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Copyright and Use Agreement 

All authors are requested to sign the "Transfer of Copyright" agreement before the paper may be 

published. The copyright transfer covers the exclusive rights to reproduce and distribute the 

paper, including reprints, photographic reproductions, microform, electronic form, or any other 

reproductions of similar nature and translations. Authors are responsible for obtaining from the 

copyright holder permission to reproduce the paper or any part of it, for which copyright exists. 



  



  

Computer Science and Information Systems 

Volume 21, Number 2, April 2024 

 

CONTENTS 
 

Guest Editorial: Deep Learning Techniques in Intelligent Internet of Things and 5G 

Communication Networks 

 

 

Papers 
 

419 Implementation of Multimedia Search & Management System Based on 

Remote Education 

Byeongtae Ahn 

437 Automatic Voltage Stabilization System for Substation using Deep 

Learning  

Jiyong Moon, Minyeong Son, Byeongchan Oh, Jeongpil Jin, Younsoon Shin 

453 The Effects of Process Innovation and Partnership in SCM: Focusing on 

the Mediating Roles  

Yoonkyo Cho, Chunsu Lee  

473 Navigation Control of an Autonomous Ackerman Robot in Unknown 

Environments by Using a Lidar-Sensing-Based Fuzzy Controller  

Cheng-Jian Lin, Jyun-Yu Jhang, Chen-Chia Chuang 

491 A revised Girvan–Newman Clustering Algorithm for Cooperative Groups 

Detection in Programming Learning 

Wen-Chih Chang 

507 A Study of Identity Authentication Using Blockchain Technology in a 5G 

Multi-Type Network Environment  

Jui-Hung Kao, Yu-Yu Yen, Wei-Chen Wu, Horng-Twu Liaw, Shiou-Wei Fan, 

Yi-Chen Kao 

525 An Empirical Study of Success Factors in Korea’s Game Industry  

Jun-Ho Lee, Jae-Kyu Lee, Seung-Gyun Yoo 

547 Design of TAM-based Framework for Credibility and Trend Analysis in 

Sharing Economy: Behavioral Intention and User Experience on Airbnb 

as an Instance  

Yenjou Wang, Jason C. Hung, Chun-Hong Huang, Sadiq Hussain, Neil Yen, 

Qun Jin 

569 Robust Compensation with Adaptive Fuzzy Hermite Neural Networks in 

Synchronous Reluctance Motors  

Chao-Ting Chu, Hao-Shang Ma 

593 Machine Learning Based Approach for Exploring Online Shopping 

Behavior and Preferences with Eye Tracking  

Zhenyao Liu, Wei-Chang Yeh, Ke-Yun Lin, Hota Chia-Sheng Lin, Chuan-Yu 

Chang 



  

 

625 A Novel Multipath QUIC Protocol with Minimized Flow Complete Time 

for Internet Content Distribution  

Fang-Yi Lin, Wu-Min Sung, Lin Hui, Chih-Lin Hu, Nien-Tzu Hsieh, Yung-

Hui Chen 

645 A study on fire data augmentation from video/image using the Similar-

label and F-guessed method  

Jong-Sik Kim, Dae-Seong Kang  

663 Multi-language IoT Information Security Standard Item Matching based 

on Deep Learning  

Yu-Chi Wei, Yu-Chun Chang, Wei-Chen Wu  

 



Computer Science and Information Systems 21(2):i–v https://doi.org/10.2298/CSIS240200iC 

 

Guest Editorial: Deep Learning Techniques in 

Intelligent Internet of Things and 5G Communication 

Networks 

Jia-Wei Chang1, Nigel Lin
2
, Qingguo Zhou

3
, Yi-Zeng Hsieh

4
, Mirjana Ivanovic

5
 

 
1 Department of Computer Science and Information Engineering, National Taichung 

University of Science and Technology, Taichung City, Taiwan 

jwchang@nutc.edu.tw 

 
2 Department of Computer Science and Engineering, Santa Clara University, Santa Clara, CA, 

USA 

nigel@mail.topwise.com 

 
3 School of Information Science & Engineering, Lanzhou University, Gansu Province, China 

zhouqg@lzu.edu.cn 

 

4 Department of Electrical Engineering, National Taiwan University of Science and 

Technology, Taipei City, Taiwan 

yzhsieh@mail.ntust.edu.tw 

5University of Novi Sad, Faculty of Sciences, Novi Sad, Serbia 

mira@dmi.uns.ac.rs 

 

 

In the rapidly evolving digital transformation landscape, the synergy between Deep 

Learning (DL), the Internet of Things (IoT), and 5G communication networks heralds a 

new era of technological innovation. This guest editorial delves into the pivotal role of 

DL in enhancing the capabilities of IoT ecosystems and the performance of 5G 

networks, thereby paving the way for a more intelligent, more connected world. The 

advent of IoT has brought about a paradigm shift in how devices communicate, collect, 

and process data. With billions of connected devices generating vast data, DL 

techniques are adept at handling and interpreting the complexity and volume of IoT 

data, enabling advanced analytics, decision-making, and automation. In the context of 

IoT, DL facilitates the realization of truly intelligent systems. The integration of IoT 

with 5G communication networks further amplifies these benefits. 5G, known for its 

high speed, low latency, and massive connectivity, is a perfect match for the IoT, 

providing the necessary infrastructure for seamless data transmission. DL algorithms 

enhance 5G network management by optimizing resource allocation, improving network 

security, and facilitating the efficient handling of the increased data traffic by IoT 

devices. In conclusion, DL, IoT, and 5G convergence hold tremendous potential for 

transforming various industries. As we stand on the brink of this technological 

revolution, it is imperative to navigate the associated challenges wisely, ensuring that the 

benefits of these advanced technologies are realized securely and efficiently. 

mailto:ahnbt@anyang.ac.kr
mailto:yzhsieh@mail.ntust.edu.tw
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This special issue received 49 submissions where the corresponding authors were 

majorly counted by the deadline for manuscript submission with an open call-for-paper. 

All these submissions are considered significant in the field, but however, only one-third 

of them passed the pre-screening by guest editors. The qualified papers then went 

through double-blinded peer review based on a strict and rigorous review policy. After a 

totally three-round review, 13 papers were accepted for publication. A quick overview 

to the papers in this issue can be revealed below, and we expect the content may draw 

attentions from public readers, and furthermore, prompt the society development. 

The first paper, titled “Implementation of Multimedia Search & Management System 

Based on Remote Education,” by Byeongtae Ahn, addresses the need for efficient 

management and retrieval of video information in remote education. Highlighting the 

critical role of real-time processing of compressed video data, it introduces a system 

leveraging MPEG-4, the leading video compression standard. The paper develops a 

management and search solution designed explicitly for multimedia in distance learning, 

emphasizing the importance of MPEG-4 compression for real-time video handling. This 

work contributes significantly to the field by enhancing the accessibility and 

effectiveness of video resources in educational environments. 

The second paper, titled “Automatic Voltage Stabilization System for Substation 

using Deep Learning,” by Jiyong Moon et al., introduces an innovative solution to 

automate voltage regulation, which is traditionally reliant on manual intervention and 

prone to inefficiencies. By employing a deep learning approach with a stacked LSTM 

model, the system predicts the necessary input capacity for stabilization, overcoming the 

uncertainties of human-based regulation and enhancing operational efficiency with 

economic considerations. It further optimizes regulation plans and incorporates a user 

interface for algorithm operation visualization and model prediction communication. 

Tested with real substation data, the findings reveal the system's capability to 

significantly improve the automation of the voltage regulation process, marking a 

notable advancement in power facility management. 

The third paper, titled “The Effects of Process Innovation and Partnership in SCM: 

Focusing on the Mediating Roles,” by Yoonkyo Cho et al., explores the influence of 

supply chain management (SCM) components on organizational performance, 

highlighting process innovation and partnerships as essential mediators. Analyzing 

responses from 193 workers in smartphone manufacturing, the study identifies the 

positive effects of information systems, top management support, and performance 

management on process innovation and the fostering of partnerships. These elements, in 

turn, significantly enhance both the financial and non-financial outcomes for firms. The 

findings suggest that bolstering process innovation and partnerships is crucial for 

advancing a firm's SCM efficiency, offering insights into leveraging these dynamics in 

the context of Industry 4.0's technological shifts. 

The fourth paper, titled “Navigation Control of Autonomous Ackerman Robot Using 

a Lidar-sensing-based Fuzzy Controller in Unknown Environments,” by Cheng-Jian Lin 

et al., introduces a novel lidar-sensing-based navigation control system for autonomous 

Ackerman robots operating in uncharted territories. Utilizing a behavioral controller, 

this system enables effective obstacle avoidance and goal-directed movement without 

reliance on global map data. A Wall-Following Fuzzy Controller's core mechanism 

processes lidar-derived distance measurements to adjust the robot's steering angle, 

ensuring safe passage through diverse settings without collisions. Additionally, a 
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specialized escape strategy has been incorporated to circumvent potential endless 

looping. Experimental validation in simulated and real-world scenarios confirms the 

system's proficiency in guiding Ackerman robots through unfamiliar environments, 

highlighting its practical utility and efficiency. 

The fifth paper, titled “Application of Item Response Theory and the revised Girvan–

Newman Clustering for Estimating Learning Ability in Cooperative Programming 

Learning,” by Wen-Chih Chang, explores an innovative approach to enhance 

programming education through cooperative learning. Recognizing the wide range of 

student abilities in comprehending complex programming concepts, this study 

introduces a novel grouping methodology that combines item response theory with 

social network analysis clustering. This method strategically groups students by their 

learning abilities, aiming to optimize educational outcomes. The effectiveness of this 

approach was empirically tested in a programming course for beginners, with results 

indicating significant improvements in learning achievements. This paper presents a 

promising direction for tailoring cooperative learning experiences better to meet the 

diverse needs of students in programming education. 

The sixth paper titled “A Study of Identity Authentication Using Blockchain 

Technology in a 5G Multi-Type Network Environment,” by Jui-Hung Kao, examines the 

application of blockchain for identity authentication within the nuanced landscape of 5G 

networks. Highlighting 5G's potential for facilitating rapid digital transformation 

through its low latency and ability to support a multitude of connections, this study 

addresses the challenge of limited indoor penetration by integrating 5G with Wi-Fi 6 for 

enhanced mobile connectivity. The paper proposes an innovative authentication 

framework utilizing Mobile Edge Computing and blockchain to manage access in a 5G 

Local Breakout network, ensuring secure and efficient user authentication across 5G and 

Wi-Fi 6 networks. Real-world validation confirms the effectiveness of this approach in 

improving user access control and network service quality, promising advancements in 

mobile network security and user experience through edge computing and blockchain 

technologies. 

The seventh paper titled “An Empirical Study on Success Factors of the Game 

Industry,” by Jun-Ho Lee et al., explores the dynamic growth of Korea's game industry, 

particularly its expansion in China and Southeast Asia. This research delves into how the 

interplay of management, technology, market, and industry characteristics influences the 

success of Korean game companies both domestically and internationally. Through 

empirical analysis, it identifies key factors such as cutting-edge technological 

advancements, managerial competencies, market trends, and industry insights as pivotal 

to achieving growth and global market penetration. Moreover, the study highlights the 

critical role of intellectual property rights in sustaining performance and facilitating 

market expansion. Distinguishing itself from prior work that focused mainly on the 

external impacts of games, this study offers a holistic view of the internal workings, 

market dynamics, and industry strategies, underscoring the multifaceted approach 

needed for game companies to thrive. 

The eighth paper titled “Design of TAM-based Framework for Credibility and Trend 

Analysis in Sharing Economy: Behavioral Intention and User Experience on Airbnb as 

an Instance,” by Yenjou Wang et al., investigates the pivotal role of trust in the sharing 
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economy, using Airbnb as a case study. Addressing the inherent uncertainties of pre-

purchase conditions in such a market, this research employs the Technology Acceptance 

Model to identify factors influencing consumer behavior and intentions. Through a 

comprehensive three-year survey and data collection from Airbnb users, the study 

applies Partial Least Squares-Structural Equation Modeling for hypothesis testing. It 

further explores the effects of user experience variations on trust and purchasing 

intentions via Multi-Group Analysis, revealing that Airbnb’s ease of use significantly 

shapes consumer attitudes more than any specific platform information, thereby 

positively affecting overall behavioral intentions. This work underscores the importance 

of trust in the sharing economy and highlights the critical impact of user experience on 

consumer engagement and platform credibility. 

The ninth paper titled “Robust Compensation with Adaptive Fuzzy Hermite Neural 

Networks in Synchronous Reluctance Motors,” by Chao-Ting Chu et al., introduces an 

innovative robust compensation scheme for synchronous reluctance motors (SRMs) 

utilizing adaptive fuzzy Hermite neural networks (RCAFHNN). Addressing the 

challenges posed by parameter variations, external disturbances, and nonlinear dynamics 

inherent in SRMs, this study leverages the adaptive neural fuzzy interface system 

(ANFIS) framework to refine motor control. RCAFHNN distinguishes itself through 

three primary advancements: incorporation of fuzzy logic and neural network-based 

online estimation for dynamic adjustment, the adoption of Hermite polynomial functions 

to expedite membership function training, and the assurance of system convergence and 

robustness through Lyapunov stability analysis. Experimental comparisons between 

RCAFHNN and traditional ANFIS approaches demonstrate RCAFHNN's enhanced 

performance, marking a significant step forward in precise motor control technologies. 

The tenth paper titled “Machine Learning Based Approach for Exploring Online 

Shopping Behavior and Preferences with Eye Tracking,” by Zhenyao Liu et al., 

investigates the evolving landscape of consumer behavior in the digital age, particularly 

the shift towards online shopping accelerated by the COVID-19 pandemic. This research 

integrates eye-tracking technology to understand better how visual stimuli influence 

online shopping decisions. By analyzing the eye movements of 60 participants engaged 

in online shopping activities, the study leverages statistical and machine learning 

techniques to examine the impact of visual complexity and consumer preferences on 

purchasing behavior. The findings reveal that when analyzed with machine learning 

algorithms, eye-tracking data can effectively predict consumer choices and improve e-

commerce recommendation systems. The research also differentiates between hedonic 

and utilitarian purchasing behaviors, noting distinct patterns in visual attention. This 

study provides valuable insights for enhancing e-commerce platforms and tailoring 

marketing strategies to meet consumer needs better. 

The eleventh paper, titled “A Novel Multipath QUIC Protocol with Minimized Flow 

Complete Time for Internet Content Distribution,” by Lin Hui, addresses the challenges 

of scaling Internet content distribution efficiently amidst surging data flows. It critically 

evaluates the Quick UDP Internet Connections (QUIC) protocol, renowned for 

enhancing media transfer through flow-controlled streams, reduced latency in 

connection setup, and flexible network path migration. Despite QUIC's advancements 

over TCP in connection and transmission efficiency, its performance is often 

bottlenecked by the bandwidth limitations and variability of single network paths. This 

study introduces an innovative multipath QUIC strategy designed to leverage multiple 
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network paths concurrently to optimize bandwidth usage and circumvent congestion. 

Unlike previous approaches that rely on simplistic round-robin or shortest-time-first data 

scheduling, this method applies a sophisticated algorithm considering path delay and 

packet loss rate, significantly improving flow completion times. The proposed scheme 

demonstrates marked superiority in experimental comparisons with conventional QUIC, 

Lowest-RTT-First (LRF) QUIC, and Pluginized QUIC (PQUIC), offering a promising 

avenue for enhancing the robustness and efficiency of internet content distribution 

networks. 

The twelfth paper titled “A study on how to augment fire data from video/image 

using the Similar-label and F-guessed method,” by Jong-Sik Kim et al., tackles the 

challenge of enhancing fire detection capabilities with limited datasets. In fire detection, 

where data scarcity often hampers the improvement of detection rates, the research 

delves into semi-supervised learning as a solution, acknowledging its effectiveness yet 

highlighting the pitfalls of pseudo-label methods that can introduce false labels and 

biases. To counteract these issues, the study introduces a novel approach that generates 

similar-labeled data during the initial learning phase using the F-guessed method 

combined with the Region of Interest (ROI) expression in videos. This technique aims to 

maintain accuracy in label distribution, preventing the introduction of bias early on. The 

methodology proved substantially effective, enlarging the dataset by approximately 6.5 

times, from 5,565 to 41,712 entries, and significantly enhancing the mean Average 

Precision (mAP@0.5) by 26.1%, from 65.9% to 92.0%, while also improving the loss 

from 3.347 to 1.69. This innovative approach presents a significant advancement in the 

field of fire detection research, offering a scalable and more accurate method for data 

augmentation and model training. 

The thirteenth paper titled “Multi-language IoT Information Security Standard Item 

Matching based on Deep Learning,” by Yu-Chih Wei, addresses the complexity of 

navigating through various information security standards applicable to IoT and other 

domains, such as ISO/IEC 27001 and the IEC 62443 series. With the proliferation of 

standards, the task of identifying and matching specific controls relevant to particular 

scenarios has become increasingly challenging and labor-intensive. This paper 

introduces a novel approach that leverages text mining and deep learning techniques to 

analyze and match similar control items across different security standards, regardless of 

language barriers. By utilizing translations of domestic and international standards as a 

foundation, the study aims to streamline the process of finding correspondences between 

controls, facilitating a more efficient implementation and research of information 

security standards. This method promises to significantly reduce the effort required to 

compare and locate applicable controls, thus enhancing the security posture of 

businesses and organizations in the rapidly evolving digital landscape. 

 

Acknowledgments. The guest editors are thankful to authors who submitted 

interesting and challenging papers, to reviewers for their effort in reviewing the 

manuscripts and inspiring authors to improve quality of their papers. We also thank the 

Editor-in-Chief, Prof. Mirjana Ivanovic, and editorial assistants for their supportive 

guidance and help during the entire process of preparation this special issue. 
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CORRIGENDUM

Mirjana Ivanović

University of Novi Sad, Faculty of Sciences
Novi Sad, Serbia

mira@dmi.uns.ac.rs

The authors of the article: Samarbakhsh, L., Tasić, B.: What makes a board direc-
tor better connected? Evidence from graph theory. Computer Science and Information
Systems, Vol. 17, No. 2, 357–377. (2020), https://doi.org/10.2298/CSIS190628045S have
informed the Editorial Office that they missed acknowledging two facts:

1. The authors Dr. Laleh Samarbakhsh and Dr. Boza Tasic would like to thank Ted
Rogers School of Management for funding support as part of the TRSM Research
Development Grant.

2. The authors would like to acknowledge the contribution of Dr Hamid Ebrahimi and
ask that he be added as a third co-author to the paper. Their decision is based on a
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Abstract. In order for remote education using multimedia to be effective, an 

efficient management technique for video information needs to be developed. 

Therefore, for real-time processing of moving images, it is necessary to manage 

and search image data in a compressed state. MPEG-4 is the most widely used 

video compression technology. In order to process video in real time in distance 

education using multimedia, it is very important to develop a technique for 

managing and retrieving video information compressed with MPEG-4. Therefore, 

in this paper, a multimedia information management system and search 

technology were developed using MPEG-4 compression technology used for real-

time distance education. 

Keywords: Multimedia, MPEG, Remote Education, Video search, Compressed 

video. 

1. Introduction 

With the recent development of the Internet and the Web, the demand for multimedia, 

especially video information, is rapidly increasing. As object-oriented database-based 

multimedia database systems are being developed, they are in the stage of utilizing them 

in various multimedia authoring systems. Among them, many studies are being 

conducted on the storage and retrieval of multimedia information, especially video 

information [1]. 

However, the management of moving picture information using such a multimedia 

DBMS is a method of managing the search target bitmap or wave pattern in an 

uncompressed state. However, due to the nature of video, it is difficult to store, retrieve, 

or transmit uncompressed natural video as it is [2]. 

Therefore, in order to solve these problems and put it into practice in the video 

management system, a technology that compresses and stores video information, and 

searches and transmits the video information in real time in a compressed state, is 

required [3]. 

In this paper, we develop a compressed video management system that compresses 

video information with MPEG-4 technology, stores it in a database system, and searches 

                                                           
* The paper is an extended version of a conference paper(https://www.fronticomp.com/ic2022-metaverse). 
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using query words or representative images (key frames). In addition, annotation-based 

search and content-based search for video information search were used. Content-based 

search can automatically extract shape, texture, and movement from data features. 

Annotation-based search uses natural language processing to extract and provide 

semantic information of video data. This technique is modeled in various ways by easily 

extracting various features of moving picture data [4-6]. 

In this paper, we propose an Integrated Video Data Model (IVDM) that can use both 

annotation-based search and content-based search by analyzing general video data for 

real-time video search. This study made it possible to search various real-time images. 

And to improve the real-time image processing capability, MPEG-4 technology was 

applied to improve the compression capability. 

This paper designed and implemented Compressed Video Information Management 

System (CVIMS) using Mpeg-4 compression technology. CVIMS consists of 3 layers. 

Layer 1 consists of user interface and layer 2 consists of video processing. Video 

processing is classified into movie display, caption/figure description editor, and query 

processor. Layer 3 consists of DBMS to store data. 

In Section 2 of this paper, a related study is proposed, and in Section 3, an improved 

video data model is proposed. In Section 4, we designed a compressed image data 

management system, and in Section 5, we implemented the system. In Section 6, an 

integrated data model system was proposed, and in Section 7, a new image scheme was 

designed. Finally, in Section 8, conclusions and future tasks are presented. 

2. Related Studies 

Methods for storing and retrieving video data can be broadly divided into content-based 

search and annotation-based search. 

Content-based search is a method of searching for the meaning of video data by 

extracting color, shape, and movement from each frame of the video, and searching 

based on this. Although this method shows good search results for a specific domain, it 

is difficult to extract the general meaning contained in the video data, and in the case of 

a compressed map image, it is inefficient in terms of performance because it must be 

decompressed and searched for image extraction [7-10]. 

The video data is largely composed of image, audio, and writing data. The image is 

what allows the listener to see the instructor's face. In this case, the visual effect can be 

increased. Audio and image data processing uses a compressed file after compression 

using a multimedia compression tool. For other writing data, when the lecturer draws a 

line or draws a rectangle on the screen, the actions are expressed by objectifying them. 

The act of changing the currently active page is also made possible to be expressed as a 

single object. 

Annotation-based search is a method in which a person first grasps the meaning of 

video data, expresses it using natural language, and searches based on this. This method 

makes it possible to easily model various meanings of video material that are difficult to 

find with an automated method, and make them available for search. On the other hand, 

it is easy to lose the consistency of the video material because annotations can be given 

or interpreted differently depending on the user's point of view. In particular, it becomes 
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more and more difficult to maintain consistency when it is intended to give a very 

detailed comment rather than a comprehensive comment [11-14]. 

Therefore, it is necessary to find a way to integrate these two techniques. At this time, 

in order to support the two search methods in a form suitable for the user's needs, it is 

necessary to develop an integrated data model above all else. 

Recently, a multi-layered video model (MLVD) has been proposed for a search that 

integrates these two techniques. The MLVM model maintains independence for each 

layer and implements a query processor that does not depend on a specific method of 

content-based or annotation-based search, and suggests a model related to video data 

search. However, this paper proposes an integrated model for video management, 

accepts a part of the MLVM model in the search, and presents a method to approach the 

user's needs even though it has a step-by-step dependency. In this paper, a general video 

data model is proposed for efficient management of video documents, and research has 

been conducted on the development of an MPEG-4 compressed video document 

management system that supports only annotation-based search based on this [15-18]. 

However, in this paper, an integrated video data model that supports and manages 

annotation-based search and content-based search at the same time is presented, and 

based on this model, a system for managing compressed video information using an 

object-relational database in a client/server environment is developed. do. In this case, a 

plug-in technique is also used for use on the web. 

3. Extended Video Data Model 

Movies are stored in a movie database as successive groups of frames called storage 

movie segments. Thus, a drawing image is represented by a video stream mapped into 

one or more stored video segments [19-22]. 

IVDM was created with the concept of structural components related to the semantic 

units of a moving picture document. The concept of structural component is subdivided 

into compound unit, sequence, scene and shot, and these subclasses are defined in a 

hierarchical relationship with each other. A shot consists of one or more consecutive 

frames, and appears as a temporal and spatial sequence of actions. A scene is made up of 

several sets, and a sequence is made up of these scenes. A collection of related 

sequences constitutes a compound unit again, and the compound unit can refer to itself 

at an arbitrary level. The video search structure is divided into two stages: a stage that 

supports annotation-based search and a stage that supports content-based search.   
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Fig. 1. Data Model of Video Information using Object Diagram 

 

Fig. 1 shows a data model of moving picture information using an object diagram. 

The object diagram (OMT) shown in Fig. 1 was supplemented by adding a key frame 

management module and use of Dublin Core metadata [23]. 

(1) Key frame management module 

(2) Utilize Dublin Core metadata for object annotation management 

The Enhanced Generic Video Data Model (EGVDM) is a frame that provides 

functions for structuring video data, free annotation of video data, and sharing and 

reusing video data. it is work in EGVDM, moving picture data is a continuous group of 

frames called stored video segments. 

The frame sequence in Fig. 1 is classified into an annotation object and a key frame 

object. A key frame object extracts a specific representative image from a frame 

sequence and consists of image, image type, frame number, size, and location 

information about it. Annotation objects include object annotation, person annotation, 

and location annotation. It consists of subclasses of location annotation and event 
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annotation. Object annotation consists of object type and object description. In this 

paper, object annotation is defined using Dublin Core-based metadata. That is, an object 

annotation is defined by a title, a subject, an identifier, a relation, a right, a language, a 

document format, and the like [24]. 

4. Design of Compressed Video Information Management System 

(CVIMS) 

Compressed video information management that extracts key frames from MPEG-4 

compressed video data based on the video data model presented above, adds captions 

and picture descriptions, and stores them in the database in text format for management 

The system (CVIMS) was designed [25]. 

4.1. Index Structure for MPEG-4 

MPEG-4 compressed video files are mainly composed of three types: I-frames, P-

frames, and B-frames [26]. A double I-frame is a frame compressed using only a spatial 

compression technique without using a temporal compression technique. Therefore, 

since the I-frame can be independently decoded and can be accessed randomly, it can be 

a reference frame. Therefore, CVIMS assumes that all I-frames in the MPEG-4 

compressed video file can be key frame candidates. Based on this assumption, CVIMS 

provides a way for users to directly select key frames by extracting I-frames from 

MPEG-4 compressed video. In addition, the search for each video is not performed by 

actual frame, but caption information for each key frame is created, structured together 

with the key frame, stored in the database, and then search is performed using the 

caption information [27]. 

Fig. 2 shows the relationship between the index structure and caption for MPEG-4 

moving pictures. Technically, after extracting a key frame from a video, it was searched 

by attaching a caption that processes the contents of the key frame through image 

recognition. 
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Fig. 2. Structure of MPEG-4 File and Index Information 

4.2. Overall Structure of CVIMS 

CVIMS includes a user interface and a caption and picture description editor that can 

index MPEG-4 video, a query processor that processes various user queries, a video 

display that displays query results, a database that manages index data and video data, 

and it is composed of a storage server that stores MPEG-4 video [28]. 
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Fig. 3. CVIMS design diagram 

Fig. 3 shows the components of CVIMS and subclasses and relationships of each 

component. VIMS is largely composed of user interface, video processor, and 

management data manager. The video processor again consists of a query processor, 

caption/picture description editor, and video display. According to the query type, the 

query processor consists of a caption query, a picture description query machine, and a 

query machine that combines captions and picture descriptions. It accepts the user's 

query, searches each object managed by the management data manager, and brings the 

desired result. The caption/picture description editor selects keyframes from the list of 

pre-decoded I-frames, writes caption information and picture description information for 

each keyframe, and stores them in the database. The video display is a part that displays 

the query result and is classified into a thumbnail display that outputs an icon in the form 

of a thumbnail picture and a video display that displays an actual video. Lastly, the 

management data manager manages the information stored in the database, and manages 

various index information and caption/picture description information created in the 

editor [29]. 



426           Byeongtae Ahn 

 

5. Implementation Result of CVIMS 

Section 5 shows the implementation result of CVIMS designed in Section 4, focusing on 

the user interface screen. 

 

Fig. 4. Keyword Input Screen 

Fig. 4 shows a screen in which search conditions and search keywords are entered 

after clicking basic search in the search window. In this window, set the items to be 

searched using check boxes and list boxes, and enter keywords for each selected item. 

The user's query processing in the search window makes a query to the actual 

database through the following SQL statement [30]. 

 

▶ Simple query 

    select * from caption_info 
where title = search term [and(or) author = search term] 
[and(or) madeday = search term] 
    select * from picture_desc 
where main1_content = search term [and(or) 
main2_content = search term] [and(or) content = search word] 
 

  ▶ Complex query 

    Join Caption_info and Picture_desc tables 
The results of query processing are shown in Fig. 5.  

It appears in the form of a compressed picture as shown in Figure 5. 
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Fig. 5. Output Screen of Retrieval Result 

Searching through the web also performs a search using caption information for a 

video, in the form of first selecting a desired item and then entering a search term for the 

selected item. At this time, the input search word is transmitted to the database in the 

form of a query word through the CGI program, and the search result is displayed on the 

web as an html document. If you click the compressed picture of the video you want 

here, the video with this thumbnail as a key frame is displayed, and the displayed video 

system is operated as a Netscape plug-in. 

6. Unified Video Data Model (IVDM) 

In order to search and manage videos efficiently, it is necessary to share the compressed 

video itself, related annotations, and image analysis results as an integrated database. To 

do this, it is necessary to create a general standard model and manage various and vast 

amounts of compressed video. Therefore, this section proposes an Integrated Video 

Data Model (IVDM) for video information management. By structuring video data, 

IVDM supports free annotation-based search for various video data at a high level and 

content-based search at a lower level. 
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Fig. 6. Partition process for extraction characteristic of video 

Fig. 6 shows the process of dividing a general video. The segmentation process is 

performed on the premise that the video stream belongs to one of these categories when 

moving pictures are classified into movies, news, dramas, video conferences, and the 

like. The whole news becomes a video stream, and sharing by topic, event, or reporter 

becomes a topic unit, and the circular arrow on the left can be repeatedly divided up to 

several levels. In this case, the number of repetitions may vary depending on the type of 

video, and the number or size of subject units may also vary depending on the type or 

subject of the video. In Figure 6, the smallest subject unit is expressed as a sequence. In 

connection with the previous example, the sequence becomes the content of a reporter's 

coverage. The sequence is again divided into scenes, where the scene corresponds to the 

part divided according to whether the reporter's coverage is a simple incident scene or 

an interview scene. Frames are extracted at regular intervals from this scene to search 

the flow order of moving pictures, that is, time dimension, and are called SI(Same 

Interval)_frames. For spatial-dimensional search, each scene is divided into segments 

where the target object exists, and the frame in which the target object appears most 

clearly is used as the key-frame. In the extracted SI_frame, the movement of the camera 
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or object is analyzed, and in the key-frame, color, shape, texture, etc. are analyzed and 

used for search. 

 

Fig. 7. OMT Object Diagram of IVDM 

Through the process shown in Fig. 6, we propose an integrated video data model 

(IVDM) as shown in Fig. 7. Fig. 7 shows the OMT object diagram of the Integrated 

Video Data Model (IVDM). The OMT object diagram represents classes and their 

relationships, which is well suited to the design of databases. 

Video_Document is expressed 1:1 again as Video_Stream, which is composed of one 

or more Stored_Video Streams and is stored in the database. In this case, Video_Stream 

has two attributes indicating the start frame and the end frame. As a part relationship 
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(part_of) between Video_Steam and Annotation and Thematic_Unit, the set of one or 

more Annotation and Thematic_Unit becomes Video_Stream. Thematic_Unit may or 

may not contain a smaller Thematic_Unit again, and like Video_Stream, it is composed 

of one or more Annotations. As a generalization relationship (is_a) between a Scene and 

a Segment and SI_frame, the Scene can be expressed again as a Segment or SI_frame. 

SI_frame can be expressed as Type, T_feature, and T_keyword, respectively, and 

T_feature is generalized to Camera_Motion and Object_Motion again. Segment is in 

reference relationship with Key_frame, and this Key_frame can be expressed again as 

Category, S_keyword, and S_feature. 

7. Schema Design for News Videos 

In Section 7, we design the schema structure and query type of the news video based on 

the IVDM model and examine the processing process. In actual implementation, 

Informix, an object-relational DBMS, was used to manage index information, and the 

user interface was implemented using Visual C++ [15]. 

7.1. Schema Structure of News Videos 

In Section 1, based on the IVDM model, a news video that can be a representative 

example of a video was designed to be implemented in an object-oriented database. 

Fig. 8 shows the structure of the news video schema. The upper part of each square 

box is the class name of the database, and the lower part is the properties of each class. 

In the news video schema, each subclass inherits the properties of the top video class, 

such as start frame, end frame, and oid of actual video data. And news, theme, event, 

reporter, and scene classes are connected by properties with oid in order as classes for 

annotation-based search. Classes below scene are for content-based search. Key_frame 

and lower are for spatial search, and SI_frame and lower are classes for time dimension. 

The class for using the automated method through the actual image analysis algorithm is 

the class below s_feature or t_feature. 

7.2. The Process of Searching for News Videos 

Fig. 9 shows the actual processing process of news video search. Fig. 9 is a case of news 

video compressed with MPEG-4, and it is largely composed of a user interface, video 

processing module, and data storage. The user interface is again divided into index 

editor, video searcher and video player. The video processing module is the process 

from the user interface to accessing the actual video data or related information in the 

DBMS, the data storage, in order to respond to the user's request. The role of the index 

editor is to annotate each topic for content-based video search in later comments and I-

frames, and extract SI_frame and Key_frame. 

In the video searcher, there is a difference in the search method depending on whether 

the data input for the search is in the form of text, an image, or a video. When the search 
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word is in the form of text, it is searched when the word exactly matches the data given 

in the form of a keyword, movement type, or category among annotation data assigned 

to each subject or content-based search. However, when image or video data is input as 

a query, color, shape, texture, and movement are analyzed in the query image as in the 

case of analyzing frames for content-based search and compared with the characteristic 

data stored in the database. 

 

 

Fig. 8. Schema Structure of News Video 
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Fig. 9. News Video Search Process 

The following shows the actual query, its processing process, and search results in 

order. 

▶ Question: Among sports events that took place in December 1998, search for 

information about Se-ri Pak swinging and Chan-ho Park pitching. 

▶ Query processing process: 

 Ref1 := SELECT * FROM theme WHERE (when_date>='12/1/1998') AND 
(when_date<='12/31/1998') AND (kind = 'sport'); 
 Ref2 := SELECT * FROM motion_type WHERE (swing = True) OR 
(throw = True); 
 Ref3 := SELECT * FROM c_shape WHERE (name IN 'Park Chan-ho') OR 
(name IN 'Seri Pak'); 
Temp := Compare(Ref1, Ref2); 
Result := Compare(Temp, Ref3); 
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(a) Type-1 

 
(b) Type-2 

 
(c) Type-3 

 
(d) Type-4 

Fig. 10. Query Results for Videos 

▶ Fig. 10(a) is the contents of Ref1, which is a Type-1(annotation-based) query result, 

and Fig. 10(b) is the contents of Ref2, which is a Type-2(SI_frame based) query result. 

Fig. 10(c) is the contents of Ref3 of Type-3(Key-frame based) query result. And Fig. 

10(d) is the content of the final result of the Type-4 query that integrates the above 

three. 
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8. Conclusions and Future Challenges 

In this paper, EGVDM (Enhanced Generic Video Data Model) is implemented by 

extending the video data model, and based on this, a prototype of compressed video 

information management system (CVIMS) that can manage MPEG-4 compressed video 

is designed and implemented. And based on this model, we designed an object-oriented 

database schema using news video as an example. 

As a future task, not only index information but also image data itself should be 

structured and stored in the database. In order to structure the image data itself, the 

image data must be objectified, and an object-oriented database supporting 

objectification must be further developed. In addition, it is necessary to standardize the 

category of Key_frame and the type of SI_frame among the sub-scene structures for 

content-based search. 
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Abstract. The operating voltage in the substation must be maintained at its rated
voltage within the specified standard because a voltage outside the specified range
may cause a malfunction of the power facility and interfere with the stable power
supply. Therefore, the voltage regulation process to maintain the rated voltage of the
substation is essential for the stability of the power system. However, the voltage
regulation process is currently performed manually by resident staff. Voltage regu-
lation based on human judgment increases the uncertainty of voltage stabilization
and makes efficient operation in consideration of the economic feasibility of power
facilities difficult. Therefore, this paper proposes an automatic voltage stabilization
system that can automatically perform voltage regulation. Instead of predicting the
electrical load or overvoltage conditions studied so far, we focus on more direct,
scalable input capacity prediction for an automatic voltage stabilization system.
First, the proposed system predicts the input capacity required for a given situa-
tion through a trained stacked LSTM model. Second, an optimal regulation plan is
derived through an optimization process that considers the economic feasibility of
power facility operation. Additionally, the development of the user interface makes
it possible to visualize the operation of algorithms and effectively communicate the
models’ predictions to the user. Experimental results based on real substation data
show that the proposed system can effectively automate the voltage regulation pro-
cess.

Keywords: automatic voltage stabilization system, energy system, input capacity
prediction, deep learning, optimal regulation plan
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1. Introduction

The operating voltage in the substation must be maintained at its rated voltage within the
specified standard for the stability of the power system. If the voltage exceeds
(overvoltage) or falls below (undervoltage) the rated voltage range, it may cause a mal-
function of the power facility and interfere with the stable power supply. Therefore, the
voltage regulation process to maintain the rated voltage of the substation is essential.
The voltage regulation process is done through a voltage stabilization system (VSS). The
voltage stabilization system refers to a system that can sequentially control the operating
conditions of reactors constituting a substation [16]. A reactor is an absorber of reactive
power, therefore compensating for high voltage transmission [14]. When the reactor is
operated, the voltage decreases due to the consumption of reactive power, and when the
reactor is stopped, the voltage increases.

However, most of existing voltage stabilization systems are manually operated by
resident staff. In other words, various decisions for voltage regulation, such as deciding
whether to operate a reactor, are made solely according to the personal judgment of the
resident staff. There are two main problems with the voltage regulation process performed
by humans. First, continuous monitoring is difficult. In the case of manual work, real-
time response may be difficult due to breaks or shift hours, and inconsistent response
may occur because each employee has a different handling method [24]. Second, efficient
operation considering economic feasibility is difficult. In general, the more a reactor is
used, the more likely it is to fail. When the reactor is operated at a high frequency, very fast
transient overvoltage (VFTO) occurs more frequently, and when the voltage exceeds the
basic impulse insulation level (BIL), it leads to the failure of the reactor [16]. Therefore,
when performing voltage regulation, it is necessary to distribute the frequency of use
of each reactor. Still, if the voltage regulation process is done manually, it isn’t easy to
properly consider this by personal judgment.

In order to solve the above problems, automation of the voltage stabilization system
is required. Therefore, in this paper, we propose a prediction-based automatic voltage
stabilization system using a stacked long-short term memory (stacked LSTM) model.
Beyond statistical or mathematical methods [26,6,2,27], many prediction-based methods
have been proposed for the stability of the power system. Recently, machine learning
or deep learning-based methods have been mainly proposed. The main object of predic-
tion is to predict the overvoltage situation for voltage stabilization [5,4,11,37], electrical
loads [36,19,13], and reactive power [14]. Overvoltage situations, electrical loads, and
reactive power are all important for the stability of a power system. However, develop-
ing an automatic voltage stabilization system requires a different approach. Overvoltage
situations, electrical load, and reactive power can be used as indicators of the stability
of a power system, but in terms of automatic voltage regulation, their purpose is differ-
ent. This is because even with predictions for overvoltage situations, electrical load, and
reactive power, it is not known how to adjust the power facility for a given situation. In
other words, to implement automatic voltage stabilization, an additional prediction pro-
cess is inevitable. In order to automatically regulate the reactors to the situation through
an automatic voltage stabilization system, it is necessary to predict a more direct value
to regulate. Therefore, we developed a model to predict the input capacity required for
a given situation. Input capacity means the maximum amount of reactive power that one
reactor can consume, but it can be used as a standard to regulate the reactor. For example,
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if the model predicts that an input capacity of 400Mvar is needed in a given situation, it
can respond by operating two shunt reactors (Sh.R) with an input capacity of 200Mvar.
Predicting the input capacity indicates information about the level of danger expressed
by overvoltage situations, electrical load, and reactive power. Predicting the input capac-
ity also makes it easy to infer how to adjust the power facility in a given case. This is
because input capacity is the most basic and direct basis for power facility operation.
Therefore, the task of predicting input capacity is more suitable for implementing an au-
tomatic voltage stabilization system than simply predicting overvoltage, reactive power,
and electrical load. In addition, this method does not require a prior definition of the ap-
plied system. This is because the required input capacity is fixed regardless of what kind
of power facility the system consists of or the number of reactors constituting the system.
This means that predicting input capacity is also beneficial for expansion and application.

In this study, we design an input capacity prediction model that is more suitable for
automatic voltage stabilization systems and propose a solution that can be directly applied
to the actual work site. The model was evaluated based on the data extracted from the
actual substation to ensure reliability. We develop not only the algorithm but also the user
interface and integrate them into one system so that it can be applied easily in the actual
field.

2. Related Works

2.1. Prediction-based Methods for Voltage Stabilization

Prediction-based methods for voltage stabilization are mainly aimed at predicting over-
voltage conditions, electrical loads, and reactive power. Various machine learning and
deep learning algorithms were used for prediction.

Bulac et al. [4] proposed a method to perform real-time voltage stabilization monitor-
ing using a multi-layer perceptron (MLP). The target class is divided into stable, unstable,
and dangerous.The proposed MLP model predicts the risk level of overvoltage in a given
situation by receiving voltage-related features as input.

Zhu et al. [37] proposed a method of identifying a class imbalance problem [30] in
which a situation corresponding to ’unstable’ in a voltage stabilization system is very rare
when predicting an overvoltage situation and improving performance using an imbalance
learning. The class imbalance problem was solved by amplifying the unstable situation
class data through the synthetic minority oversampling technique (SMOTE) [7], and the
weighted cost was set to make the model learn more focused on a small number of un-
stable classes. In addition, they tried to improve the model’s generalization performance
and increase its applicability by allowing the model to learn with new data through in-
cremental learning continuously. Similarly, since deep learning-based methods cause a
high dependence on data and annotations for high performance, Li et al. [21] proposed
combining data augmentation methods to lower this dependence.

Gomez et al. [11] tried to predict the overvoltage condition early using one of the pow-
erful classification models, the support vector machine (SVM) [25], based on the idea that
it is important to quickly predict how much the voltage will be affected immediately after
the situation causing the overvoltage. The significant errors that can cause overvoltage
include features such as generator voltage, speed, or rotation angle, and these variables
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are used as inputs for the proposed SVM model. Also, a support vector regressor (SVR),
which applied SVM to a regression problem, was used to predict the electrical load, and
a chaotic genetic algorithm (CGA) [34] was used in the hyperparameter determination
process of SVR [13].

Cao et al. [5] proposed a method combining convolutional neural networks (CNN) [1]
and deep reinforcement learning (DRL) [15] to predict overvoltage stability in the en-
ergy internet. The proposed method predicts overvoltage stability by performing a con-
volution operation on time-series information composed of a two-dimensional matrix and
determines whether the voltage can be stabilized within a given time in the current state
through DRL.

Jiapeng et al. [31] proposed a method for identifying overvoltage types of high-
voltage electrical systems of multiple units based on lightweight ShuffleNet [35]. The six
overvoltage types are mapped to grayscale images by the B2G algorithm, and ShuffleNet
takes them as input and classifies the overvoltage types.

Ko et al. [19] proposed a hybrid model that combines a radial basis function neural
network (RBFNN) [3] and a dual extended Kalman filter (DEKF) [7] with SVR for elec-
trical load prediction. SVR and DEKF are used in the initial value setting and learning
process of RBFNN, respectively.

Zheng et al. [36] used a time-series deep learning model, recurrent neural networks
(RNN) [23], and an improved version, long-short term memory (LSTM) [12], for electri-
cal load prediction. The proposed model proposes a model that predicts the electrical load
of the next 12 steps with the electrical load data of the past 12 steps through the RNN
architecture using the LSTM cell. The LSTM architecture was also used in the reactive
power prediction study and showed better performance as the length of the input sequence
length increased [14].

Like our objective, Yin et al. [32] proposed an automatic voltage stabilization method
using an emotional deep neural network (EDNN) structure and an artificial emotional
Q-learning algorithm. Jiajun et al. [9] proposed GridMind using deep reinforcement for
autonomous voltage control in the power grid. Hanchen et al. [29] proposed the use of
computationally efficient Batch Reinforcement Learning (BRL), along with a formula-
tion strategy using the Markov Decision Process (MDP) for voltage regulation in power
distribution systems.

Our study is similar to that of Yin et al. [32], Jiajun et al. [9] and Hanchen et al. [29] in
that it considers automatic voltage stabilization. However, since these studies are mainly
aimed at minimizing the voltage deviation across the system, they differ from ours, fo-
cusing on solving the overvoltage situation. We also paid attention to practical aspects,
including the user interface. Additionally, our study is similar to that of Hossain et al. [14]
and Zheng et al. [36] in that it uses RNN and LSTM architectures. However, there is a
difference in that the prediction target of our proposed method is input capacity. We pre-
dict the input capacity using RNN and LSTM architectures, given that voltage and input
capacity have time-series characteristics. The following subsection provides a brief intro-
duction to RNN and LSTM.

2.2. Recurrent Neural Networks

LSTM has the architecture of a RNN. RNN is a deep learning architecture specialized for
time series data processing [18,23,32]. The most straightforward architecture of RNN is
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Fig. 2. The internal structure of the LSTM cell
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shown in Fig. 1 (a). Like other deep learning models, the RNN goes through one or more
hidden layers for a given input and returns the output. However, the unique feature of the
RNN architecture is that the output of the hidden layer comes back into the input of the
corresponding hidden layer. This structure considers the characteristic of sequence data
that the data point of each time step is not independent of the data point of the previous
time step. Information of each time step is accumulated, which is is reflected in the next
time step processing to process sequence data.

The LSTM refers to an architecture in which the part corresponding to the hidden layer
in the RNN is replaced with an LSTM cell [12]. A simple LSTM architecture is shown in
Fig. 1 (b). Although the purpose of processing sequence data is the same, LSTM operates
slightly differently from general RNN processing due to this structural change. The inter-
nal structure of the LSTM cell is shown in Fig. 2. Unlike the previous RNN, the LSTM
has a cell state indicated by Ct−1 and Ct. The cell state is the path of information passing
through the entire time step. By not only using the hidden state for information accumu-
lation and reflection but by defining a separate cell state to flow information that can be
utilized in the entire time step, LSTM can process longer sequences than general RNN
structures and has superior performance [20]. In LSTM, the flow of information through
the cell state is controlled by three gates. Forget gate determines how much information
in the cell state to forget. The input gate decides how much to reflect the current input
and hidden state in the cell state. The output gate determines how much of the cell state
to send as the current output and hidden state. We used this LSTM architecture for input
capacity prediction.

3. Proposed Method

Monitoring

Prediction

Visualization

Stacked LSTM Optimization

Input Matrix 

Output Matrix Optimal Adjustment Plan �

Sequence of Input Capacity �

Sequence of Voltage �

Fig. 3. The proposed automatic voltage stabilization system

In this paper, we implemented an automatic voltage stabilization system based on the
input capacity prediction. The overall flow chart of the proposed system is presented in
Fig. 3. First, the proposed system monitors the voltage of the applied substation. At the
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same time, a time-series input matrix X consisting of the monitored voltage and past input
capacity is extracted for input capacity prediction. The stacked LSTM model predicts Ct,
the required input capacity at the current time t, through the X. Based on the predicted
Ct, an optimal regulation plan for whether to operate each reactor is derived through the
optimization process. This information constitutes the output matrix Y. In addition, the
monitored voltage and optimal regulation plan are visualized through the designed user
interface. This process is repeated at fixed time intervals. The voltage regulation process
can be automated through the proposed system, so the problems of existing manual oper-
ation can be solved.

The proposed system is largely divided into two parts: optimal regulation plan predic-
tion (Section 3.1) and visualization (Section 3.2). First, a trained stacked LSTM model
predicts the required input capacity from a given input. Next, a final optimal regulation
plan is derived through the optimization process. Finally, information such as the derived
optimal adjustment plan and voltage is visualized through the user interface.

3.1. Deriving the Optimal Regulation Plan

Input Capacity Prediction

Layer 1

Layer 2

Fig. 4. Proposed input capacity prediction model architecture

The corresponding voltage and input capacity also have a time-series feature because elec-
tricity demand has a time-series characteristic. Therefore, a statistical time series model
using time as a variable can be used to predict the input capacity [6]. However, given
that electricity demand is a non-linear time series, a more robust prediction model than a
statistical model is needed [19]. Additionally, it is also necessary to consider additional
variables such as past voltages rather than using time as the only variable. Therefore, in
this paper, we use the stacked LSTM, a deep learning model specialized in the sequence
data processing. Through this, it is possible to consider the time series characteristics of
input capacity, further improve performance by considering non-linearity, and consider
additional variables other than time.

The proposed input capacity prediction model is shown in Fig. 4. The model has an
LSTM architecture. In addition, by stacking two hidden layers composed of LSTM cells,
more non-linearities can be considered. The stacked LSTM architecture has the advantage
of learning various characteristics of time series data at each time step over the basic
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LSTM architecture [33]. The input is composed of the past voltage and the input capacity
along with the current voltage. In addition, the length of sequence data coming in as input
is 4 (The details of the hyperparameter setting are described in Section 4.2). Therefore,
the input matrix X described in Fig. 3 is composed as follows:

X =


Vt Ct−1

Vt−1 Ct−2

Vt−2 Ct−3

Vt−3 Ct−4

 ∈ IR4×2 (1)

In (1), Vt means the voltage at each time point, and Ct means the input capacity at each
time point. Since the purpose of prediction is Ct, which is the required input capacity at
the current time t, note that C is composed of 4 starting at t − 1 instead of at t like V .
The model predicts the currently required input capacity Ct by sequentially processing
the input matrix X.

Optimization
After predicting the required input capacity through the model, it is necessary to decide

how to regulate the power facilities (i.e., reactors). In this paper, the optimal regulation
plan is derived through the optimization formula. The optimization formula was designed
considering economic feasibility and efficiency. As mentioned in Section 1, the probabil-
ity of failure increases as the number of operations of the power facility increases [16].
Therefore, it is necessary to distribute the number of operations for each power facility,
which can be a basis for deriving an optimal regulation plan.

The defined optimization formula is as follows:
minimizez1,...,zn

∑n
i=1 γizi

subject to
∑n

i=1 Cizi ≥ Ct

subject to
∑n

i=1 Cizi − Ct ≥ Cmin

(3.1) is the objective function of the optimization formula. In (3.1), zi means the oper-
ating state of each power facility of the applied system and has a value of 0 or 1. γi
means the cumulative number of uses of the corresponding power facility. The optimiza-
tion process treats the sum of the cumulative use times of each power facility as a cost,
and aims to determine whether to operate each power facility in which the cost can be
minimized. (3.1) is the first constraint. In (3.1), Ci means the input capacity of the cor-
responding power facility, and Ct means the predicted required input capacity. If there
is no constraint, the optimization process will minimize the cost to zero by disabling all
power facilities. Therefore, (3.1) solves this problem by forcing the optimization process
to input the power equipment as much as the predicted required input capacity. (3.1) is
the second constraint. In (3.1), Cmin means the input capacity of the power facility with
the smallest input capacity among all power facilities. If there is no constraint, the opti-
mization process will try to keep the previous state when the previous input capacity is
greater than the currently needed input capacity. Therefore, (3.1) solves this problem by
forcing the optimization process to change the state within the expressible input capacity
range. In summary, the optimization process means considering economic feasibility and
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efficiency by lowering the power facility management cost and the chance of damage by
forcing the power facility to operate first with the lowest cumulative use frequency.

Through the optimization, an optimal regulation plan is derived. The derived optimal
regulation plan becomes the output matrix Y of Fig. 3, and its composition is as follows:

Y =

z1...
zn

 ∈ IRn (zi ∈ {0, 1}) (5)

In (5), Y means the optimal regulation plan and contains information on whether each
optimized power facility operates.

3.2. Visualization

Fig. 5. Designed user interface

The derived optimal regulation plan is visualized through a designed user interface and
information on the recorded voltage sequence. The user interface makes it easy to see how
the system works and its results. The designed user interface is shown in Fig. 5.

In Fig. 5, when the start button at the top right is pressed, the user interface is operated.
The user interface consists of three elements. First, the voltage graph appears at the top.
The voltage at the latest 20-time points is expressed, and the overall flow of the voltage
can be checked. Second, the optimal regulation plan is visualized in the center. Whether
each of the derived power facilities operates and the predicted input capacity value are
simultaneously expressed. The green bar means active, and the red bar means inactive.
Finally, at the bottom is a manual operation button. In addition to the results automati-
cally predicted by the system, it can be applied when a manual operation is required. As
mentioned earlier, the user interface is updated according to a predefined time interval,
and prediction and visualization are executed sequentially.
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4. Experimental Results

In this section, the performance of the proposed system is evaluated. It is divided into the
evaluating input capacity prediction model and the actual operation analysis.

4.1. Experimental Environment and Dataset

345kV #1 BUS

#1 Sh.R #2 Sh.R #3 Sh.R #4 Sh.R #5 Sh.R #1 VSR

Automatic Voltage Stabilization System

Fig. 6. Assumed substation environment

Before evaluation, it is necessary to assume the environment of the substation to which the
system is applied. The considered substation environment is shown in Fig. 6. We assume
that the applied substation consists of one 345 kV bus. Additionally, it consists of five
Sh.R and one variable shunt reactor (VSR), each with an input capacity of 200Mvar.
VSR is a reactor that can control power more delicately through a tap device. The tap of
the VSR consists of a total of 18 stages [16]. Unlike the existing Sh.R, VSR operates on
a tap basis, so the output matrix in (2) should be changed as follows:

Y =


z1
...
z5
ẑ1

 ∈ IR6 (zi ∈ {0, 1}, ẑ1 ∈ {0, ..., 18}) (6)

In (6), ẑ1 means the operating state of the VSR and has a value between 0 and 18.
The experimental data were collected in the real substation environment defined above.

The substation automatically saves various information, including voltage, according to
defined intervals (i.e., one minute). The data contains operation information for each
power facility constituting the substation system between 2019 and 2021. Data features
include uptime, generation load, transmission load, input capacity, and ancillary infor-
mation such as temperature, wind speed, and precipitation. We extracted only informa-
tion about voltage and input capacity required for prediction. The total data size is about
450,000 data points; we used 25% as test data and the rest as training data.
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4.2. Input Capacity Prediction Performance

Table 1. Input capacity prediction model performance (RMSE)

Model
Input Combination

X1 X2 X3 X4 X5 X6

XGBoost 183.13 79.07 182.22 20.57 20.41 14.32

LightGBM 183.12 124.93 179.04 21.13 19.59 14.01

RandomForest 183.13 78.55 182.15 20.60 20.00 14.14

GradientBoost 183.15 148.68 182.08 20.44 19.66 19.72

ElasticNet 184.12 180.35 184.10 67.93 32.63 32.54

DNN 184.90 138.97 183.09 20.53 19.54 13.97

LSTM 183.69 143.28 183.39 20.54 19.25 13.31

Stacked LSTM 183.69 185.30 182.85 20.56 19.30 12.86

First, we evaluated the performance of the input capacity prediction model. The purpose
of the model is to predict the required input capacity given the appropriate inputs. Several
models were trained and evaluated to find the optimal model and input combinations.
Root mean squared error (RMSE) was used as the evaluation metric.

The overall result is shown in Table 1. A total of eight machine learning and deep
learning models were trained and evaluated. XGBoost [8], LightGBM [17], and Gradient-
Boost [22] are machine learning algorithms that show strong performance as tree boosting
ensemble methods. RandomForest [10] is an ensemble model using the bagging method,
and it is a model that reinforces the randomness of data and features. ElasticNet [38] is
a regulated regression model that combines L1 and L2 regulation into linear regression.
DNN is a structure in which several hidden layers are stacked in general artificial neu-
ral networks (ANN) [28], and we constructed a model with four hidden layers. As input
combinations, six combinations were evaluated. X1 means only the current voltage at t is
used as an input. X2 means using input time information such as a month, day, hour, etc.,
considering seasonal characteristics along with the current voltage at t. X3 means using
the voltage sequence of the past time as an input together with the current voltage of time
t. X4 means that only the input capacity at t − 1 is used as input. X5 means that the past
input capacity of the same length as X3 is used as input. X6 means to use a sequence com-
posed of the input capacity of the past time as an input together with the voltage sequence
of X3.

All models achieved the best performance when X6 was used as the input combi-
nation. As can be seen when X4 and X5 are used as inputs, the model’s performance
is significantly improved when it can explore the past input capacity or input capacity
sequence rather than when voltage alone is used. However, the performance is further en-
hanced when the past voltage and the current voltage are used together with the past input
capacity sequence (X6). Additionally, the model performance of the RNN architecture
specialized for sequence data processing was the best among all models, and the perfor-
mance of the stacked LSTM model was the best with RMSE 12.86. Therefore, stacked
LSTM was selected as the final model, and it was decided to use current voltage, past
voltage, and past input capacity together as the input combination.
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Fig. 7. Performance of the stacked LSTM model by the length of the input sequence

When using a sequence of voltage and input capacity as input, additional evaluation
was performed to select the optimal length of the sequence, that is, to what point in the past
voltage and input capacity information will be used. The results are shown in Fig. 7. In
Fig. 7, the model showed significant performance improvement until the sequence length
reached 4. After this, there was no significant performance improvement thereafter, so we
set the optimal sequence length to 4.

4.3. Operation Analysis

Table 2. Operational Analysis Results

Item
Time Point

t t+ 1 t+ 2 t+ 3 t+ 4

Voltage (kV ) 353.8 349.8 354.5 349.7 345.5

Predicted Input Capacity (Mvar) 735 697 897 697 497

#1 Sh.R 1 1 1 1 1
#2 Sh.R 0 0 0 0 0

#3 Sh.R 0 0 1 1 1
#4 Sh.R 1 1 1 1 0

#5 Sh.R 1 1 1 0 0

#1 VSR (Tap Position) 9 1 1 1 1

Second, we conducted an operational analysis to see if the system actually works well.
The results are shown in Table 2. In addition, Table 3 shows the assumed cumulative
numbers of uses for each reactor in the optimization process.
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Table 3. Assumed Cumulative Use Count
#1 Sh.R #2 Sh.R #3 Sh.R #4 Sh.R #5 Sh.R #1 VSR

Cum. Num. of Uses 200 150 100 80 50 20

In Table 2, system operation results for five consecutive time points from t to t + 4
are presented. Additionally, information on items such as voltage, input capacity, and re-
actor operation status at each time point is presented together. In more detail, at time t,
the voltage was observed to be 353.8 kV, and the model predicted that an input capacity
of 735Mvar was required. For the predicted input capacity, the operating state of each
Sh.R and the tap position of the VSR were determined through an optimization process.
After that, the observed voltage at time t+1 is 349.8 kV, which is lower than before. This
is because reactors consumes reactive power equal to previously input capacity to lower
the voltage. Additionally, for the lower voltage, the model predicted that an input capac-
ity of 697Mvar lower than the time t was required. This shows that the input capacity
prediction model predicts the appropriate input capacity considering the level of voltage.
When checking the operation state of each reactor at time t+1, it can be seen that the tap
position of the VSR has changed from 9 to 1. This means that voltage adjustment was per-
formed by changing the tap of the least frequent VSR through the optimization process in
consideration of the number of uses for each reactor assumed in Table 3. In other words,
it can be seen that the optimization process is properly distributing the operation for each
reactor with the number of uses as a cost as intended. These results are also the same at
all time points thereafter, including time t + 2. According to the experimental results, it
can be seen that an automatic voltage regulation system can be effectively implemented
through the designed system, and it can be confirmed that the goal of the study and the
required performance requirements can be met.

5. Conclusion

This paper covered the development of an automatic voltage stabilization system for volt-
age regulation automation. First, a trained stacked LSTM model was designed to predict
the input capacity required for a given situation using actual voltage and input capacity
data. In addition, it was possible to derive the optimal regulation plan considering the eco-
nomic feasibility of power facility operation by using the optimization method. Finally,
the user interface shows how the model works as intended.

In this paper, only two variables of time-series voltage data and input capacity were
used as inputs when training the model to predict the optimal input capacity. However, in
addition to these two variables, there are other variables that could affect voltage changes,
such as weather, season, temperature, and humidity. It is expected that future studies can
use these variables to improve model performance considering complex voltage environ-
ments.

This automatic voltage stabilization system is more effective and economic than the
conventional voltage control system. This not only enables a stable power supply but also
increases the lifespan of power facilities and reduces the cost burden on the company for
facility failure. Additionally, this paper can also contribute to the goals of informatization
and securing big data in the substation field.
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Abstract. In this study, we examined the impact of supply chain management fac-
tors on firm performance, and we focused on the mediating role of process inno-
vation and partnerships. For the analysis, we surveyed 193 workers working in
smartphone manufacturing companies. We found that information systems, sup-
port of top management, and performance management have positive impacts on a
company’s process innovation. The factors that affect partnership are the support of
top management and performance management. Process innovation and partnership
also positively affect a firm’s financial and nonfinancial performance. Nonfinancial
performance also shows effectiveness. Thus, to improve a firm’s supply chain man-
agement (SCM) performance, companies should focus on enhancing process inno-
vation and partnerships that positively affect firm performance. Furthermore, this
research can serve as a stepping stone for the development of SCM in line with the
technological innovation of Industry 4.0.

Keywords: process innovation, partnership, SCM factors, industry 4.0.

1. Introduction

The industrial environment is changing rapidly. In this environment, efficient supply chain
management (SCM) is essential for companies to achieve high performance. Especially in
the smartphone market, the life cycle of products—smartphones and their components—is
shortening. Short life cycles increase the risk of product loss. This leads to intense global
competition in the industry.

The smartphone manufacturing industry is a system of producing finished products in
cooperation with each other, from raw material companies to parts manufacturers and fin-
ished goods-producing companies. This means that organic activities between companies
on the supply chain (SC) line are critical to securing corporate competitiveness. There-
fore, research on partnerships between companies is needed to ensure competitiveness in
a complex business environment.

In addition, process innovation is perceived as an essential factor of the company’s
management strategy and performance. Process innovation is studied by many researchers
to achieve and maintain an edge in competition over competitors [1,2,50]. Therefore, this

⋆ Corresponding author
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study’s results will demonstrate the relationships between SCM’s key elements and firm
performance.

To have a competitive advantage, firms need to solve the various difficulties in man-
agement. SCM performance is economically inefficient in the smartphone industry, as
shown in Figure 1. Consumers’ lack of awareness and understanding was the highest at
29%. Conditions that make it difficult to hire experts came in second with 18.1%. Other
reasons include insufficient initial investment, lack of awareness by executives, and cur-
rent systems’ incompatibilities.

Fig. 1. The reasons for ineffective SCM performance

There are three contributions made in this study. First, we focus on intermediate com-
panies (suppliers) in the smartphone industry. Prior research focused on companies deal-
ing with complete products. However, it is essential for companies dealing with interme-
diate goods to link SCM with raw material companies located in the front of the SC and
for SCM cooperation to work with final product companies in the rear. Thus, dealing with
intermediate parts companies can demonstrate the importance of process innovation and
intercompany partnerships to a firm’s performance in its SCM operations.

Second, we suggest that both internal and external factors are important for a firm’s
performance. Because of the nature of smartphone parts companies with short product
life cycles, it is necessary to reduce time and cost to survive and be competitive. Pro-
cess innovation is what makes this possible. Thus, companies can improve their perfor-
mance through process innovation internally. In contrast, collaboration between forward
and backward companies is an essential factor because of the nature of intermediate parts
companies. Therefore, improving and developing these matters can lead to high manage-
ment performance. Therefore, to have superior performance regarding SCM, both process
innovation (an internal factor) and partnership (an external factor) are important.
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Third, we take a balanced approach to performance measurement. We examine the
effects of SCM factors, process innovation, and partnership on both financial and non-
financial performance. In most cases, management performance deals with nonmonetary
performance or only monetary performance [8,31,44,45,65]. However, we have addressed
both management performances and found that nonmonetary management performance
positively affects monetary management performance. Therefore, both types of manage-
ment performance can be crucial factors for the survival and growth of a company. This
measurement can present a clear picture of organizational performance.

The order of the remainder of this paper is as follows. Section 2 introduces the theory
and concept behind this research. Section 3 presents the data and methodology used.
Section 4 presents the main results of the study. Section 5 concludes the study.

2. Theoretical Background and Hypotheses

2.1. Supply Chain Management

Ellram and Cooper [14] stated that reducing inventory investment, increasing customer
service, and gaining a competitive advantage on the supply chain are the core of SCM.
Lambert et al. [35] stated that SCM is a strategy that creates added value across the sup-
ply chain—such as products, services, and information—by integrating and operating
processes from the initial supplier to the end user to the related businesses and customers.

Before the mid-1990s, when SCM was introduced in earnest, the concept of logistics
was widely used [56]. This concept included the integration of other functions as part of
an effort to achieve an entity’s overall performance [46]. At this time, production-oriented
planning and management, procurement of parts and raw materials, and sales and distribu-
tion processes were operated separately. Thus, manufacturers had to comply with delivery
times on their own in the operation of manufacturing lines, increasing productivity and
reducing inventory.

Entering the mid-1990s, SCM evolved into a concept that could create value through
the coordination of functions outside the enterprise and various business functions within
the organization. Currently, many companies have adopted SCMs to integrate logistics,
information, and financial-related businesses and to build improved systems that have
been limited within the firm-specific optimization. This has led to competition as a supply
chain for several companies beyond a single enterprise. In addition, by improving the ef-
ficiency of business processes through information sharing between different businesses
and organizations in the supply chain, inventory is reduced, and unnecessary logistics
costs are minimized. Moreover, this increases customer satisfaction by improving man-
agement speed [25].

Most researchers’ definition of SCM is subtly different, but in most studies, researchers
define the core of SCM as a management technique that can increase customer satisfac-
tion by connecting and managing all processes from the production stage of the product
to the delivery to the consumer.

2.2. SCM and Industry 4.0

Industry 4.0 technology is developing rapidly around the world. The fourth industrial rev-
olution predicts that artificial intelligence (AI) in the supply chain will gradually increase
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the use of AI automation [41]. Because of the benefit of new technology, transportation
and communication charges will be reduced, logistics and global supply chains will be
operated more efficiently, and transaction costs will be reduced. All of this is expected to
open new markets and trigger economic growth. This shows that the impact of the fourh
industrial revolution will play a big role in supply chain management as well. The char-
acteristics of the fourth industrial revolution affecting supply chain management are as
follows.

First, robotics affects the supply chain process [13]. Many production processes al-
ready use pick-and-place robots that pick up objects and place them in designated lo-
cations. Daniela Rus, director of MIT’s Computer Science–Artificial Intelligence Lab,
predicts customized robots automating tasks in a wide range of areas. AI custom robots
differ from conventional robots and reduce the time needed to equip automation in indus-
tries that rely on custom orders and short product life cycles. The robots know where to
store data and how to assemble products, thereby increasing the efficiency of SCM.

The second is the use of big data. Big data refers to large-scale data with a shorter gen-
eration period and includes text and image data as well as numerical data. In the supply
chain process, big data can be used to identify transportation information that identifies
real-time transportation locations and problems based on past and present data. In ad-
dition, big data can predict traffic congestion or risk and identify expected arrival and
delay times, weather events, and natural disasters. The use of such big data can greatly
contribute to the efficiency of the supply chain by providing an optimal environment for
logistics operations [61].

Third is the application of the Internet of Things (IoT). The IoT refers to intelligent
technologies and services connecting all things based on the Internet to communicate
information between people and things and between things and things. In other words,
things establish a relationship with humans based on interconnected technology. The IoT
is most widely used in remote monitoring technology. In the case of the transportation in-
dustry, companies can attach sensors to all boxes, trucks, and containers to obtain location
information whenever they move. Consumers can also check when and where the goods
they have purchased arrive in real time. With the development of the IoT, collecting var-
ious data generated in the logistics process is possible, and information that was difficult
to grasp in the past supply chain management system can be grasped [32].

Fourth is the advent of unmanned transportation. Recently, drones have been in the
spotlight as unmanned autonomous vehicles (UAVs), and more and more companies are
using them. With the development of UAV technology, drones, boats, and aircraft have
emerged as unmanned transportation means. UAVs in particular are developing quickly.
UAVs will dramatically replace the role of existing transportation means. The use of suit-
able unmanned transportation means enables companies to increase supply chain man-
agement’s performance (i.e., efficiency and effectiveness [48]).

2.3. SCM Factors, Process Innovation, and Partnership

Information System The introduction and utilization of an integrated information sys-
tem for supply chain management not only increases quality, shortens delivery time, and
reduces costs but also ultimately enhances the competitiveness of supply chain manage-
ment for the continuous growth of firms [20,27,34]. Active use of information technology
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and the standardization of products and data are required to increase the introduction ef-
fect of this system and enhance the competitiveness of firms. It is necessary to establish
information systems such as point of sales, electronic data interchange, and electronic or-
dering systems for smooth information exchange between business organizations in the
supply chain. The information system constructed in this way is premised on the accuracy
of information sharing and information delivery between members and aims to standard-
ize information systems and information linkage among organizational members. The ma-
turity level of an organization’s information system depends on how well it can be used
for business applications or strategic purposes after the organization’s information system
is built [28]. Therefore, the higher the maturity of an information system, the easier it
will be to use the system without difficulty, and the spread of this information system will
have a greater impact on firm performance after SCM implementation. Companies with
high information technology (IT) capabilities can be more active in information sharing
between business processes. When business processes between companies are integrated
along the value chain through information sharing, firm performance can be maximized.
IT solutions are critical in realizing the abundant benefits of supply chain management im-
plementation [39]. To exchange and share information flawlessly both inside and outside
of the company, building a sound information system infrastructure and utilizing infor-
mation technology are necessary. Therefore, the company’s advanced information system
will play a positive role in corporate performance by integrating internal and external SC
processes of the company.

Hypothesis 1a Information system has a positive effect on process innovation.

Hypothesis 1b Information system has a positive effect on partnership.

Support from Top Management The will of the CEO plays a vital role in shaping the
direction and values of the organization [33], is essential for cooperation between com-
panies [47], and has a significant impact on the performance of the company [12]. The
CEO’s will, leadership, and commitment to change are major antecedents influencing suc-
cessful SCM implementation [35]. For the same reason, the lack of the will of the CEO
is a significant obstacle to the implementation of SCM [38]. The will of the CEO has a
significant impact on the adoption and utilization of strategic systems such as interorgani-
zational information systems and is also important for overcoming barriers and resistance
to change and innovation [57].

As an innovation leader within the organization, the top management should properly
recognize the characteristics and factors of SCM. If a new SCM is introduced in the
existing organizational work process, it may face opposition from organizational members
because it will bring about innovative changes. Because it is necessary to establish a new
SCM through continuous support from the CEO, the CEO plays an essential role in the
introduction and diffusion of information systems [9]. In particular, the introduction of the
intercompany information system in SCM is a large-scale project that requires innovation
of intercompany relationships and complex supply chains, so continuous investment is
necessary for a certain period of time. In this process, the top management’s support
is most important to minimize the opposition of organizational members and to induce
the participation of members in the innovation process. In addition, the CEO’s support



458 Yoonkyo Cho and Chunsu Lee

is necessary to successfully establish a cooperative relationship that maintains a lasting
relationship among several business partners outside the company.

Hypothesis 2a Support from top management has a positive effect on process innovation.

Hypothesis 2b Support from top management has a positive effect on partnership.

Planning For effective supply chain management, the accuracy and appropriateness of
demand planning that leads the entire supply chain are essential [42,60]. Recent advances
in IT are rapidly shortening the planning cycle for the supply chain. For example, the
current trend is for SC plans to be implemented on a weekly, daily, and even shift basis.
Rapid response to demand fluctuations through optimization can generate plans closer
to market conditions by reflecting the constraints of the entire supply chain in real time.
This plan is optimized to meet the supply chain demand, considering the limitations of
equipment and materials for each base.

The results of a company’s effective planning are no longer dependent on individual
company profits or growth but rather on how well its members collaborate throughout the
supply chain. Therefore, it is necessary to strengthen competitiveness based on collabo-
ration among members of the supply chain [62]. As the need for such a collaboration to
implement efficient planning systems increases, the supply chain has been developing by
gradually expanding the exchange of information. Moreover, the development of IT and
the emergence of e-business allow members to cooperate by forming a supply chain on
the Web [36].

To establish a supply chain management system for a rapid market response, planning
should play a role in improving the accuracy of demand planning and extending the range
of collaboration, leading to a positive effect on the company’s performance.

Hypothesis 3a Planning has a positive effect on process innovation.

Hypothesis 3b Planning has a positive effect on partnership.

Performance Management Even if a company uses an appropriate SCM, it cannot op-
erate effectively if the performance achieved is not properly monitored and measured. An
effective SCM performance measurement system improves the understanding of SCM,
influences the behavior of organizational members, and provides information about the
system’s performance. Ultimately, measuring supply chain performance improves overall
performance [52, 53]. Through the performance measurement system, it is important to
set or improve the company’s target by comparing it with the performance measurement
of other companies in the same business category. And it is a necessary element for the
growth of a company to establish an improvement direction and strategy to overcome
the inferior performance on the part of the company through comparison with promising
companies in the same industry.

Performance management can also be implemented through performance sharing be-
tween partners. Performance sharing reduces potential risks in the supply chain and in-
creases profits through goal-oriented relationship building by forming common goals
[49, 51]. If a shared performance goal is set and personnel inside or outside the company
can perform joint production and research and development activities to achieve the goal,
more open innovation can be achieved, positively affecting the company’s performance.
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Hypothesis 4a Performance management has a positive effect on process innovation.

Hypothesis 4b Performance management has a positive effect on partnership.

2.4. Process Innovation, Partnership, and Performance

Process Innovation Process innovation is a change to establish an efficient and effec-
tive organizational system, enabling a company to quickly respond to customer needs and
flexibly respond to distribution channels and new environments. When the added value is
generated transparently in the process from the purchase stage of a product to the final
consumer, the efficiency of corporate management can be increased, and competitiveness
can be achieved [59]. For this, innovation in the entire SC line should be organically devel-
oped and should prompt the processing of customer orders. For process innovation to be
successful, it is necessary to coordinate and manage an efficient system through informa-
tion sharing using information technology in its internal organization and the connected
chain outside the company.

Today’s process innovation reduces time and cost from the input of goods to the final
output [66], achieves customer satisfaction by improving product quality, and eliminates
various obstacles in inventory management through rapid transportation. Accuracy of de-
mand forecasting due to process innovation can reduce delays by confirming actual sales
based on manufacturers’ point-of-sale information. As a result, reasonable inventory ade-
quacy can be maintained. A company’s efficient inventory management reduces excessive
inventory levels by improving production technology [6]. In particular, prompt provision
of sales information allows manufacturers to effectively maintain proper inventory and
dramatically reduce the lead time required to produce items.

Rapid response due to SCM process innovation also affects efficiency increase. To re-
spond quickly to customer orders, supply chain integration between the company’s inter-
nal and external organizational structures is performed to increase customer satisfaction,
thereby affecting the company’s performance [18, 37]. Companies that have incorporated
process innovation into their supply chain can secure a competitive advantage over their
competitors and increase the efficiency of corporate management [29].

Process innovation enables changes in the entire process, from designing or intro-
ducing a new idea to practical use of skills and technologies by organization members.
Through the propagation of new technology by the adoption of potential innovation, an
organization advances over time. In addition, process simplification, standardization, and
integration develop high-quality strategic systems and improve the quality of information
support services for users, which will positively affect corporate performance.

Hypothesis 5a Process innovation has a positive effect on a firm’s financial performance.

Hypothesis 5b Process innovation has a positive effect on a firm’s nonfinancial perfor-
mance.

Partnership One of the topics highlighted in recent supply chain management research
is a collaboration among members of the supply chain [40]. This is because instead of
maximizing its own profits, it is possible for a company to seek opportunities for greater
business performance by forming cooperative relationships with partners.
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Companies’ efforts to form collaborative relationships and maintain close relation-
ships with key partners can usually be discussed from three perspectives. The first is the
point of view of transaction costs theory. The theory suggests that a company that in-
creases investment in the specificity of transactions between companies can improve the
performance of the supply chain by reducing the coordination cost and motivation cost
associated with the transaction compared to a company that does not [64]. The second
perspective is information processing theory. With this theory, a company seeks to over-
come market uncertainty and improve corporate performance by sharing or integrating
information or resources among companies. The third perspective is a sociopolitical ap-
proach. This is when a company seeks to increase the supply chain’s performance by
establishing intercompany relationships such as intercompany partnerships or strategic
alliances [3, 30].

When the concept of collaboration is expressed from a sociopolitical approach, it is
understood that collaboration is from the perspective of behaviors that appear according
to the relationship between companies and the establishment of partnerships or strategic
alliances between companies, joint coordination efforts on an equal footing, and flexi-
bility according to the occurrence of situations. Collaborative behavior can be divided
into two main aspects according to the integrated form of decision-making. The first is
to jointly deal with problems that may arise in business-to-business transactions, such as
joint task-solving actions. These actions appear throughout SCM, including production
planning and operations, procurement, order processing, engineering design, and busi-
ness integration. In particular, the more buyers and suppliers participate at the beginning
of the planning process, the higher the opportunity to innovate a product or service.

The second aspect is the flexibility of collaboration between the parties to the transac-
tion. In general, flexibility refers to the ability to cope with changes in an uncertain envi-
ronment [24]. The uncertainty associated with the transaction between the buyer and the
supplier is considerable. For example, unforeseen circumstances may result in a change
in order quantity, additional costs, a request for service that exceeds the contractual terms,
a request for replacement of new material, or delivery to a particular specification. In this
case, if new contract terms can be concluded between companies or if the two companies
can solve such problems jointly, the performance of the supply chain can be significantly
improved compared to the case where it is not possible.

Partnerships between companies are important to design; they integrate the manage-
ment of supply chain activities and enhance efficiency in supply chain operations. When
partnerships between companies are formed, companies participating in the supply chain
expand the scope of collaboration, such as information sharing, synchronization of plans,
integration of business processes, and the creation of new business models, and increase
the utilization of business processes between companies. Considering that this collabora-
tion takes place within the supply chain, the performance of the supply chain will appear
through the performance of the partnership.

Hypothesis 6a Partnership has a positive effect on a firm’s financial performance.

Hypothesis 6b Partnership has a positive effect on a firm’s nonfinancial performance.
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2.5. Nonfinancial Performance and Financial Performance

Nonfinancial performance plays an important role in SCM as well as a company’s fi-
nancial performance. Reputation can be considered part of the nonfinancial performance
of a company. It is the cumulative result of the perceived image of an organization’s
management-related attitudes and activities over a long period of time [15]. Reputation
is a comprehensive evaluation according to the perception of stakeholders outside the or-
ganization. Also, as a thorough evaluation of the organization’s consistent reliability and
integrity, it is a term that includes expectations for future activities and evaluations of past
activities of the organization.

When a company seeks to establish a business relationship with a new company, it
pursues minimizing risks associated with the transaction. Adverse selection and moral
hazard caused by a transaction have negative results for a company, so reputation can
be used in a sufficient monitoring process before a transaction. For example, a company
may refer to the evaluations or rumors circulated about the new counterparty by a third
party who has done business with the company. Therefore, organizations strive to have
a favorable reputation among their members. They also try to establish relationships and
networks with companies with favorable reputations, exclude organizations with unfavor-
able reputations, or cut off business relationships [4]. A good reputation can be a valuable
asset, and a considerable amount of time and money is invested in an individual company
to have a favorable reputation. Reputation plays a role in limiting opportunistic behav-
iors in business relationships and affects trust. When the level of reputation of the trading
company is good or excellent, the level of credit toward the trading company is also im-
proved [19]. Transactions with partners that have good reputations lead to minimized
transaction costs, including the financing cost. Therefore, good nonfinancial performance
will positively affect a company’s financial performance.

Hypothesis 7 Nonfinancial performance has a positive effect on financial performance.

3. Methodology

3.1. Research Model

In this study, we analyzed the effect of SCM factors on a company’s performance, focus-
ing on the mediating effect of process innovation and partnership. The research model of
this study based on the hypotheses is shown in Figure 2.

3.2. Data

The subjects of this study were smartphone parts manufacturing companies operating
SCM. We directly visited the companies located in Busan. We explained the purpose
of the questionnaire to the other parts manufacturing companies through email and dis-
tributed 230 copies of the questionnaires. We collected a total of 206 questionnaires. Of
these, we used 193 as the data for this study, excluding the questionnaires containing
missing responses. We measured all study variables on a 5-point Likert scale. The charac-
teristics of the 193 smartphone component manufacturers surveyed are shown in Figures
3–5.
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Fig. 2. Research model

Fig. 3. Firm age (Year)
Fig. 4. Firm size (Number of em-
ployees)

First, 25.4% of companies were 41–50 years old, followed by 23.8% for 21–30 years,
20.2% for 31–40 years, and 18.7% for 11–20 years, and 11.9% for less than 10 years. The
following companies were in the order of 11.9%. The number of employees with more
than 900 employees was the highest at 36.8%, followed by 24.4% with between 700 and
900 employees, 20.2% with between 500 and 700 employees, 11.9% with fewer than 300
employees, and 6.7% with between 300 and 500 employees. In the case of sales in the
previous year, results showed that sales amounted to 31.6% of the companies with more
than 100 billion won, followed by 25.4% of companies with more than 70 billion won,
22.8% of companies with more than 50 billion won, 11.4% of companies with more than
10 billion won, and 8.8% of companies with less than 10 billion won.
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Fig. 5. Sales (Billion won)

3.3. PLS Structural Equation Research Model

In this study, we applied the partial least square structural equation model (PLS-SEM)
to analyze the effect of SCM factors on company management performance. The struc-
tural equation model is a more powerful analytical method than traditional multivariate
analysis. It can indirectly measure nonobservable potential variables through observable
measurement variables and explain the measurement error of observed variables. It is
widely used in the field of social science research. Because PLS-SEM estimates the path
coefficients to maximize the explanatory power (R2) by minimizing the error term of en-
dogenous latent variables, it focuses on the explanation and prediction of intrinsic latent
variables corresponding to dependent variables rather than the structural characteristics of
the model. Therefore, it is more suitable for theory development and exploratory research.
PLS-SEM shares all assumptions in multiple regression analysis and creates a predictive
model when there are a large number of factors or very high multicollinearity. The PLS-
SEM can be effectively applied to small sample sizes and complex models with virtually
no assumptions regarding the distribution of the data to be analyzed and can easily include
formative measurement models and reflective measurement models. Single-item potential
variables can also be applied without model identification problems [23].

4. Results

4.1. Validity and Reliability

Validity refers to how accurately a measurement instrument measures the concept or prop-
erty that it is trying to measure. The purpose of this study was to examine the validity of
SCM factors of smartphone component makers as independent variables, process inno-
vation and intercompany partnerships of smartphone component manufacturers as medi-
ators, and nonmonetary and monetary management performance measures as dependent
variables. To verify the validity, the research factors were composed of a measurement
model and the confirmatory factor analysis of the research factors. Table 1 represents the
measurement of each variable.
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Table 1. Measurement items for study constructs

Constructs Measurement Literature

Information

systems

IS01 IT is implemented in various services and functions.

[39]IS02 Information is shared across functions.

IS03 Expense of operating IT technology is reasonable.

Support from top

management

TS01 CEO highly pays attention to SCM initiatives.
[26, 43]

TS02 CEO actively invests in SCM adoption and utilization.

Planning

PN01 Implementable plans are established for production/sales at the supply chain level.

[16, 58]PN02 Plans for SCM are set periodically.

PN03 Expectations for SCM are clearly stated, understood, and agreed to up front.

Performance

management

PM01 Measures are established systematically for performance.

[21, 52]PM02 Activities of employees are reported for performance management.

PM03 Roles and responsibilities and incentives are specified clearly.

Process

innovation

PI01 SCM improves and manages processes in an enterprise.

[5, 63]
PI02 Top management is actively involved in the exploration of challenges for process innovation.

PI03 The company possesses a mechanism by which process innovation can be applied to other functions.

PI04 The company possesses systems to maintain and manage changes in processes.

Partnership

PS01 There is on-time delivery to partner firms.

[7, 54]PS02 Our partner initiates contracts.

PS03 We share information with partner firms in timely manner.

Financial

performance

FP01 Revenue is increased.

[21]FP02 Marginal profit is increased.

FP03 Inventory costs is reduced.

Nonfinancial

performance

NF01 Flexibility is improved in SCM.

[22]NF02 Rate of damage-free in the production is increased.

NF03 Reputation is improved.

Through the confirmatory factor analysis, items that lowered the factor load or im-
paired the fit of the measurement model were removed, and the factors of SCM consisted
of three items of information system, two items of support from top management, three
items of planning, and three items of performance management. The final metrics con-
sisted of four items for process innovation and three items for partnership among compa-
nies. In addition, three questions each consisted of nonmonetary and monetary outcomes
as dependent variables. Because all the extracted values show more than 0.6, there seems
to be no problem with the validity of the variables. Table 2 shows the results of the factor
analysis conducted with the validation.

We also performed reliability verification. Table 3 shows the results of the reliability
analysis. As a result of reviewing the reliability of the final metric, Cronbach’s α coeffi-
cient was 0.637 for the information management factor, 0.771 for the activation support
factor, 0.727 for the planning and collaboration factor, and 0.744 for the process innova-
tion factor. The partnership factor between companies was 0.642, the nonmonetary per-
formance was 0.664, and the monetary performance factor was 0.715. Every coefficient
of Cronbach’s α is above 0.6, and the constructive reliability is acceptable [11, 55].

Next, the concept reliability and average variance extraction (AVE) were reviewed to
examine the concentration validity of latent factors.
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Table 2. The value of cross-loading

Info Support Plan Perform Innov Partner Fin Nonfin

IS01 0.823 0.273 0.326 0.431 0.352 0.297 0.338 0.196
IS02 0.777 0.225 0.214 0.352 0.265 0.198 0.257 0.093Info

IS03 0.667 0.204 0.313 0.350 0.200 0.227 0.213 0.137

TS01 0.294 0.920 0.315 0.362 0.317 0.315 0.320 0.232
Support

TS02 0.268 0.883 0.271 0.292 0.237 0.289 0.318 0.180

PN01 0.362 0.274 0.869 0.451 0.272 0.323 0.355 0.140
PN02 0.299 0.316 0.839 0.382 0.245 0.224 0.210 0.125Plan

PN03 0.226 0.189 0.692 0.287 0.198 0.182 0.244 0.122

PM01 0.428 0.333 0.388 0.837 0.332 0.376 0.422 0.208
PM02 0.335 0.266 0.389 0.792 0.230 0.310 0.259 0.222Perform

PM03 0.451 0.286 0.381 0.808 0.346 0.281 0.331 0.240

PI01 0.284 0.200 0.156 0.267 0.692 0.211 0.209 0.189
PI02 0.227 0.166 0.230 0.137 0.747 0.255 0.230 0.178
PI03 0.283 0.201 0.270 0.305 0.681 0.298 0.227 0.129

Innov

PI04 0.257 0.290 0.202 0.331 0.725 0.293 0.299 0.292

PS01 0.276 0.177 0.272 0.315 0.311 0.756 0.339 0.199
PS02 0.259 0.353 0.229 0.341 0.238 0.801 0.384 0.136Partner

PS03 0.203 0.227 0.215 0.255 0.319 0.731 0.315 0.226

FP01 0.367 0.359 0.340 0.409 0.328 0.400 0.861 0.320
FP02 0.311 0.308 0.276 0.349 0.286 0.397 0.880 0.327Financial

FP03 0.168 0.150 0.190 0.238 0.202 0.285 0.642 0.293

NF01 0.182 0.235 0.073 0.219 0.271 0.159 0.344 0.779
NF02 0.082 0.092 0.112 0.198 0.218 0.207 0.238 0.802Nonfinancial

NF03 0.192 0.213 0.203 0.221 0.166 0.199 0.323 0.735

First, concentration validity represents the degree of correlation between two or more
measurement items for a potential factor. If the concept reliability is 0.7 or more [10]
and the AVE index is 0.5 or more, the concentration validity is acceptable. The concept
reliability is more than 0.7 in all variables, and the AVE value is more than 0.5, which
proves the validity of potential factors.

4.2. Validation of Research Hypotheses

Correlation Analysis The correlations among potential factors, such as SCM factors,
process innovation, partnerships between companies, and management performance of
smartphone parts manufacturing companies, are shown in Table 4. Numbers in bold type
with diagonal lines represent the squared root of AVE. Because this number is larger than
the other nondiagonal numbers, the component has a reasonable level of discriminant
validity [17].
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Table 3. Reliability

Item Mean SD Weight Cronbach’s α
Composite
Reliability

AVE

InfoSys
IS01 3.83 0.93 0.823

0.637 0.802 0.576IS02 3.89 0.82 0.777
IS03 3.86 0.82 0.667

TmtSupport
TS01 3.77 0.86 0.920

0.771 0.897 0.813
TS02 3.63 0.89 0.883

Plan
PN01 4.01 0.97 0.869

0.727 0.844 0.646PN02 3.89 0.83 0.839
PN03 3.84 0.89 0.692

PerfMgt
PM01 4.03 0.88 0.837

0.744 0.853 0.660PM02 3.80 0.92 0.792
PM03 3.82 0.87 0.808

ProcessInnov

PI01 3.67 0.88 0.692

0.679 0.804 0.507
PI02 3.50 0.93 0.747
PI03 3.58 0.93 0.681
PI04 3.68 0.87 0.725

Partner
PS01 3.85 0.92 0.756

0.642 0.807 0.583PS02 3.95 0.89 0.801
PS03 3.89 0.85 0.731

Nonfinancial
NF01 3.77 1.01 0.779

0.664 0.816 0.596NF02 3.78 0.96 0.802
NF03 3.90 1.03 0.735

Financial
FP01 3.62 0.88 0.861

0.715 0.842 0.643FP02 3.70 0.77 0.880
FP03 3.95 0.84 0.642

Table 4. Correlations of constructs

Info Support Plan Perform Inno Partner Nonfin Fin

Info 0.759
Support 0.312 0.902

Plan 0.376 0.326 0.804
Perform 0.502 0.366 0.474 0.812

Inno 0.370 0.311 0.300 0.377 0.712
Partner 0.323 0.336 0.312 0.400 0.375 0.763
Nonfin 0.194 0.231 0.160 0.274 0.287 0.242 0.773

Fin 0.364 0.353 0.343 0.423 0.345 0.455 0.389 0.802
Note: Bold numbers show square root of AVE
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Empirical Analysis In this study, the SCM factors of smartphone parts manufacturers
were designed as independent variables, and the dependencies were designed to verify the
causality of the SCM factors and management factors. An SEM analysis was conducted
to look at the causal relationship between SCM factors, process innovation, intercompany
partnerships, and management performance factors. Figure 6 shows the results.

Fig. 6. Results

First, the information system had a significant effect on process innovation (β =
0.198, p < 0.001). Therefore, Hypothesis 1a was supported. The effect on partnership
showed a positive signal but did not show a significant effect. Second, support from top
management was found to have a significant effect on process innovation and partnership,
respectively (β = 0.154, p < 0.05;β = 0.184, p < 0.05). Therefore, both Hypotheses
2a and 2b were supported. Here, we once again discover that the role of top manage-
ment is important for improving SCM performance. Third, it was found that planning had
no effect on process innovation and partnership. Fourth, performance management was
found to have a significant effect on process innovation and partnership (β = 0.178, p <
0.001;β = 0.227, p < 0.001). Therefore, Hypotheses 4a and 4b were supported. Process
innovation was found to have a positive effect on both the financial and nonfinancial per-
formance of a company (β = 0.140, p < 0.1;β = 0.227, p < 0.001), and Hypotheses 5a
and 5b were supported. Partnership was also found to have a positive effect on both finan-
cial and nonfinancial performance of a company (β = 0.336, p < 0.001;β = 0.156, p <
0.1), and Hypotheses 6a and 6b were supported. Finally, nonfinancial performance was
found to have a positive effect on financial performance (β = 0.276, p < 0.001), and
Hypothesis 7 was supported. The results for each hypothesis are summarized in Table 5.
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Table 5. Summary of results

Hypothesis Relationship Beta Std. Error T Statistics Support

1a InfoSys� ProcessInnov 0.198 0.030 6.514 O

1b InfoSys� Partner 0.114 0.037 3.034 x

2a TmtSupport� ProcessInnov 0.154 0.033 4.699 O

2b TmtSupport� Partner 0.184 0.031 5.983 O

3a Plan� ProcessInnov 0.090 0.033 2.737 x

3b Plan� Partner 0.102 0.036 2.862 x

4a PerfMgt� ProcessInnov 0.178 0.029 6.110 O

4b PerfMgt� Partner 0.227 0.036 6.243 O

5a ProcessInnov� Financial 0.140 0.034 4.097 O

5b ProcessInnov� Nonfinancial 0.227 0.032 7.205 O

6a Partner� Financial 0.336 0.028 12.193 O

6b Partner� Nonfinancial 0.156 0.036 4.357 O

7 Nonfinancial� Financial 0.276 0.028 9.777 O

5. Conclusions

To improve corporate performance, we examined how SCM factors affect corporate per-
formance using two intermediates: process innovation and partnership. The results are as
follows. First, top management support and performance management have positive sig-
nificant effects on both process innovation and partnership. Second, an information sys-
tem has a positive significant effect on process innovation. Third, both process innovation
and partnership have a positively significant effect on financial and nonfinancial perfor-
mance. Forth, nonfinancial performance has a positive effect on financial performance.
Fifth, information systems have an insignificant effect on partnerships. Information shar-
ing can have a positive effect on partnerships; however, if general staff answered the
survey, it may be difficult to gain a detailed understanding of whether information sharing
has a positive effect on the partnership. Lastly, planning has an insignificant effect on both
process innovation and partnership. First, we conjecture that planning is related to main-
tenance and may not have much to do with process innovation and partnership. Second, if
general staff answered the survey, the results would be insignificant because general staff
members do not have much knowledge about the planning process.

Companies that produce fast-changing high-end products or components have differ-
ent characteristics than those in other industries. In particular, high-tech goods companies
change their cycles quickly because of the short life of the products they produce. As new
technology development speeds up throughout the industry, these companies will likely
survive if they can follow the faster cycle through internal process innovation. In addition,
parts companies take raw materials, make intermediate parts, and deliver them to finished
product companies. If there is a problem with the company supplying the raw material or
if there is a problem with the company that produces the finished product, the company
will interfere with the production schedule. Therefore, partnership with other companies
is also crucial for companies producing intermediate goods.
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From the result of this study, we provided important implications for managers. To
have a good performance through SCM, companies need to focus more on the support
of top management and performance management. Also, process innovation and part-
nership are critical factors that affect firms’ performances. Although prior research does
not equally weigh the importance of internal and external factors, there are of the same
importance. Therefore, firms need to invest in process innovation and make appropriate
relationships with their partners.

In process innovation, it is necessary to consider the following points. Depending
on the degree of establishment and development of a company’s production process, the
extent to which process innovation is affected by SCM factors will be different. Also,
different level of company’s production process development may have different effects
on the company’s business performance. In this study, we verified the effect of process
innovation on business performance, but we did not make a detailed classification of pro-
cess innovation itself, which is a limitation. Therefore, future research is needed to sys-
tematically classify differences in the process establishment and development level of
smartphone parts manufacturing companies and to investigate their performance.

Many fields of industry are facing changes due to the fourth industrial revolution—in
particular, the advanced technologies of the 4th Industrial Revolution. Robotics, the IoT,
big data, and unmanned transportation are expected to have a major impact on the overall
SCM. For a company to achieve sustainable growth with a competitive advantage by
utilizing this phenomenon, it is necessary to understand the existing SCM’s characteristics
and performance and to use that data to implement a new strategy.

In this study, we examined the performance of SCM for companies that currently
produce high-tech products. Findings from this research can further serve as an important
foundation for future research that measures the performance of other high-tech products
or processes applied by Industry 4.0, such as artificial intelligence, the IoT, robotics, and
big data within the SCM model.
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Abstract. In this paper, a real-time navigation control system based on lidar sens-
ing is proposed for use in unknown environments. The proposed system comprises
a behavioral controller for controlling an autonomous Ackerman robot for obstacle
avoidance in the absence of global map information when moving toward a goal.
The adopted obstacle avoidance method is selected by a wall-following fuzzy con-
troller. The input parameter of this controller is the distance between the robot and
the wall, which is determined by the lidar sensor, and the output parameter of the
controller is the steering angle of the robot for it to reach the destination without
collision. To prevent the robot from entering an endless loop, an endless loop es-
cape mechanism is added to the proposed system. The simulation and experimental
results of this study indicate that the proposed navigation control system can ef-
fectively assist an Ackerman robot to complete the navigation task successfully in
unknown environments.

Keywords: Ackerman robot, fuzzy logic controller, lidar, navigation system, un-
known environment.

1. Introduction

Autonomous mobile robots is key in the trend toward automation, due to labor shortages,
in factories. However, autonomy is difficult to achieve in these robots because of un-
known environments and uncertain dynamic obstacles[12], as evident in applications such
as self-driving cars [25] and large object manipulation [28],[17]. The navigation control
of autonomous mobile robots involves the two steps of goal finding and obstacle avoid-
ance, where are performed using a robust controller [26]. For unknown environments,
autonomous robots must perceive environmental information and control the angle and
speed of robot movement to reach the destination and automatically avoid obstacles [2].

Many methods have been proposed to solve problems related to robot navigation
control; these methods include artificial potential field [11], vector field histogram [5],
behavior-based [21], and fuzzy logic [7] methods. Behavior-based methods are widely

⋆ Corresponding author
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used in the navigation of autonomous mobile robots [10], and these methods can handle
various situations without a global map. In behavior-based methods, autonomous mo-
bile robots engage in wall-following behavior to explore an unknown environment. These
robots can move by following the contour and distance information of an object to avoid
obstacles and move toward the destination [24],[15]. To control a robot efficiently and
stably, fuzzy logic control (FLC) has been incorporated into robot navigation controllers.

Fuzzy theory is used to express the knowledge and experience of experts in the form
of language rules to construct a knowledge base and handle uncertain situations [1]. Fuzzy
control systems have been used in many domains, including control engineering, signal
processing, information processing, and machine intelligence technology [13],[14],[3],
[22],[27]. In addition, FLC has proven to be a successful control method for many com-
plex nonlinear systems and has replaced traditional control methods [9]. Mamdani and
Assilian [18],[19] designed a fuzzy controller system for controlling a small steam en-
gine. Their experimental results indicate that a fuzzy controller system can achieve better
control performance than can a classical controller.

Autonomous mobile robots mostly rely on sensors to measure their relative distance
from objects in the environment [6] for perceiving an unknown environment, analyzing
and processing environmental information, and making relevant movement decisions. The
sensors commonly used in autonomous mobile robots include infrared cameras, sonar,
radar, and ultrasonic sensors. However, in a real environment, noise affects the signal
captured by a sensor and might lead to wrong decisions. In contrast to the aforemen-
tioned sensors, lidar sensors can measure the distance between objects with high pre-
cision, identify the shapes of objects, and construct a three-dimensional geographic in-
formation model of the surrounding area without being affected by the weather. In the
present study, a lidar sensor was adopted to obtain accurate environmental information.

The mobile chassis of autonomous mobile robots are mostly designed with a two-
wheel differential structure or omnidirectional wheel structure. The radius and speed of a
two-wheel differential structure during steering are determined by the speeds of the two
wheels, which can enable circular objects, such as wheels, to be turned on the spot. This
structure has relatively strong flexibility but low control precision. The omnidirectional
wheel structure can realize omnidirectional walking without changing the body posture
[20]. This structure results in very smooth movement but cannot be used in uneven en-
vironments. Compared with the aforementioned structures, the Ackerman chassis archi-
tecture has higher control precision and smoother movement. Moreover, this architecture
allows the robot to move freely in different types of terrain. When the Ackerman archi-
tecture is turning, each wheel rotates around the same center; thus, this architecture is not
prone to slippage and tire position misalignment [4].

In this paper, a navigation control method is proposed for an autonomous Ackerman
robots in unknown environments. The proposed system comprises a behavior controller
for controlling an Ackerman robot to achieve obstacle avoidance when heading toward
the destination in the absence of global map information. To achieve obstacle avoidance,
a wall-following fuzzy controller (WFFC) is used. Furthermore, an escape mechanism is
used to prevent the robot from entering an endless loop. Experimental results indicate that
the proposed navigation method can complete the navigation task in simulated and real
environments. The remainder of this paper is structured as follows. Section 2 illustrates
related work. Section 3 introduces the proposed navigation method. Section 4 presents the
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experimental results obtained in a simulated environment and real environment. Finally,
section 5 concludes this study.

2. Related Work

In recent years, the development of autonomous Ackermann robot controller has gained
significant attention. This section provides an overview of the related work and advance-
ments in this field.

• Lidar-based Perception and Mapping: Lidar sensors are widely used in autonomous
robotics for environment perception and mapping. Researchers have explored the integra-
tion of Lidar sensors with Ackermann steering robots to enable accurate and real-time
perception of the surroundings. Through Lidar data, the generated 3D environment map
was then used for localization and obstacle detection, facilitating autonomous navigation
of the Ackermann robot [23].

• Fuzzy Logic Control for Autonomous Navigation: Fuzzy logic controllers have been
applied to achieve autonomous navigation in various robotic systems. When combined
with Lidar sensing, these controllers can effectively handle uncertainties and variations
in the environment. The controller utilized fuzzy rules to interpret Lidar data and gen-
erate steering and speed commands, enabling safe and efficient navigation in dynamic
environments [16].

• Obstacle Avoidance and Collision Detection: Autonomous Ackermann robots re-
quire practical obstacle avoidance and collision detection capabilities to ensure safe nav-
igation. Researchers have developed a fuzzy logic-based collision avoidance system for
Ackermann steering robots. By analyzing Lidar data, their system made real-time deci-
sions to avoid obstacles and maintain a safe distance during navigation [8].

In summary, the development of autonomous Ackermann robot controller has seen
significant progress. Researchers have focused on perception, control, obstacle avoidance,
path planning, and real-world applications. The integration of Lidar sensors with fuzzy
control systems provides a powerful approach to achieving autonomous navigation in
diverse environments.

3. Navigation Control System for the Autonomous Ackerman Robot

This section introduces the proposed navigation control system for an autonomous Ack-
erman robot. The proposed navigation system includes a behavior controller that makes
an Ackerman robot move toward the destination while avoiding obstacles. The flowchart
of this navigation system is shown in Fig. 1. When the behavior controller does not detect
any obstacle, it instructs the robot to move toward the destination. By contrast, if this con-
troller detects an obstacle, it switches to the wall-following mode for the robot to avoid
the obstacle. However, in the wall-following mode, the robot might encounter an endless
terrain loop, which makes the robot unable to successfully complete the navigation task.
Therefore, an endless loop escape mechanism is designed to assist the robot to escape an
endless loop terrain. Navigation control is completed when the autonomous Ackerman
robot reaches its destination.



476 Cheng-Jian Lin et al.

Fig. 1.Flowchart of the proposed navigation system
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