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Editorial

Mirjana Ivanovié¢, Milo§ Radovanovi¢, and Vladimir Kurbalija

University of Novi Sad, Faculty of Sciences
Novi Sad, Serbia
{mira,radacha,kurba} @dmi.uns.ac.rs

The fourth and final issue of Volume 21 of Computer Science and Information Sys-
tems is comprised of 9 regular articles and three special sections: “Explainable and trust-
worthy methods for next-generation artificial intelligence for Reasonable Data Size” (7 ar-
ticles), “Recent Advances in AI Methods for Image Processing: Theory, Algorithms, and
Applications” (14 papers) and “Selected papers from the European Conference on Ad-
vances in Databases and Information Systems” (3 articles).

The first regular article, “Threshold Segmentation Based on Information Fusion for
Object Shadow Detection in Remote Sensing Images” by Shoulin Yin et al., propose a
novel threshold segmentation method where object shadow pixels are first screened using
intensity and chromaticity information in HSI color space. Then, principal component
analysis (PCA) is applied to the remote sensing image to obtain the first principal com-
ponent, after which a new shadow index is constructed by fusing the results obtained
from HSI and the first principal component. Finally, a threshold segmentation model is
established using an improved threshold segmentation algorithm.

In the second regular article, “Tourist Services Management through Clients Scoring
Using a Bio-Inspired Agent Architecture,” Radl Moreno et al. present a complete frame-
work, Pharaoh, which can make recommendations to customers covering the final user
perspective and provide support to travel agents, by filtering the best travel, accommo-
dation, and activity options according to the desires of the customers. This is achieved
through effective use of a bio-inspired multi-agent system (MAS).

“PTB-FLA Development Paradigm Adaptation for ChatGPT,” by Miroslav Popovic et
al. adapts the original four-stage Python testbed for federated learning algorithms (PTB-
FLA) paradigm into two new paradigms for ChatGPT, denoted the adapted four-phases
paradigm and the adapted two-phases paradigm. The four-phase paradigm consists of
producing the sequential code, the federated code, the federated code with callbacks, and
the PTB-FLA code, respectively, while the two-phase paradigm produces the sequential
and the PTB-FLA code.

Yuhao Dai and Fei Zhu, in “TRL-PROTAC: A Pre-Trained Generator of PROTACs
Targeting Specific Proteins Optimized by Reinforcement Learning,” propose an integrated
protocol for design and evaluation of proteolysis-targeting chimeras (PROTACsS) targeting
specific proteins, called TRL-PROTAC. TRL-PROTAC is focused on the de novo design
of complete PROTACs by effectively joining the designed ligands targeting the proteins
of interest (POI) with linkers.

The article “Psychological Effect Computation of Courtroom Arguments: A Deep
Learning Approach of EEG Signal Data,” authored by Xuan Zhou et al., explores a neu-
ral reaction observation method for psychological effect analysis of attorney’s speeches
in courtroom scenarios. A corpus of courtroom arguments from legal movies and tele-
vision series were used as source material, and participants’ psychological responses to
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the speeches were monitored with wearable electroencephalography (EEG) devices. Deep
learning approaches based on convolutional neural networks (CNN) and long short-term
memory (LSTM) networks were then employed to model attention intensity, cognitive
load, and emotional changes.

In their article entitled “A Method for Solving Reconfiguration Blueprints Based on
Multi-Agent Reinforcement Learning,” Jing Cheng et al. propose an improved value-
decomposition network (VDN) method based on average sequential cumulative reward.
By refining the characteristics of the integrated modular avionics system, mathematical
models are developed for both the system and the reconfiguration blueprint. The improved
VDN algorithm demonstrates superior convergence characteristics and optimization ef-
fects compared to traditional reinforcement learning algorithms such as Q-learning, deep
Q-learning network (DQN), and VDN.

“Biometric Lock with Facial Recognition Implemented with Deep Learning Tech-
niques,”’ by José Misael Burruel-Zazueta et al. develops a biometric lock system (BLS)
whose opening is performed by recognizing a person’s face, which solves the challenges
of re-training, antispoofing, real-time response, and executes inside an embedded system.
The proposed BLS overcomes these challenges using a pre-trained FaceNet network for
feature extraction and coding, and incorporating ResNet18 + remote photoplethysmogra-
phy (rfPPG) to avoid spoofing.

Shi Shuxin et al., in their article “BLSAE-SNIDS: A Bi-LSTM Sparse Autoencoder
Framework for Satellite Network Intrusion Detection,” present a satellite network intru-
sion detection system named Bi-LSTM sparse self encoder (BLSAE-SNIDS) to address
various challenges in intrusion detection for satellite networks. Through the development
of an innovative unsupervised training Bi-LSTM stacked self-encoder, BLSAE-SNIDS
facilitates feature extraction from satellite network traffic, diminishes dimensionality, con-
siderably reduces training and testing durations, and enhances attack prediction accuracy
of the classifier.

Finally, “Sentiment Polarity Analysis of Love Letters: Evaluation of TextBlob, Vader,
Flair, and Hugging Face Transformer,” by Gaganpreet Kaur et al. investigates the perfor-
mance and accuracy of four popular Python libraries for sentiment analysis (TextBlob,
Vader, Flair, and Hugging Face Transformer) in determining the polarity and intensity of
sentiments in love letters. A corpus of 300 love letters was collected and randomly sam-
pled to provide 500 sentences for analysis, with human experts evaluating the quality and
accuracy of the sentiment annotations.

In the name of our editorial team, we extend our sincerest gratitude to everybody who
contributed to the pub- lication of ComSIS, including (but not limited to) our authors,
reviewers, guest editors, colleagues, team members, and boards.
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Guest Editorial: Explainable and trustworthy methods
for next-generation artificial intelligence for Reasonable
Data Size

Dalin Zhang! and Ivan Lukovi¢?

! Beijing Jiaotong University, China
dalin@bjtu.edu.cn
2 University of Belgrade, Serbia
ivan.Jukovic@fon.bg.ac.rs

This special issue showcases cutting-edge research in artificial intelligence and com-
puter vision, with a focus on novel deep learning architectures and algorithms for various
recognition and analysis tasks. The collected papers present innovative approaches that
push the boundaries of performance and efficiency across applications ranging from in-
frastructure inspection to pedestrian analysis.

In the paper "Advancing Crack Segmentation Detection: Introducing AAMC-Net Al-
gorithm for Image Crack Analysis", the authors introduce AAMC-Net, an innovative
convolutional neural network algorithm that leverages a mixed domain attention mech-
anism to enhance feature extraction for road crack segmentation. The proposed approach
demonstrates superior performance in crack detail processing, model training efficiency,
and real-time detection compared to several traditional algorithms, achieving notable im-
provements across multiple evaluation metrics. By addressing challenges in road crack
segmentation while maintaining flexibility for broader image segmentation tasks, AAMC-
Net represents a significant advancement in computer vision techniques for infrastructure
maintenance and safety applications.

The paper titled "Enhancing Architectural Image Processing: A Novel 2D to 3D Al-
gorithm Using Improved Convolutional Neural Networks" introduces an innovative archi-
tectural image processing model that combines Restricted Boltzmann Machines (RBMs)
with Convolutional Neural Networks (CNNs) to convert 2D architectural images into 3D
models. The proposed approach demonstrates superior performance in terms of accuracy
and efficiency, achieving a 97% detection rate and significantly outperforming compar-
ative algorithms in runtime and efficiency. By integrating advanced preprocessing tech-
niques with a novel deep learning architecture, this research makes a valuable contribution
to the field of architectural digitization and smart city development.

In the paper "Attention Mechanism for Image-based Person Re-identification", Liu
and Zhou introduce a novel hybrid framework called PGAN (Patch-Global Attention Net-
work) for person re-identification, which combines a patch-network and global-network
with a channel-wise attention mechanism to learn discriminative feature representations.
The proposed approach incorporates CSwin Transformer to re-extract features from resid-
ual blocks and demonstrates superior performance on benchmark datasets, achieving state-
of-the-art results with mAP scores of 91.3%, 83.4%, and 81.8% on Market-1501, DukeMTMC-
RelD, and CUHKO3-NP datasets respectively. By effectively integrating local and global
features through attention mechanisms and transformer architectures, this work makes a
significant contribution to improving the accuracy and efficiency of person re-identification
systems.
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In the paper "Semantic Feature-Based Test Selection for Deep Neural Networks: A
Frequency Domain Perspective", Jiang et al. introduce SaFeTS, an innovative test selec-
tion method for deep neural networks that leverages frequency domain analysis to extract
semantic features from test cases. By clustering these features and sampling diverse test
cases, SaFeTS demonstrates superior performance in exposing varied model errors and
improving adversarial and out-of-distribution robustness compared to baseline methods.
The authors’ approach offers a fresh perspective on enhancing DNN testing and robust-
ness by focusing on semantic diversity, with experiments showing up to 20% improve-
ment in adversarial accuracy over existing techniques.

In their paper "Al Large Models Bring Great Opportunities to Reusable Design of
CAD Software", Sun et al. explore how Al large models can enhance reusable design in
CAD software by improving rule-based and case-based reasoning techniques. The authors
propose a novel framework that integrates large language models, knowledge graphs, and
databases to enable more intelligent and interpretable design reuse. By leveraging the
advanced language understanding and reasoning capabilities of large Al models, this ap-
proach aims to overcome limitations of traditional methods and open new possibilities for
computer-aided engineering augmented by artificial intelligence.

The paper titled "A Hybrid GA-Powell Algorithm for Geometric Constraint Solv-
ing" introduces a novel hybrid GA-Powell algorithm to address limitations in traditional
geometric constraint solving methods. By combining the global search capabilities of ge-
netic algorithms with the local refinement strengths of Powell’s method, the proposed
approach demonstrates superior accuracy and efficiency in solving multi-solution prob-
lems compared to existing techniques. The researchers’ findings offer valuable insights
for enhancing CAD systems and geometric constraint solvers, potentially advancing the
field of computer-aided engineering design.

In the paper "ALFormer: Attribute Localization Transformer in Pedestrian Attribute
Recognition", ALFormer, a novel transformer-based framework for pedestrian attribute
recognition that addresses limitations in accurately localizing discriminative regions has
been introduced. By incorporating Mask Contrast Learning to suppress misleading re-
gional correlations and Attribute Spatial Memory to capture inherent attribute locations,
ALFormer achieves state-of-the-art performance on benchmark datasets. The authors’
approach demonstrates the potential of leveraging spatial consistency to enhance fine-
grained recognition tasks in computer vision.

In conclusion, this special issue highlights several promising directions for advanc-
ing Al and computer vision capabilities. The presented works demonstrate the potential
of hybrid architectures, attention mechanisms, and large language models to address key
challenges in tasks like image segmentation, 3D modeling, person re-identification, and
attribute recognition. By combining global and local feature extraction, leveraging spatial
consistency, and enhancing robustness through semantic diversity, these approaches of-
fer new paradigms for developing more accurate, efficient and interpretable Al systems.
As the field continues to evolve rapidly, the novel techniques introduced here provide
valuable insights to guide future research and development of intelligent visual analysis
systems. We hope you enjoy reading the papers as well as we did.
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The special section Recent Advances in Al Methods for Image Processing: Theory,
Algorithms, and Applications is to contribute original researches on recent theoretical ad-
vances, algorithmic developments, and practical applications of the Al-based frameworks.
Topics include new Al models, adaptive Al algorithms, robustness analysis, stability anal-
ysis, and imaging processing applications.

The rise of machine learning approaches, and in particular deep learning, has led
to a significant increase in the performance of Al-based systems. Many current image
applications also include at least one Al-based component. Images, video, sound, text-
traditional multimedia data are now completed by a multitude of multimodal sources, on
which the fundamental principles of image research are being applied.

For this special issue 58 submissions have been submitted where the corresponding
authors were majorly counted by the deadline for manuscript submission with an open
call-for-paper period of 6 months. All these submissions are considered significant in the
field, but however, only one-third of them passed the pre-screening procedure by guest ed-
itors. The qualified papers then went through double-blinded peer review based on a strict
and rigorous review policy. After a totally three-round reviews, 14 papers were accepted
for publication. A quick overview to the papers in this section can be revealed below, and
we expect the content may draw attentions from public readers, and furthermore, prompt
the society development.

The first paper “GCN-LSTM: Multi-label educational emotion prediction based on
graph Convolutional network and long and short term memory network fusion label cor-
relation in online social networks” by Zhiguang Liu, Fengshuai Li, Guoyin Hao, Xiaoqing
He, and Yuanheng Zhang, proposes a novel multi-label educational emotion prediction
based on graph convolutional network and long and short term memory network fusion
label correlation in online social networks. This model uses Word2Vec method to train
word vectors and combines graph convolutional neural network (GCN) with long and
short term memory network (LSTM). This paper aims to improve the accuracy of multi-
label classification and to effectively learn the possible correlations between each label.

The second paper, “A multi-feature Fusion Model Based on Long and Short Term
Memory Network and Improved Artificial Bee Colony Algorithm for English Text Classi-
fication” by Tianying Wen, proposes a multi-feature fusion model based on long and short
term memory network and improved artificial bee colony algorithm for English text clas-
sification. In this method, the character-level vector and word-level vector representations
of English text are calculated using a pre-training model to obtain a more comprehensive
text feature vector representation. Then the multi-head attention mechanism is used to
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capture the dependencies in the text sequence to improve the semantic understanding of
the text.

The third paper, “A Novel Industrial Big Data Fusion Method Based on Q-learning
and Cascade Classifier” by Xi Zhang, Jiyue Wang, Ying Huang, and Feiyue Zhu presents
an improved Q-learning algorithm, which makes the improved algorithm randomly select
actions in the early stage, and dynamically change in the late stage in the random selection
of actions and actions with the highest reward value. It effectively improves the defects of
traditional Q-learning algorithm that it is easy to fall into the local optimal and has slow
convergence speed.

“Remora Optimization Algorithm-based Adaptive Fusion via Ant Colony Optimiza-
tion for Traveling Salesman Problem” by Lin Piao, proposes a novel remora optimization
algorithm-based adaptive fusion via ant colony optimization for solving TSP to enhance
the local search ability of ACO, speed up the efficiency of ACO and avoid the premature
problem. In addition, the initial solution is optimized by the k-opt strategy. Finally, the
random recombination strategy is used to recombine the pheromone and random excita-
tion to make the algorithm jump out of the local optimal as far as possible and improve
the accuracy of the algorithm.

The fifth paper, “GAN-DNADE: Image Encryption Algorithm Based on Generative
Adversarial Network and DNA Dynamic Encoding” by Xi Wang introduces GAN into
random key generation and uses GAN to learn and train the random key generated by
hyperchaotic system. A parallel chaotic system is used to generate two sets of pseudo-
random sequences, and DNA dynamic encoding is introduced to further transform them
to generate a new sequence. The pixel-level diffusion and scrambling of images within
and between channels are carried out by using random sequences. The experimental re-
sults show that the randomness of GAN can significantly expand the key space, and the
proposed algorithm has significant advantages in the security and anti-attack ability of
ciphertext images.

Next paper, “Multi-frame Network Feature Fusion Model and Self-attention Mecha-
nism for Vehicle Lane Line Detection” by Guang Zhu, Yajuan Liu, Jiyue Wang, proposes
a lane parallel detection network based on multi-frame network feature fusion model and
self-attention mechanism according to the scene characteristics that vehicles can obtain
continuous images during normal driving. Firstly, a parallel feature extraction structure is
designed. On the one hand, a single frame network with high precision is used to extract
the features of the current frame. On the other hand, a lightweight multi-frame network
is designed to extract features of low-resolution multi-frame temporal images. And the
recurrent neural network module is used to fuse the extracted temporal features and ob-
tain multi-frame features. Self-attention mechanism can effectively capture the relevant
information of internal features. Then the fusion module of single frame feature, multi-
frame feature and self-attention feature is designed. The feature map of lane line is output
by up-sampling network. The experimental results show that the network in this paper
has significant improvement in both objective detection accuracy and subjective effect
compared with other methods.

The seventh paper, “Stacked Denoised Auto-encoding Network-based Kernel Prin-
cipal Component Analysis for Cyber Physical Systems Intrusion Detection in Business
Management” by Zhihao Song, proposes a stacked denoised auto-encoding network based
on kernel principal component analysis for industrial cyber physical systems intrusion
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detection. A multi-stacked denoised auto-encoding network model is used to classify and
identify the data after dimensionality reduction by voting. Experimental results show that
the proposed method has better classification performance and detection efficiency by
comparing the state-of-the-art intrusion detection methods.

The eighth paper, “A Novel Image Enhancement Method Using Retinex-based I1lumi-
nation Map Weighted Guided Filtering” by Su Chen, Dahai Li) try to solve the traditional
defogging physical models. These models only enhance the images based on dark chan-
nels prior, resulting in different depths of field in local areas, and it can lead to some prob-
lems such as image overexposure and halo artifacts. To solve this problem, the method of
combining light and dark channels is adopted to calculate the atmospheric light value and
transmittance. For the problem that edge information is easily lost, the illumination gra-
dient domain weighted guided filtering is utilized to improve the thinning transmittance.
Experimental results with the proposed method have obvious improvement in denoising,
halo elimination, brightness adjustment and edge preservation in the low-illumination im-
age under different conditions.

Paper, “Underwater Image Denoising Based on Curved Wave Filtering and Two-
dimensional Variational Mode Decomposition” by Lin Teng, Yulong Qiao, Shoulin Yin,
proposes a novel underwater image denoising method based on curved wave filter and
two-dimensional variational mode decomposition. Firstly, the noisy image is decomposed
by two-dimensional variational mode decomposition, and a series of modal components
with different center frequencies are obtained. The effective modal components are se-
lected by correlation coefficient and structural similarity. And the effective modal compo-
nents are processed by the curve-wave filter.

The tenth paper, “A Novel Deep Fully Convolutional Encoder-Decoder Network and
Similarity Analysis for English Education Text Event Clustering Analysis” by Zhenping
Jing, proposes a novel deep fully convolutional encoder-decoder network and similarity
analysis for English education text event clustering analysis in online social networks.
At the encoder end, the features of text events are extracted step by step through the
convolution operation of the convolution layer. Compared to the supervised cluster model
with the same pre-training, the clustering index of the proposed model is improved.

Paper, “Attitude Estimation of aircraft Based on Quaternion SRCKF-SLAM Algo-
rithm” by Dandan Wang, Zhaokun Zhu, Liang Yu, Hongjie Li, and Kaituo Tan, takes the
attitude quaternion error and the gyro drift error as the state quantity, and measures the
attitude quaternion of SINS/SLAM navigation. The square root cubature Kalman filter al-
gorithm is used for pose estimation, which not only solves the standardization problem of
traditional quaternion, but also reduces the state dimension and complexity of the square
root UKF algorithm of traditional quaternion, and improves the numerical stability.

The twelfth paper, “Spatio-Temporal-based Multi-level Aggregation Network for Phys-
ical Action Recognition” by Yuhang Wang, introduces spatio-temporal-based multi-level
aggregation network (ST-MANet) for action recognition. It utilizes the correlations be-
tween different spatial positions and the correlations between different temporal positions
on the feature map to explore long-range spatial and temporal dependencies, respectively,
generating the spatial and temporal attention map that assigns different weights to fea-
tures at different spatial and temporal locations. Additionally, a multi-scale approach is
introduced, proposing a multi-scale behavior recognition framework that models various
visual rhythms while capturing multi-scale spatiotemporal information. A spatial diversity
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constraint is then proposed, encouraging spatial attention maps at different scales to focus
on distinct areas. This ensures a greater emphasis on spatial information unique to each
scale, thereby incorporating more diverse spatial information into multi-scale features.

The thirteenth paper, “Multi-object Real-time Tracking for Intelligent Breeding of
Animal” by Fei Wang, Bin Xia, Liwu Pan, proposes a new multi-object real-time tracking
within deep framework for intelligent breeding of animal (MRT-IB), which consists of
semantic feature extraction module, center point prediction module, and object and tra-
jectory calibration module. MRT-IB reduces the difficulty of modeling animal trajectories
by performing animal detection on consecutive frames, resulting in higher robustness in
real farming scenarios compared to traditional multi-object tracking schemes that directly
model animal motion trajectories.

The last paper, “MFE-Transformer: Adaptive English Text Named Entity Recognition
Method Based on Multi-feature Extraction and Transformer” by Liuxin Gao, proposes an
adaptive English named text entity recognition method based on multi-feature extrac-
tion and transformer. Experiments are carried out on five English datasets and CrossNER
datasets, and compared with current cross-domain methods, the results show that the pro-
posed method achieves better results in cross-domain tasks, indicating that learning and
using structured knowledge can better promote cross-domain knowledge transfer.

The first guest editor would like to thank Prof. Mirjana Ivanovi¢, the editor-in chief of
ComSIS, for her support during the preparation of this special section in the journal.

Finally, we gratefully acknowledge all the hard work and enthusiasm of authors and
reviewers, without whom the special section would not have been possible.
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Guest Editorial: Selected papers from the European
Conference on Advances in Databases and Information
Systems

Francesca Bugiotti, Johann Gamper, Genoveva Vargas-Solar, and Ester Zumpano

This special guest section publishes extended versions of three selected papers ac-
cepted in workshops held in conjunction with the ADBIS 2023: European Conference
on Advances in Databases and Information Systems (http://adbis.eu/). The workshops
covered diverse topics, such as intelligent data processing, large-scale knowledge graph
analysis, modern data engineering, advanced data management, and personalization and
recommender systems. The selected papers were chosen based on their technical quality,
assessed by the international program committee evaluating workshop papers. They went
through a strict evaluation of four reviewers, specialists in the topics of the papers. The
following papers were selected for this special guest section of ComSIS:

1. “Identifying Occurrences of the Cnidarian Physalia physalis in Social Media Data”,
by Heloisa Fernanda Rocha, Leonardo Camargo, Mauricio Almeida Noernberg, Au-
rora Trinidad Pozo, Carmem Hara, Lorena Silva Nascimento: This paper reports the
process of collecting and labeling Instagram posts, based on hashtag searches for
improving knowledge of biodiversity. An experimental study shows the effect of un-
questioning the adoption of labels given by a specialist compared to labels adapted
for machine learning training.

2. “ Automatic Conceptual Database Design based on Heterogeneous Source Artifacts”,
by Goran Banjac, Drazen Brdjanin, Danijela Banjac: This paper presents an early
prototype of the tool named DBomnia — the first online web-based tool enabling au-
tomatic derivation of conceptual database models from heterogeneous source artifacts
(business process models and textual specifications).

3. “Maritime Trajectory Mining: An Automatic Zones of Interests Discovery and Anno-
tation Framework 7, by Omar Ghannou: This paper presents an automatic framework
for discovering and annotating specific zones of interest within maritime trajectories.
The contribution is significant in the discovery of mobility patterns and the improve-
ment of transportation systems.

The Guest Editors extend their sincere gratitude to everyone who contributed to the
success of this special issue. We thank the authors for sharing their scientific insights
with the community. The authors invested effort in producing the versions published in
ComSIS, considering reviewers’ suggestions and requests to consolidate the work pre-
sented at the conference. We are also profoundly thankful to Prof. Mirjana Ivanovic, the
editor-in-chief of Computer Science and Information Systems (ComSIS), for her invalu-
able guidance and support throughout the process. A special acknowledgement is due
to the reviewers’ constructive feedback, which significantly enhanced the quality of the
papers accepted for this special issue.
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Abstract. In the shadow detection task, the shadow model is usually consistent
with the approximate contour of ontology semantics, it is difficult to extract the
features of land covered objects or ground pixels, and easy to be confused into fore-
ground objects in gray scale. Therefore, we present to formulate and apply one new
threshold segmentation method based on information fusion for object shadow de-
tection in remote sensing images. Firstly, object shadow pixels are screened using
intensity and chromaticity information in HSI color space. Secondly, the remote
sensing image is carried out by principal component analysis (PCA) to obtain the
first principal component. A new shadow index is constructed using the results ob-
tained from HSI and the first principal component. Thirdly, based on the results of
the above two information fusion, a threshold segmentation model is established us-
ing the improved threshold segmentation algorithm between the maximum and the
minimum threshold segmentation algorithm, so as to obtain the final object shadow
detection results. Finally, affluent experiments are conducted on the datasets col-
lected from Google Earth. The results show that the proposed object shadow de-
tection algorithm in remote sensing images can achieve better segmentation and
detection (more than 95%) effect compared with state-of-the-art methods.

Keywords: object shadow detection, threshold segmentation, information fusion,
remote sensing images, HSI color space, PCA.

1. Introduction

With the rapid development of space remote sensing technology, remote sensing image
is more and more widely used in urban planning, digital agriculture and resource explo-
ration. Shadow, which reflects the spatial structure characteristics of ground objects, has
always been a hot spot in the research of ground objects recognition. According to the
length and irradiation Angle of the profile, the height and shape of the ground objects
can be calculated, which is conducive to urban construction, remote sensing mapping and
other applications [1,2]. However, shadow will also cover the ground objects, resulting
in attenuation or loss of the effective information of the ground objects, which brings
difficulties to the interpretation of remote sensing image target recognition, feature ex-
traction and image matching. With the continuous development of sensor technology,

* Corresponding author
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sub-meter high resolution image has been more widely used in urban planning, road map-
ping and other fields [3-5]. In high-resolution images, the categories of objects are more
precise, and the objects are easily affected by shaded areas, which makes the extraction
and recognition of objects difficult. Therefore, further improving the precision and accu-
racy of shadow detection of high-resolution images has important application value and
significance for urban planning and natural disaster assessment.

In the early days, people mainly used color transformation to detect shadow in color
remote sensing images. Kumar et al. [6] used color and geometric position of image to
extract shadow region. Srikantha et al. [7] carried out shadow extraction through image
color region segmentation and image reproduction, combining with dynamic range com-
pression. Zhang et al. [8] designed a shadow detection algorithm by analyzing the differ-
ence in pixel brightness values of RGB channels in shaded areas and non-shaded areas
and combining the idea of seed filling with difference operators and covariance operators.
Using color feature to extract shadow had certain application value, but it was not good
for high-resolution image with higher complexity of features.

Because of the different characteristics of the shadow in different bands, the algebraic
operation of the band can extract the shadow. Abd-El et al. [9] constructed a normalized
blue-red band index to distinguish vegetation and shadow according to the difference in
the decline amplitude of radiation brightness of blue and red bands in the shadow area,
but this method was difficult to distinguish shadow from red and blue ground objects.
Shi et al. [10] calculated the difference ratio of green and blue wave segments and ex-
tracted shadows by combining with histogram threshold segmentation of near infrared
band. This method could not extract shadows effectively in complex atmospheric and
ground conditions. Wang et al. [11] carried out shadow extraction through linear calcula-
tion and nonlinear calculation between bands and combined with digital elevation model.
This method would cause loss of data accuracy, and the accuracy of shadow extraction
was easily affected by image quality.

Ward et al. [12] proposed a radiation model based on direct light and reflected light,
and used the difference of direct light and reflected light to extract shadow regions. How-
ever, this method required the height and Angle attributes of the sun, which had obvious
limitations and high cost, it was not conducive to its implementation. Du et al. [13] pro-
posed a shadow segmentation algorithm that could make use of histogram threshold, but
this method had the problem of poor threshold segmentation effect. Fu et al. [14] proposed
a shadow detection model using HIS changes, which used shadow index to distinguish
shaded areas from non-shaded areas, but this method had a high misjudgment rate.

Therefore, we propose a novel object shadow detection threshold segmentation method
based on information fusion in remote sensing images. Our main contributions are as fol-
lows.

1. Object shadow pixels are firstly screened using intensity and chromaticity information
in HSI color space.

2. The remote sensing image is carried out by principal component analysis (PCA) to
obtain the first principal component. A new shadow index is constructed using the
results obtained from HSI and the first principal component.

3. Based on the results of the above two information fusion, a threshold segmentation
model is established using the improved threshold segmentation algorithm between
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the maximum and the minimum threshold segmentation algorithm, so as to obtain the
final object shadow detection results.

2. Related Works

At present, some scholars have summarized some shadow detection methods. For exam-
ple, Hou et al. [15] summarized and classified the existing shadow detection methods of
remote sensing images, and put forward the problems of generalization and robustness
that needed to be solved in the current shadow detection research. Liu et al. [16] mainly
introduced several cloud detection methods for common satellite data. By comparing dif-
ferent shadow detection methods, they pointed out that existing methods had problems
such as weak universality and missing judgment and misjudgment for thin and transpar-
ent clouds. Mahajan et al. [17] reviewed shadow detection methods from the aspects of
classical algorithms and machine learning methods, compared and analyzed the detection
accuracy of the two types of methods in different scenarios. Based on a large number
of domestic and foreign references, this paper summarized the existing shadow detection
methods into three categories: Threshold method, spatial change detection method and
machine learning method. Threshold method is a widely used shadow detection method,
such as the early shadow coverage extraction of single image [18], pixel level shadow
detection for a series of Landsat satellites [19], and the new Sentinel-2 satellite shadow
detection. The Fmask (Function of mask) algorithm proposed by Zhu et al. [20] had been
integrated into the basic remote sensing camera processing flow of U.S. Geological Sur-
vey (USGS). The spatial change detection method used the spatial change information of
multi-period images to achieve higher cloud detection accuracy than that of a single im-
age [21]. Machine learning methods include traditional machine learning methods, such
as Support Vector Machine (SVM), Artificial Neural Network (ANN), Random Forest
(RF), etc. It also includes the most popular methods of deep learning. Among them, tra-
ditional machine learning methods are trained through a large number of training sets,
and the trained classifier is used to separate shadow pixels and clear sky pixels [22,23].
However, the deep learning method is driven by a large number of marked samples of
shadows and adopts an algorithm framework with semantic information extraction and
learning such as convolutional neural network to achieve the purpose of shadow detection
[24].

2.1. Thresholding Method

The threshold method is to separate the cloud and the ground object by using the dif-
ferent spectral characteristics of the cloud and the underlying surface, and compare the
detected value of the pixel with the threshold value to determine whether it is the ground
object or the cloud. The key of this method lies in the determination of threshold. In the
early stage, most of them are fixed threshold method. Later, dynamic threshold, adaptive
threshold and multi-band combination threshold are developed, and different thresholds
can be selected according to different conditions. In recent years, the threshold method
has been further developed on the basis of the existing development. For example, based
on the Fmask (Function of Mask) algorithm, the Fmask 4.0 algorithm [25] is further de-
veloped to improve the cloud detection method. The improvement mainly includes three
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aspects: First, the integration of auxiliary data, in which the Global Surface Water Occur-
rence (GSWO) data is used to improve the separation of land and water, and the global
digital elevation model is used to standardize the tropical and cirrus zones. Second, a new
cloud probability is developed, which uses the cloud probability based on Haze Optimized
Transformation (HOT) to replace the temperature probability of Sentinel-2 image, and
then corrects the global optimal threshold of cloud probability for different sensors. The
Spectral Context-Contextual Snow Index (SCSI) is created to better differentiate snow/ice
and clouds in polar regions. Landsat 4-8 and Sentinel-2 data are used for training and ver-
ification, and the results show that the overall accuracy of Fmask 4.0 algorithm is higher
than that of Fmask algorithm. Different from Fmask 4.0 Algorithm, which used fixed
threshold to perform cloud detection, Chang et al. [27] proposed an improved cloud de-
tection algorithm-generating (CDAG) method based on automatic threshold. According
to the characteristics of GF-6 WFV data, the CDAG method is improved from the two as-
pects of adding bright surface pixel database and band combination. The results show that
the improved CDAG cloud detection algorithm can achieve better recognition effect in
the cloud recognition of GF-6 WFV data. However, due to the lack of short-wave infrared
band of GF-6 WFV sensor, the improved CDAG method cannot identify cloud pixels
in ice and snow regions. In summary, the threshold method is simple, high computation
speed and easy to implement. However, its disadvantage is that the setting of threshold
requires more prior knowledge and human participation, and the subjectivity is strong.
Moreover, different strategies and thresholds are required for images taken by different
sensors, different periods or places, which limits the universality of the method.

In addition to the spectral information, the spatial information of the image can also
be used as the feature to set the threshold method for cloud detection. With the continu-
ous improvement of spatial resolution of remote sensing images, cloud texture presents
unique characteristics. Fractal dimension and gray co-occurrence matrix can be used to
quantitatively express texture features. Fractal dimension is used to describe the complex-
ity of fractals. In remote sensing images, the complexity of ground objects is higher than
that of clouds, so the fractal number of ground objects is greater than that of clouds, so as
to distinguish the two. The angular second order moments in the gray co-occurrence ma-
trix reflect the texture law. Clouds in the image have larger angular second order moments
than ground objects, which can distinguish them. Xu et al. [27] proposed a cloud detection
algorithm combining spectral threshold and texture features, and used this algorithm to
detect the cloud of hyperspectral remote sensing images captured by the Hyperion sensor
of EO-1 satellite, which not only greatly improved the cloud detection accuracy of remote
sensing images, but also met the requirements of fast cloud detection of space-borne hy-
perspectral images. In addition, Calin et al. [28], aiming at cloud detection in infrared
images, adopted a method combining fractal dimension and gray co-occurrence matrix
to effectively realize cloud detection in infrared images. Due to the complexity of cloud
spatial information, cloud detection methods based on cloud texture characteristics were
easy to cause a small number of clouds in the image to be missed, resulting in certain
errors.

2.2. Spatial Change Detection Method

The presence of cloud on remote sensing image will significantly affect the radiation
change of image, which is the basis of cloud detection based on spatial change. The prin-
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ciple of spatial change detection method is to detect clouds and shadows by using the
temporal characteristic changes of multi-temporal remote sensing images. For example,
Zhang et al. [29] proposed the Multi-Temporal Cloud Detection (MTCD) method. The
cloud detection results of FORMOSAT-2 and Landsat 5, 7 remote sensing images were
better than those of artificial labels. However, MTCD required time series images and
had high requirements on images, so its application in some sensors was limited. Zhang
et al. [30] proposed the Multi-Temporal mask method, an automatic detection algorithm
for cloud/cloud shadow and snow in multi-temporal landsat images. Based on the Fmask
method, the time information of cloud-free pixels in multi-temporal remote sensing im-
ages was added to improve the cloud detection accuracy. Automatic time-series Analysis
(ATSA) used the unsupervised classification method to detect clouds in time series im-
ages, and analyzed the geometric relationship between the sun’s azimuth Angle, altitude
Angle and clouds to detect cloud shadows. In the cloud detection experiment of multi-
sensor remote sensing images, the detection effect of ATSA method was superior to that
of Fmask. Sorasak etc. [31] presented Multi-temporal Cloud Masking (MCM) method, the
method was used in tropical and subtropical environment Landsat 8 cloud/cloud shadow
detection. Compared with Landsat 8§ Cloud Cover Assessment (LSCCA) proposed by
Candra et al. [32], MCM method could achieve higher accuracy. In addition, Qiu et al.
[33] developed a cloud detection method with Cirrus cloud mask (Cmask), which used
cirrus band (spectrum range 1.36-1.39) to detect cirrus cloud in Landsat 8 time series
images [34].

Compared with the threshold method, on the one hand, the spatial change detection
method adds time information into the cloud detection process, which makes the method
more suitable for cloud detection of time series remote sensing images. On the other hand,
because the method relies on time information for detection, the application scenario of
this method is limited.

2.3. Temporal Substitution Method

With the rapid development of data fusion technology, cloud removal methods based
on multi-phase image replacement also have a certain development. The cloud removal
method based on multi-phase image replacement uses cloudless pixels to replace cloud-
less pixels according to certain principles to achieve the purpose of generating clear sky
images. For example, the Closest Spectral Fit (CSF) [35] cloud removal method, which
used cloud images and cloud-free images taken at different times in the same region to
replace pixels to achieve cloud removal. CSF achieved high accuracy in cloud removal for
Landsat and Quick Bird images. Moreover, the accuracy of the method was not affected
by the size, thickness and density of the cloud. Similar to the principle of CSF, Liu [36]
replaced the cloudless pixel in Radarsat-2 fully polarized SAR image with the least spec-
tral difference from the pixel with cloud region in Landsat 8 OLI false color image by
weighted Euclidean distance, and realized cloud noise removal and repair in Landsat 8 re-
mote sensing image. This method could integrate the advantages of microwave and optical
images to achieve cloud region restoration of multi-spectral images and achieve a better
cloud removal effect. In addition, Huang et al. [37] proposed a method to reconstruct
cloud region information by using the correlation of multi-temporal images. First, images
at different times were obtained with similar cloud-free patches to reconstruct cloud pol-
lution regions, and then Poisson equation was used to globally optimize the filled cloud
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images to improve the radiation inconsistency problem. Li et al. [38] further proposed a
joint determination method to replace Poisson equation to reconstruct and optimize cloud
pollution images. Compared with the original method, the optimized method performed
better in terms of radiation accuracy and consistency. Ji et al. [39] proposed an auto-
matic cloud removal algorithm, which firstly used temporal similarities of multi-temporal
Landsat images to reconstruct the cloud polluted part, and then adopted Poisson hybrid
algorithm to further eliminate the radiation difference between the cloud-free region and
the reconstructed region. The algorithm automatically generated a cloud-free dataset for
Landsat 8 from 2013 to 2017, covering the whole of China, and the method could also
generate cloud-free time series images for other satellites.

The cloud removal method based on multi-phase image replacement can make full
use of existing images to achieve the purpose of cloud removal, but the prerequisite for
the application of this method is not only to solve the registration and correction problems
between different images, but also to solve the radiation difference between the original
image and the corrected image, and to ensure that multiple sensors obtain remote sensing
data in the same area, which is very demanding.

3. Proposed Object Shadow Detection Model

Considering the accuracy and real-time detection requirements, this paper presents an
object shadow detection threshold segmentation method based on information fusion. The
detailed detection structure is shown in Figure 1.

HSI color space
PCA transformation

Weighted threshold
segmentation

Remote sensing i Shadow detection

N Information fusion |
image ——— e e e result

Fig. 1. Proposed detection flowchart

3.1. HSI Color Space Transformation

According to lighting model in reference [40], the brightness of an object mainly comes
from ambient reflected light, diffuse reflected light and specular reflected light, which can
be expressed as:

I = Iokq + Ipkqcos 0 + Iks cos™ . (1)

Where I, is the ambient brightness. k, is the ambient reflection coefficient of the
object surface. I, is the intensity of direct light source. k4 and k; are the diffuse and
specular reflection coefficients of the object surface to the light source, respectively. 6 is
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the incidence Angle of the direct light source. ¢ is the Angle between the mirror reflection
direction and the camera observation direction. n is the convergence index of specular
reflected light. When the direct light in the scene is partially or completely blocked by the
object and the shadow appears, the diffuse reflection and specular reflection of the direct
light source in the area will be significantly reduced, so the brightness of the shadow area
can be expressed as:

I' = I,ky + N (kq cos 0 + kg cos™ p) < 1. 2)

Where, 0 < A < 1, whose size is determined by the spatial position of the pixel or
area in the scene. Through the above analysis, it can be found that a prominent feature
before and after the shadow appears in the background area is that the brightness of pixels
in the current frame is lower than that of corresponding pixels in the background, so the
shadow can be screened by brightness changes.

The perceived color characteristics of an object depend on the spectral reflection char-
acteristics of the object surface, independent of changes in the scene and light. When the
brightness of an object changes, the color information perceived by human eyes is basi-
cally unchanged, that is, chroma is independent of brightness. For example, the normal-
ized color feature RGB in rgb space, UV component in YUV space, hue H and saturation
S in HSI space, etc. Therefore, it is possible to distinguish the target from the shadow
by using the approximately identical chromaticity of the pixel in the shadow area and the
corresponding background area.

HSI color space clearly expresses Hue, Saturation and Intensity changes and greatly
simplifies the workload of image analysis and processing. Therefore, this paper selects
HSI color space for preliminary screening of shadows. According to the above analysis
of color characteristics, compared with the corresponding background region, the bright-
ness information of the shadow will change greatly, while the hue H and saturation S
remain basically unchanged. According to the above characteristics, shadow pixels can
be detected by satisfying equation (3), i.e.,

5 — {127 a1 < PhL/Ph < 3
255 others

Here, |PE — Ph| < B, |Ps — Pj| < 4. S is the screened shadow region. h, s and i
respectively represent hue, saturation and brightness after the normalization of HSI color
space. Pk, P;., Pi and P}, Pg, Ph represent h, s and i values corresponding to pixel
point P in the current detection image F’ and background image B respectively. a1, as, 8
and +y are the shadow discrimination thresholds of each color component. Threshold set-
ting is to select the weak threshold from the optimal threshold range obtained by manual
experiment, so as to screen out the shadow area more adequately.

3.2. Principal Component Normalization Method

Principal component analysis method can reduce the dimension of data and reduce the
redundancy of data [41,42]. For different remote sensing images, different bands can be
selected for principal component analysis. Different eigenvalues can be obtained by prin-
cipal component analysis of different wavebands. The larger eigenvalue denotes the bet-
ter corresponding eigenvector. For remote sensing images, since the variance contribution
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rate of the first principal component is usually above 90%, the first principal component
image can represent most of the information of the original image. The original image
and the first principal component image are shown in Figure 2.

(a) (b) (c) (d)

(a) (b) () @

Fig. 2. Diagram of principal component analysis results. (a) original image; (b) First prin-
cipal component image; (c) Second principal component image; (d) Third principal com-
ponent image

As can be seen from Figure 2(b), after principal component transformation, the bright-
ness of the shadow region is greater than that of other ground objects, which is conducive
to further shadow extraction. According to ENVI analysis, the shadow region is always at
both ends of the first principal component, that is, at the maximum value of positive value
and the minimum value of negative value. Therefore, normalization of the first principal
component within [0,1] can better highlight the difference between shadows and other
features.

3.3. Shadow Index Construction

After the color component C'is extracted from the remote sensing image through HSI con-
version of color space, the blue light value of the shadow area is larger than that of the red
and green light value, which enhances the contrast with other ground objects. After prin-
cipal component transformation of remote sensing image, the shadow region is located



Threshold Segmentation Based on Information Fusion... 1229

at two endpoints of the first principal component. Through normalization, the shadow re-
gion occupies a larger value in the first principal component than other features, which
is similar to the C' component. Inspired by the similarity, this paper proposes a shadow
index construction method combining C' component and first principal component. The
shadow index is expressed as follows:

) C - PC1
shadow — index = roES el (@)

3.4. Weighted Threshold Segmentation

In the task of shadow detection, in order to detect the shadow region more conveniently,
the three channels of RGB image are first separated to obtain the single channel informa-
tion of R, G and B, and then the linear weighting algorithm of Equation (5) is used for
information fusion processing between channels. Set the three channels of remote sensing
image as R, G and B respectively, then the weighted gray value I, is:

Iyray = 0.2R(z,y) + 0.6G(z,y) + 0.2B(z,y). (5)

After gray linear processing, the pixel intensity of the shadow part is lower than that
of the non-shadow area. With the gray level intensity of 0-255 pixels as the horizontal
coordinate and the frequency of each gray level pixel intensity as the vertical coordinate,
the functional statistical mapping relationship between gray level intensity frequency and
gray level intensity in remote sensing images is established.

In the gray distribution diagram (Fig.3 (d)), the area with low gray level is the shadow
area, while the area with high gray level is the non-shadow area. The gray value changes
of the shaded area are more concentrated, and the distribution range of the non-shaded
area is more extensive than that of the shaded area. The trough between two crests is
used as the threshold to segment the shadow region, although it can be recognized, but the
segmentation and recognition effect is poor. At present, the most common method is to es-
tablish the threshold segmentation model based on pixel intensity by using the maximum
inter-class variance method, and determine a threshold by using the threshold segmenta-
tion model adaptively. However, the method of determining the boundary threshold be-
tween shadow and non-shadow regions based on the maximum inter-class variance only
describes the variance distance between shadow and non-shadow categories, and does not
take into account the differences within each category. In this paper, a constraint term of
minimum in-class variance is added to the maximum category variance. First, it calcu-
lates the maximum variance distance needed to distinguish between the two categories.
The larger distance denotes the better the classification effect of shadow and non-shadow.
Then it calculates the minimum variance distance between the elements in each class. The
smaller minimum variance distance denotes the more dense the elements in the class, in-
dicating that the probability of each gray pixel belonging to the same category is greater.
The detailed steps are as follows.

1. Set the gray value interval of the shadow region and the non-shadow region in the
remote sensing image as [0, m], then the number of gray values of all pixels is shown
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(@ (b)

g x10° x10*

0 50 100 150 200 250

(©) (@)

Fig. 3. Gray value distribution map. (a) original image; (b) Grayscale linear processing
graph; (c) One-dimensional histogram of (a); (d) One-dimensional histogram of (b)



Threshold Segmentation Based on Information Fusion... 1231

in Equation (6), the probability of each gray level is shown in Equation (7), and the
overall gray mean pi4;; is shown in Equation (8):

N =" h(i). (6)
=0
pi = % (7N
Z;io(h(i) X Z)

Hall ST h(i) (@)
Where ¢ is the gray level of the gray distribution map. h() is the frequency corre-
sponding to the gray level ¢. m is the maximum gray level of the gray distribution
diagram (255 in this paper). p,; indicates the global average gray level.
. Let T be any gray value of the interval [0, m]. T is used as the segmentation thresh-
old, and the image of shadow area and non-shadow area is divided into gray interval
[0,T] and [T 4 1, m], which are denoted as C'1 and C2 respectively. Formula (9) and
formula (10) are used to calculate the average gray level 1 and poo of the two parts
respectively.
_ Zio(h(i) x i)
por = T ©))
> im0 P(8)

Where ¢ is the gray level of the dark pixel in the shadow area in the gray distribution
map. h(i) is the corresponding frequency of gray level i of dark pixel in shadow
region. 7" is the threshold of boundary between shadow area and non-shadow area.
e is the average gray level of C1 region.

. Z£T+l(h(i) )

S VIO
Where i is the gray level of bright pixels in the non-shadow area of the gray distribu-
tion map. h(7) is the corresponding frequency of gray level i of bright pixel in non-
shadow area. T is the threshold of boundary between shadow area and non-shadow
area. uco is the average gray level of the C2 region.
. Equations (11-14) are used to calculate the variances of C'1 in the dark shadow region
and C?2 in the bright non-shadow region respectively.

(10)

T
wer =y p(i). (11)

=0
wee = Y p(i). (12)

i=T+1

Yioli = per)? X i)

= i : 13
A SN0 o

P i (i = po2)? x h(d)
- Sl k@

(14)
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4. Formula (15) is used to calculate the maximum intra-class variance, maximum inter-
class variance and the optimization evaluation function. The maximum intra-class
variance o, at the threshold 7T’ is:

Ow = WC10C1 + We20032. (15)

The maximum inter-class variance oy, at the threshold 7 is:

oy = wer(per — pan)® + wee(pez — pan)? (16)

To ensure the optimal segmentation threshold, two conditions are required: one is that
the variance between the shaded part and the non-shaded part is the largest; the other
is that the variance within the shaded area and the non-shaded area is the smallest. In
order to describe this phenomenon, the segmentation optimization function is defined:

UT) = max(op(T)/ow(T)). (17)

Where ( is the optimization factor, and the iterative method is used to traverse all
gray levels, then the threshold 7' corresponding to the largest optimization factor is
the optimal segmentation threshold.

5. Set the above threshold T [43], and use Equation (18) to segment the image:

) 255  Optimalthreshold > T
Segmentation = (18)

0 otherwise

4. Experiments and Analysis

After analyzing the experimental process and data, the accuracy rate (ACC) and false de-
tection rate (FDR) are selected as the evaluation indexes of remote sensing image shadow
detection effect [44,45]. The data set for this article is derived from Google Earth and
DOTA [46]. Due to the limited content space, we choose four sets of images as experi-
mental results analysis. Figure 4 is the sample data set.

Firstly, we obtain the one-dimensional and two-dimensional histogram of the four
samples, in order to understand the pixel distribution of the original image more clearly.
The results are shown in figure 5 and figure 6. The results show that the distribution of
pixels in the original image is very uneven.

Figures 7,8,9 show the color map, threshold segmentation diagram and shadow detec-
tion effect diagram with the proposed algorithm in four scenes.

This paper is compared with three advanced shadow detection methods including
DUS [47], MUSA [48], MUCS [49]. Table 1 shows that the accuracy rate and false detec-
tion rate of the proposed method on the data set are superior to the other three methods.
It can be seen from the data in Table 1 that the shadow detection results in this paper are
better than other methods.

For image 1, the accuracy of the proposed method is 95.4%, which is 6.0%, 4.1% and
7.1% higher than that of other methods, respectively. The FDR values of DUS, MUSA
and MUCS are 12.51, 9.45 and 7.28 respectively, which are 6.29, 3.33 and 1.16 higher
than that of the presented method in this paper (6.12). For image 2, ACC values of DUS,
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Fig. 4. Sample images

Fig. 5. One-dimensional histogram
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Fig. 8. Threshold segmentation

Fig. 9. Shadow detection result
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