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Abstract
Thermal image classification is critical in various applications, particularly fault

detection and monitoring systems such as photovoltaic (PV) modules. However, a
common challenge in these fields is the limited availability of large-scale, labeled ther-
mal image datasets. To address this, color image augmentation is widely adopted in
machine learning to artificially increase the size and diversity of training datasets, im-
proving model generalization. Traditional augmentation techniques, such as geometric
transformations, provide some benefits but may fail to fully capture the unique char-
acteristics inherent in thermal images, which often have lower contrast and different
noise patterns than visible spectrum images. So, we argued we need to develop a
novel augmentation technique for thermal imaging, where data collection is costly and
time-consuming.

Our research proposes a novel offline augmentation technique guided by quality
metrics to enhance the performance of thermal image binary classification models. By
leveraging domain-specific quality metrics, such as image clarity, thermal contrast, and
noise levels, we optimize the oversampling process for thermal datasets. For example,
starting with a dataset of x images, we generate y additional thermal images, resulting
in a total of x + y images used to train the deep learning classification framework.
Using a dataset of PV module defects, we demonstrate the effectiveness of our quality
metric-based oversampling strategy across several state-of-the-art image classification
networks. Our approach outperforms traditional augmentation methods regarding clas-
sification accuracy and robustness, including geometric transformations and standard
image enhancement techniques. The practical implications of our research are signif-
icant, as it provides a more effective and efficient way to improve model performance
for thermal imaging tasks, mainly when data availability is limited.
Keywords: Dataset augmentation, Image quality assessment, Thermal image classi-
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1. Introduction

Thermal image classification plays a pivotal role in various critical applications, including
fault detection and monitoring of photovoltaic (PV) modules, building inspections, and
medical diagnostics [1, 2, 3, 4]. The unique advantage of thermal imaging lies in its ability
to capture infrared radiation, making it highly effective for detecting heat signatures and
identifying invisible anomalies to standard visible-light cameras. However, the development
of robust deep learning models for thermal image classification remains challenging due to
the limited availability of large-scale, labeled thermal image datasets [5]. Acquiring and
labeling thermal data is time-consuming and costly, which hinders the creation of models
capable of generalizing well across diverse real-world conditions.

This paper aims to develop a novel quality metric-based augmentation technique for fault
detection and monitoring systems such as photovoltaic (PV) modules. Our proposed method
addresses the challenges of data scarcity and enhances model performance by introducing
thermal-specific augmentation strategies.

Data collection is essential when public computer vision datasets are insufficient, as ap-
plications such as fault detection and monitoring systems often require more data. However,
data collection for computer vision training is both expensive and labor-intensive. Image
annotation, which involves creating ground-truth data for model training, requires costly
human labor. Building large image datasets is incredibly challenging due to the rarity of
events, privacy concerns, the need for industry experts for labeling, and the significant ex-
pense and manual effort required to record visual data. These challenges underscore the
need for data augmentation in computer vision.

Data augmentation is a set of techniques that enhance the size and quality of machine
learning training datasets, enabling the training of better deep learning models. The most
difficult challenge is the generalizability of deep learning models, which refers to the perfor-
mance difference of a model when evaluated on previously seen data (training data) versus
data it has never seen before (testing data). Models with poor generalizability have overfitted
the training data.

To address the limitations posed by small datasets, data augmentation techniques have
become essential in computer vision [6, 7]. Traditional augmentation methods, such as
geometric transformations (e.g., rotations, flips, and scaling) and brightness adjustments,
artificially increase the size and diversity of training datasets. These techniques expose
models to a broader range of variations, enhancing their ability to generalize across unseen
data. However, traditional augmentations are unsuitable for thermal images due to their
distinct characteristics [8]. Thermal images typically exhibit lower contrast, unique noise
patterns, and temperature-specific information that differ from visible-spectrum images. As
a result, augmentation strategies for visible-light images may distort critical thermal features
like temperature gradients and hot spots, reducing the effectiveness of the models.

Recent studies have proposed various methods to improve thermal image classification
for PV module fault detection by tailoring augmentation techniques to thermal data. For
instance, Korkmaz et al. [5] introduced an efficient fault classification method using trans-
fer learning and a multi-scale convolutional neural network (CNN). They applied geomet-
ric transformations and brightness adjustments to enhance their dataset, achieving notable
improvements in classification accuracy. Similarly, Pamungkas et al. [8] proposed a novel
method using a coupled UDenseNet architecture for efficient solar panel fault classification.
Their approach combined geometric transformations with generative adversarial networks
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Fig.1. Examples of augmented thermal images: (a) geometric transformations (horizontal,
vertical, and both flips), (b) histogram equalization, and (c) brightness adjustment.

(GANs) to generate additional synthetic thermal images, significantly boosting model per-
formance. In another approach, Tang et al. [9] focused on automatic defect identification
in PV panels using infrared (IR) images captured by unmanned aircraft. They utilized his-
togram equalization to enhance the contrast of the thermal images, improving the clarity of
defects and anomaly detection. Some of these augmentation techniques, including geometric
transformations, brightness adjustment, and histogram equalization, are depicted in Fig. 1.

In this paper, we address the limitations of traditional augmentation methods by propos-
ing a novel offline augmentation technique guided by thermal-specific image quality metrics.
These quality metrics, including clarity, thermal contrast, and noise levels, are tailored to
the unique characteristics of thermal images. By optimizing the augmentation process based
on these metrics, we generate additional samples that more accurately reflect real-world
variations in thermal data, improving the robustness and generalization of thermal image
classification models.

To validate our approach, we experiment with a PV module defect dataset [10] and apply
quality metric-based oversampling to augment the training set. We evaluate our method
across several state-of-the-art deep learning architectures, including CNNs like AlexNet [11]
and ResNet50 [12], as well as transformer-based models such as Swin Transformer [13].
These networks, described in Table 1, are commonly employed for classification tasks and
serve as a benchmark for our proposed augmentation technique. Our experimental results
demonstrate that our method not only outperforms traditional augmentation techniques
but also significantly improves classification accuracy and model robustness across diverse
networks.
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Table 1: Popular Networks for Image Classification

Network Description Number of
Parameters

AlexNet [11] is a CNN architecture that won the 2012 ImageNet competition,
pioneering the use of deep learning for large-scale image classification. It
features five convolutional layers, followed by three fully connected layers.
AlexNet’s use of ReLU activation and dropout was instrumental in improving
performance.
PyTorch model: alexnet

61 million

ResNet50 [12] introduces residual connections that enable the training of
much deeper architectures by addressing the vanishing gradient problem.
ResNet50, with its 50 layers, became one of the most influential models in
computer vision, especially for transfer learning.
PyTorch model: resnet50

25.6 million

SqueezeNet [14] is a compact CNN architecture that achieves AlexNet-level
accuracy with 50x fewer parameters, thanks to its ”fire modules,” which consist
of a squeeze layer and an expand layer to reduce the number of parameters
while maintaining accuracy.
PyTorch model: squeezenet1 1

1.2 million

ShuffleNetV2 [15] is designed for lightweight mobile and embedded vision
applications. It uses group convolutions and a channel shuffle operation to
reduce computational complexity while maintaining high accuracy, making it
highly efficient for mobile devices.
PyTorch model: shufflenet v2 x1 0

2.3 million

MobileNetV3 [16] is the third version of the MobileNet family, designed for
high efficiency in mobile and embedded applications. It uses a combination of
inverted residuals and squeeze-and-excitation (SE) modules to balance speed
and accuracy.
PyTorch model: mobilenet v3 small

2.5 million

Swin Transformer [13] is a hierarchical transformer model that applies
attention within shifted windows, enabling both local and global information
capture. It is scalable and effective across different vision tasks.
PyTorch model: swin v2 t

28 million

The key contributions of this work are summarized as follows:

• We introduce a novel augmentation method guided by a thermal-specific quality metric,
which enhances the performance of thermal image classification models.

• We demonstrate the effectiveness of our approach using a PV module defect dataset,
showing that our method improves classification accuracy and model robustness.

• We evaluate our method on various state-of-the-art deep learning architectures, includ-
ing both CNN-based and transformer-based models, showcasing its general applicabil-
ity.

The remainder of the paper is structured as follows. Section 2. presents our proposed
quality metric-based augmentation method, followed by experimental setup and results in
Section 3. Finally, Section 4. concludes the paper with a discussion of future work and
practical implications.
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2. Proposed Method

In this study, we propose a domain-specific augmentation technique tailored for thermal
images, particularly addressing the challenges presented by the unique characteristics of
infrared data. Traditional image augmentation methods, such as geometric transformations
and basic image enhancement, often fail to adequately improve thermal image datasets. This
is primarily due to the inherently low contrast and distinct noise patterns in thermal images,
which differ significantly from those in visible spectrum images. As a result, conventional
approaches do not fully capture the structural and qualitative nuances required for effective
thermal image classification.

To overcome these limitations, we leverage the Block-wise Image Entropy (BIE) qual-
ity metric [17], a no-reference Image Quality Assessment (IQA) technique. No-reference
IQA methods are particularly important in scenarios where ground truth image qual-
ity ratings are unavailable, as they provide an objective measure of image qualtrongti-
rakul2022unsupervisedity without the need for reference images [18, 19]. This is crucial
in thermal imaging, where acquiring high-quality, well-labeled datasets is often difficult and
costly [20]. By incorporating both local and global entropy characteristics, BIE offers a more
comprehensive assessment of thermal image quality than traditional methods. It evaluates
the image based on entropy-driven criteria, which better aligns with the noise characteristics
and structural patterns of thermal data, thus ensuring that the augmented images maintain
high levels of interpretability and detail.

The BIE is defined as:

BIE(I) = ADP (I)×
1
n

∑n
k=1(αM

′(Ik)α × lnM ′(Ik))

1 + 1
n

∑n
k=1E(Ik)

× SD(I)

1 + 1
n

∑n
k=1 SD(Ik)

, (1)

where n represents the number of blocks into which the image is divided, E(Ik) is the entropy
of each block, and SD(Ik) is the standard deviation of each block. The term ADP (I) denotes
the Average Deviation Percentage, and M ′(I) is the modified modulation. These are defined
as:

ADP (I) = 1− |A(I)− L/2|
L/2

, M ′(I) =
Imax − Imin

L
, (2)

where A(I) is the average pixel value of the image, L = 255 represents the maximum pixel
value in an 8-bit image (adjustable depending on the image format), and Imax, Imin are the
maximum and minimum pixel intensities, respectively. The entropy E(I) is calculated using
Shannon entropy [21], which is defined as:

E(I) = −
N∑
i=1

P (i) log2 P (i), (3)

where E(I) represents the entropy of the image I, N denotes the total number of possible
intensity levels, and P (i) is the probability of occurrence of intensity level i within the image.
Shannon entropy provides a measure of information content and randomness in the image,
making it a crucial component of the BIE metric for evaluating thermal image quality.

Measure-based enhancement techniques have been widely employed in the literature to
improve image quality and performance in machine learning tasks, particularly in scenarios
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Fig. 2. Example of BIE-based contrast enhancement on thermal images of defective PV modules.

where image contrast and structural detail are crucial [22, 23, 24]. To augment the thermal
images, we apply a multi-step process based on contrast enhancement using the BIE quality
metric:

1. Contrast Enhancement: Each thermal image undergoes parametric contrast
stretching to enhance the overall contrast. The stretching parameters are selected
from predefined ranges.

2. Optimization Using BIE: The low and high stretching parameters are optimized
within the ranges [0, 150] and [150, 255], respectively, using the BIE quality measure.
The goal is to maximize the BIE value for each image.

3. Augmentation with Best and Second-Best Images: The images with the highest
BIE value and the second-highest BIE value are selected and added to the augmented
dataset, alongside the original image.

This method generates augmented versions of thermal images that have improved con-
trast and higher entropy, which are better suited for training deep learning models.

Fig. 2. illustrates the results of our BIE-based contrast enhancement for a defective
thermal image from the Infrared Solar Modules dataset [10]. The original image, along with
the images corresponding to the best and second-best BIE values, are shown.
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Table 2: Description of augmentation setups and sets

Augmentation Description Training set Validation set Test set

A0 No augmentation 16,000 2,000 2,000
A1 Geometric Transformations (GT) 64,000 8,000 8,000
A2 GT + Histogram Equalization 80,000 10,000 10,000
A3 GT + Brightness Adjustment 96,000 12,000 12,000
A4 GT + BIE-based Oversampling 80,000 10,000 10,000

The results highlight how BIE-guided contrast enhancement significantly improves image
quality by enhancing local contrast and emphasizing key structural features in the thermal
image.

3. Results

In this section, we present the performance results of our proposed augmentation technique
and the deep learning models evaluated on the PV module defect classification task. The
dataset consists of 20,000 infrared images of solar modules, evenly divided between non-
defective (No-Anomaly) and defective modules. The defective class includes a variety of
faults, such as Hot-Spots, Soiling, Diode failures, and Cell anomalies [10]. The deep learning
models used in our experiments, including CNN-based architectures and a transformer-based
model, are described in Table 1. As detailed in Table 3., The augmentation setups were
applied to the original dataset, which was randomly split into 80% training, 10% validation,
and 10% test sets. The number of samples in each set after augmentation is also listed in
Table 3..

For training the models, we used the following hyperparameters. Each model was trained
for 30 epochs using the Cross-entropy loss function. We optimized the models using the
stochastic gradient descent (SGD) optimizer with an initial learning rate of 0.001 and mo-
mentum set to 0.9. The batch size for all experiments was set to 32. To enhance training
efficiency and mitigate overfitting, we employed a learning rate scheduler, specifically the
StepLR, with a step size of 10 and a gamma of 0.5 to reduce the learning rate after every 10
epochs.

Additionally, the input images were resized to meet the requirements of each network
before training and validation. For instance, images were resized to 227x227 for AlexNet
and 224x224 for ResNet50.

To evaluate the performance of the models, we used four standard classification met-
rics: accuracy (Acc), precision (Pr), recall (Rec), and specificity (Sp). These metrics were
calculated based on the following equations:

Accuracy (Acc) =
TP + TN

TP + TN + FP + FN
(4)

Precision (Pr) =
TP

TP + FP
(5)

Recall (Rec) =
TP

TP + FN
(6)
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Table 3: Quantitative results for each deep learning model trained on five different augmen-
tation techniques. The table presents accuracy, precision, recall, and specificity for both the
test and validation sets.

Dataset Test Validation
Aug Method Acc Pr Rec Sp Acc Pr Rec Sp

A
le
x
N
et

A0 86.85 88.83 86.90 93.31 85.80 88.26 85.81 92.79
A1 90.88 91.85 90.91 95.37 89.28 90.75 89.28 94.57
A2 90.39 91.34 90.42 95.11 89.62 90.90 89.63 94.73
A3 88.32 89.61 88.35 94.02 87.83 89.52 87.84 93.81
A4 93.21 92.62 94.05 96.56 92.53 92.02 93.54 96.22

R
es
N
et
50

A0 89.70 89.92 89.72 94.61 89.30 89.89 89.31 94.45
A1 92.20 92.28 92.21 95.95 91.41 91.56 91.42 95.54
A2 91.99 92.01 91.99 95.83 91.28 91.36 91.28 95.45
A3 88.33 88.48 88.35 93.83 87.38 87.64 87.38 93.31
A4 93.66 93.06 94.12 96.75 93.16 92.57 93.76 96.51

S
q
u
ee
ze
N
et

A0 88.10 88.98 88.13 93.83 88.30 89.30 88.31 93.96
A1 88.42 88.73 88.41 93.91 88.66 88.80 88.66 94.01
A2 88.41 88.47 88.40 93.86 88.06 88.12 88.06 93.66
A3 86.17 86.46 86.18 92.63 85.71 86.06 85.71 92.37
A4 91.34 90.89 91.09 95.47 91.71 91.22 91.63 95.68

S
h
u
ffl
eN

et
V
2 A0 89.95 90.19 89.97 94.75 90.30 90.77 90.31 94.98

A1 92.35 92.39 92.36 96.03 91.75 91.90 91.75 95.72
A2 91.44 91.57 91.45 95.55 90.54 90.73 90.54 95.07
A3 90.69 90.83 90.70 95.14 89.96 90.20 89.96 94.75
A4 93.72 93.19 93.90 96.77 93.07 92.51 93.36 96.43

M
ob

il
eN

et
V
3 A0 92.65 92.66 92.65 96.19 91.20 91.26 91.20 95.41

A1 93.04 93.05 93.03 96.39 92.26 92.27 92.26 95.98
A2 92.40 92.41 92.40 96.05 92.06 92.09 92.06 95.87
A3 91.72 91.80 91.73 95.70 91.42 91.52 91.43 95.54
A4 94.59 94.18 94.64 97.23 94.08 93.59 94.27 96.96

S
w
in

A0 88.85 88.91 88.84 94.10 88.90 88.90 88.90 94.12
A1 91.69 91.82 91.68 95.68 91.38 91.41 91.37 95.50
A2 91.60 91.74 91.59 95.64 90.96 90.98 90.96 95.27
A3 89.59 89.63 89.60 94.52 89.41 89.54 89.41 94.43
A4 93.85 93.38 93.95 96.84 93.67 93.13 93.94 96.75

Specificity (Sp) =
TN

TN + FP
(7)

In these equations, TP represents true positives, TN represents true negatives, FP
represents false positives, and FN represents false negatives.

The results for each deep learning model, trained using five different augmentation tech-
niques, are summarized in Table 3. The confusion matrices for AlexNet and Swin Trans-
former are shown in Fig. 3.
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Fig. 3. Confusion matrices for binary classification using (a) AlexNet and (b) Swin Transformer,

showcasing performance across different augmentation types on the test set.

As observed, the setups without augmentation and those using only brightness adjust-
ment yielded the lowest performance metrics across all models. The setups employing ge-
ometric transformations and histogram equalization achieved moderate scores, indicating
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some improvement but still lacking compared to other methods.
However, our proposed contrast enhancement augmentation, combined with geometric

transformations, outperformed all other approaches. This setup achieved the best perfor-
mance, particularly on MobileNetV3, with an accuracy of 94.59%, precision of 94.18%, recall
of 94.64%, and a specificity of 97.23% on the test set. Swin Transformer also performed well
with our augmentation technique, though its results were less impressive than those of other
augmentation setups.

In conclusion, the proposed contrast enhancement method not only improves model per-
formance but demonstrates its effectiveness in enhancing the robustness and classification
accuracy of thermal image datasets, particularly when data availability is limited.

4. Conclusion

This paper presented a novel augmentation technique for thermal image classification, par-
ticularly for fault detection in photovoltaic modules. Given the challenges of limited thermal
image datasets, traditional augmentation methods like geometric transformations and sim-
ple enhancements are often inadequate. To address this, we proposed a new augmentation
method that uses thermal quality assessment-based contrast enhancement to enrich the
dataset. Our approach significantly improves the diversity of the training dataset, leading to
enhanced classification accuracy and robustness across several state-of-the-art models. The
results demonstrate the effectiveness of the new augmentation over conventional methods,
making it a valuable tool for thermal imaging applications with constrained data.

Future work will focus on improving classification accuracy by exploring thermal-specific
deep-learning models and further refining our augmentation technique to optimize perfor-
mance.
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Ñ³Ù³Ï³ñ·»ñáõÙ, ÇÝãåÇëÇù »Ý ýáïá·³Éí³Ý³ÛÇÝ (üì) Ùá¹áõÉÝ»ñÁ: ²ÛÝáõ³Ù»Ý³ÛÝÇí,
³Ûë áÉáñïÝ»ñáõÙ ÁÝ¹Ñ³Ýáõñ Ù³ñï³Ññ³í»ñÁ É³ÛÝ³Í³í³É, ³Ýáï³óí³Í ç»ñÙ³ÛÇÝ
å³ïÏ»ñÝ»ñÇ ïíÛ³ÉÝ»ñÇ Ñ³í³ù³ÍáõÝ»ñÇ ë³ÑÙ³Ý³÷³Ï Ñ³ë³Ý»ÉÇáõÃÛáõÝÝ ¿: ²Ûë
ËÝ¹ÇñÁ ÉáõÍ»Éáõ Ñ³Ù³ñ Ù»ù»Ý³Û³Ï³Ý áõëáõóÙ³Ý Ù»ç É³ÛÝáñ»Ý ÁÝ¹áõÝí³Í ¿
å³ïÏ»ñÝ»ñÇ ³í»É³óáõÙÁ` ³ñÑ»ëï³Ï³Ýáñ»Ý Ù»Í³óÝ»Éáõ ïíÛ³ÉÝ»ñÇ Ñ³í³ù³ÍáõÝ»ñÇ
ã³÷Ý áõ µ³½Ù³½³ÝáõÃÛáõÝÁ` µ³ñ»É³í»Éáí Ùá¹»ÉÝ»ñÇ ÁÝ¹Ñ³Ýñ³óáõÙÁ: ²í³Ý¹³Ï³Ý
Ù»Í³óÙ³Ý Ù»Ãá¹Ý»ñÁ, ÇÝãåÇëÇù »Ý »ñÏñ³ã³÷³Ï³Ý ÷áË³Ï»ñåáõÙÝ»ñÁ, ï³ÉÇë »Ý
áñáß ³é³í»ÉáõÃÛáõÝÝ»ñ, ë³Ï³ÛÝ Ï³ñáÕ »Ý ã³ñï³óáÉ»É ç»ñÙ³ÛÇÝ å³ïÏ»ñÝ»ñÇÝ µÝáñáß
Ûáõñ³Ñ³ïáõÏ Ñ³ïÏ³ÝÇßÝ»ñÁ, áñáÝù Ñ³×³Ë áõÝ»Ý ³í»ÉÇ ó³Íñ ÏáÝïñ³ëï ¨ ï³ñµ»ñ
³ÕÙáõÏÇ Ùá¹»ÉÝ»ñ, ù³Ý ï»ë³Ý»ÉÇ ëå»ÏïñÇ å³ïÏ»ñÝ»ñÁ: ²ÛëåÇëáí, Ù»Ýù åÝ¹áõÙ »Ýù,
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áñ å»ïù ¿ Ùß³ÏíÇ ç»ñÙ³ÛÇÝ å³ïÏ»ñÝ»ñÇ ³í»É³óÙ³Ý Ýáñ Ù»Ãá¹, ù³ÝÇ áñ ç»ñÙ³ÛÇÝ
ïíÛ³ÉÝ»ñÇ Ñ³í³ù³·ñáõÙÁ Í³Ëë³ï³ñ ¿ ¨ Å³Ù³Ý³Ï³ï³ñ:
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Àííîòàöèÿ

Êëàññèôèêàöèÿ òåïëîâûõ èçîáðàæåíèé èìååò ðåøàþùåå çíà÷åíèå â
ðàçëè÷íûõ ïðèëîæåíèÿõ, îñîáåííî â ñèñòåìàõ îáíàðóæåíèÿ íåèñïðàâíîñòåé
è ìîíèòîðèíãà, òàêèõ êàê ôîòîýëåêòðè÷åñêèå (PV) ìîäóëè. Îäíàêî
ðàñïðîñòðàíåííîé ïðîáëåìîé â ýòèõ îáëàñòÿõ ÿâëÿåòñÿ îãðàíè÷åííàÿ äîñòóïíîñòü
êðóïíîìàñøòàáíûõ àííîòèðîâàííûõ íàáîðîâ äàííûõ òåïëîâûõ èçîáðàæåíèé.
×òîáû ðåøèòü ýòó ïðîáëåìó, â ìàøèííîì îáó÷åíèè øèðîêî ïðèìåíÿåòñÿ
äîïîëíåíèå èçîáðàæåíèé äëÿ èñêóññòâåííîãî óâåëè÷åíèÿ ðàçìåðà è ðàçíîîáðàçèÿ
îáó÷àþùèõ íàáîðîâ äàííûõ, ÷òî óëó÷øàåò îáîáùåíèå ìîäåëåé. Òðàäèöèîííûå
ìåòîäû äîïîëíåíèé, òàêèå êàê ãåîìåòðè÷åñêèå ïðåîáðàçîâàíèÿ, îáåñïå÷èâàþò
íåêîòîðûå ïðåèìóùåñòâà, íî ìîãóò íå ïîëíîñòüþ óëàâëèâàòü óíèêàëüíûå
õàðàêòåðèñòèêè, ïðèñóùèå òåïëîâèçèîííûì èçîáðàæåíèÿì, êîòîðûå ÷àñòî
èìåþò áîëåå íèçêóþ êîíòðàñòíîñòü è äðóãèå øóìîâûå ïàòòåðíû, ÷åì

Ø»ñ Ñ»ï³½áïáõÃÛáõÝÝ ³é³ç³ñÏáõÙ ¿ ïíÛ³ÉÝ»ñÇ ³í»É³óÙ³Ý Ýáñ ï»ËÝÇÏ³,
áñÝ ³é³çÝáñ¹íáõÙ ¿ áñ³ÏÇ ã³÷áñáßÇãÝ»ñáí‘ ç»ñÙ³ÛÇÝ å³ïÏ»ñÝ»ñÇ »ñÏáõ³Ï³Ý
¹³ë³Ï³ñ·Ù³Ý Ùá¹»ÉÝ»ñÇ ³ñ¹ÛáõÝ³í»ïáõÃÛáõÝÁ µ³ñÓñ³óÝ»Éáõ Ñ³Ù³ñ: ú·ï³·áñÍ»Éáí
ïÇñáõÛÃÇÝ Ñ³ïáõÏ áñ³ÏÇ ã³÷áñáßÇãÝ»ñ, ÇÝãåÇëÇù »Ý å³ïÏ»ñÇ å³ñ½áõÃÛáõÝÁ,
ç»ñÙ³ÛÇÝ ÏáÝïñ³ëïÁ ¨ ³ÕÙáõÏÇ Ù³Ï³ñ¹³ÏÝ»ñÁ, Ù»Ýù ûåïÇÙÇ½³óÝáõÙ »Ýù
ç»ñÙ³ÛÇÝ ïíÛ³ÉÝ»ñÇ Ñ³í³ù³ÍáõÝ»ñÇ Ñ³ñëï³óÙ³Ý ·áñÍÁÝÃ³óÁ: úñÇÝ³Ï, x ù³Ý³Ïáí
å³ïÏ»ñÝ»ñÇ ïíÛ³ÉÝ»ñÇ µ³½³ÛÇó ëÏë³Í‘ Ù»Ýù ëï»ÕÍáõÙ »Ýù y Éñ³óáõóÇã ç»ñÙ³ÛÇÝ
å³ïÏ»ñÝ»ñ, ÇÝãÇ ³ñ¹ÛáõÝùáõÙ ÁÝ¹Ñ³Ýáõñ ³éÙ³Ùµ x + y ù³Ý³Ïáí å³ïÏ»ñÝ»ñ
»Ý û·ï³·áñÍíáõÙ ËáñÁ áõëáõóÙ³Ý ¹³ë³Ï³ñ·Ù³Ý Ùá¹»ÉÁ áõëáõó³Ý»Éáõ Ñ³Ù³ñ:
ú·ï³·áñÍ»Éáí üì Ùá¹áõÉÇ Ã»ñáõÃÛáõÝÝ»ñÇ Ñ³í³ù³ÍáõÝ, Ù»Ýù óáõó³¹ñáõÙ »Ýù Ù»ñ
áñ³ÏÇ ã³÷Ù³Ý íñ³ ÑÇÙÝí³Í ïíÛ³ÉÝ»ñÇ ³í»É³óÙ³Ý Ù»÷á¹Ç ³ñ¹ÛáõÝ³í»ïáõÃÛáõÝÁ
ÙÇ ù³ÝÇ Å³Ù³Ý³Ï³ÏÇó å³ïÏ»ñÝ»ñÇ ¹³ë³Ï³ñ·Ù³Ý ó³Ýó»ñáõÙ: Ø»ñ Ùáï»óáõÙÁ
·»ñ³½³ÝóáõÙ ¿ ³í³Ý¹³Ï³Ý Ù»Í³óÙ³Ý Ù»Ãá¹Ý»ñÇÝ` Ï³åí³Í ¹³ë³Ï³ñ·Ù³Ý
×ß·ñïáõÃÛ³Ý ¨ Ï³ÛáõÝáõÃÛ³Ý Ñ»ï, Ý»ñ³éÛ³É »ñÏñ³ã³÷³Ï³Ý ÷áË³Ï»ñåáõÙÝ»ñÁ ¨
å³ïÏ»ñÇ µ³ñ»É³íÙ³Ý ëï³Ý¹³ñï ï»ËÝÇÏ³Ý»ñÁ: Ø»ñ Ñ»ï³½áïáõÃÛ³Ý ·áñÍÝ³Ï³Ý
Ñ»ï¨³ÝùÝ»ñÁ Ýß³Ý³Ï³ÉÇ »Ý, ù³ÝÇ áñ ³ÛÝ ³å³ÑáíáõÙ ¿ ³í»ÉÇ ³ñ¹ÛáõÝ³í»ï ÙÇçáó
ç»ñÙ³ÛÇÝ å³ïÏ»ñÝ»ñÇ ËÝ¹ÇñÝ»ñáõÙ Ùá¹»ÉÝ»ñÇ Ï³ï³ñáÕ³Ï³ÝáõÃÛáõÝÁ µ³ñ»É³í»Éáõ
Ñ³Ù³ñ, ÑÇÙÝ³Ï³ÝáõÙ, »ñµ ïíÛ³ÉÝ»ñÇ Ñ³ë³Ý»ÉÇáõÃÛáõÝÁ ë³ÑÙ³Ý³÷³Ï ¿:

´³Ý³ÉÇ µ³é»ñ` ïíÛ³ÉÝ»ñÇ Ñ³í³ù³ÍáõÇ Ù»Í³óáõÙ, å³ïÏ»ñÇ áñ³ÏÇ ·Ý³Ñ³ïáõÙ,
ç»ñÙ³ÛÇÝ å³ïÏ»ñÝ»ñÇ ¹³ë³Ï³ñ·áõÙ:
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èçîáðàæåíèÿ âèäèìîãî ñïåêòðà. Ïîýòîìó ìû óòâåðæäàåì, ÷òî íàì íåîáõîäèìî
ðàçðàáîòàòü íîâûé ìåòîä äîïîëíåíèé äëÿ òåïëîâèçèîííûõ èçîáðàæåíèé, ãäå
ñáîð äàííûõ ÿâëÿåòñÿ äîðîãîñòîÿùèì è îòíèìàåò ìíîãî âðåìåíè.

Íàøå èññëåäîâàíèå ïðåäëàãàåò íîâûé ìåòîä äîïîëíåíèÿ, ðóêîâîäñòâóþùèéñÿ
ïîêàçàòåëÿìè êà÷åñòâà, äëÿ ïîâûøåíèÿ ïðîèçâîäèòåëüíîñòè ìîäåëåé áèíàðíîé
êëàññèôèêàöèè òåïëîâûõ èçîáðàæåíèé. Èñïîëüçóÿ ñïåöèôè÷íûå äëÿ äîìåíà
ïîêàçàòåëè êà÷åñòâà, òàêèå êàê ÷åòêîñòü èçîáðàæåíèÿ, òåïëîâîé êîíòðàñò è
óðîâíè øóìà, ìû îïòèìèçèðóåì ïðîöåññ äîïîëíåíèÿ äëÿ òåïëîâûõ íàáîðîâ
äàííûõ. Íàïðèìåð, íà÷èíàÿ ñ íàáîðà äàííûõ èç x èçîáðàæåíèé, ìû
ãåíåðèðóåì y äîïîëíèòåëüíûõ òåïëîâûõ èçîáðàæåíèé, â ðåçóëüòàòå ÷åãî
ïîëó÷àåòñÿ â îáùåé ñëîæíîñòè x + y èçîáðàæåíèé, èñïîëüçóåìûõ äëÿ îáó÷åíèÿ
ôðåéìâîðêà êëàññèôèêàöèè ãëóáîêîãî îáó÷åíèÿ. Èñïîëüçóÿ íàáîð äàííûõ
äåôåêòîâ ôîòîýëåêòðè÷åñêèõ ìîäóëåé, ìû äåìîíñòðèðóåì ýôôåêòèâíîñòü
íàøåé ñòðàòåãèè àóãìåíòàöèè íà îñíîâå ìåòðèêè êà÷åñòâà â íåñêîëüêèõ
ñîâðåìåííûõ ñåòÿõ êëàññèôèêàöèè èçîáðàæåíèé. Íàø ïîäõîä ïðåâîñõîäèò
òðàäèöèîííûå ìåòîäû àóãìåíòàöèè ñ òî÷êè çðåíèÿ òî÷íîñòè è íàäåæíîñòè
êëàññèôèêàöèè, âêëþ÷àÿ ãåîìåòðè÷åñêèå ïðåîáðàçîâàíèÿ è ñòàíäàðòíûå ìåòîäû
óëó÷øåíèÿ èçîáðàæåíèé. Ïðàêòè÷åñêèå ïîñëåäñòâèÿ íàøåãî èññëåäîâàíèÿ
çíà÷èòåëüíû, ïîñêîëüêó îíî îáåñïå÷èâàåò áîëåå ýôôåêòèâíûé è äåéñòâåííûé
ñïîñîá óëó÷øåíèÿ ïðîèçâîäèòåëüíîñòè ìîäåëè äëÿ çàäà÷ òåïëîâèäåíèÿ, â
îñíîâíîì, êîãäà äîñòóïíîñòü äàííûõ îãðàíè÷åíà

Êëþ÷åâûå ñëîâà: àóãìåíòàöèÿ íàáîðà äàííûõ, îöåíêà êà÷åñòâà èçîáðàæåíèé,
êëàññèôèêàöèÿ òåïëîâûõ èçîáðàæåíèé.
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