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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

In the current third issue of Computer Science and Information Systems for 2023, we
are happy to announce the impact factors of our journal, updated for 2022: the new two-
year IF 1.4, and the five-year IF 1.2. We would like to thank all our authors and reviewers,
whose work in their cutting-edge domains continues to increase the impact of our journal.
We hope to continue this trend and that the issue in front of you, our dear reader, will offer
interesting articles and ideas in both emerging and more established research areas.

This issue consists of 13 regular articles and 4 articles in the special section “Advances
in Intelligent Data, Data Engineering, and Information Systems” containing selected and
extended versions of papers published in Proceedings of the 25th European Conference
on Advances in Databases and Information Systems (ADBIS), 2021. We are once again
grateful for the hard work and enthusiasm of our authors and reviewers, without whom
the current issue, as well as the publication of the journal itself, would not be possible.

In the first regular article, “Landslide Detection Based on Efficient Residual Channel
Attention Mechanism Network and Faster R-CNN,” Yabing Jin et al. apply target de-
tection models such as Faster R-CNN to landslide recognition and detection tasks, and
propose the Efficient Residual Channel soft thresholding Attention mechanism algorithm
(ERCA). ERCA aims to reduce the background noise of images in complex environments
by means of adaptive soft thresholding to improve the feature learning capability of deep
learning target detection algorithms.

The second regular article, “Tourism Recommendation based on Word Embedding
from Card Transaction Data” by Minsung Hong et al. utilize well-known Doc2Vec tech-
niques in the domain of tourism recommendation, using them on non-textual features,
card transaction data, to recommend tourism business services to target user groups vis-
iting a specific location, in order to tackle the challenges of missing ratingss and spatial
factors.

Jiyeon Kim et al., in “Read between the Interactions: Understanding Non-interacted
Items for Accurate Multimedia Recommendation” address the problem of multimedia
recommendation that additionally utilizes multimedia data, by challenging the common
assumption that all the non-interacted items of a user have the same degree of negativ-
ity. The authors classify non-interacted items of a user into two kinds — unknown and
uninteresting — and propose a novel negative sampling technique that only considers the
uninteresting items as candidates for negative samples.

The article “Class Probability Distribution Based Maximum Entropy Model for Clas-
sification of Datasets with Sparse Instances” by A. Saravanan et al. proposes a maximum
entropy model based on class probability distribution is for classifying sparse data with
fewer attributes and instances, introducing a novel way of using Lagrange multipliers for
estimating class probabilities in the process of class label prediction.
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In “Comprehensive Risk Assessment and Analysis of Blockchain Technology Im-
plementation Using Fuzzy Cognitive Mapping,” Somayeh Samsamian et al. identify and
categorize a comprehensive set of risks regarding blockchain implementation. Critical
risks are defined by performing a two-stage fuzzy Delphi method based on the experts’
opinions. Then, possible causal relationships between considered risks are identified and
analyzed using the fuzzy cognitive mapping method. Finally, the most important risks
are ranked based on the degree of prominence and the relationships between them. The
methodology is applied to an enterprise resource planning system as a case study.

“RESNETCNN: An Abnormal Network Traffic Flows Detection Model,” by Yimin Li
et al., proposes RESNETCCN - an intrusion detection model that fuses residual networks
(RESNET) and parallel cross-convolutional neural networks. Benefits of the proposed
architecture include more effective learning of data stream features and use of oversam-
pling, which contribute to better detection of abnormal data streams in unbalanced data
streams.

Adelina Diana Stana and Ioana Sora, in “Logical Dependencies: Extraction from the
Versioning System and Usage in Key Classes Detection” propose a language-independent
method to collect and filter dependencies from version control systems, and use it to
identify key classes in three software systems. Dependencies extracted from source code
are also used, independently and in combination with version-control dependencies. The
combination of the two methods offers small improvements to using any single one, and
version-control dependencies are shown to be comparable to source-code dependencies.

“A Hierarchical Federated Learning Model with Adaptive Model Parameter Aggre-
gation” authored by Zhuo Chen et al. proposes a newly designed federated learning (FL)
framework for the participating nodes with hierarchical associations. In the framework,
an adaptive model parameter aggregation algorithm is used to dynamically decide the ag-
gregation strategy according to the state of network connection between nodes in different
layers.

In “Point of Interest Coverage with Distributed Multi-Unmanned Aerial Vehicles on
Dynamic Environment,” Fatih Aydemir and Aydin Cetin aim to effectively cover points of
interest (Pol) in a dynamic environment by modeling a group of unmanned aerial vehicles
(UAVs) on the basis of a learning multi-agent system. Agents create an abstract rectan-
gular plane containing the area to be covered, and then decompose the area into grids,
learning to locate in a way to maximize the number of Pols to plan their path.

Jimmy Ming-Tai Wu et al., in “The Effective Skyline Quantify-Utility Patterns Min-
ing Algorithm with Pruning Strategies,” propose two algorithms, FSKYQUP-Miner and
FSKYQUP, to efficiently mine skyline quantity-utility patterns (SQUPs). The algorithms
are based on the utility-quantity list structure and include an effective pruning strategy
which calculates the minimum utility of SQUPs after one scan of the database and prunes
undesired items in advance.

In their article “Probabilistic Reasoning for Diagnosis Prediction of Coronavirus Dis-
ease based on Probabilistic Ontology,” Messaouda Fareh et al. address the prediction of
COVID-19 diagnosis using probabilistic ontologies under the difficulties introduced by
randomness and incompleteness of knowledge. The approach begins with constructing
the entities, attributes, and relationships of the COVID-19 ontology, by extracting symp-
toms and risk factors. The probabilistic components of COVID-19 ontology are developed
by creating a Multi-Entity Bayesian Network.
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“The Proposal of New Ethereum Request for Comments for Supporting Fractional
Ownership of Non-Fungible Tokens” by Miroslav Stefanovi¢ et al. introduces a new stan-
dard for Etherium blockchains that would support fractional ownership of non-fungible
tokens, in order to make blockchain technology applicable to an even wider number of
use cases.

Finally, “A Novel Multi-objective Learning-to-rank Method for Software Defect Pre-
diction” authored by Yiji Chen et al. proposes two multi-objective learning-to-rank meth-
ods, which are used to search for the optimal linear classifier model and reduce redundant
and irrelevant features, for use in software defect prediction within the more general do-
main of search-based software engineering.
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Guest Editorial: Advances in Intelligent Data, Data
Engineering, and Information Systems

Mirian Halfeld Ferrari!, Paolo Ceravolo?, Sonja Risti¢?, Yaser Jararweh?, and Dimitrios
Katsaros®

L Université d’Orléans, INSA CVL, LIFO EA, France
2 Universita degli Studi di Milano, Ttaly
3 University of Novi Sad, Serbia
4 Duquesne University, USA
5 University of Thessaly, Greece

The Special Section on Advances in Intelligent Data, Data Engineering, and Informa-
tion Systems contains papers selected from the workshops that have been held within the
framework of the 25th European Conference on Advances in Databases and Information
Systems ADBIS 2021, during August 24-26, 2021, at Tartu, Estonia. ADBIS 2021 con-
ference was aimed at providing a forum where researchers and practitioners in the fields
of databases and information systems can interact, exchange ideas and disseminate their
accomplishments and visions. Within the scope of the Conference five workshops were
held:

DOING’21: Intelligent Data — from data to knowledge;

SIMPDA’21: Data-Driven Process Discovery and Analysis;

MADEISD’21: Modern Approaches in Data Engineering and Information System
Design;

MegaData’21: Advances in Data Systems Management, Engineering, and Analytics;
and

CAO0NS’21: Computational Aspects of Network Science.

The authors of the best workshop papers were invited to submit extended versions of
their papers in a special section of the journal Computer Science and Information Systems.
Extended versions of submitted papers went through a rigorous reviewing procedure, the
same as for regularly submitted papers. Finally, we accepted four papers presenting both
theoretical and practical contributions. In the following, the accepted papers are briefly
outlined.

In the first paper “Multi-perspective Approach for Curating and Exploring the History
of Climate Change in Latin America within Digital Newspapers,” by the authors Gen-
oveva Vargas-Solar, Jose-Luis Zechinelli-Martini, Javier A. Espinosa-Oviedo, and Luis
M. Vilches-Blazquez, an extended description of the Latin American Climate Change
Evolution platform called LACLICHEY is proposed. The objective of LACLICHEYV is to
provide an integrated platform to expose and study meteorological events described in his-
torical newspapers that are possibly related to the history of climate change in Latin Amer-
ica. Exploring the history of climate change through digitalized newspapers published
around two centuries ago introduces four challenges: (1) curating content for tracking
entries describing meteorological events; (2) processing colloquial language for extract-
ing meteorological events; (3) analyzing newspapers to discover meteorological patterns
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possibly associated with climate change; and (4) designing tools for exploring the ex-
tracted content. Presented results contribute to data curation and exploration adapted for
Spanish textual content within digital newspaper collections. Authors used well-known
information retrieval and analytics techniques, within a data exploration environment
LACLICHEV that provides tools for curating, exploring, and analyzing historical news-
paper articles, their description and location, and the vocabularies used for referring to
meteorological events. The platform makes it possible to understand and identify possible
patterns and models that can build an empirical and social view of the history of climate
change in the Latin American region.

The authors of the second paper entitled “Matching Business Process Behavior with
Encoding Techniques via Meta-Learning: An anomaly detection study,” Gabriel Marques
Tavares and Sylvio Barbon Jr, focus on the detection of anomalous traces in business pro-
cess event logs that can diminish an event log’s quality. They combine the representational
power of encoding with a Meta-learning strategy to enhance the detection of anomalous
traces in event logs towards fitting the best discriminative capability between common
and irregular traces. Their approach creates an event log profile and recommends the
most suitable encoding technique to increase anomaly detection performance. They used
eight encoding techniques from different families, 80 log descriptors, 168 event logs, and
six anomaly types for experiments. The presented results indicate that event log charac-
teristics influence the representational capability of encodings. The authors analyzed the
influence of meta-features on the recommended encoding technique. This analysis lever-
aged the understanding of which features better capture process behavior in the context
of anomaly detection.

The authors Sidra Aslam and Michael Mrissa in the third paper “A Framework for
Privacy-aware and Secure Decentralized Data Storage” present a decentralized data stor-
age and access framework that ensures data security, privacy, and mutability in the wood
supply chain scenario. The proposed framework integrates blockchain technology with
Distributed Hash Table (DHT), a role-based access control model, and different types of
encryption techniques. Their solution allows authorized actors to write, read, delete, up-
date their data and manage transaction history on a decentralized system. The proposed
traceability algorithm enables authorized actors to trace the product data in a decentral-
ized ledger. The main limitations of existing solutions are a single point of failure, data
mutability, and public availability of the data. The presented prototype design is flexible
to expand and can be easily reused for different application domains such as medicine,
and agriculture. The security and privacy analysis of the proposed solution is given, as
well as the results of the performance evaluation in terms of time cost and scalability.
The experimental results have shown that the proposed solution is scalable, secure, and
achieves an acceptable time cost.

The authors Johannes Kastner and Peter M. Fischer in the last paper “Detecting and
Analyzing Fine-Grained User Roles in Social Media” have proposed a method on how
to determine and label user roles in large-scale social media data sets. This largely auto-
mated and scalable detection method combines unsupervised learning (more specifically,
hierarchical clustering) to discover the classes of users over a wide range of features and
supervised learning — generalizing the knowledge from manually labeled smaller data
sets. Presented results of the analysis on a range of large data sets from Twitter show that
well-separated roles can consistently be recognized and transferred. The labeling achieves
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high accuracy not only within the same data set, but also on new data sets from different
event types and/or years apart. The approaches scale well with little need for human in-
tervention and the resource requirements of such analyses are modest, bringing them in
the range of commodity hardware.

We sincerely thank the workshop organizers for their support in selecting papers and
especially the reviewers for their valuable comments to improve selected papers. We also
thank all authors for their contribution to this special section. Special thanks are given to
prof. Mirjana Ivanovié, the Editor in Chief of ComSIS, for providing us the opportunity
to publish this special section, valuable comments in improving the quality of selected
papers, and support in the whole process.






Computer Science and Information Systems 20(3):893-910 https://doi.org/10.2298/CS1S220831003J

Landslide Detection Based on Efficient Residual Channel
Attention Mechanism Network and Faster R-CNN

Yabing Jin', Ou Ou?*, Shanwen Wang?, Yijun Liu', Haoging Niu?, and Xiaopeng
Leng?

1 Geological Bureau of Shenzhen, Shenzhen 518028, China
jinyabing25 @sina.com
2 College of Computer and Network Security, Chengdu University of Technology,
Chengdu 610051, Sichuan, China
ouou@cdut.edu.cn

Abstract. Accurate landslide detection plays an important role in land planning,
disaster prediction and disaster relief. At present, field investigation and exploration
based on professional personnel is the most widely used landslide mapping and
detection technology, but this method consumes a lot of manpower and material re-
sources and is inefficient. With the development of artificial intelligence, landslide
identification and target detection based on deep learning have attracted more and
more attention due to their remarkable advantages over traditional technologies. It
is a technical problem to identify landslides from satellite remote sensing images.
Although there are some methods at present, there is still room for improvement
in the target detection algorithm of landslides against the background of the diver-
sity and complexity of landslides. In this paper, target detection algorithm models
such as Faster R-CNN apply to landslide recognition and detection tasks, and var-
ious commonly used recognition and detection algorithm network structures are
used as the basic models for landslide recognition. Efficient residual channel soft
thresholding attention mechanism algorithm (ERCA) is proposed, which intends to
reduce the background noise of images in complex environments by means of deep
learning adaptive soft thresholding to improve the feature learning capability of
deep learning target detection algorithms. ERCA is added to the backbone network
of the target detection algorithm for basic feature extraction to enhance the feature
extraction and expression capability of the network. During the experiment ERCA
combined with ResNet50, ResNet101 and other backbone networks, the objective
indicators of detection results such as AP50 (Average Precision at IOU=0.50), AP75
(Average Precision at IOU=0.75) and AP (Average Precision) were improved, and
the AP values were all improved to about 4%, and the final detection results us-
ing ResNet101 combined with ERCA as the backbone network reached 76.4% AP
value. ERCA and other advanced channel attention networks such as ECA (Efficient
Channel Attention for Deep Convolutional Neural Networks) and SENet (Squeeze-
and-Excitation Networks) are fused into the backbone network of the target detec-
tion algorithm and experimented on the landslide identification detection task, and
the detection results are that the objective detection indexes AP50, AP75, AP, etc.
are higher for ERCA compared with other channel attention, and the subjective de-
tection image detection effect and feature map visualization display are also better.®

* Corresponding author
3 We released our code at: https://github.com/fluoritess/
Efficient-residual-channel-attention-mechanism-network-and-Faster—R-CNN.
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1. Introduction

Landslide is a common geological natural disaster, causing serious damage to the natural
environment, personal safety and property of all countries. Landslides may be caused
by many factors, including earthquake [1, 2], heavy rainfall [3,4], human factors[5], etc.
Field investigation of potential landslide areas by professionals is a common and reliable
method, but this is time-consuming, expensive and inefficient [6], especially for large-
area landslide detection. Due to the above reasons, more and more scholars have started
to explore semi-automated or automated landslide detection methods based on remote
sensing images in the last decade or so [38].

Remotely sensed images are images acquired from ground observations by aerial air-
craft or artificial satellites. Based on the acquisition method, remote sensing images can be
classified into the categories of SAR images, infrared images, multispectral images, and
visible images [30]. Due to synthetic aperture radar (SAR) images based on microwave
coherence imaging have a single color and lack texture detail information; multispectral
images have poor resolution and image information is difficult to understand; infrared
images are more suitable for identifying heat-emitting targets, visible images become the
most commonly used remote sensing image category in landslide detection, and visible
images have intuitive content, high resolution, and contain a large amount of information,
with rich spatial information, clear geometric structure and texture information, and can
truly reflect the ground geographic conditions [31-34]. Therefore, the improved model
as well as the chosen dataset in this paper are for remote sensing images in the visible
light category. Because most of the landslides are small in scale, large in number and the
surrounding environment of the landslide is complex, detecting landslides from remote
sensing images is a very challenging problem [7].

At present, there are two main methods for landslide detection in remote sensing im-
ages: one is the traditional machine learning-based landslide detection method for remote
sensing images [35], which firstly uses two methods, pixel-based method or object-based
method [8], to obtain the suspected landslide area in remote sensing images, In the pixel-
based landslide detection method, a single pixel in the remote sensing image is the most
basic processing unit [10], which determines whether a certain area in the image is a
landslide. The object-based landslide detection method calculates the texture and spec-
tral similarity between the pixels in the remote sensing image, clusters a single pixel into
multiple candidate objects, and then sets a threshold to classify each candidate object for
landslide classification. Then the acquired suspected landslide areas were classified, and
the early rule-based classification systems were established mainly relying on the profes-
sional judgment of relevant experts on data features [39]. With the rapid development of
technology, machine learning has been widely applied to landslide and other geological
hazards research, and many machine learning-based landslide classification algorithms
have been proposed one after another, such as Stumpf and Kerle [11] implemented object-
based landslide detection with random forest (RF), Van Den Eeckhaut et al.[12], which
used an object-based method and support vector machine (SVM) to identify landslides
in forested areas with LiDAR and its derivatives, etc. The traditional machine learning-
based landslide detection method for remote sensing images can explore large landslide
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areas in complex contexts and has the advantages of lower cost and faster than field sur-
vey methods, but the accuracy of this method relies heavily on the selection of parameters
for the classification of candidate landslide images, i.e., the background knowledge of the
landslide domain [36].

Another one is a remote sensing image landslide detection method based on convo-
lutional neural network [9].With the rapid development of deep learning, convolutional
neural networks (CNN) can effectively extract key features from image training samples
by the two advantages of local perception and parameter sharing, which has become one
of the most important feature extraction methods [13,14,15] for image processing tasks
such as image classification, target recognition, etc. A convolutional neural network-based
landslide detection method for remote sensing images can automatically extract important
features of landslide remote sensing images through a multilayer convolution operation
[37], thus avoiding the manual feature design and related parameter setting process that
requires landslide expertise to perform, and making the landslide detection task more
straightforward and simple. Wang [40] used an integrated geographic database to com-
pare the recognition accuracy of five machine learning methods, namely, convolutional
neural network, random forest, logistic regression, reinforcement learning, and support
vector machine, in identifying landslides in natural terrain, and among the five meth-
ods, convolutional neural network had the highest recognition accuracy, while pointing
out that recognition techniques based on machine learning and deep learning have excel-
lent It is also pointed out that the recognition techniques based on machine learning and
deep learning have excellent robustness and great potential for problem solving in land-
slide recognition research. Recently, many scholars have proposed several remote sensing
image landslide detection methods based on deep learning for convolutional neural net-
works. Ding [16] proposed to use the traditional convolutional neural network to extract
image features to find suspicious areas where landslides occurred, and then confirm these
suspicious areas through change detection methods based on image texture features. Be-
cause the traditional convolutional neural network has poor characterization ability for
the detection object with multiple scales [10], and landslides usually appear at different
scales, with the landslide length from several meters to several kilometers [17]. Therefore,
Lei [18] et al. proposed a fully convolutional neural network based on pyramid pooling,
which can extract feature semantics in remote sensing images more efficiently, and per-
forms better in multi-scale landslide detection.

This paper proposes an Efficient Residual Channel Attention Mechanism Network
(ERCA). ERCA intends to improve the feature learning ability of the deep learning target
detection algorithm by reducing the background noise of images in complex environments
through a deep learning adaptive soft thresholding approach to improve the accuracy of
landslide identification detection algorithms in scenarios with complex land cover and
uncertainty of light and dark intensity of remote sensing images. ERCA is highly portable
and can be easily added to mainstream networks such as ResNet,VGG. The ERCA is
integrated into the Faster R-CNN model to improve the model’s ability to extract landslide
features in remote sensing images. Compared with other current algorithms, the improved
algorithm has higher AP values. The algorithm in this paper applies to landslide images
taken by remote sensing satellites of common resolution, and the landslide images used
in the experiments in this paper are taken by TripleSat satellites.
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2. Landslide detection and identification method

In view of the complex surrounding environment and the many types of landslides, this
paper presents an Efficient Residual Channel Attention Mechanism Network (ERCA) in
order to improve the effect of landslide target detection, and integrates ERCA into The
Faster R-CNN model to propose a more significant landslide characterization from the
background to improve the detection effect.

2.1. Faster R-CNN network structure

The detection process of the Faster R-CNN algorithm is shown in Figure 1. The process
is as follows: 1) perform the feature extraction on the original image through the basic
convolutional backbone network (ResNet50[21], VGG16[22], etc.); 2) use the Feature
Map extracted in step 1 to generate multiple candidate regions through the RPN network;
3) output a fixed-size feature map through the ROI pooling layer based on the Feature
Map extracted in step 1 and the candidate region generated in step 2; 4) classify the
categories based on the feature map output in step 3, and perform the frame regression to
obtain the precise position of the detection frame. The RPN network is one of the biggest

RESNet50 etc. backbone networks

Original picture { }

PxQ M x N

Feature Map |
18
RacrmE S 2B

3x3\_ 1x1

36

i bbox_pred | |ﬁ

Fig. 1. Faster R-CNN Structure

innovations of the Faster R-CNN algorithm. The previous candidate region extraction
methods are usually very time-consuming, such as the SS (Selective Search) algorithm
adopted by R-CNN and Fast R-CNN [23] and the Sliding Window algorithm used in
traditional target detection. RPN is implemented by a fully convolutional network, which
is essentially a classless object detector based on a sliding window. Since RPN can share
the convolutional features of the entire image with the detection network, it can output a
series of candidate region suggestion frames for input images of any scale at almost no
cost.

The structure of the RPN network is shown in Figure 2. First, use the sliding window
to generate m anchor points for the center position of each window on the shared feature
map as the initial detection frame, and then perform object classification and border re-
gression on the generated anchor points. Since object classification is a two-classification
problem, that is, to determine whether the anchor point is the detection target or the back-
ground, the object classification obtains 2m target scores. Similarly, because the bounding
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" Convolution feature map

Fig. 2. RPN structure

box regression needs to modify the four coordinate values (x, y, w, h), the bounding box
regression obtains 4m predicted coordinate values.

It can be seen from the above that the RPN network is a multi-task network, and its
overall loss function is composed of two parts. The equation is as follows:

Zpl reg (tir t]) ey

L(pi;ti): N, Zchs pupz +>\

reg

The left side of the plus sign (+) in Eq. (1) is the loss value of the classification task,
where p; represents the probability that the current anchor is the target; P;" represents the
target label value, as in Eq. (2), that is, if the current anchor is a positive sample, its value
is 1, otherwise it is 0.

©))

2

Pr(a) = 0 z € Negativesamples
' " | 1 2 € Positivesamples

The loss value function used in the classification task is cross entropy, as shown in Eq.
3).

Las (pi, p;) = —log [pipi + (1 —p;) (1 — pi)] 3)

The right side of the plus sign (+) in Eq. (1) is the loss value of the bounding box

regression task, where t; = {t;,t,, t., t5 } represents the four predicted coordinate values

of the rectangular bounding box; t; represents the four marker coordinate values in the

positive sample; the loss function of the bounding box regression task is only considered

when pj is 1, if p; is 0, the bounding box regression loss value is also 0, as shown in Eq.
(4), in which R is the Smooth L1 function as in Eq. (5).

Lreq (tzv tz ) R (ti - t:) (4)

0.52% if]z| <1
|z| — 0.5 otherwise

R(z) = { ®)

2.2. Efficient residual channel attention mechanism network (ERCA)

This paper is inspired by the literature [24,25,26] to propose the efficient residual channel
attention mechanism network (ERCA) which structure is shown in Figure 3. The ERCA



898 Yabing Jin et al.

is implemented through the three structures of 1D convolution, soft threshold and residual
network.

) Inner product
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1x1xC *1xC &%
s >0
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w

Fig. 3. ERCA Structure

1D convolution Given the normalized feature map of the data, global average pooling
(GAP) is performed before 1D convolution [27]. Global average pooling adds up all the
pixel values of each channel in the feature map to obtain a value, which is used to repre-
sent the feature map of this channel. The feature map for n channels is pooled by global
averaging to obtain n values then X € RP*W*C pecomes C values. ERCA captures
cross-channel attention interaction by considering each channel and its k neighbors. It is
realised as a one-dimensional convolution with a k-size convolution kernel captures the
attention of neighbors to participate in a channel, in which k represents the coverage of lo-
cal cross-channel interaction. In order to avoid manual parameter adjustment, the method
of reference [24] in this article realizes the automatic learning of k.

log,(C) + é

Y Y

k= (6)

odd

In Eq. (6), C is the number of channels, ~, b the constants which are set v = 1,b = 2, and
||oaathe nearest odd. After the global average pooling and 1D convolution, the activation
function o(sigmoid) is used to activate the final output V"= [vy, -, v;,- -+, v.] , in which
v; 18 a constant.

Soft threshold A soft threshold is inserted as a non-linear transformation layer in the
deep learning network to eliminate unimportant features:

i (i, Ai) = sgn (@) (|| — Ni) 4 @)

In Eq. (7), \; represents a non-negative threshold. (|z;| — ;)4 equals |z;| — X; if
(|z:] — A;) > 0, while it equals O if (|z;| — A;) < 0. The soft threshold ); in the paper
adopts the similar method in reference[25], which presents \; = v; - average; ; c|; j.c|
.\; is the threshold of the feature map of c, where 4, j, ¢ are the width, height and current
channel, respectively.
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Residual Network The final output X € RP*WxC ig obtained after the re-assigned
feature map is added to the original one through the residual network, as shown in Eq.

(8).

X =nX,N) +X=[m+x1, 00+ X0 +X] ®

ERCA Module for Deep CNN Networks Figure 3 shows the basic structure of the
efficient residual channel attention mechanism network (ERCA). Without dimensionality
reduction, the convolutional features are aggregated through the global average pooling
operation, and then the cross-channel attention is captured through 1D convolution. The
sigmoid function is used to activate the learning channel attention, a soft threshold is
inserted as a nonlinear transformation layer to eliminate unimportant features, and finally
the residual structure is used for summation. The research adopts the embedding method,
replacing the SENet structure with ERCA as embedding ERCA in the CNN network is
similar to SENet.

Parameter Analysis The process of the SENet model can be simply described as follows:
given a feature map X € RHXWXC | the first step is global average pooling (GAP), the
weights in SENet are defined as W, and W3 as in Eq. (9), and the model is adaptively
adjusted by a fully connected neural network, and the final output of the model is U €
RHXWXC The process is as in Egs. (10-12), where the GAP operation is defined as
Feap() and o is the activation function.

Wi,1 - Wie Wi, - Wie
Wi=| @ o | We=| o ©
We,1 *+* We,e We,1 ** We,e
Avg = Fgap(X) (10)
T = ReLU (Avg*Wh1) (11
U=X"(T"W3) (12)

Inspired by the SENet model, the ECA model works with a similar network structure.
However, unlike SENet, the ECA model uses 1D convolution to train and acquire the
channel-related features, which greatly reduces the parameters of the model. We define
the weights of the ECA model as W5 , and the final outputis U € RH*WXC after adaptive
adjustment by 1D convolution, as in Eq. (14).

wig - wik 00 e e 0
0 wap -+ Wopgr - - - 0 0
W= . . S (13)
o --- 0 0 Wee—kt1 - Wee
U=X"0(Avg" W3) (14)

Define the weight of the ERCA model in this paper as W, , and ERCA first performs
the GAP operation consistent with SENet and ECA models, and the output after 1D con-
volutional adaptive adjustment is used as part of the soft threshold, and the final output is
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U € RTXWXC a5 in Egs. (16-17).

wig - wik 00 e 0
0 wop ++- Woggr- - 0 0
Wo=1| . . . .. ) . (15)
0 0 0 0t Wec—k+1 0 Wee
A =0 (Avg * Wy) * Fgap(|X]) (16)
U=X+n(X,\ (I7)

It is not difficult to find that the model weights W, of our algorithm and the weights
W3 of the ECA model are sparser than the weights W and W5 of the SENet model. We
define the number of channels as C', then the parameters of SENet model weights are C*?
, in contrast, our ERCA model is consistent with ECA model with only k parameters.

ERCA Utilizes Both Maximum Pooling Outputs and Average Pooling In this section,
the single average pooling operation in ERCA in the previous section is replaced using the
maximum pooling output and average pooling output of the shared network. The ERCA
above is defined as the standard type and the ERCA using both maximum pooling output
and average pooling is defined as ERCAMA. Its specific structure is shown in Figure
4. It is worth noting that although ERCAMA uses maximum pooling output and average

) Inner product

ABS GAP - D soft threshold
Q Sum
GAP [l ) (N %
x | .

ﬁ 8 ¢ &-0-0-0—{f
H C ¢
il gy S [ e—— v

GMP Shared CNN

Fig. 4. ERCA Structure

pooling parallel output, the pooling results are convolved using the same set of parameters,
so the parametric quantities of ERCAMA and ERCA are the same.

2.3. The Final Structure of the Model

Due to the vast and complex self-made landforms, regional differences, and diverse topog-
raphy and climate in China, the method of investigating potential landslide areas through
professionals is time-consuming, expensive, and inefficient. Meanwhile, with the land-
slides diverse and complex, it is very important to use artificial intelligence to quickly
and accurately extract landslide information from satellite image data. The final detection
network model of this research is shown in Figure 5, which mainly includes three parts:
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Fig. 5. final model

(1) Feature extraction: Feature Map is obtained by extracting image features through the
backbone network integrated into ERCA. Among them, the commonly used backbone
networks are ResNet, VGG, etc. ResNet34, ResNet50 and ResNet101 are adopted as the
backbone network in the experiments of this research. (2) RPN detection: The recom-
mended target candidate area is obtained through the RPN detection network processing.
(3) Object detection and classification: The target classification result is obtained by ex-
tracting and processing the Feature Map of the candidate area. Compared with the original
Faster R-CNN, the improved algorithm in this paper realizes the channel attention mech-
anism by adding few parameters, and improves the target detection effect in complex
environments.

3. Experimental Process and Analysis

3.1. Experimental Environment and Data Enhancement

This paper adopts python3.7 as the development language, pytorch as the deep learning
framework, and Pycharm as the development tool. Graphics card GeForce RTX 2080 Ti
is employed with 11G video memory. In order to verify the effectiveness of the algo-
rithm in this paper, we use landslide image in Bijie City[6]. In this experiment, more than
200 high-quality landslide images containing large, medium and small landslides were
selected from the landslide images and labeled using the Labelimg tool to form a training
dataset in PASCAL VOC format* . Considering the phenomenon of model overfitting due
to deeper network layers and smaller data volume in deep learning and in order to im-
prove the accuracy of the landslide identification detection algorithm under the scenario
of complexity of land cover and uncertainty of light and dark intensity of remote sensing
images, we expand the dataset by code with data enhancement of the labeled images. The
original data volume was expanded by 10 times, i.e. more than 2000 landslide images,
by transforming the images left and right, flipping up and down, optical transformation,
Gaussian blur, affine transformation and bounding box transformation. The expanded data
set is divided into the training set and the test set in an 8:2 manner, and the training set and
the verification set are divided in a 9:1 manner in the training set. Adam is adopted in the
optimization algorithm. The first 20 epochs are normal training after freezing training,

4 http://host.robots.ox.ac.uk/pascal/VOC/
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with the freezing initial learning rate of 0.0002 and the normal training initial learning
rate of 0.00002. After starting training, the learning rate attenuation strategy is adopted,
with the attenuation coef cient of 0.94.

3.2. Comparison of Objective Indicators of Detection Effect

The objective comparison indicators selected in this paper is AP (Average Precision) val-
ues, which is de ned as follows:

P=TPXTP+ FP) (18)

R=TPXTP+ FN) (19)
z

AP = lP(R)dR (20)

0
Among them, TP is the number of positive images with correct predictions, FP is the
number of positive images with incorrect predictions, FN is the number of negative images
with incorrect predictions, P is the precision rate, and R is the recall rate. APs for different
I0OU thresholds and APs of different sizes for detecting target objects are speci cally
de ned in the Figure 6.

Fig. 6. The above 6 metrics are used for charaterzing for the performance of obejct detecor

Ablation Experiment of Faster R-CNN In this chapter, the different components of
the model in this article based on the improvement of the original Faster R-CNN are
disassembled for ablation experiments. The Faster R-CNN with ResNet34, ResNet50,
and ResNet101 as the backbone network is used as the Baseline and compared with
the Faster R-CNN with the backbone network of ResNet34+ERCA, ResNet50+ERCA,
and ResNet101+ERCA. The objective comparison indexes of the experimental results are
shown in Table 1.

It can be drawn from Table 1 that tl&&P, ,AP_ ,AP+5 and nal AP values of the
Faster R-CNN using ResNet34+ERCA, ResNet50+ERCA and ResNet101++ERCA as
the backbone network have been improved to different degrees compared to the Faster
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