Thammavarin, 2013).
fir
characterizing rotation invariant features of cartridge

“Firearm identification based on system
case image” This research proposes a method for
examining firearms based on a limited impulse
response system that shows unchanged properties based
on the rotation of the shell casing image. The vehicle
inspects firearms using Fisher's linear classification
function. The effectiveness of the proposed method can
be demonstrated by the results of experiments with
verification of firearms from sample casings on crimes
committed with firearms (Prasit, 2010). February 22,
2016. The Elite+ (2016) indicates a population ratio of
100,000, the country with the highest gun-related
deaths is the Philippines (7.42). Thailand (4.45) is
higher than the United States (3.85), and the Asian
Correspondent website (2016) recently reported that

Thailand also has a high record of firearms crimes.
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Most motives are identified as "faceless" or "business
conflicts."

How The U.S. Compares With The Highest Rates Of
Violent Gun Deaths In East, Southeast And South Asia

Philippines
Thailand

United States

Pakistan
Timor-Leste
Myanmar

Malaysia

Figure 1. Statistics on firearm deaths in 2016 in Asia
and the United States of America per 100,000
population (NPR, 2016).

According to the study, life-threatening mischief
Property and peace of the people of Thailand Some of
the perpetrators were found to have used firearms in the
attack, as evidenced by statistics from the Royal Thai
Police between 2005 and 2015. The Royal Thai Police
More and more firearms can be arrested. At present,
there is evidence related to cases used in forensic
science, such as firearms information, cartridge cases,
information about gun owners, etc. Forensic
examination of witnesses is generally based on the eyes
and the individual. This leaves them vulnerable to
deviations and impacts the investigative process to find
the culprit. Practical procedures should enable experts
to identify connections automatically. “the system
recognizes the digital image of pistol shell casings by



Auvailable online at https:/1i02 tci-thaijo.org/index.php/ssstj

Suan Sunandha Science and Technology Journal
©2023 Faculty of Science and Technology, Suan Sunandha Rajabhat University

developing algorithms combined with deep learning”.
That could be an option for facilitating specialists.

Table 1. Statistics on firearm arrests 2005 to 2015.

Catch/Case Catch/Person

Year “Firearms  Weapon  Firearms  Weapon of

of war war
2005 17,777 1,242 18,924 1,182
2006 18,701 1,455 19,535 1,411
2007 21,023 1,049 21,846 1,161
2008 22,169 773 23,190 882
2009 25,087 855 25,798 900
2010 21,463 699 22,214 759
2011 23,941 546 25,740 667
2012 28,134 605 30,257 796
2013 34,895 620 37,015 815
2014 35,280 713 37,554 931
2015 31,232 570 33,420 755

Source: National Statistical Office (2016).

2. Research Methodology

In this research, the researchers researched and
compiled academic papers containing the contents of
the pistol verification system from digital trace
photographs of the end of the shell casings to be framed.
Designs and applications in research. consist of
theoretical concepts connected with projectiles. Bullets,
shell casings Traces formed on the end plate of the shell
casing. Bullet Comparison Machine and automatic shell
casings, database theory, digital images, digital image
processing with MATLAB languages, converting
image data in two dimensions, Scrolling of images,
artificial intelligence, machine learning, neural network
with  MATLAB language, deep learning, related
research, and the conceptual framework of research.
Then create a database and store the data, firearm
information, shell casing information, and gun owner
information. Then find the identity of each image using
an algorithm developed using language MATLAB to
pass on to the system for in-depth learning. This
research used 50,000 learning samples, there was a
rotating image, each of which was added to noise, 80%
samples were used in training, 10% in validation and
10% in testing and 50 Hidden had complex calculations
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for highly performing work, image classification. It can
predict visual pairs by providing a higher level of
accuracy, so deep learning algorithms are required to
work.

hidden layer 3

hidden layer 1 hidden layer 2

input layer

Figure 2. Training deep neural networks (Towards
Data Science, 2018).

3. Research Framework

Based on the conceptual framework, it can be
described as Firing pin marks and Breech Marks. It can
be used through an algorithm to determine the
uniqueness of the bullet casing footplate image, which
includes the area of the explosion from the slate needle,
the length of the circumference, the width and length of
the image where the explosion occurred. The widest
length of the image that exploded. The average sum of
RGB colors in the middle, store it in the database, and
then go through an in-depth learning process to get a
model for predicting a pair of images, then goes through
a deep learning process to obtain a model for predicting
an image pair. Incidentally, in this modeling, the
researchers selected the goal is to use the area of the
explosion from the slate needle, and the prediction
through the model uses predictive results
combination with firearm data and firearm owner data
stored in the database to identify the gun registration
used to shoot, which can be linked to the offender. The
tool consists of 50,000 images of the end plate of the
shell casing, camera, Compute, Use MATLAB to
develop the system by connecting to the database

in
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management system. This research was experimental
research.

database
image identity
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Figure 3. Research framework.

4. Research Result

Development The system recognizes the digital
image of pistol shell casings by developing algorithms
combined with deep learning. it uses algorithms to
identify images in combination with deep learning to
predict digital images in a database using database
management technology. These operations may be
broken down into 4 processes. (1) Image DataSet for
Deep Learning (2) Identity from the images (3) Deep

Vol.10,No.2

Learning and Training (4) Use model to predict pairs of
digital images.
4.1 Image DataSet for Deep Learning

The database contains information about firearms,
shell casings and gun owners. When capturing firearm
information, the system verifies if it is a digital image
of the cartridge case. Otherwise, you will be warned
that this is not a digital image, and this research will
include 400 digital cartridge case images.
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Figure 6. The trace on Breech face (Jivorarak,
Meethongjan, & Kunides, 2021).

Figure 4. Record form.

Figure 5. Breech Face Digital Image store in database.

4.2 ldentity from the image

We can retrieve the images from the Breech Face
Digital Image, the casing stored all over the database.
To find out the uniqueness of the images through the
algorithm that sets it up. With a total of 400 frames, and
divide the image density into 5 groups to get a
coefficient to equalize the brightness of each image.
Composed of 1) fewer than 700 pixels, 2) 701 to 1500
pixels, 3) 1501 to 1900 pixels, 4) 1901 to 2700 pixels,
and 5) more than 2701 pixels, then turn at 0, 15, 30, 45
and 60 degrees. Every single degree turn will put types
of Gaussians, Salt & Pepper, and Speckle noise. Every
noise has a density of 4%, 6%, 8%, 10%, 12%, 14% and
16%. This resulted in a total of 50,000 sample images.

Figure 7. The rows of breech face.

Vol.10,No.2

242



Available online at https:/1i02 tci-thaijo.org/index phpsssstj

Suan Sunandha Science and Technology Journal
©2023 Faculty of Science and Technology, Suan Sunandha Rajabhat University

(3) Adjust the image brightness more accurately.

Figure 8. The Breech face after adding noise.
Figure 10. Adjust the images brightness.

Next, bring 50,000 digital images are processed
through algorithms developed with the following (4 Select the outermost circle and resize the
processes: image to 1000*1000.

(1) Eliminate noise.

(2) Adjust the images to be parallel with the

make from explosion to the line of sight.

Figure 9. Adjust the images parallel to the line of sight.

Figure 11. Resize the image to 1000*1000.
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Figure 14. Converts the image to grey scale and
(5) Copy the frame of the circle to the bottom of binary.
the deepest front. (8) Find the edge and cut the edge.to make a
smooth image.

Figure 12: The circle in the breech face part.

(6) Resize image at 600*600 for make horizon
line clearer.

Figure 15. Smooth image.

(9) Select the useful partfor Deep learning
considers from image at the white area.

Figure 13. Resize image to 600*600.

(7) Converts the image to grey scale and next to it
converts to binary.
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Figure 16. White area for use.

Explosion Area

Circumference length (red line)

Area of Bounding Box (Black+White)

Figure 17. Visual identity applied in deep learning
(Jivorarak, Meethongjan, & Kunides, 2021).

The result of identity from the image is the final
result according to Figure 17, which is caused by the
algorithm for finding the identity of the image. The
values are given in Table 2 below.

Table 2. Values brought to training.

ifputs targer
No | i Erimim DA Comes  Cobimim e
xl x3 4

Files name x2 Files name
00100jp2 6177 7944 0100708
00100-00-1500jpg 63915 £1885 2 001000
00100-00-3000jpg 63965 £3003 00100 pe
S 0010000450000 69743 01808 2 38 00100;pe
) pe 70716 92168 69662 3672496156 00100 jpe
7 001000200GS e 63735 £2600 64270.1123138047 0010079
2567 0010002-008Kjpe 62182 §1204 9 G327509640M29 00100 pe
256 00100-02-005Pjpe 63136 70424 636219291345107 00100 1pe
255 00100 e 6423 0413 9126 00100 jpe
25 00100+ 64056 81312 00100.jpg
2565 00100 e Bils3 82194 001909
255 001004 64073 86858 00100 ipg
2560 00100 80140 104000 01905 781943571414797 00100 pg
251 001004 64368 87216 520024184 00100 jpg
2. 001004 69243 0800 1833 00100 jpg
2570 001004 JpE T840 105168 1 00100.pg
2565 00100-02455Ppy 68505 90208 967927 00100 jpe
25 0100-02-60GSpr  TIOT0 84572 90245 00100 pe
271 00100-02-60SK pe 71698 04004 14441 00100 pe
2 00100-02-605Pjp 70851 92730 1339730423617 6 001009
0000 00400-02-60SPpy 85410 108360 IT08TLETISATARY TATSH 00400pe

4.3 Deep Learning and Training

Deep Learning is an automated learning method
with Imitate the function of human neurons by stacking
neural networks in layers and learning sample data,
which will be used to detect patterns or classify the data
(MathWorks, 2022). In this investigation, the data in
Table 2 were extracted by choose all three identities
(Explosion  Area, Bounding Area Box and
Circumference Area), including the explosive zone,
The selected Explosion Area values are inputs (x1),
boundingbox area (x2) and circumference length (x3),
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while target uses explosive area (y), which is unique to
the calculated image, according to Table 2 using
MATLAB tools. In this learning, using data for 40,000
training samples, 5,000 validation samples, 5,000 test
samples and 100 hidden layers, the learning period is
50.28 minutes. The system switches off at 2000 Epoch.
Mean Squares (Training = 10073000.52154, Validation
= 0.00000e-0 and Testing = 97223543.32146e-0)
Regression (Training = 8.32145e-1, Validation =
0.00000e-0 and Testing = 8.12321e-1) Performance =

1.12e+08 Gradient = 7.51e+06. The resulting
recognition accuracy was 95%.
o\ Neua! Fittng (aftool) o
v Train Network
Train the network to fit the inputs and targets,
Tran Network Resits
Choose a g algithee &smples 19 st ar
e O Toiing 40000
@ Vaidation 5000
This algeeithen typicall takes move time, but can resul in geod
eneraiaation for dificul, small o noisy dutasets. Training stops B 1etng 5000

| dccceding to adaptive weight minimazation (reguliczation).
Train using Bayesian Regularzation.
N Tain
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Ny Training multiple times wil generate ifferent results due
to déferent intal condiions and sempling
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Figure 18. Ratio of data for learning (MATLAB tools).

4.4 Use model to predict pairs of digital
images
The formula is as follows:
target = results.net ([inputsl; inputs2; inputs 3])
x1 = inputsl.
X2 = inputs2.
X3 = inputs3.
When input (x 1, X 2, x3) is taken through a model,
the target value results are compared in the
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database. The system will display the results as
shown below.

Clrempi0044s jog

Figure 19. The result of using a model to predict a pair
of images.

5. Discussion

This research is an alternative to facilitating
experts to gather evidence and prove evidence. The
objectives are 1) analyze, design, and develop a Pistol
Identification System based on breech face marks of
cartridge case digital images, and 2) achieve a guideline
or an alternative method for facilitating an expert to
investigate firearms linked to the offender. The research
hypothesis is that digital trace photographs on the end
plate of ammunition casings, firearm data, and data
Firearm owners can link/compare gun identities and can
link to identify firearm owners. By development the
algorithm finds the uniqueness of the bullet casing end
plate image, combined with deep learning. It started by
developing an algorithm from the MATLAB language
to store the end plate of the shell casing, Firearms
information, and firearm owner information, along with
other parts, are stored in the database. Then take 400
bullet casing end plate data to turn at 0, 15, 30, 45 and
60 degrees. Every single degree turn will put types of
Gaussians, Salt & Pepper, and Speckle noise. Every
noise has a density of 4%, 6%, 8%, 10%, 12%, 14% and
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16%. This resulted in a total of 50,000 sample images.
Then take each image to find its identity here, select
Explosive Area, boundingbox area and circumference
length. The target is compared to the same pair to obtain
the gun registration number, which must be related to
the gun owner. The results of the research showed that:
“The system recognizes the digital image of pistol shell
casings by developing algorithms combined with deep
learning” developed with high accuracy of more than
95%. This is consistent with the research hypothesis
that digital trace images on the surface of the end plate
of the shell casing, firearm data, and firearm owner
information. It can be related or compared to the
identification of firearms and can identify firearms
owners. This is because the traces on the end plate of
the climbing shell casing can be used to find the
uniqueness of each image. Here, deep learning
algorithms are used together with database
management technology. In fact, the researchers
studied and collected firearms, casings and related
theories. In addition to the theoretical storage of the data
correctly. As for the development of the system
researcher developed detailed algorithms such as:
while recording the ammunition casing end plate data,
the system locks and warns if the data entered into the
system is not an image of the end plate of the shell
casing. Algorithms in the ldentity From the image
These include: Eliminate Noise, Adjust the images to
be parallel with the make from explosion to the line of
sight, Adjust the image brightness more accurately,
Select the outermost circle and resize the image to
1000*1000, Copy the frame of the circle to the bottom
of the deepest front, Resize image at 600*600 for make
horizon line clearer, Converts the image to grey scale
and next to it converts to binary, Find the edge and cut
the edge, to make a smooth image, and Select the useful
part for Deep learning considers from image at the
white area. These findings are consistent with the
research of Jivorarak, Meethongjan, and Kunides
(2021), was found that the traces on the plates at the end
of the climbing shell casings can be used to find the
uniqueness of each image. This research can be used as
an alternative to proof of firearms. Consistent with
Boonmatham, Kaewkosol, and Thongthae (2016)
mentioned about implementing information systems,
Computer networks, and Internet communication to
provide the opportunity. As a result, the information
system is essential and necessary for the organization's
or other units' functioning. Predicting a pair of images
was presented with many processes and methods which
can be developed by many algorithms of digital images
(Hongboonmee & Jantawong, 2020). Deep learning,
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Wu, Liu, Li, Jin, and Li (2017) is a set of instructions
made for computer learning. set of instructions allows
the machine to process large amounts of data that it
seeks to learn how to replace it efficiently. Beside that
Tongkla (1999) says that “sometimes light conditions
and natural weather are conducive to the photograph
Photography instruction cannot be completely stomped
if there are obstacles such as rain, cloudiness, low light
and too much light. The location and timing of the shoot
are blatantly based on the lighting conditions at
different times of the day”. Recommendations The
relevant sectors should promote and plan. Develop
judicial evidence that complies with international
standards. Acceptance of technology, lessons learned
from successful countries in forensic evidence with
state-of-the-art technology, and knowledge. In addition,
there is currently a shortage of experts in this field, so it
is proposed to develop both research and personnel who
will apply this research in parallel by supporting the
budget to expand the training and research institute for
police forensics. Relevant agencies to cover all areas
with the tools and equipment necessary to prove the
evidence completely.
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