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Abstract. This study investigates the impact of network depth, kernel size 
configurations and convolutional layer types on the performance of convolutional neural 
networks (CNNs) for image classification tasks. The objective is to systematically assess 
how variations in kernel size, convolutional strategy, and depth contribute to classification 
accuracy and computational efficiency. We analyze both shallow and moderately deep 
network variants to disentangle the relative importance of kernel modifications versus 
depth scaling. Using the MNIST and CIFAR-10 datasets, we evaluate kernel sizes ranging 
from 3×3 to 11×11, convolutional configurations including standard, dilated, and strided 
convolutions, and network depths spanning from two to eight convolutional layers, across 
multiple input resolutions (32×32, 64×64, 128×128, and 256×256 pixels). Results indicate 
that for simple datasets like MNIST, depth scaling provides limited benefits, as high accuracy 
(~97–98%) is achievable even with shallow networks regardless of kernel variation. In 
contrast, for CIFAR-10, smaller kernels in early layers combined with increased depth 
capture fine-grained details more effectively, while larger kernels in later layers enhance 
generalization at higher resolutions. Dilated convolutions offer notable improvements 
for high-resolution images by reducing inference time (up to a 2× speedup at 256×256) 
without sacrificing accuracy, particularly in deeper models. Strided convolutions, although 
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computationally efficient, consistently degrade accuracy due to spatial information loss 
across depths. These findings suggest that optimal performance arises from a balanced 
interplay between kernel configuration, convolutional strategy, and network depth. Future 
research may explore adaptive architectures that dynamically adjust these factors to 
improve robustness across diverse datasets and resolutions.

Keywords: convolutional neural networks (CNN), neural networks (NN), deep 
learning, artificial intelligence (AI)

For citation: Hozak Y., Paliy S., Honcharenko T. (2026). Evaluating optimal 
configurations of shallow CNNs on low-complexity datasets // International journal of 
information and communication technologies. Vol. 7. No. 26. Pp. 138–152. https://doi. 
org/10.54309/IJICT.2026.26.2.009. (In Eng.). 

Conflict of interest: The authors declare that there is no conflict of interest.

КҮРДЕЛІЛІГІ ТӨМЕН ДЕРЕКТЕР ЖИЫНТЫҚТАРЫНДА ТЕРЕҢ ЕМЕС 
ОРАМДЫ НЕЙРОНДЫҚ ЖЕЛІЛЕРДІҢ (CNN) ОҢТАЙЛЫ 

КОНФИГУРАЦИЯЛАРЫН БАҒАЛАУ

Я. Гозак¹*, С. Палий¹, Т. Гончаренко²
¹Тарас Шевченко атындағы Киев ұлттық университеті, Киев, Украина;

²Киев ұлттық құрылыс және сәулет университеті, Киев, Украина.
E-mail: hozakya@fit.knu.ua

Гозак Ярослав — докторант, Тарас Шевченко атындағы Киев ұлттық университеті, 
Киев, Украина
E-mail: hozakya@fit.knu.ua, https://orcid.org/0009-0008-2963-7204;
Палий Сергий — PhD, қауымдастырылған профессор, Тарас Шевченко атындағы 
Киев ұлттық университеті, Киев, Украина
https://orcid.org/0000-0001-9742-1116;
Гончаренко Татьяна — техника ғылымдарының докторы, профессор, Киев ұлттық 
құрылыс және сәулет университеті, Киев, Украина
https://orcid.org/0000-0003-2577-6916.

© Я. Гозак, С. Палий, Т. Гончаренко

Аннотация. Бұл зерттеуде кескіндерді жіктеу міндеттерін шешу кезінде 
орамды нейрондық желілердің (CNN) өнімділігіне желі тереңдігінің, ядро өлшем-
дерінің конфигурациялары мен орамды қабаттар түрлерінің әсері зерттеледі. Зерт-
теудің мақсаты — ядро өлшемінің, орамдау стратегиясының және желі тереңдігінің 
өзгеруі жіктеу дәлдігі мен есептеу тиімділігіне қалай әсер ететінін жүйелі түрде 
бағалау. Терең емес және орташа тереңдіктегі желілер қарастырылып, бұл ядро мо-
дификацияларының желі тереңдігін арттырумен салыстырғандағы салыстырмалы 
маңыздылығын анықтауға мүмкіндік береді. MNIST және CIFAR-10 деректер жиын-
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тықтарын пайдалана отырып, 3×3-тен 11×11-ге дейінгі ядро өлшемдері, стандарт-
ты, дилатациялық және страйдты орамдарды қамтитын орамдау конфигурацияла-
ры, сондай-ақ кіріс кескіндерінің әртүрлі ажыратымдылықтарында (32×32, 64×64, 
128×128 және 256×256 пиксель) екіден сегізге дейінгі орамды қабаттан тұратын 
желі тереңдігі бағаланды. Нәтижелер MNIST сияқты қарапайым деректер жиын-
тықтары үшін желі тереңдігін арттыру тиімділіктің шектеулі ғана өсуін қамтама-
сыз ететінін көрсетті, себебі ядро өлшемдерінің өзгерістеріне қарамастан, терең 
емес желілердің өзінде жоғары дәлдікке (~97–98 %) қол жеткізіледі. Ал CIFAR-10 
деректер жиынтығы үшін желінің бастапқы қабаттарында өлшемі кіші ядроларды 
пайдалану желі тереңдігін арттырумен үйлескен жағдайда ұсақ бөлшектерден тұра-
тын белгілерді тиімдірек бөліп алуға мүмкіндік береді. Сонымен қатар, кейінгі қа-
баттарда өлшемі үлкен ядроларды қолдану кескіндердің ажыратымдылығы жоғары 
болған кезде модельдің жалпылау қабілетін жақсартуға ықпал етеді. Дилатациялық 
орамдар жоғары ажыратымдылықтағы кескіндермен жұмыс істеу кезінде дәлдікті 
төмендетпей, әсіресе тереңірек модельдерде, инференс уақытын қысқарту арқылы 
тиімділіктің айтарлықтай артуын қамтамасыз етеді (256×256 ажыратымдылықта 
екі есеге дейін жеделдету). Страйдты орамдар есептеу тұрғысынан тиімді болға-
нына қарамастан, желі тереңдігінің әртүрлі деңгейлерінде кеңістіктік ақпараттың 
жоғалуына байланысты дәлдіктің тұрақты төмендеуіне алып келеді. Алынған нәти-
желер оңтайлы өнімділікке ядро конфигурациясын, орамдау стратегиясын және 
желі тереңдігін теңгерімді үйлестіру арқылы қол жеткізілетінін көрсетеді. Бола-
шақта әртүрлі деректер жиынтықтарымен және кескін ажыратымдылықтарымен 
жұмыс істеу кезінде модельдердің тұрақтылығын арттыру мақсатында аталған 
параметрлерді динамикалық түрде реттей алатын бейімделмелі архитектураларды 
зерттеу орынды.

Түйінді сөздер: орамды нейрондық желілер (CNN), нейрондық желілер 
(NN), терең оқыту, жасанды интеллект (AI)
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Аннотация. В настоящем исследовании изучается влияние глубины сети, 
конфигураций размеров ядер и типов свёрточных слоёв на производительность свёр-
точных нейронных сетей (CNN) при решении задач классификации изображений. 
Цель исследования заключается в систематической оценке того, каким образом из-
менения размера ядра, стратегии свёртки и глубины сети влияют на точность клас-
сификации и вычислительную эффективность. Рассматриваются как неглубокие, так 
и сети умеренной глубины, что позволяет определить относительную значимость 
модификаций ядер по сравнению с увеличением глубины сети. С использованием 
наборов данных MNIST и CIFAR-10 оцениваются размеры ядер от 3×3 до 11×11, 
конфигурации свёрток, включающие стандартные, дилатированные и страйдовые 
свёртки, а также глубина сети от двух до восьми свёрточных слоёв при различных 
разрешениях входных изображений (32×32, 64×64, 128×128 и 256×256 пикселей). 
Результаты показывают, что для простых наборов данных, таких как MNIST, увели-
чение глубины сети обеспечивает ограниченный прирост эффективности, поскольку 
высокая точность (~97–98 %) достигается даже при использовании неглубоких сетей 
независимо от вариаций размеров ядер. В отличие от этого, для CIFAR-10 использо-
вание ядер меньшего размера на ранних слоях в сочетании с увеличением глубины 
сети позволяет более эффективно выделять мелкодетализированные признаки, тогда 
как более крупные ядра на последующих слоях способствуют улучшению способно-
сти модели к обобщению при высоком разрешении изображений. Дилатированные 
свёртки обеспечивают заметное повышение эффективности при работе с изображе-
ниями высокого разрешения за счёт сокращения времени инференса (до двукратного 
ускорения при разрешении 256×256) без снижения точности, особенно в более глу-
боких моделях. Страйдовые свёртки, несмотря на вычислительную эффективность, 
приводят к устойчивому снижению точности вследствие потери пространственной 
информации на различных уровнях глубины сети. Полученные результаты свиде-
тельствуют о том, что оптимальная производительность достигается благодаря сба-
лансированному сочетанию конфигурации ядер, стратегии свёртки и глубины сети. 
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В дальнейшем целесообразно исследовать адаптивные архитектуры, способные ди-
намически регулировать указанные параметры для повышения устойчивости моде-
лей при работе с различными наборами данных и разрешениями изображений.

Ключевые слова: Свёрточные нейронные сети (CNN), нейронные сети (NN), 
глубокое обучение, искусственный интеллект (AI)
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Introduction.
Recent advances in computer vision have accelerated progress in robotics and 

automated systems, supporting applications such as autonomous vehicles, unmanned aerial 
vehicles (UAVs), and industrial automation. At the core of these systems lies the capacity 
to interpret visual information accurately and efficiently, a task predominantly driven by 
convolutional neural networks (CNNs). Although CNNs have achieved outstanding results 
in image classification, object detection, and scene understanding, their performance is 
highly dependent on architectural choices, including network depth, kernel design, and 
dataset characteristics.

For robotics and autonomous navigation, particularly in UAVs, efficient and reliable 
vision systems are essential to ensure real-time decision-making in dynamic environments. 
Designing CNNs that strike a balance between accuracy, computational efficiency, and 
robustness remains challenging. Large, deep networks (Jordan, 2024; He et al., 2016) can 
achieve strong accuracy on datasets such as CIFAR-10 (Krizhevsky, 2009) and ImageNet 
(Deng et al., 2006), but their computational demands are often incompatible with the 
constraints of embedded and edge devices. This motivates the study of smaller architectures, 
where trade-offs between kernel configuration, convolutional strategies, and network depth 
play a decisive role.

Computation efficiency is influenced by kernel parameters such as size, stride 
(LeCun et al., 1998; Krizhevsky et al., 2012), and dilation (Yu et al., 2016; Chen et al., 
2018). Early architectures such as AlexNet (Krizhevsky et al., 2012) employed large kernels 
in the initial layers to capture spatial structure and reduce image resolution at an early 
stage, thereby lowering the computational burden of subsequent layers. However, large 
kernels have seen limited adoption because they often fail to preserve fine-grained details 
(Simonyan et al., 2015). Strided convolutions can simultaneously enlarge the receptive 
field and reduce resolution, replacing pooling in some designs, but they commonly sacrifice 
spatial precision. Dilated convolutions, introduced by Yu and Koltun (Yu et al., 2016), 
expand the receptive field without additional parameters, enabling efficient aggregation of 
multi-scale contextual information, particularly in images with high spatial redundancy.

We hypothesize that the interplay between kernel configuration and network depth 
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strongly influences CNN performance, especially in resource-constrained scenarios. While 
shallow networks help isolate the effects of kernel modifications, increasing depth allows 
us to investigate how these effects scale as architectures grow more complex.

We jointly study kernel size, convolution type (standard/strided/dilated), and depth 
across MNIST (LeCun et al., 1998) and CIFAR-10 at multiple resolutions to quantify 
impacts on accuracy, efficiency, and generalization.

 Materials and methods.
The MNIST and CIFAR-10 datasets have served as foundational benchmarks 

for evaluating the performance of Convolutional Neural Networks (CNNs) in image 
classification tasks. Over the years, numerous studies have explored CNN architectures 
and their performance on these datasets, contributing to a deeper understanding of the 
design and optimization of neural networks.

LeNet, one of the earliest CNN architectures, was designed for handwritten digit 
classification on MNIST and achieved remarkable accuracy for its time. Despite its 
simplicity, LeNet remains relevant as a baseline for shallow networks on MNIST and 
other small datasets. However, its limited depth and capacity make it less effective on more 
complex datasets like CIFAR-10, which contain higher variability in object categories and 
more intricate features (LeCun et al., 1998).

Subsequent architectures such as AlexNet and GoogLeNet have demonstrated 
significant improvements in handling larger and more complex datasets, including 
CIFAR-10. AlexNet introduced innovations like ReLU activations and dropout, which 
improved network performance and generalization. GoogLeNet leveraged inception 
modules to reduce computational complexity while maintaining high accuracy, laying the 
groundwork for efficient model design (Krizhevsky et al., 2012).

ResNet (Residual Networks) revolutionized CNN architecture by introducing 
skip connections, which address the vanishing gradient problem in deep networks. This 
innovation allowed for the successful training of much deeper networks, achieving state-
of-the-art performance on CIFAR-10. ResNet-20 to ResNet-56, in particular, demonstrated 
the value of residual blocks in improving feature learning while maintaining computational 
efficiency (He et al., 2016).

Beyond traditional architectures, studies have proposed more compact and efficient 
models tailored for CIFAR-10 and similar datasets. For example, the High Performance 
SqueezeNex architecture optimized the design of convolutional layers to balance accuracy 
and efficiency on resource-constrained devices. Similarly, CondenseNeXt achieved high 
accuracy while significantly reducing computational costs, making it suitable for embedded 
systems and edge applications (Duggal et al., 2020).

Adaptive and structured CNN designs have also been explored for these datasets. 
A Structurally Regularized CNN Architecture via Adaptive Subband Decomposition 
employed an adaptive filter bank structure to improve feature extraction and reduce 
redundancy in the network. This approach demonstrated state-of-the-art performance on 
both MNIST and CIFAR-10 while lowering computational costs (Sinha et al., 2025).

In summary, a wide range of architectures and methodologies have been developed 
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to optimize CNN performance on MNIST and CIFAR-10. These studies highlight the 
evolution of CNN design from simple, shallow networks to highly optimized, efficient 
architectures capable of tackling diverse challenges presented by modern datasets.

Understanding the impact of kernel configurations in shallow convolutional neural 
networks (CNNs) is critical for designing efficient and accurate models, particularly when 
dealing with datasets like MNIST and CIFAR10. The following methodologies outline 
approaches to systematically analyze kernel size importance:

Network configuration for test setup
We used the following common setup across all training iterations:
● Optimizer: Stochastic Gradient Descent
● Batch size: 16
● Momentum: 0
● Weight decay: no
● Data preprocessing: No data augmentation. We only scale resolutions per 

Methodology-B
For kernel configuration tests we use a network similar to the inner module 

described by Isong N. (Isong, 2025) such that it has the first convolutional layer followed 
by max pooling layer and the second conv layer also followed by max pooling one. The 
last layer is traditionally an FC layer as shown in Figure 1(a). The architecture is also 
depicted in Table 1.

Table 1. Example 2-layered architecture for 32x32 image

Each model was trained for 10 epochs. Normally 10 epochs is not enough for most 
networks (Jordan, 2024), but as we show further this number of epochs provides good 
balance between training speed and training completeness, considering small network 
size and absence of data augmentation.  Learning rate is set constant to 0.05.

Controlled Experimental Design.
To isolate the effects of kernel configuration, experiments are structured to 

minimize interference from other variables.
Grid Search: Systematically vary kernel sizes across all combinations for the 

first and second convolutional layers (e.g., 3x3, 3x5, …, 11x11) as well as change 
other parameters (stride, dilation) and depth. Analyze their effects on accuracy and 
computational cost.
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Fig. 1. Experiment model architecture.

For deeper networks (layers 3-9) we increase number of max pool operations up to 
4 depending on layers number. Also we shift max pool operations to be so they are placed 
evenly across the layers as shown in Figure 1(b).

We also train those models for 20 epochs. Learning rate is set to 0.05 for the first 
10 epochs and then decreased to 0.01 for remaining 10 epochs, following the approach of 
(Mehta et al., 2018; Mehta et al., 2019).

Table 2. Example 9-layered architecture for 32x32 image

Fixed Parameters: Keep other hyperparameters, such as learning rate, batch size, 
and the number of kernels, constant to ensure the focus remains on kernel size.

Dataset Resolution: Test the models on datasets at multiple resolutions (e.g., 
CIFAR-10 scaled to 32x32, 64x64, 128x128 and 256x256 pixels) to examine the correlation 
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between kernel size and input image dimensions for the best results.
Performance Metrics and Visualization.
Assess kernel size impact through both quantitative and qualitative metrics:
Accuracy and Loss Curves: Measure classification accuracy and training loss for 

each kernel configuration.
Computational Cost: Profile the time required for training and inference to understand 

the trade-off between kernel size and efficiency.
Heatmaps: Plot performance metrics as heatmaps, with the first layer kernel size on 

one axis and the second layer kernel size on the other.
 Discussion and results.
MNIST and CIFAR-10 datasets allow us to pay more attention to details such as 

kernel size configuration and iterate experiments fast thanks to small size of images. Despite 
having images of comparable size, the datasets are quite different in complexity. While 
MNIST provides simple images of handwritten digits CIFAR-10 provides comparatively 
complex images of environment such as trucks, buildings of animals, even though the 
images are very simplified due to their size.

 Assessing kernel size impact on accuracy with original datasets
Each configuration is trained on MNIST and CIFAR-10 across predefined kernel/

resolution grids (see Methodology-B).
The first layer consists of 16 channels and the second layer consists of 32 channels. 

It is important to ensure the number of channels in each layer is devisable by 32 (most 
common architectures have their first layers with exactly 32 channels and double this 
number during each down sampling). The reason for it is that GPU kernels run threads in 
groups of 32, which means that different numbers of channels leads to inefficient use of 
GPU threads during training (Hozak et al., 2024)

Table 3. Best network results for channels’ configurations on CIFAR-10

Although, as said above, it is reasonable to choose the first layer with 32 channels 
we found it inefficient for simple datasets. As shown in Table 3, for the same training setup 
model accuracy slightly drops to 62 % while inference time increases considerably on 
CIFAR-10 dataset. Under the training schedule in Sec. 3A, this configuration likely requires 
more epochs for convergence (see Figure 2).

We can see that in the case of both layers having equal number of 32 channels 
the best result demonstrates a network with the second layer of 11x11. It suggests that 
the first layer may contain too much redundant/duplicate information and big kernel size 
helps to better generalize information. After training models for 30 epochs, a model with a 
configuration 3x3 in the first layer and 9x9 in the second layer demonstrates the best results 
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(see Figure 3). Also, we see that further improvements do not happen after 20 epochs 
for this configuration. Some configurations experience accuracy jittering in later epochs 
that suggest the network size is not sufficient to effectively classify images with complex 
features from CIFAR-10.

Fig. 2. Accuracy/cost per epoch chart for best network configuration (5x5, 11x11) with 32 channels in each 
layer on CIFAR-10 dataset.

Fig. 3. Accuracy/cost per epoch chart for best network configuration (3x3, 9x9) with 32 channels in each 
layer on CIFAR-10 dataset, trained for 30 epochs.

Configuration with 32 and 64 channels proves its applicability for complex datasets. 
It was possible to gain ~7 % improvement switching from 16,32 to 32,64 channels on 
CIFAR-10 dataset. Even though for MNIST it does not bring reasonable improvements.

Having simple models with only two layers easily allows us to view how kernel 
size in each layer impacts accuracy and inference time. But as we will see further 2-layered 
networks are not capable of successful classification of images even in resolution of 32x32 
reaching their performance limit at accuracy around 60 %.

We trained models on original MNIST and on multiple scaled resolutions (see 
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Methodology-B). The aim is to see an influence of image size related to the same image 
complexity or number of features on the image.

For this dataset, convolutional neural networks with two layers achieve consistently 
high accuracy (97–98 %) regardless of kernel configurations (3x3 to 11x11 for both layers). 
This demonstrates that MNIST, being a simple dataset of handwritten digits, does not 
require intricate kernel size tuning for effective feature extraction. Many configurations 
yield satisfactory results. However, the computational time increases significantly:

With scale increase, the execution time increases proportionally.
Table 4. Best network configurations for MNIST dataset of different scales.

MNIST, being a dataset with simple features doesn’t require many channels for 
successful processing. Scaling image does not influence accuracy, meaning a shallow 
network is capable of processing big image successfully but due to small number of layers 
it requires kernels of bigger size to successfully capture information.

Rich features tend to be too complex for shallow networks and thus result in 
significantly lower accuracy (Table 5).

Table 5. Best network configurations for CIFAR-10 dataset of different scales

Across 32–256px (Table 5), accuracy decreases with scale for 2-layer CNNs; small 
first-layer kernels are best at low resolutions, while larger second-layer kernels help at 
higher resolutions, but capacity limits dominate.

Results on CIFAR-10 datasets push for further architecture analysis. We conducted 
several experiments changing basic convolution layer configuration in attempt to find more 
efficient layer configuration in shallow networks.

Our intuition is that scaled images contain significant spatial redundancy, allowing 
both dilated and strided convolutions to perform better. Their inherent trade-offs can be 
compensated for by the redundancy present in the scaled images.

In further analysis three types of convolution configurations were analyzed: standard 
convolution (stride 1, dilation 1 – meaning no dilation), dilated convolution (dilation factor 
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Methodology-B). The aim is to see an influence of image size related to the same image 
complexity or number of features on the image.

For this dataset, convolutional neural networks with two layers achieve consistently 
high accuracy (97–98 %) regardless of kernel configurations (3x3 to 11x11 for both layers). 
This demonstrates that MNIST, being a simple dataset of handwritten digits, does not 
require intricate kernel size tuning for effective feature extraction. Many configurations 
yield satisfactory results. However, the computational time increases significantly:

With scale increase, the execution time increases proportionally.
Table 4. Best network configurations for MNIST dataset of different scales.

MNIST, being a dataset with simple features doesn’t require many channels for 
successful processing. Scaling image does not influence accuracy, meaning a shallow 
network is capable of processing big image successfully but due to small number of layers 
it requires kernels of bigger size to successfully capture information.

Rich features tend to be too complex for shallow networks and thus result in 
significantly lower accuracy (Table 5).

Table 5. Best network configurations for CIFAR-10 dataset of different scales

Across 32–256px (Table 5), accuracy decreases with scale for 2-layer CNNs; small 
first-layer kernels are best at low resolutions, while larger second-layer kernels help at 
higher resolutions, but capacity limits dominate.

Results on CIFAR-10 datasets push for further architecture analysis. We conducted 
several experiments changing basic convolution layer configuration in attempt to find more 
efficient layer configuration in shallow networks.

Our intuition is that scaled images contain significant spatial redundancy, allowing 
both dilated and strided convolutions to perform better. Their inherent trade-offs can be 
compensated for by the redundancy present in the scaled images.

In further analysis three types of convolution configurations were analyzed: standard 
convolution (stride 1, dilation 1 – meaning no dilation), dilated convolution (dilation factor 

2), and strided convolution (stride 2). Classification accuracy and evaluation time per 
sample (in milliseconds) were measured to assess performance (see Figure 4).

Fig. 4. Models’ performance grouped by image resolution.

In our experiments we changed network architecture for strided convolutions by 
removing max pooling layers. We allow strided layers to do the downsampling instead of 
max pool layers (Springenberg et al., 2015).

At 32x32 resolution, all configurations performed similarly, with accuracy around 
60 % and comparable evaluation times. The low spatial complexity of the images limited 
the benefits of alternative convolution strategies, and standard convolutions proved effective 
due to minimal spatial redundancy. At 64x64 resolution, dilated convolutions achieved 
slightly higher accuracy (up to 64%) compared to standard and strided configurations, which 
remained around 61 %. Evaluation time for dilated convolutions was similar to standard 
convolutions (~0.5 ms), showing that dilated convolutions efficiently utilized the increased 
spatial information.

For 128x128 resolution, dilated convolutions maintained competitive accuracy 
(~62 %) while reducing evaluation time to ~1.0 ms, compared to 1.8 ms for standard 
convolutions. Strided convolutions, on the other hand, showed reduced accuracy (~58 %), 
highlighting their inability to retain fine-grained spatial information. At 256x256 resolution, 
dilated convolutions significantly reduced evaluation time (1.6 ms vs. 3.5 ms for standard 
convolutions) while preserving accuracy (~60 %). Strided convolutions suffered the lowest 
accuracy (~45 %) due to aggressive downsampling, which caused significant loss of detail.

Dilated convolutions best exploit high-resolution redundancy, preserving accuracy 
with lower latency. However, strided convolutions trade off too much spatial detail unless 
combined with standard layers. Standard convolutions were effective and computationally 
efficient for low-resolution images but became less practical as image resolution increased 
due to overlapping receptive fields and redundant computations.

Our experiments indicate that a ~67 % accuracy ceiling exists for 2-layer networks 
on CIFAR-10 under the tested configurations. To explore the effect of depth, we extended 
the analysis to networks with up to 9 layers, using 3×3 kernels in all layers for consistency.
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We observed that deeper networks generally improve performance, though 
the benefits diminish beyond a certain depth. Accuracy fluctuations can be mitigated 
through careful tuning of training epochs and learning rate schedules; however, simply 
increasing the number of epochs does not yield improvements unless paired with 
appropriate learning rate adjustments.

Fig. 5. Model accuracy per layer and dataset scale.

Note: Accuracy for the 9-layer network at 256-pixel resolution is not reported, 
as the model could not be successfully trained under the declared training configuration.

Figure 5 demonstrates that the highest accuracies across dataset scales were 
consistently achieved with networks between 5 and 8 layers. Networks deeper than this 
tend to underperform in the absence of data augmentation, suggesting that depth alone 
is not sufficient to overcome dataset limitations. Importantly, the accuracy patterns are 
similar across all explored image resolutions, leading us to conclude that optimal depth 
is determined more by dataset complexity than by input resolution.

Conclusion.
The experimental results demonstrate that CNN performance depends strongly 

on the interplay between model depth and convolutional strategy. Increasing depth 
from two to approximately eight layers consistently enhances classification accuracy on 
datasets such as CIFAR-10, while further deepening yields diminishing returns in the 
absence of data augmentation. These findings suggest that the optimal depth of shallow-
to-moderate CNNs is primarily determined by dataset complexity rather than input 
resolution.

Among the convolutional strategies examined, dilated convolutions provide a 
clear computational advantage at higher image resolutions, enabling faster inference 
without loss of accuracy due to their ability to expand the receptive field efficiently. In 
contrast, strided convolutions exhibit persistent degradation in accuracy, indicating that 
aggressive spatial downsampling compromises fine-grained feature representation.

Overall, these findings indicate that CNN design should be viewed as a joint 
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optimization problem that integrates depth, kernel configuration, and convolution type. 
Depth scaling combined with selective use of dilated convolutions offers a promising 
direction for constructing lightweight yet accurate architectures capable of real-time 
performance on embedded and edge platforms.

Future work should extend this analysis to more complex and widely used datasets 
such as ImageNet, in order to determine optimal CNN depth and generalization limits 
across diverse visual domains. Further research should also focus on developing adaptive 
or self-configuring architectures capable of dynamically adjusting kernel parameters and 
convolution types according to dataset complexity and input resolution.
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