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Abstract 

This research explores the fusion of computer vision and agricultural quality control. It investi-
gates the efficacy of computer vision algorithms, particularly in image classification and object de-
tection, for non-destructive assessment. These algorithms offer objective, rapid, and error-resistant 
analysis compared to human inspection. 

The study provides an extensive overview of using computer vision to evaluate grain and ferti-
lizer granule quality, highlighting granule size’s significance. It assesses prevailing object detec-
tion methods, outlining their advantages and drawbacks. 

The paper identifies the prevailing trend of framing quality inspection as an image classifica-
tion challenge and suggests future research directions. These involve exploring object detection, 
image segmentation, or hybrid models to enhance fertilizer granule quality assessment.  
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Introduction 

Agriculture plays a vital role in sustaining hu-
man existence by providing the necessary food resources. 
Meeting the increasing global demand for crops has been 
a long-standing challenge, prompting the exploration of 
various methods to enhance agricultural productivity. 
One such approach involves the use of fertilizers, which 
are natural or synthetic substances containing elements 
that promote plant growth and vegetation. Among these, 
mineral fertilizers produced by manufacturing companies, 
comprising elements like sulphur, nitrogen, phosphorus, 
and potassium, have gained significant attention [1]. Fig-
ure 4 shows samples of Diammonium Phosphate (DAP) 
fertilizer (Figures 1 and 2), and NPK(S) 15:15:15(10) 
(Figure 3) mineral fertilizers. The black DAP (Figure 2) 
contains molasses which serves as a color agent. 

To ensure the efficacy of their products, fertilizer 
manufacturers must guarantee that they meet the speci-
fications of their clients. Fertilizer specifications usu-
ally include information about nutrient contents and 
concentrations, chemical composition, moisture con-
tent, particle size distribution, physical condition, sol-
ubility, conditioner, special limitations regarding phy-
totoxic production byproducts or additives, packaging 
details, methods used in quantifying or qualifying the 
properties of the fertilizer, and compensations or re-
bate for deviation from the stated values and condi-
tions [2]. This necessitates the implementation of ef-
fective and efficient quality control processes. The 
physical properties of fertilizer granules, including 
their shape, size, and density, profoundly impact crop 

yield in addition to the chemical composition of the 
granules [3, 4]. While destructive testing methods 
damage the materials being examined, non-destructive 
techniques offer a viable alternative. Non-destructive 
testing involves inspecting materials without extract-
ing samples or causing any harm to them. 

In this regard, computer vision algorithms, specifical-
ly those for image classification [5, 6, 7, 8] and object de-
tection [9, 10, 11, 12], have emerged as powerful tools 
for non-destructive quality control. These algorithms ex-
tract valuable information from images and videos, ena-
bling accurate analysis. Compared to human inspection, 
computer vision algorithms for object detection offer sev-
eral advantages: they provide more objective results, op-
erate at a faster pace, are less prone to errors, and do not 
suffer from fatigue. 

This research aims to provide an overview of the use 
of computer vision in inspecting the quality of various 
grains, quality control for fertilizer granules with a focus 
on granule size, the application of computer vision tech-
niques in assessing the quality of fertilizer granules, as 
well as an exploration of existing object detection tech-
niques, along with their advantages and disadvantages. 

1. Inspection of grain quality using computer vision 

This section focuses on exploring how computer vi-
sion has been used to examine the quality of various grain 
types, including rice, corn, wheat, and lentils. The reason 
for choosing to investigate the application of computer 
vision in grain quality inspection is that grains bear a 
close resemblance to fertilizer granules in their physical 
appearance. 
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Fig.1. Mineral fertilizer granules. DAP 

 
Fig. 2. Mineral fertilizer granules. Black DAP 

 
Fig. 3. Mineral fertilizer granules. NPK(S) 

Before proceeding, it is necessary to define some 
terms, such as image classification, object localization, 
and object detection. Image classification is concerned 
with assigning labels to images, whereby each image can 
have only one label. Object localization involves assign-
ing labels, estimating, and drawing a bounding box 
around a target object in an image. However, object de-
tection focuses on identifying objects of interest in an im-
age and localizing every instance of those objects. While 
object detection usually considers multiple objects of in-
terest, object localization is mostly concerned with only 
one object of interest and treats the other pixels contained 
in the image as background pixels. Essentially, image 
classification answers the question: "What is in this im-
age?" while object detection answers the questions: 
"What is in this image? And where are these objects of 
interest located in the image?" 

1.1. Inspection of the quality of rice grains 

In the realm of rice quality inspection using computer 
vision, a series of studies have made significant contribu-
tions. Liu et al. [13] devised a method to assess the de-

gree of milling by quantitatively measuring surface lipid 
concentration. Wan et al. [14] developed an automatic 
system to classify the quality of rice as sound, immature, 
cracked, dead, chalky, broken, damaged, and off–type 
(different variety of rice), while Lloyd et al. [15] com-
pared the performance of an Artificial Neural Network 
(ANN) based system called GrainCheck with the tradi-
tional shaker table method for separating head rice (un-
broken rice grain or broken grain that is at least three-
fourths of an unbroken grain) from broken rice grains. 
Yadav and Jindal [16] used image analysis to estimate 
head rice yield (HRY), and whiteness of milled rice (also 
known as the degree of milling). 

Lan et al. [17] took on fissure detection using a com-
puter vision system composed of a CCD (Charged-
coupled Device) camera and Image-Pro Plus software. 
Van Dalen [18] introduced an efficient method to deter-
mine size and quantity, saving substantial time compared 
to manual analysis. 

The utilization of counterpropagation artificial neural 
networks was explored by Marini et al. [19] to differenti-
ate rice varieties. Guzman et al. [20] deployed multilayer 
neural networks for grain size and shape identification. 
Color-based algorithms, such as those by Aggarwal [21], 
Shantaiya and Ansari [22], and Tated and Morade [23], 
emerged as effective tools for rice quality assessment. 

Kaur and Singh [24] achieved rice grain classification 
with multi-class SVM. Golpour et al. [25] focused on bulk 
paddy (unprocessed rice with its hull), brown, and white rice 
classification using color features and neural networks. 
Similarly, Azman et al. [26] estimated paddy maturity based 
on RGB (Red, Green, Blue) color features. 

Innovative approaches persisted, such as Anami et 
al.’s [27] HSI (Hyperspectral Imaging)-based classifica-
tion, and Singh and Chaudhury’s [28] comprehensive 
analysis involving back-propagation neural networks. 
The shift towards deep learning was examined by Sun et 
al. [29], comparing traditional techniques with deep 
learning for mold recognition in paddy. 

1.2. Inspection of the quality of corn grains 

Ni et al. [30] designed a system for estimating the size 
of corn grains using machine vision. The performance of 
this system was compared with that of a mechanical sieve 
using a precision round-hole seed sizer, revealing that the 
machine vision system achieved an average accuracy of 
approximately 90 %, while the mechanical sieving meth-
od yielded an accuracy of about 74%. 

In [31], a machine vision system was developed to 
analyze images of corn grains and determine the project-
ed grain surface area of corn damaged either mechanical-
ly or by mold. They achieved 99.5 % accuracy in classify-
ing mechanically damaged grains, and 98.7% accuracy in 
classifying grains with mold and without mold. Steen-
hoek et al. [32] implemented a neural network-based 
computer vision system to classify corn grains as either 
blue-eye mold damaged, germ damaged, or sound. 
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Twelve (12) features extracted through image processing 
were used to classify the grains, and they achieved 89% 
classification accuracy. 

Liu and Paulsen [33] quantitatively determined the 
whiteness values of 63 corn samples with significant var-
iations in color. Xie and Paulsen [34] developed a ma-
chine vision algorithm to recognize and quantify tetrazo-
lium staining in corn. They employed the algorithm to 
predict damage caused by heat to the viability of corn, 
based on the temperature of the drying air and the initial 
corn moisture content. In [35], the authors employed 
convolutional neural networks based on established pre-
trained models such as AlexNet, VGGNet, GoogleNet, 
and ResNet to classify corn seeds as either haploid or dip-
loid. Their results demonstrated that the neural network-
based model significantly outperformed machine learn-
ing-based methods. Velesaca et al. [36] adopted a deep 
learning-based approach to classify corn grains as either 
good, defective, or impure. They utilized the Mask R-
CNN model for image segmentation on the dataset, and a 
custom lightweight neural network to classify the images 
of the corn grains. 

1.3. Inspection of the quality of wheat grains 

Zayas et al. [37] examined wheat grain quality by 
employing a combination of image analysis methods and 
physical measurements of wheat hardness. Physical prop-
erties, such as grain shape and size, were extracted from 
grain images. Pattern recognition methods were used to 
classify six variants of wheat grains and 17 variants of 
soft and hard wheat. 

In [38], neural networks were applied to color and 
texture features of wheat samples for estimating blemish-
es caused by Fusarium scab infection. Luo et al. [39] uti-
lized morphological and color features from wheat grain 
images to categorize grains as healthy or damaged, con-
sidering six damage categories. The k-nearest neighbor 
non-parametric classifier yielded the best results when 
both color and morphological features were utilized in-
stead of solely color features. 

Utku [40] proposed a method to select optimal fea-
tures for distinguishing wheat cultivar images. Ridgway 
et al. [41] employed an optimized adaptive thresholding 
algorithm along with median filtering and erosion to de-
tect insects and contaminants in bulk wheat grain during 
transit. 

Dubey [42] evaluated the potential of identifying var-
ious wheat grain types using grain morphometry and arti-
ficial neural networks. In [43], the authors explored the 
feasibility of hyperspectral imaging (HSI) to classify 
wheat grain varieties as Fusarium-damaged, yellow berry, 
or vitreous. 

Zapotoczny [44] developed a method to classify wheat 
grains utilizing image analysis and 49 texture features. Mul-
tidimensional analysis, involving Bayes classifier, Decision 
Trees, Lazy, Meta, and Discriminatory analyses, was per-
formed to classify various wheat grain types. 

Ebrahimi et al. [45] combined the Imperialist Com-
petitive Algorithm (ICA) and Artificial Neural Networks 
(ANNs) to create a system that identified the best feature 
sets extracted from wheat grain image samples and ro-
bustly classified the grains. 

Jirsa and Polisenska [46] employed image analysis to 
identify Fusarium-damaged wheat grains. A combination 
of features from the RGB (Red, Green, Blue) and HSL 
(Hue-Saturation-Lightness) color models was used for 
classification using linear discriminant analysis. 

Olgun et al. [47] classified wheat grains using Dense 
Scale Invariant Features (DSIFT) and an SVM classifier. 
Sabanci et al. [48] employed artificial neural networks to 
classify wheat grains as either bread or durum wheat 
based on color and texture features extracted from grain 
images. 

1.4. Inspection of the quality of other grains 

In addition to rice, corn, and wheat, the application of 
computer vision and machine learning techniques has ex-
tended to the inspection of the quality of other grains, illus-
trating the versatility of these methods in various contexts. 

For lentils, Shahin et al. conducted studies on the uti-
lization of machine learning for quality assessment [49, 
50]. In the domain of coffee beans, Huang et al. explored 
real-time quality inspection using computer vision tech-
niques [51]. 

The inclusion of oats, barley, and rye into the spec-
trum of inspected grains has also been explored [52, 53, 
54]. The quality inspection of soybeans has garnered at-
tention as well [55, 56, 57, 58]. 

This comprehensive exploration underscores the 
broad spectrum of grains subject to quality assessment 
using advanced technologies, highlighting the potential 
for increased efficiency and precision in grain processing 
and production. 

1.5. Analysis of reviewed literature on inspection of grain 
quality using computer vision 

Table 1 gives an overview of the number of articles 
reviewed. It was observed that most of the authors used 
image processing techniques such as histogram of imag-
es, histogram equalization, image binarization, edge de-
tectors such as canny edge detector and sobel filters to 
mention but a few of the possible image processing tech-
niques. The image processing techniques were mostly 
used to extract color and texture features from images 
which were then used to classify the images based on set 
objectives. 

A variety of classifiers were used by the authors rang-
ing from statistical classifiers, naive Bayes, support vec-
tor machine (SVM), k-nearest neighbour (kNN), back-
propagation neural network (BPNN), deep belief network 
(DBN), artificial neural network (ANN) to convolutional 
neural network (CNN). The following abbreviations are 
used in the tables below: IPT (Image Processing Tech-
niques), Imperialist Competitive Algorithm (ICA), prob-
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ablistic neural network (PNN), multilayer neural network 
(MNN), dense SIFT (Scale-invariant feature transform), 
Statistical Analysis Systems (SAS), SPSS statistical 
software, partial least squares discriminant analysis (PLS-
DA), interval partial least squares discriminant analysis 
(iPLS-DA), Counterpropagation Artificial Neural Net-
work (CP-ANN). 

Tables 2 and 3 provide a summary of the methods 
used. IPT plays two main roles: image preprocessing and 
extraction of features used by classifiers to distinguish re-
spective grains. From the tables, it is clear that most of 

the quality inspection tasks were posed as image classifi-
cation tasks. Table 4 lists some freely available datasets 
of granule-like objects. 

Tab. 1. Overview of articles reviewed  

Grain Type Number of articles reviewed 
 Rice   17  
 Corn   7  
 Wheat   12  
 Others   10  
 Total   46  

Tab. 2. Summary of Quality Inspection Method Used (I) 

Grain type Objective Year Method used 
Rice   Measurement of Rice Degree of Milling [13]  1998  IPT  

 Distinguishing between head rice and broken rice grains [15]  2001  ANN  
 Determination of degree of milling and head rice yield [16]  2001  IPT  
 Classification of the quality of brown rice [14]  2002  IPT + range-selection method imple-

mented as a series of tables  
 Detection of fissures in rice grains [17]  2002  IPT  
 Determination of the size distribution and percentage of broken
rice grains [18]  

2004  IPT  

 Classification of Italian rice varieties [19]  2004  CP-ANN  
 Classification of Philippine rice varieties [20]  2008  IPT + ANN  
 Aspect ratio analysis of rice grains [21]  2010  IPT  
 Classification of rice grains [22]  2012  IPT + Neural network  
 Automatic cleaning of rice [23]  2012  IPT  
 Classification and grading of rice [24]  2013  IPT + Multi-class SVM  
 Classification of rice varieties [25]  2014  IPT + Neural network  
 Estimation of maturity of paddy [26]  2014  IPT + Pearson two-tailed correlation  
 Classification of paddy [27]  2015  IPT + ANN 
 Classification of rice grains [28]  2016  IPT + naive Bayes, SVM, kNN, BPNN  
 Classification of paddy, and recognition of mould colony areas
[29]  

2016  IPT + SVM, BPNN, DBN, CNN  

Corn   Classification of corn grain sizes [30]  1998  IPT + minimum distance clustering clas-
sifier  

 Classification of corn grains with mold and without mold [31]  1998  IPT + Neural network 
 Corn whiteness measurement and classification using machine
vision [33]  

2000  IPT  

 Classification of corn grains damage [32]  2001  IPT + PNN  
 Detection of tetrazolium staining in corn [34]  2001  IPT + discriminant functions  
 Classification of corn grains as haploid or diploid [35]  2019  IPT + CNN  
 Classification of corn grains [36]  2020  Mask R-CNN + CNN  

2. Quality control for fertilizer granules 

Quality control of fertilizer granules relies on as-
sessing both their chemical and physical properties. 
While verifying the chemical composition of fertilizer 
granules presents challenges, evaluating their physical 
attributes offers a more accessible avenue. Factors such 
as caking, free-flowing nature, dustiness, moisture con-
tent, and stickiness can be visually inspected to ascer-
tain granule quality. Favorable physical characteristics 
ensure efficient, uniform, and swift application to agri-
cultural fields [2]. 

In this study, the focal physical attribute under con-
sideration is the granule or particle size. The particle size 
of a fertilizer granule is defined by its diameter range. 
This parameter exerts influence over crop yield, granula-
tion processes, blending efficiency, storage conditions, 
handling practices, and application effectiveness. Main-

taining control over fertilizer granule size facilitates rapid 
disintegration in soil and optimal uptake by crops [2]. 

Traditionally, particle size analysis involves conduct-
ing sieve analysis on a sample using 20 cm diameter 
sieves. The selection of sieves depends on the desired 
granule size range for analysis. These sieves are arranged 
in a stack, with openings progressively enlarging from the 
bottom to the top. The sample material is placed on the 
top sieve, and the sieve stack is positioned on a platform 
capable of controlled shaking. During shaking, each par-
ticle migrates through the sieve openings until it encoun-
ters a sieve where the openings are too small for passage. 
After a defined shaking interval, the material on each 
sieve is individually weighed, enabling the determination 
of particle size distribution within the sample [2]. 

Recognizing the rigorous nature of sieve analysis for 
particle size distribution, the potential exists to develop 
a computer vision algorithm for quicker and more effi-
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cient analysis, bypassing the use of physical sieves. 
Such an algorithm could also be harnessed to identify 
impurities and irregularities within the granules. This 

approach offers an innovative pathway towards enhanc-
ing the accuracy and speed of quality control processes 
for fertilizer granules. 

Tab. 3. Summary of quality inspection method used (II) 

Grain type Objective Year Method used 
Wheat   Classification of wheat grains [37]  1996  IPT + SAS  

 Estimation of Fusarium scab infection in wheat [38]  1998  IPT + BPNN  
 Classification of wheat grains [39]  1999  IPT + SAS  
 Classification of wheat grains [40]  2000  IPT + SPSS  
 Detection of insects and other bio-contaminants in wheat grain [41] 2002  IPT  
 Classification of wheat grains [42]  2006  IPT + ANN  
 Classification of wheat grains [43]  2013  Hyperspectral images + PLS-DA + 

iPLS-DA  
 Classification of wheat grains [44]  2014  IPT + Bayes, Lazy, Meta, Decision 

Trees, Discriminatory analyses  
 Classification of wheat grains [45]  2014  IPT + ICA, ANN  
 Classification of wheat grains [46]  2014  IPT + discriminatory equations  
 Classification of wheat grains [47]  2016  dense SIFT + SVM  
 Classification of wheat grains [48]  2017  IPT + ANN  

Other   Classification of soybean [55]  1988  IPT  
 Classification of soybean [56]  1999  IPT + discriminant function  
 Classification of lentils [49]  2001  IPT + MNN  
 Classification of lentils [50]  2003  IPT + statistical classifier  
 Classification of five grain types (barley, Canada Western Amber
Durum wheat, Canada Western Red Spring wheat, oats, and rye)
[52]  

2003  IPT + Neural network  

 Classification of five grain types (barley, oats, rye, wheat, and du-
rum wheat) [53]  

2003  IPT + BPNN  

 Determination of seed size uniformity of soybean [57]  2006  IPT + ANN 
 Classification of seven grain types (common rice, brown rice,
buckwheat, glutinous rice, rough rice, glutinous barley, and com-
mon barley) [54]  

2011  IPT + BPNN  

 Classification of diseases of soybean [58]  2014  IPT + BPNN  
 Real-time classification of green coffee beans [51]  2019  IPT + CNN  

 

2.1. Static image analysis methods 
 for particle size analysis 

Static image analysis refers to the process of examining 
and evaluating a still or non-moving image to extract infor-
mation, identify patterns, or draw conclusions. According to 
standards set by the ISO (the International Organization for 
Standardization), to perform static analysis of images, the 
settings and calibration of the camera need to be determined 
through a repetitive process to ensure accurate measurement 
of particle size. It is also advisable for the lighting to be con-
sistent across the entire field of vision and specifically engi-
neered to generate high-contrast images [59]. 

According to ISO 13322-1 [59], to carryout image 
analysis, it should be decided if the parameter of interest 
is the number of particles in each size class or the volume 
of particles in each size class. The desired accuracy and 
precision should also be decided before starting the pro-
cedure. The procedure for carrying out static image anal-
ysis is as follows: 

1. The X and Y-axis of the measurement frame of the 
camera should be calibrated using a certified calibra-
tion grid.  
2. Incorporate adequate optical magnification to guar-
antee that the smallest particle intended for measure-

ment occupies a substantial number of pixels, thus 
supporting the required measurement accuracy.  
3. Establish the proper illumination and settings for 
focusing to achieve optimal image contrast and uni-
form illumination during image capture.  
4. Optimize the particle count within the measurement 
frame to minimize instances of particles touching 
each other.  
5. Collect adequate number of images from different 
samples, ensuring they collectively encompass an ap-
propriate total particle count relative to the distribu-
tion type and the width of the particle size distribu-
tion. Additionally, ensure that these images contain a 
statistically significant number of the largest particles 
of the target material.  
The main measurement of the particles is the project-

ed area Ai expressed in pixels, then the longest Feret di-
ameter (xFmax,j) and the shortest Feret diameter (xFmin,j) of 
each particle expressed in pixels. These three values are 
used to estimate the area equivalent diameter xA,j, and the 
shape descriptor i. 

, = 4A i ix A  , (1) 

, ,=i Fmin i Fmax ix x . (2) 
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The Feret diameter is the measurement of the space 
between two parallel tangents on opposite sides of a par-
ticle’s image, whereas the area equivalent diameter is the 
diameter of a circle that possesses the same area as the 
particle’s projected image [59]. 

2.2. Computer vision in quality control  
for fertilizer granules 

The production of mineral fertilizers involves the crea-
tion of numerous granules, each with unique characteristics 
[60]. Ensuring that these granules meet the specified cus-
tomer requirements necessitates consistent quality assess-
ment. Parameters like size, area, and color of the granules 
demand evaluation, while the production process requires 
vigilant monitoring to identify anomalies or foreign matter. 
Various techniques have been employed to gauge the size 
and color of fertilizers, as elaborated below. 

In a study by Yunovidov et al. [60], classical com-
puter vision techniques were harnessed to oversee the 
particle size of fertilizer granules through a robotic sys-
tem. This setup comprised three units: a sampling unit, a 
sample delivery unit, and an analysis unit. The sampling 
unit received granules from the production line, while 
the delivery unit uniformly distributed the granules to 
the analysis unit using vibrations. The analysis unit was 
equipped with a high-speed camera for capturing gran-
ule images, LED (Light-emitting Diodes) lighting for 
consistent illumination, and software for granule size 
and color determination. The method encompassed pre-

processing granule images, contour detection via edge 
detection techniques, and size estimation using ellipses. 
Although granule color was not analyzed in this in-
stance, the authors noted its feasibility. The system’s 
performance was benchmarked against the Camsizer P4 
machine, indicating its potential in granulometric com-
position assessment. 

In a subsequent work [61], the same system as de-
scribed in [60] was enhanced to estimate granule area, 
size, color, and sphericity. The authors introduced soft-
ware features, including adaptive equalization and dis-
tance separation, for image processing. Moreover, they 
devised a data recording system to document quality 
analysis results. This evolved system served as both an 
indicator for control purposes and a repository for crucial 
granule properties. Comparative evaluation with the 
Camsizer P4 machine was also undertaken. 

While existing endeavors primarily leveraged tradi-
tional computer vision techniques to recognize fertilizer 
granules and estimate physical attributes, such as size and 
color, they often overlooked potential anomalies like for-
eign matter. Thus, this study aims to explore deep learn-
ing-based methods for granule and anomaly detection, as 
well as the estimation of granule size and color. The de-
veloped deep learning model will be tailored for opera-
tion on central processing units (CPUs), addressing the 
challenge of efficient functioning typically associated 
with graphical processing units (GPUs) in deep learning 
models. 

Tab. 4. Some available datasets with granule-like objects 

Type of object Size of dataset Application 
Grains consisting of terrigenous, carbonate,
volcaniclastic sand and gravel  

 409 images   Estimating grain size, and classifying grain shape
and population [62]  

X-ray tomography images of battery micro-
and nanostructures  

 Approximately 7000 – 19000 
particles studied  

 Segmentation algorithm to identify particles, and
calculate the particle size distribution [63]  

Rice Image Dataset   75,000 images   Classification of five (5) classes of rice [64]  
Dry Bean Dataset   236 images   Classification of seven (7) classes of dry beans

[65]  
Raisin Dataset   900 images   Classification of two (2) variety of raisins [66]  

 

3. Overview of object detection techniques 

An overview of object detection techniques reveals 
the existence of various computer vision methods for 
detecting objects in images, which can be broadly clas-
sified into traditional computer vision methods and deep 
learning-based methods. When evaluating object detec-
tion algorithms, two key metrics are commonly used: 
accuracy (for both classification and localization) and 
speed [67]. 

Traditional computer vision object detection tech-
niques include the Viola-Jones Detectors [68, 69], Histo-
gram of Oriented Gradients (HOG) feature descriptor 
[70], and Deformable Part-based Model (DPM) [71]. 
These methods rely on handcrafted features for object 
identification and localization such as in document analy-
sis and recognition [72, 73, 74]. 

In contrast, deep learning-based methods for object 
detection can be categorized into two-stage detectors and 
single-stage detectors. Two-stage detectors initially pro-
pose potential regions of interest (RoIs) in the input im-
age using a region proposal network (RPN). The RPN 
generates a set of candidate bounding boxes that may 
contain objects. In the second stage, the proposed RoIs 
are classified and refined. This is accomplished by pass-
ing the RoIs through a separate network, often a Convo-
lutional Neural Network (CNN), which classifies and 
precisely localizes objects within each proposed region. 
On the other hand, single-stage detectors divide the input 
image into a grid of cells and directly predict object 
bounding boxes and class probabilities from each cell. 
Multiple bounding boxes of different sizes and aspect ra-
tios are predicted at each cell to handle objects of various 
scales. Single-stage detectors are known for their real-
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time inference speed and efficiency. Although they are 
generally faster compared to two-stage detectors, they 
may sacrifice some accuracy and localization precision, 
particularly for small or heavily occluded objects [67]. 

Examples of two-stage detectors include the Region-
based Convolutional Neural Network (RCNN) [10], 
Fast RCNN [9], Faster RCNN [75], and Feature Pyra-
mid Networks (FPN) [76]. Some single-stage detectors 
include You Only Look Once (YOLO) [11, 77, 78], 
Single Shot MultiBox Detector (SSD) [79], RetinaNet 
[80], CornerNet [81], and Detection Transformers 
(DETR) [12]. 

Table 5 lists the top five (5) object detection models 
bench marked using the COCO Dataset which is the in-
dustry standard dataset for bench marking object detec-
tion models. 

3.1. Advantages and disadvantages  
of different techniques 

While traditional computer vision object detection al-
gorithms have found applications in areas such as face 
detection and pedestrian detection, deep learning-based 
object detection algorithms have gained popularity and 
consistently outperformed traditional methods due to the 
following reasons: 

1. Improved accuracy: Deep learning algorithms excel 
at learning intricate features and complex patterns 
from large-scale datasets. As a result, they achieve 

higher accuracy in object detection tasks compared to 
traditional computer vision algorithms.  
2. Flexibility and adaptability: Deep learning models 
can handle a wide variety of object classes and adapt 
to different environments without the need for hand-
crafted features or explicit rule-based algorithms. 
They possess the capability to learn and generalize 
from diverse data sources.  
3. Robustness to variations: Deep learning algorithms 
exhibit greater robustness to variations in object ap-
pearance, such as changes in lighting, scale, pose, and 
occlusion. They can learn and represent features at 
multiple levels of abstraction, enabling better general-
ization across different instances of an object.  
4. Scalability: Deep learning-based object detection 
algorithms can efficiently handle large-scale da-
tasets and complex scenes. They are capable of 
processing high-resolution images and detecting 
objects in real-time, making them suitable for vari-
ous applications, including video surveillance, vis-
ual inspection of manufactured products, autono-
mous driving, and robotics.  
While deep learning-based object detection algo-

rithms offer significant advantages, traditional computer 
vision algorithms still have their place in scenarios with 
limited computational resources and where interpretabil-
ity is crucial. Deep learning algorithms are often consid-
ered black-box models. 

Tab. 5. Top five (5) real-time object detection models’ performance on the COCO dataset 

Model Mean average precision (mAP) Image size (pixel) 
YOLOv8 [82]   37.3 – 53.9   640  
YOLOv7 [83]   51.4 – 56.6   640 – 1280  
YOLOv6-v3 [84]   37.5 – 57.2   640 – 1280  
RTMDet [85]   41.0 – 52.8   640  
RT-DETR [86]   46.5 – 54.8   640  

 

4. Research questions 

Upon reviewing existing works related to quality in-
spection of grains and fertilizer granules using computer 
vision, the central challenge in assessing grain quality has 
predominantly been framed as an image classification 
problem. In light of this, it becomes imperative to delve 
into the following inquiries: 

1. Could using state of the art object detection algo-
rithms such as YOLOv8 [82] and YOLOv9 [87] pre-
sent a superior methodology for the inspection of 
grain and fertilizer granule quality?  
2. Might image segmentation algorithms such as 
Mask R-CNN [88], Segment Anything Model (SAM) 
[89], Fast Segment Anything Model [90], or YOLOv8 
[82] offer a more effective approach for inspecting the 
quality of grains and fertilizer granules?  
3. Could a hybrid solution that amalgamates object 
detection and image segmentation emerge as a more 
optimal approach for assessing the quality of grains 
and fertilizer granules?  

Conclusion 

This paper has presented an exploration of existing 
methods involving computer vision for inspecting the 
quality of various grains and fertilizer granules, a detailed 
examination of quality control for fertilizer granules with 
a specific emphasis on granule size, an overview of ob-
ject detection techniques, and a discussion on the ad-
vantages and disadvantages associated with these object 
detection methods. 

Based on the literature reviewed, it becomes evident 
that most of the existing methods frame the quality inspec-
tion challenge as an image classification problem. To fur-
ther advance research in quality inspection using computer 
vision, our future plan involves investigating whether rede-
fining the problem as an object detection task, an image 
segmentation task, or a hybrid solution that combines both 
object detection and image segmentation techniques would 
prove to be a more effective approach for assessing the 
quality of fertilizer granules. In contrast to classical com-
puter vision methods that necessitate manual feature engi-
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neering to differentiate granules from their backgrounds, 
neural networks offer the capability to automatically ex-
tract these distinguishing features. Moreover, neural net-
works exhibit remarkable versatility, enabling them to be 
adapted for a wide array of tasks, ranging from image clas-
sification and object detection to semantic segmentation. 
These attributes make a neural network-based approach the 
preferred choice for addressing the challenge of evaluating 
the quality of fertilizer granules, as it streamlines the fea-
ture extraction process and enhances adaptability to vari-
ous image analysis tasks. 

References 

[1] Hignett TP, ed. Fertilizer manual. Dordrecht: Springer Sci-
ence & Business Media; 1985. ISBN: 978-90-481-8290-9. 

[2] UNIDO and International Fertilizer Development Center, 
eds. Fertilizer manual. 3rd ed. Dordrecht: Kluwer Academ-
ic Publishers; 1998. ISBN: 0-7923-5032-4. 

[3] Laucka A, Adaskeviciute V, Andriukaitis D. Research of 
the equipment self-calibration methods for different shape 
fertilizers particles distribution by size using image pro-
cessing measurement method. Symmetry 2019; 11(7): 838. 
DOI: 10.3390/sym11070838. 

[4] Laucka A, Andriukaitis D, Valinevicius A, Navikas D, Zi-
lys M, Markevicius V, Klimenta D, Sotner R, Jerabek J. 
Method for volume of irregular shape pellets estimation us-
ing 2D imaging measurement. Appl Sci 2020; 10(8): 2650. 
DOI: 10.3390/app10082650. 

[5] Krizhevsky A, Sutskever I, Hinton GE. ImageNet classifi-
cation with deep convolutional neural networks. Commu-
nications of the ACM 2017; 60(6): 84-90. DOI: 
10.1145/3065386. 

[6] Simonyan K, Zisserman A. Very deep convolutional net-
works for large-scale image recognition. arXiv Preprint. 
2015. Source: <https://arxiv.org/abs/1409.1556>. DOI: 
10.48550/arXiv:1409.1556. 

[7] He K, Zhang X, Ren S, Sun J. Deep residual learning for 
image recognition. 2016 IEEE Conf on Computer Vision 
and Pattern Recognition (CVPR) 2016: 770-778. DOI: 
10.1109/CVPR.2016.90. 

[8] Howard AG, Zhu M, Chen B, Kalenichenko D, Wang W, 
Weyand T, Andreetto M, Adam H. MobileNets: Efficient 
convolutional neural networks for mobile vision applica-
tions. arXiv Preprint. 2017. Source: 
<https://arxiv.org/abs/1704.04861>. DOI: 
10.48550/arXiv:1704.04861. 

[9] Girshick R. Fast R-CNN. 2015 IEEE Int Conf on Comput-
er Vision (ICCV) 2015: 1440-1448. DOI: 
10.1109/ICCV.2015.169. 

[10] Girshick R, Donahue J, Darrell T, Malik J. Region-based 
convolutional networks for accurate object detection and 
segmentation. IEEE Trans Pattern Anal Mach Intell 2016; 
38(1): 142-158. DOI: 10.1109/TPAMI.2015.2437384. 

[11] Redmon J, Divvala S, Girshick R, Farhadi A. You only 
look once: Unified, real-time object detection. In 2016 
IEEE Conf on Computer Vision and Pattern Recognition 
(CVPR) 2016: 779-788. DOI: 10.1109/CVPR.2016.91. 

[12] Carion N, Massa F, Synnaeve G, Usunier N, Kirillov A, 
Zagoruyko S. End-to-end object detection with transform-
ers. In Book: Vedaldi A, Bischof H, Brox T, Frahm JM, 
eds. Computer Vision – ECCV 2020. 16th European Con-
ference, Glasgow, UK, August 23–28, 2020, Proceedings, 
Part I. Cham: Springer International Publishing; 2020: 
213-229. DOI: 10.1007/978-3-030-58452-8_13. 

[13] Liu W, Tao Y, Siebenmorgen TJ, Chen H. Digital image 
analysis method for rapid measurement of rice degree of 
milling. Cereal Chem 1998; 75(3): 380-385. DOI: 
10.1094/CCHEM.1998.75.3.380. 

[14] Wan YN, Lin CM, Chiou JF. Rice quality classification us-
ing an automatic grain quality inspection system. Trans 
ASAE 2002; 45(2): 379-387. DOI: 10.13031/2013.8509. 

[15] Lloyd BJ, Cnossen AG, Siebenmorgen TJ. Evaluation of 
two methods for separating head rice from brokens for 
head rice yield determination. Appl Eng Agric 2001; 17(5): 
643-648. DOI: 10.13031/2013.6902. 

[16] Yadav BK, Jindal VK. Monitoring milling quality of rice 
by image analysis. Comput Electron Agr 2001; 33(1): 19-
33. DOI: 10.1016/S0168-1699(01)00169-7. 

[17] Lan Y, Fang Q, Kocher MF, Hanna MA. Detection of fis-
sures in rice grains using imaging enhancement. Int J Food 
Prop 2002; 5(1): 205-215. DOI: 10.1081/JFP-120015602. 

[18] Van Dalen G. Determination of the size distribution and 
percentage of broken kernels of rice using flatbed scanning 
and image analysis. Food Res Int 2004; 37(1): 51-58. DOI: 
10.1016/j.foodres.2003.09.001. 

[19] Marini F, Zupan J, Magrì AL. On the use of counterpropa-
gation artificial neural networks to characterize Italian rice 
varieties. Anal Chim Acta 2004; 510(2): 231-240. DOI: 
10.1016/j.aca.2004.01.009. 

[20] Guzman JD, Peralta E, Nagatsuka T, Ninomiya S. Classifi-
cation of Philippine rice grains using machine vision and 
artificial neural networks. World Conference on Agricul-
tural Information and IT (IAALD AFITA WCCA2008) 
2008: 41-48. 

[21] Aggarwal AK, Mohan R. Aspect ratio analysis using im-
age processing for rice grain quality. Int J Food Eng 2010; 
6(5): 8. DOI: 10.2202/1556-3758.1788. 

[22] Shantaiya S, Ansari U. Identification of food grains and its 
quality using pattern classification. Int J Comput Commun 
Technol 2012; 3(1): 15-19. DOI: 
10.47893/IJCCT.2012.1107. 

[23] Tated K, Morade S. Application of image processing for 
automatic cleaning of rice. Proc 1st Int Conf on Recent 
Trends in Engineering & Technology 2012; 215-217. 

[24] Kaur H, Singh B. Classification and grading rice using 
multi-class SVM. International Journal of Scientific and 
Research Publications 2013; 3(4): 1-5. Source: 
<https://www.ijsrp.org/research-paper-0413/ijsrp-
p16112.pdf>. 

[25] Golpour I, Parian JA, Chayjan RA. Identification and clas-
sification of bulk paddy, brown, and white rice cultivars 
with colour features extraction using image analysis and 
neural network. Czech J Food Sci 2014; 32(3): 280-287. 
DOI: 10.17221/238/2013-CJFS. 

[26] Azman N, Khairunniza-Bejo S, Ismail WIW, Wayayok A. 
Estimating maturity of paddy using RGB colour space. J 
Adv Agr Technol 2014; 1(2): 119-124. DOI: 
10.12720/joaat.1.2.119-124. 

[27] Anami BS, Naveen NM, Hanamaratti NG. Behavior of 
HSI color co-occurrence features in variety recognition 
from bulk paddy grain image samples. IJIGSP 2015; 8(4): 
19-30. DOI: 10.14257/ijsip.2015.8.4.02. 

[28] Singh KR, Chaudhury S. Efficient technique for rice grain 
classification using back-propagation neural network and 
wavelet decomposition. IET Comput Vis 2016; 10(8): 780-
787. DOI: 10.1049/iet-cvi.2015.0486. 

[29] Sun K, Wang Z, Tu K, Wang S, Pan L. Recognition of mould 
colony on unhulled paddy based on computer vision using 
conventional machine-learning and deep learning techniques. 
Sci Rep 2016; 6(1): 37994. DOI: 10.1038/srep37994. 



https://www.computeroptics.ru journal@computeroptics.ru 

92 Computer Optics, 2025, Vol. 49(1) DOI: 10.18287/2412-6179-CO-1458 

[30] Ni B, Paulsen MR, Reid JF. Size grading of corn kernels 
with machine vision. Appl Eng Agr 1998; 14(5): 567-571. 
DOI: 10.13031/2013.19408. 

[31] Ng HF, Wilcke WF, Morey RV, Lang JP. Machine vision 
evaluation of corn kernel mechanical and mold damage. 
Trans ASAE 1998; 41(2): 415-420. DOI: 
10.13031/2013.17166. 

[32] Steenhoek LW, Misra MK, Hurburgh Jr. CR, Bern CJ. Im-
plementing a computer vision system for corn kernel dam-
age evaluation. Appl Eng Agr 2001; 17(2): 235-240. DOI: 
10.13031/2013.5448. 

[33] Liu J, Paulsen MR. Corn whiteness measurement and clas-
sification using machine vision. Trans ASAE 2000; 43(3): 
757-763. DOI: 10.13031/2013.2759. 

[34] Xie W, Paulsen MR. Machine vision detection of tetrazoli-
um staining in corn. Trans ASAE 2001; 44(2): 421-428. 
DOI: 10.13031/2013.4670. 

[35] Altuntaᶊ Y, Cömert Z, Kocamaz AF. Identification of hap-
loid and diploid maize seeds using convolutional neural 
networks and a transfer learning approach. Comput Elec-
tron Agr 2019; 163: 104874. DOI: 
10.1016/j.compag.2019.104874. 

[36] Velesaca HO, Mira R, Suarez PL, Larrea CX, Sappa AD. 
Deep learning based Corn Kernel Classification. 2020 
IEEE/CVF Conf on Computer Vision and Pattern Recogni-
tion Workshops (CVPRW) 2020: 294-302. DOI: 
10.1109/CVPRW50498.2020.00041. 

[37] Zayas IY, Martin CR, Steele JL, Katsevich A. Wheat clas-
sification using image analysis and crush-force parameters. 
Trans ASAE 1996; 39(6): 2199-2204. DOI: 
10.13031/2013.27725. 

[38] Ruan R, Ning S, Song A, Ning A, Jones R, Chen P. Esti-
mation of Fusarium scab in wheat using machine vision 
and a neural network. Cereal Chem 1998; 75(4): 455-459. 
DOI: 10.1094/CCHEM.1998.75.4.455. 

[39] Luo X, Jayas DS, Symons SJ. Identification of damaged 
kernels in wheat using a colour machine vision system. J 
Cereal Sci 1999; 30(1): 49-59. DOI: 
10.1006/jcrs.1998.0240. 

[40] Utku H. Application of the feature selection method to dis-
criminate digitized wheat varieties. J Food Eng 2000; 
46(3): 211-216. DOI: 10.1016/S0260-8774(00)00075-3. 

[41] Ridgway C, Davies ER, Chambers J, Mason DR, Bateman 
M. AE-Automation and emerging technologies: Rapid ma-
chine vision method for the detection of insects and other 
particulate bio-contaminants of bulk grain in transit. Bio-
syst Eng 2002; 83(1): 21-30. DOI: 
10.1006/bioe.2002.0096. 

[42] Dubey BP, Bhagwat SG, Shouche SP, Sainis JK. Potential 
of artificial neural networks in varietal identification using 
morphometry of wheat grains. Biosyst Eng 2006; 95(1): 
61-67. DOI: 10.1016/j.biosystemseng.2006.06.001. 

[43] Serranti S, Cesare D, Bonifazi G. The development of a 
hyperspectral imaging method for the detection of Fusari-
um-damaged, yellow berry and vitreous Italian durum 
wheat kernels. Biosyst Eng 2013; 115(1): 20-30. DOI: 
10.1016/j.biosystemseng.2013.01.011. 

[44] Zapotoczny P. Discrimination of wheat grain varieties us-
ing image analysis and multidimensional analysis texture 
of grain mass. Int J Food Prop 2014; 17(1): 139-151. DOI: 
10.1080/10942912.2011.615085. 

[45] Ebrahimi E, Mollazade K, Babaei S. Toward an automatic 
wheat purity measuring device: A machine vision-based 
neural networks-assisted imperialist competitive algorithm 
approach. Measurement 2014; 55: 196-205. DOI: 
10.1016/j.measurement.2014.05.003. 

[46] Jirsa O, Poliśenská I. Identification of Fusarium damaged 
wheat kernels using image analysis. Acta Universitatis Ag-
riculturae et Silviculturae Mendelianae Brunensis 2014; 
59(5): 125-130. DOI: 10.11118/actaun201159050125. 

[47] Olgun M, Onarcan AO, Özkan K, Iᶊik S, Sezer O, Özgiᶊi 
K, Ayter NG, Baᶊçiftçi ZB, Ardiç M, Koyuncu O. Wheat 
grain classification by using dense SIFT features with 
SVM classifier. Comput Electron Agr 2016; 122: 185-190. 
DOI: 10.1016/j.compag.2016.01.033. 

[48] Sabanci K, Kayabasi A, Toktas A. Computer vision-based 
method for classification of wheat grains using artificial 
neural network: Computer vision-based method for classi-
fication. J Sci Food Agr 2017; 97(8): 2588-2593. DOI: 
10.1002/jsfa.8080. 

[49] Shahin MA, Symons SJ. A machine vision system for 
grading lentils. Can Biosyst Eng 2001; 43: 7.7-7.14. 
Source: <https://library.csbe-
scgab.ca/docs/journal/43/c0019.pdf>. 

[50] Shahin MA, Symons SJ. Lentil type identification using 
machine vision. Can Biosyst Eng 2003; 45: 3-5. Source: 
<https://library.csbe-scgab.ca/docs/journal/45/c0148.pdf>. 

[51] Huang NF, Chou DL, Lee CA. Real-time classification of 
green coffee beans by using a convolutional neural net-
work. 2019 3rd Int Conf on Imaging, Signal Processing 
and Communication (ICISPC) 2019: 107-111. DOI: 
10.1109/ICISPC.2019.8935644. 

[52] Paliwal J, Visen NS, Jayas DS, White NDG. Cereal grain 
and dockage identification using machine vision. Biosyst 
Eng 2003; 85(1): 51-57. DOI: 10.1016/S1537-
5110(03)00034-5. 

[53] Visen NS, Paliwal J, Jayas D, White NDG. Image analysis 
of bulk grain samples using neural networks. Can Biosyst 
Eng 2004; 46: 7.11-1.15. DOI: 10.13031/2013.15002. 

[54] Lee CY, Yan L, Wang T, Lee SR, Park CW. Intelligent 
classification methods of grain kernels using computer vi-
sion analysis. Meas Sci Technol 2011; 22(6): 064006. 
DOI: 10.1088/0957-0233/22/6/064006. 

[55] Gunasekaran S, Cooper TM, Berlage AG. Soybean seed 
coat and cotyledon crack detection by image processing. J 
Agr Eng Res 1988; 41(2): 139-148. DOI: 10.1016/0021-
8634(88)90195-3. 

[56] Ahmad IS, Reid JF, Paulsen MR, Sinclair JB. Color classi-
fier for symptomatic soybean seeds using image pro-
cessing. Plant Disease 1999; 83(4): 320-327. DOI: 
10.1094/PDIS.1999.83.4.320. 

[57] Shahin MA, Symons SJ, Poysa VW. Determining soya 
bean seed size uniformity with image analysis. Biosyst Eng 
2006; 94(2): 191-198. DOI: 
10.1016/j.biosystemseng.2006.02.011. 

[58] Kezhu T, Yuhua C, Weixian S, Xiaoda C. Identification of 
diseases for soybean seeds by computer vision applying 
BP neural network. Int J Agr Biol Eng 2014; 7(3): 43-50. 
DOI: 10.3965/j.ijabe.20140703.006. 

[59] ISO 13322-1:2014. Particle size analysis – Image analysis 
methods – Part 1: Static image analysis methods. Geneva, 
Switzerland: ISO copyright office; 2014. 

[60] Yunovidov D, Menshikov K, Sidorova E. Robotic control 
system for particles size distribution of industrially pro-
duced mineral fertilizers. Int J Mech Eng Robot Res 2020; 
9(12): 1560-1565. DOI: 10.18178/ijmerr.9.12.1560-1565. 

[61] Yunovidov DV, Shabalov VA, Menshikov KA. Robotic 
system of optical control and data acquisition for analyzing 
the physical properties of industrially produced mineral 
fertilizer granules. 2021 XV Int Sci-Tech Conf on Actual 
Problems of Electronic Instrument Engineering (APEIE) 
2021: 1-5. DOI: 10.1109/APEIE52976.2021.9647695. 



Quality inspection of fertilizer granules using computer vision - a review Ndukwe I.K. et al. 

Компьютерная оптика, 2025, том 49, №1 DOI: 10.18287/2412-6179-CO-1458 93 

[62] Buscombe D. SediNet: a configurable deep learning model 
for mixed qualitative and quantitative optical granulome-
try. Earth Surf Process Landf 2020; 45(3): 638-651. DOI: 
10.1002/esp.4760. 

[63] Ebner M, Geldmacher F, Marone F, Stampanoni M, Wood 
V. X-ray tomography of Porous, Transition Metal Oxide 
based Lithium Ion Battery Electrodes. Adv Energy Mater 
2013; 3(7): 845-850. DOI: 10.1002/aenm.201200932. 

[64] Koklu M, Cinar I, Taspinar YS. Classification of rice vari-
eties with deep learning methods. Comput Electron Agr 
2021; 187: 106285. DOI: 10.1016/j.compag.2021.106285. 

[65] Koklu M, Ozkan IA. Multiclass classification of dry beans 
using computer vision and machine learning techniques. 
Comput Electron Agr 2020; 174: 105507. DOI: 
10.1016/j.compag.2020.105507. 

[66] Çinar I, Koklu M, Taᶊdemir S. Classification of raisin 
grains using machine vision and artificial intelligence 
methods. Gazi J Eng Sci 2020; 6(3): 200-209. DOI: 
10.30855/gmbd.2020.03.03. 

[67] Zou Z, Chen K, Shi Z, Guo Y, Ye J. Object detection in 20 
years: A survey. Proc IEEE 2023; 111(3): 257-276. DOI: 
10.1109/JPROC.2023.3238524. 

[68] Viola P, Jones M. Rapid object detection using a boosted 
cascade of simple features. Proc 2001 IEEE Computer So-
ciety Conf on Computer Vision and Pattern Recognition 
(CVPR) 2001; 1: I-511-I-518. DOI: 
10.1109/CVPR.2001.990517. 

[69] Viola P, Jones MJ. Robust real-time face detection. Int J 
Comput Vis 2004; 57(2): 137-154. DOI: 
10.1023/B:VISI.0000013087.49260.fb. 

[70] Dalal N, Triggs B. Histograms of oriented gradients for 
human detection. 2005 IEEE Computer Society Conf on 
Computer Vision and Pattern Recognition (CVPR’05) 
2005; 1: 886-893. DOI: 10.1109/CVPR.2005.177. 

[71] Felzenszwalb P, McAllester D, Ramanan D. A discrimina-
tively trained, multiscale, deformable part model. 2008 
IEEE Conf on Computer Vision and Pattern Recognition 
2008: 1-8. DOI: 10.1109/CVPR.2008.4587597. 

[72] Ershov EI, Korchagin SA, Kokhan VV, Bezmaternykh PV. 
A generalization of Otsu method for linear separation of 
two unbalanced classes in document image binarization. 
Computer Optics 2021; 45(1): 66-76. DOI: 
10.18287/2412-6179-CO-752. 

[73] Bulatov KB, Bezmaternykh PV, Nikolaev DP, Arlazarov 
VV. Towards a unified framework for identity documents 
analysis and recognition. Computer Optics 2022; 46(3): 
436-454. DOI: 10.18287/2412-6179-CO-1024. 

[74] Bulatov KB, Emelianova EV, Tropin DV, Skoryukina NS, 
Chernyshova YS, Sheshkus AV, Usilin SA, Ming Z, Burie 
JC, Luqman MM, Arlazarov VV. MIDV-2020: a compre-
hensive benchmark dataset for identity document analysis. 
Computer Optics 2022; 46(2): 252-270. DOI: 
10.18287/2412-6179-CO-1006. 

[75] Ren S, He K, Girshick R, Sun J. Faster R-CNN: Towards 
real-time object detection with region proposal networks. 
NIPS'15: Proc 28th Int Conf on Neural Information Pro-
cessing Systems 2015; 1: 91-99. 

[76] Lin T, Dollar P, Girshick R, He K, Hariharan B, Be-
longie S. Feature pyramid networks for object detection. 
2017 IEEE Conf on Computer Vision and Pattern 
Recognition (CVPR) 2017: 936-944. DOI: 
10.1109/CVPR.2017.106. 

[77] Liang TJ, Pan WG, Bao H, Pan F. Vehicle wheel weld de-
tection based on improved YOLO v4 algorithm. Computer 
Optics 2022; 46(2): 271-279. DOI: 10.18287/2412-6179-
CO-887. 

[78] Chang R, Mao ZX, Hu J, Bai HC, Zhou CJ, Yang Y, Gao 
S. Research on foreign body detection in transmission lines 
based on a multi-UAV cooperative system and YOLOv7. 
Computer Optics 2023; 47(5): 788-794. DOI: 
10.18287/2412-6179-CO-1257. 

[79] Liu W, Anguelov D, Erhan D, Szegedy C, Reed S, Fu C, 
Berg AC. SSD: Single shot multi-box detector. In Book: 
Leibe B, Matas J, Sebe N, Welling M, eds. Computer Vi-
sion – ECCV 2016. 14th European Conference, Amster-
dam, The Netherlands, October 11–14, 2016, Proceedings, 
Part I. Cham: Springer International Publishing; 2016: 21-
37. DOI: 10.1007/978-3-319-46448-0_2. 

[80] Lin T, Goyal P, Girshick R, He K, Dollàr P. Focal loss for 
dense object detection. IEEE Trans Pattern Anal Mach In-
tell 2020; 42(2): 318-327. DOI: 
10.1109/TPAMI.2018.2858826. 

[81] Law H, Deng J. CornerNet: Detecting objects as paired 
keypoints. Int J Comput Vis 2020; 128: 642-656. DOI: 
10.1007/s11263-019-01204-1. 

[82] Jocher G, Chaurasia A, Qiu J. YOLO by Ultralytics. 2023. 
Source: <https://github.com/ultralytics/ultralytics>. 

[83] Wang C, Bochkovskiy A, Liao HM. YOLOv7: Trainable 
bag-of-freebies sets new state-of-the-art for real-time ob-
ject detectors. 2023 IEEE/CVF Conf on Computer Vision 
and Pattern Recognition (CVPR) 2023: 7464-7475. DOI: 
10.1109/CVPR52729.2023.00721. 

[84] Li C, Li L, Geng Y, Jiang H, Cheng M, Zhang B, Ke Z, Xu 
X, Chu X. YOLOv6 v3.0: A full-scale reloading. arXiv 
Preprint. 2023. Source: 
<https://arxiv.org/abs/2301.05586>. DOI: 
10.48550/arXiv.2301.05586. 

[85] Lyu C, Zhang W, Huang H, Zhou Y, Wang Y, Liu Y, 
Zhang S, Chen K. RTMDet: An empirical study of design-
ing real-time object detectors. arXiv Preprint. 2022. 
Source: <https://arxiv.org/abs/2212.07784>. DOI: 
10.48550/arXiv.2212.07784. 

[86] Lv W, Xu S, Zhao Y, Wang G, Wei J, Cui C, Du Y, Dang 
Q, Liu Y. DETRs beat YOLOs on real-time object detec-
tion. arXiv Preprint. 2023. Source: 
<https://arxiv.org/abs/2304.08069>. DOI: 
10.48550/arXiv.2304.08069. 

[87] Wang CY, Yeh IH, Liao HY. YOLOv9: Learning what 
you want to learn using programmable gradient infor-
mation. arXiv Preprint. 2024. Source: 
<https://arxiv.org/abs/2402.13616>. DOI: 
10.48550/arXiv.2402.13616. 

[88] He K, Gkioxari G, Dollár P, Girshick R. Mask R-CNN. 
2017 IEEE Int Conf on Computer Vision (ICCV) 2017: 
2961-2969. DOI: 10.1109/ICCV.2017.322. 

[89] Kirillov A, Mintun E, Ravi N, Mao H, Rolland C, Gus-
tafson L, Xiao T, Whitehead S, Berg AC, Lo W-Y, Dollár 
P, Girshick R. Segment anything. Proc IEEE/CVF Int Conf 
on Computer Vision (ICCV) 2023: 4015-4026. DOI: 
10.1109/ICCV51070.2023.00371. 

[90] Zhao X, Ding W, An Y, Du Y, Yu T, Li M, Tang M, 
Wang J. Fast segment anything. arXiv Preprint. 2023. 
Source: <https://arxiv.org/abs/2306.12156>. DOI: 
10.48550/arXiv.2306.12156. 

 

 



https://www.computeroptics.ru journal@computeroptics.ru 

94 Computer Optics, 2025, Vol. 49(1) DOI: 10.18287/2412-6179-CO-1458 

Authors’ information 

Ikechi Kalu Ndukwe is currently a Ph.D. student at Innopolis University, where he also obtained his Master’s de-
gree in Robotics and Computer Vision. Before Innopolis University, he studied Mechanical Engineering at the Federal 
University of Technology, Akure in Nigeria. His research interests include computer vision, machine learning, deep 
learning, image processing, and robotics. E-mail: i.ndukwe@innopolis.university 

 
Dmitry Valerievich Yunovidov holds a Ph.D. in Engineering (candidate of science in Russia) from the Institute for 

Analytical Instrumentation Russian Academy of Sciences, St. Petersburg, Russia. He is also a programmer and co-
founder of LLC "LogicYield". E-mail: dm.yunovidov@gmail.com . ORCID id: 0000-0002-5340-2666 

 
Mohammad Reza Bahrami received his Ph.D. from Peter the Great St. Petersburg Polytechnic University, St. Pe-

tersburg, Russia, in the field of Mechanical Engineering in 2016. He is an Associate Professor and the Head of the 
Cyber-Physical Systems Lab at Innopolis University, as well as the Head of Labs Center in Samarkand International 
University of Technology (SIUT). He has also published 4 books, 11 book chapters (in Springer), 13 journal papers (in 
venues like Springer Nature, MDPI, ELSEVIER), and 32 conference papers (full papers in venues like IFToMM). 
Throughout his career, he has received 1,870,000 rubles (approximately 32,542 USD) in awards, prizes, and research 
funding (grants). Additionally, he has over 10 years of experience in the industry in various positions. E-mail: 
mo.bahrami@innopolis.ru 

 
Manuel Mazzara is a Professor of Software Engineering at Innopolis University, Russia who completed his Ph.D. 

at the University of Bologna, Italy. He is currently serving as Dean of the Faculty of Computer Science and Engineering 
at Innopolis University. E-mail: m.mazzara@innopolis.ru . ORCID id: 0000-0002-3860-4948 

 
Temitope Olumide Olugbade received his B.Eng. and M.Eng. degrees in Mechanical Engineering from the Federal 

University of Technology Akure, Nigeria, in 2011 and 2014, respectively. He was awarded a Ph.D. degree in Mechani-
cal Engineering from City University of Hong Kong, Hong Kong SAR, PR China. Dr. Olugbade is a lecturer at the 
University of Dundee, Dundee, United Kingdom. He has authored and co-authored more than 30 scientific publications 
and has attended both local and international conferences. He was a recipient of an Alexander von Humboldt (AvH) fel-
lowship in 2021. E-mail: tolugbade001@dundee.ac.uk 
 

 

Received November 10, 2023. The final version – April 24, 2024.  
 

 

 


