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Abstract

In the mining and tunneling industry, the mean particle size (Dy) of a muck pile after blasting
is a key parameter for evaluating blasting efficiency. Numerous solutions exist for
determining mean particle size by photographing muck piles after blasting using commercial
software such as Split-Desktop and WipFrag, but these incur annual costs of thousands of
US dollars. To address this limitation, the study develops software that analyzes images of
muck piles after blasting, providing Swebrec, Gate-Gaudin-Schumann, and Rosin-Rammler
particle size distribution (PSD) functions and their corresponding mean particle sizes. The
software utilizes open-source resources and integrates the SAM2 artificial intelligence model
to facilitate editing of each rock fragment detected in the image. The software’s mean particle
size results are compared with those from traditional sieving analysis, with differences
ranging from 5% to 7% for image segmentation data. These results demonstrate the
software’s feasibility as a low-cost, reliable alternative to the sieving process.

Keywords: Rock fragmentation; particle size distribution (PSD); Swebrec function; Gate-Gaudin-
Schumann function; Rosin-Rammler function; SAM2; comminution; mean particle size (Dy); blasting.

1. Introduction

In the blasting work, especially in open-pit mines and tunneling excavation,
fragmenting a muck pile after an explosion plays a vital role because it affects transport,
comminution costs, and subsequent processes [1], [2]. In the past, traditional methods
were only direct observation of a muck pile and sieve analysis. Several studies used
traditional sieve analysis, such as the studies of the author D. T. Thang et al. [3]-[6]
figured out relations between various factors on the mean particle size Duw, this was always
a crucial parameter, representing influences of an explosion. Significantly, the study of
the author V. T. Lam et al. [7] contributed a method directly determining Swebrec
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distribution functions based on experimental data from sieve analysis. Along with that, it
did not require prerequisite knowledge for complex machine learning techniques and
statistical theories.

However, when using this traditional method, the accuracy depends on the number
and the size of sieves, it is incompatible with a large product industry since the method
consumes a lot of time, leading to a stagnant process. According to the development of
technology, applying automation in image analysis helps reduce manpower and time, as
well as providing quantitative data for optimizing the blasting process. Using image
processing techniques for rock fragmentation has been widely discussed since the '90s of
the last century [8], [9].

Image processing techniques are usually divided into two big groups. In the first
group, authors use algorithms such as segmentation and edge detection based on
watershed [10]-[12] to analyze photos of muck piles. This approach requires a deep
knowledge of programming and computer vision often preferred by computer scientists.
In the second group, authors use software currently existing in the market, such as Split-
Desktop, Wipfrag, or MetricsManager™ Pro web-based platform [13]-[15] to fragment
muck piles through images, drawing some correction factors for errors because the
software often does not detect fine-grain size in detail. Although commercial softwares
have noticeable performance that can be considered to become an alternative to traditional
sieve analysis, they cost thousands of US dollars per year for use, making them hard to
be approached by developing countries.

Moreover, thanks to the robust development of artificial intelligence in recent years,
one new approach is gradually increasing, which is to combine open-source artificial
intelligence models to analyze a muck pile after blasting such as CNN, ResNet,
U-CARFnet, and SAM [16]-[19], reaching remarkable results without requiring too
deep programming skills, it is likely suitable for earth scientists who have a little
programming knowledge.

In Vietnam, studying and using image processing techniques in rock fragmentation
is not very much, the author H. N. Duc [20] proposed an automatic method for
determining the gradation of stone aggregates. However, the experimental environment
consists of all coarse grains, far apart on a white background with visual boundaries of
rock particles, which are unsuitable for both practice and experiment.
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Hence, this paper studies to establish a new software based on integrating an
artificial intelligence SAM2 of META Al [21] to fragment a muck pile after blasting.
Some photos of muck piles in experimental conditions are then taken and turned into the
input of this software. The outputs are rock particle size distributions according to three
well-known functions, such as Swebrec, Gate-Gaudin-Schumann, and Rosin-Rammler,
with their corresponding mean particle size Dy for each function. Values of Dy, are
calculated by the software with both data from the image segmentation process and data
from the sieving procedure are compared with each other. These results are then
compared to Dy values of traditional sieve analysis, errors fluctuate from 5% to 7% for
image segmentation data, showing the reliability of the software.

2. Experimental study

2.1. Experimental model

The experimental model is set up to capture all the fragments of the specimen after
detonation, ensuring no secondary rock breaking. The experimental model is described in
detail as follows:

The specimens used in experiments have the shape of (15x15x15) cm, which are
made of coral concrete and reach the grade M250 (B20). The aggregate for one cubic
meter is shown in Tab. 1.

Tab. 1. Summary table of aggregate for one cubic meter

Cement | Coral stone | Coral stone .

PCBi0 | (rajom | (p2yem | Comsmd | et | poparion | S
(kg) (m?) (m?)

440 0.5 0.15 0.5 272.8 0.62 6

The specimen is placed on a wooden sheet, covered by half of an empty steel barrel,
which has a diameter of 55 cm. The inner surface of the barrel is arranged to be covered
with a layer of 3 cm-thick foam material to ensure that the flying rocks would not be
secondary broken. A heavy object is placed on the top of the barrel to ensure that the barrel
would not bounce when detonated, causing the fragments to be thrown outside the range of
the barrel. The explosive used in the experiments is the No. 8 electrical fuse, equivalent to
1 g of TNT, placed in the center of the specimen, the blasting machine is MFB-200 from
China. The experimental model is shown in Fig. 1a, and all experimental steps in sequence
in the field are shown in Fig. 1b to 1f.
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Fig. 1. Experimental model (a) and actual photos in the field (b, c, d, e, f, g)

1 - wooden sheet; 2 - barrel wall; 3 - foam material;
4 - heavy object; 5 - specimen; 6 - No. 8 electrical fuse.
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Three typical experiments are carried out, corresponding to three different sunlight
conditions. Taking photos with a digital camera having a resolution of 12 MP, the results
after blasting are shown in Fig. 2.

(b)

Fig. 2. Experiment results.

In Fig. 2, various sunlight conditions correspond to Figs. 2a, 2b, 2c are intense
sunlight, gentle sunlight, and overcast conditions, respectively. The results shown in
Figs. 2a, 2b, 2c indicate that blasting products are clear discrete fragments, with very few
and almost no fragments flying out of the steel barrel coverage, ensuring the collection of
the entire blasting products, and validating the accuracy of the experimental model. A
ruler is placed in the final image to serve as a tool to fine-tune the scale of fragmentation
results in the image processing step.

2.2. Raw experimental data collection

To ensure the accuracy of rock fragmentation by image processing, the paper
collects raw experimental data by the traditional sieving method, as a basis for
comparison with the final results. Blasting products are analyzed by sieves with sizes of
2.5, 5,10, 20, 30, 40, 50, and 60 (mm), respectively, obtaining 9 groups of average particle
size following sieve size. Each group is then weighed, and information is summarized as
a cumulative weight percentage. The data of 3 typical samples is listed in Tab. 2, with the
medium size of the sieve greater than 60 mm varying based on the maximum size of the
particle obtained from the software.

Tab. 2. The table of cumulative weight percentage

Sieve sizes X, mm

No. <25 2.5-5 5-10 10-20 20-30 30-40 40-50 50-60 > 60
1.25 3.75 7.50 15 25 35 45 55 Varies

0.0178 | 0.0325 | 0.0625 | 0.1190 | 0.1887 | 0.3239 | 0.4035 | 0.5654 | 1.0000

0.0236 | 0.0442 | 0.0868 | 0.1585 | 0.2785 | 0.4118 | 0.5946 | 0.7004 | 1.0000

0.0191 | 0.0386 | 0.0796 | 0.1490 | 0.2248 | 0.3200 | 0.5717 | 0.6880 | 1.0000
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3. Building software for rock fragmentation after blasting

Based on the open-source artificial intelligence SAM2 from META Al [21], this
paper builds new software to fragment a muck pile after blasting. The fragments of data
obtained from the software are then turned into the input of the direct analysis method,
which was proposed by V. T. Lam et al. [7], drawing particle size distributions and their
mean particle sizes. The software has the name “Rock Segmentation”, and the general
interface of the software is as follows:

File Tool Help

#eE> FQAEX 1 i s g |No Diameter (cm)
0.584

0.603
0.609
0.614
0.620
0.631
0.660

1
2
3
4
5
6
7
8 0.662
9 0.665
10 0.702
11 0.714
12 0.728
500 13 0.738
14 0.741
15 0.745
16 0.757
17 0.762
18 0.775
19 0.780
20 0.782
21 0.788
22 0.791
23 0.803
24 0.807
25 0.820
26 0.827
27 0.835
28 0.835
29 0.842
30

1250

0.843

neat

21 C
3 h-~-| Auto seqmen(l Sort

4 ———{% calibrating fine | Clear all
5 —{" Pont segmenting

6 —1__Box segmenting | Show results

Operation check list 7

¥ Import a new image?

¥ Import a segmenting model?
- ¥ Make a calibrating line?

1500 2000 2500 v Data of segments?

1500

1750

Fig. 3. The general interface of the Rock Segmentation software.

In Fig. 3, the main interface for using this software consists of an Input tab and an
Output tab. The Input tab includes: {1} is the interactive interface showing the image of
a muck pile and detected fragments, {2} is the table listing data of detected fragments,
{3} is the auto-detect function, {4} is the function of establishing a dimension reference
line (shown in the red dashed line on the ruler), {5} is the function detecting a fragment
as a point of mouse click, {6} is the function detecting a fragment in a selected rectangular
region, {7} is the function displaying results under the graph of particle size distribution
functions according to three functional form such as Swebrec, Gate-Gaudin-Schumann,
and Rosin-Rammler, this function automatically actives the software to switch to the
Output tab.

The software is written entirely in Python 3, combining programming techniques to
make the open-source artificial intelligence model SAM2 work on a personal computer.

128



Journal of Science and Technique - ISSN 1859-0209

To save time in image analysis, the software is built on the Linux-based operating system
Ubuntu 20.04 LTS to maximize the processing power of the Nvidia GTX 1660 Ti
graphics card with the CUDA parallel computing library. The software can fragment a
muck pile after blasting, including the following main functions:

Import data: import a muck pile photo after blasting as the ubiquitous image formats.

Export data: export data into 2 forms. Firstly, the image of a fragmented muck pile
with red boundaries under the ubiquitous image formats. Secondly, a binary file with the
extension *.prs contains data of the original image and its detected fragments.

Display: the software can display the results as an image of a muck pile after blasting,
with each detected fragment clearly observed and information on its average diameter,
combined with interactive and editable abilities. Moreover, the graph of particle size
distribution functions in three forms, such as Swebrec, Gate-Gaudin-Schumann, Rosin-
Rammler, and mean particle sizes, is shown in the Output tab of the software.

Functions: the software utilizes mechanisms of the SAM2 model, such as zero-shot,
point prompt, and box prompt, to automatically produce editable results of each fragment.
Besides, the software can detect fragments in the desired area instead of the entire image,
which has not been available in any previous commercial softwares.

Generally speaking, the software produces the results as an image of a muck pile
after blasting with clearly fragmented fragments. All parameters of the contour and area
of fragments are saved as a file with extension *.prs of the software for later editing and
upgrading of the model, thanks to the upgradable ability of SAM2. The software also
allows reading results of particle size distribution graphs according to 3 famous functional
forms, such as Swebrec, Gate-Gaudin-Schumann, and Rosin-Rammler functions, and
their mean particle size Duw.

4. Methodology determines PSDs and the mean particle size

This paper proposes methodologies for determining particle size distributions in the
form of three well-known distribution functions, such as Swebrec, Gate-Gaudin-
Schumann, and Rosin-Rammler, with data obtained from the aforementioned Rock
Segmentation software.
4.1. Determining the Swebrec particle size distribution function and its mean
particle size Duw

Based on the methodology of the author V. T. Lam et al. [7], this paper also draws
the equation directly determining the particle size distribution in Swebrec form. However,
instead of taking data from the sieving process, this study takes data as fragmented
fragments obtained from the aforementioned Rock Segmentation software.
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The Swebrec function illustrating particle size distribution of a muck pile after
blasting has the form as follows:

1

le{ (e ) ] “’

In(xmax/XSO)

where P is the cumulative distribution of fragment size; x is the diameter of segmented
fragment from Rock Segmentation software; xs, is the median or size of 50% passing
for which P(Xs) = 0.5; Xma IS the largest diameter of fragment size (mm) obtained from
the software.

Employing Eq. (1) for a finite series of fragments obtained from the Rock
Segmentation software, drawing the exponential coefficient b of the Swebrec particle size
distribution as a unique solution of the analytical equation below:

n PX°In(X +&) &X°In(X +¢) o In[(XtE) /(X +2)]
.Z (1+Xi ) Izll (1+X ) S k= IN (X / %0 )

)

where p is cumulative distribution up to i fragment size from the sOftware; Xm, Xso IS

similar to equation (2); b is the exponential coefficient of the Swebrec function; m is the total

fragment size obtained from the software (including size 0); ¢ is an infinitesimal number.
The mean particle size Dy is the mathematical expectation of the particle size x. For

data obtained from the software, Dy, can be calculated under the following equation:

1 g e blIn®(x /% )N (x /X
Dtb:_[xd[P(x)}: j Xpdx = D, = j - (X %) - (X )zdx

] ] 0 [I0° (X /Xe0) +10° (X /X) ]

ter blnb(xmax/xso)lnb‘l(xmax/(xi+g))

= > AX with Ax=x__ /iter 3)
= [Inb (X /X0 )+ 10 (X /(X +3))]
To modify for better results of Dy values calculated from Swebrec PSD and that from
traditional sieve analysis, this paper proposes to use Eg. (3”) instead of Eq. (3) as follows:

ter B IN° (X Xeg ) 1N (X /(% + €))

Dy = 7 AX with Ax=x,, /iter (3”)

= ['n ( max/X58)+|nb(Xmax/(X‘+8))}

where Dy, is the mean particle size (mm); x is particle size (mm); Xmax is the largest particle
size; P(x) is Swebrec PSD function obtained from Eqg. (1); p(x) is probability distribution
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of particle size x, obtained by partial derivative P(x) for x; b is exponential coefficient
of Swebrec PSD; ¢ is an infinitesimal number; iter is iteration number, chosen
iter = 1000000; xss is the median or size of 58% passing for which P(x) = 0.58.
4.2. Determining the Gate-Gaudin-Schumann particle size distribution function and its
mean particle size Dy

The Gate-Gaudin-Schumann function illustrating particle size distribution of a
muck pile after blasting has the form as follows:

(2]
Xmax

where P is the cumulative distribution of fragment size; x is the diameter of a segmented
fragment from Rock Segmentation software; Xmax IS the largest diameter of fragment size
(mm) obtained from the software.

Employing the optimization of a loss function used in the material [7], it is simple
to derive an analytical equation directly calculating the exponential coefficient a of the
Gate-Gaudin-Schumann particle size distribution, which is compatible with the Rock
Segmentation software as follows:

Zmlpiiialn(ii +5)—zm:7iza|n(7i +3):O with X = Xi (5)
i=1 i=1 X

1 max

where P is cumulative distribution up to i fragment size from the software; Xmax is

similar to equation (4); a is the exponential coefficient of the Gate-Gaudin-Schumann
function; m is the total fragment size obtained from the software (including size 0); ¢ is
an infinitesimal number.

D can be calculated by the following equation, using fragment data from the software:

a

Dy = j xd [P(X)] = XTX X dX = XTX xixa—“dx = XTX j:( dx
0 0 0

max 0 max
ax iter aX-a
=% &N —LAX with Ax=x,, /iter (6)
a+l T X

where Dy, is the mean particle size (mm); x is particle size (mm); Xmax is the largest particle
size; P(x) is Gate-Gaudin-Schumann PSD function obtained from Eq. (4);
p(x) is probability distribution of particle size x, obtained by partial derivative P(x) for x;
a is exponential coefficient of Gate-Gaudin-Schumann PSD; ¢ is an infinitesimal number;
iter is iteration number, chosen iter = 1000000.
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4.3. Determining the Rosin-Rammler particle size distribution function and its mean
particle size Dw

The Rosin-Rammler function illustrating particle size distribution of a muck pile
after blasting has the form as follows:

P=1-¢ [Xﬁ“] @)
where P is the cumulative distribution of fragment size; x is the diameter of a segmented
fragment from Rock Segmentation software; Xss is the median or size of 63.2% passing
for which P(xs.) = 0.632.

Similarly, employing the optimization of a loss function used in the material [7], it
is simple to derive an analytical equation directly calculating the exponential coefficient
¢ of Rosin-Rammler particle size distribution, which is compatible with the Rock
Segmentation software as follows:

0 PXIn(X +¢&) & x°|n X+e) &xIn(x+e)
ITUSA RS ! =0 with g — % )
i=1 e’ |Z:1: Izll 4 I Xe3.2

where p is cumulative distribution up to i" fragment size from the software; Xes» is

similar to equation (7); c is the exponential coefficient of the Rosin-Rammler function;
m is the total fragment size obtained from the software (including size 0); ¢ is an
infinitesimal number.

D can be calculated by the following equation, using fragment data from the software:

D, = jxd[ } j'xp dx=D, = Idex:Tde
0

b
i) )
X63,2 b X63, b
e X63.2 € e X63.2
iter b
=3 —bxbi Ax WIth Ax=x__ /iter 9)
— i
= e[xezz X

63.2

where Dy, is the mean particle size (mm); x is particle size (mm); X, is the largest particle

size, reaching infinity for the Rosin-Rammler function, only choose X, = 200 (mm);
P(x) is Rosin-Rammler PSD function obtained from Eq. (7); p(x) is probability
distribution of particle size x, obtained by partial derivative P(x) for x; c is exponential
coefficient of Rosin-Rammler PSD; ¢ is an infinitesimal number; iter is iteration number,
chosen iter = 1000000.
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5. Results and analysis

The Rock Segmentation software exports the results in the form of an image, the
particle size distribution graphs under three forms, such as Swebrec (SS-image), Gate-
Gaudin-Schumann  (GGS-image), Rosin-Rammler (RR-image), and Dw values
corresponding to 3 typical experiments with intense sunlight, gentle sunlight, and overcast
conditions, respectively. Combined with comparisons to values of the sieving process
(SS-sieve, GGS-sieve, and RR-sieve), the final results are shown in Figs. 4-6.

In Figs. 4-6, the lines GGS-image, RR-image, and SS-image are particle size
distribution graphs under the form of Gate-Gaudin-Schumann, Rosin-Rammler, and
Swebrec functions, respectively, following the input data from the Rock Segmentation
software. Meanwhile, the lines GGS-sieve, RR-sieve, and SS-sieve are also particle size
distribution graphs under the form of Gate-Gaudin-Schumann, Rosin-Rammler, and
Swebrec functions, respectively, but following the input data from the sieve analysis. All
the particle size distributions and the mean particle sizes are calculated via Egs. (1)-(9). The
final results are listed in Tabs. 3, 4.

1.0 — Data fromimage analysis -
—— GGS-image, R=0.973, D,,=51.718 (mm)
RR-image, R?=0.991, D;,=51.215 (mm)

-~ SS-image, R?=0.969, D;,=51.906 (mm)

—=— Data from sieve analysis

~— GGS-sieve, R?=0.996, Dy,=52.558 (mm)
RR-sieve, R?=0.985, D,=55.276 (mm)

--- SS-sieve, R?=0.999, D,,=53.581 (mm)
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Fig. 4. The result of the image analysis for experiment No. 1.
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—— Data from image analysis
——- GGS-image, R?=0.988, D,;,=43.541 (mm)
RR-image, R?=0.992, D,,=45.766 (mm)
- SS-image, R?=0.990, D,,=45.420 (mm)
—e— Data from sieve analysis
—— GGS-sieve, R?=0.998, D;,=40.205 (mm)
RR-sieve, R?=0.984, D,,=43.199 (mm)
--- SS-sieve, R?=0.995, Dy, =41.469 (mm)
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o
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Fig. 5. The result of the image analysis for experiment No. 2.
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1.04 —— Data from image analysis
—— GGS-image, R?=0.986, D,,=44.669 (mm)
RR-image, R?=0.995, D,,=45.096 (mm)
0.81 ---- SS-image, R?=0.988, D,,=45.205 (mm)
—s— Data from sieve analysis
—— GGS-sieve, R?2=0.987, Dy, =43.571 (mm)
0.61 RR-sleve, R?=0.983, D,,=44.460 (mm)
---- SS-sieve, R?=0.994, D;,=43.399 (mm)

021

Cumulative particle size distribution, P(x)

001
037575 15 25 35 45 55 83.19
Particle size, x (mm)

(@) (b)

Fig. 6. The result of the image analysis for experiment No. 3.

Tab. 3. Summary table between Dy, values calculated from PSD applying for sieve
and image data, compared to those from traditional sieve analysis

Dy from GGS Dy from RR D from Swebrec
(mm) (mm) (mm) Dy from
STT °R Ss sieve
GGS-image | GGS-sieve | RR-image o O SS-sieve analysis
sieve image
1 51.826 52.614 51.321 55.309 52.014 53.606 54 880
5.56% 4.13% 6.49% 0.78% 5.22% 2.32% '
9 43.563 40.213 45.789 43.200 45,443 41.474 47.181
7.67% 14.77% 2.95% 8.44% 3.68% 12.10% '
3 44.640 43.559 45.067 44.459 45.175 43.394 40,355
9.55% 11.74% 8.69% 9.92% 8.47% 12.08% '
Average 7.60% 10.21% 6.04% 6.38% 5.79% 8.83%

Tab. 4. Summary and comparison table between Dy, values from PSD
applying for sieve data and image data

Dy from Gate-Gaudin-Schumann D¢ from Rosin-Rammler D from Swebrec
No. (mm) (mm) (mm)

GGS-image | GGS-sieve Differ | RR-image | RR-sieve | Differ | SS-image | SS-sieve | Differ
51.826 52.614 150% | 51.321 | 55.309 | 7.21% | 52.014 | 53.606 | 2.97%
43.563 40.213 8.33% | 45.789 | 43.200 | 5.99% | 45.443 | 41.474 | 9.57%
44.640 43.559 2.48% 45.067 44459 | 1.37% | 45.175 | 43.394 | 4.10%

Average 4.10% Average 4.86% Average 5.55%

From Figs. 4-6, and Tabs. 3, 4, it can be seen that all particle size distribution
functions have coefficients of determination R? greater than 0.97, proving that they fit well
with not only the data of sieve analysis, but also the data of image analysis. Tab. 3 shows
that all errors of Dy calculated from PSDs and those from traditional sieve analysis are
smaller than 10%. The results of image analysis from the software with suffixes
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“-image” always have errors smaller than the results of sieve analysis with suffixes
“-sieve”, corresponding to 7.6% and 10.21% for GGS function, 6.04% and 6.38% for RR
function, 5.79% and 8.83% for Swebrec function. These results prove the reliability of the
software when its results are close to traditional sieve analysis.

Quantitatively analyzing Tab. 4 shows that the condition of input images is one of
factors impacting on accuracy of the software. Images with intense sunlight and overcast
conditions have small errors, differences are only about 1% for both GGS and Swebrec
PSDs. For the image with gentle sunlight condition, the errors compared to the two
remaining sunlight conditions are higher for all three PSDs, fluctuating between 5% to 6%.
By directly observing, it can be seen that the color scale of this image is inclined to be
yellowish because of the post-processing procedure by a digital camera, which is the reason
leading to lower accuracy of the software. The shadow due to various sunlight intensities
does not affect segmentation results of the software, because differences between intense
sunlight and overcast condition are only about 1%. Hence, one conclusion can be drawn
that input images for the software should be original format, meaning the raw file according
to photography perspective.

Besides, the results from Tab. 4 also show the flexibility of Egs. (1)-(9) when they
are successfully applied for both sieve data (with a small amount of data, corresponding to
a number of average sieve sizes) and image analysis data (with a large amount of data,
corresponding to all detected segments). Average errors fluctuates from just over 4% to
about 5%, showing the reliability of the results.

6. Conclusion and recommendation

The mean particle size of a muck pile after blasting is a key parameter for evaluating
blasting efficiency. This study developed software integrating the SAM2 artificial
intelligence model to segment muck pile fragments after blasting and calculate mean
particle size values from images. Additionally, each detected fragment can be editable and
stored in a binary file with a specified extension for updatable purposes in the future.
Analysis of the mean particle size Dy from the software shows that results from image
segmentation and those from sieving differ on average by less than 10%. When compared,
average errors range from 4% to 5%.

The software can be considered to replace the manual sieving process, which takes a
lot of time and effort, at least in laboratory conditions with adequate lighting, no dust, and
clear images. This software can also be considered an alternative to commercial software
currently on the market, such as Split-Desktop and Wipfrag, which cost thousands of US
dollars per year to use, not suitable for developing countries.
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Recommendation: While the software has only demonstrated its efficiency under

controlled laboratory conditions, with adequate lighting, no dust, and precisely conducted
sieving, it shows potential for maintaining accuracy in real-world production, provided that
the dataset is expanded. This is also the basis for enhancing the zero-shot function of the
artificial intelligence model in the software. In addition, because the software is built on an
open-source Linux-based operating system, it can be further developed to integrate into
portable camera hardware, which can directly capture images and export results on the field,
helping speed up efficiency and progress construction.
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XAY DUNG PHAN MEM PHAN TICH BPONG BA SAU NO
TRONG PIEU KIEN PHONG THI NGHIEM TiCH HOP
TRI TUE NHAN TAO

Vii Tung Lam®, Vii Manh Tung?, Vi Trong Hiéu!, Nguyén Van Lam®

Wien Ky thudt cong trinh dac biét, Truong Pai hoc Ky thudt Lé Quy Pén

2Truwong Cao dang Canh sat nhan dan 1

3Vién Ky thudt Hdi quan

Tom tit: Trong nganh khai khoang va dao ham, ¢& hat trung binh cua déng d4 sau nd min

1a mot théng s6 tong hop chinh dé danh gia hiéu qua né min. Trén thé gidi, cé nhiéu giai phap

cung cap thong tin vé ¢& hat trung binh bang cach chup hinh anh ddng da sau né min théng qua

céc phan mém thuong mai nhu Split-Desktop va WipFrag, nhung chiing c¢6 chi phi hang nghin

d6 la My mbi nam dé sir dung. Dé giai quyét han ché nay, bai bao xay dung mot phan mém co

chtre nang phan tich anh chup dong da sau nd, dua ra thong tin vé dang ham phan phdi ¢ hat

Swebrec, Gate-Gaudin-Schumann, Rosin-Rammler va ¢ hat trung binh twong trng véi tirng dang.

Phan mém duoc xay dung dya trén ma ngudn ma, tich hop mé hinh tri tué nhan tao SAM2 gitp

chinh stra ting cuc da duoc phét hién trong anh. Cac két qua c& hat trung binh thu dwgc tir phan

mém duoc so sanh vai phan tich sang truyén thong, chénh léch dao dong tir 5% dén 7% ddi voi

riéng dir liéu phan mang hinh anh, cho thay tinh kha thi caa phan mém trong viéc tro thanh mot
giai phép gi ré, dang tin cay, c6 thé thay thé quy trinh sang.

Tir khéa: Mire dg ddp vé dat da; phan phéi céhat (PSD); ham Swebrec; ham Gate-Gaudin-
Schumann; ham Rossin-Rammler; SAM2; dap vun; ¢é hat trung binh; né pha.
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