International Journal of Combinatorial Optimization Problems and

www.editada.rg

Informatics, 11(1), Jan-Apr 2020, 1-8. ISSN: 2007-1558.

Editorial for Volume 11 Number 1: Signal Processing and Production Processes in

Advanced Engineering

Vianey Guadalupe Cruz Sanchez!, Humberto de Jestis Ochoa Dominguez?, Osslan Osiris Vergara Villegas?,

and Vicente Garcia Jiménez!

1 Universidad Auténoma de Ciudad Juérez, Instituto de Ingenieria y Tecnologia, Departamento de Ingenieria

Eléctrica y Computacion

2 Universidad Auténoma de Ciudad Juarez, Instituto de Ingenieria y Tecnologia, Departamento de Ingenieria

Industrial y Manufactura

{vianey.cruz, hochoa, overgara, vicente.jimenez}@uacj.mx

Abstract. Advanced engineering is essential for the evolution of
today’s society. The possibility of mixing several disciplines
allows academics and industries to align and survive to the fourth
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industrial revolution. The mix of signal processing and production
processes disciplines was detected by Universidad Autonoma de
Ciudad Juarez (UACJ) to create the Ph.D. program of advanced
engineering science. Therefore, in this paper, an overview of the
latest works in both disciplines applied to advanced engineering
are discussed. First, we discuss the reasons of what advanced
engineering implies, followed by a justification to mix signal
processing and production processes. Then, original research
works in computer vision, digital image processing, augmented
reality and pattern recognition are discussed. After that, the
discipline of the production process is addressed by discussing
works in lean manufacturing, ergonomics and human factors, and
supply chain. At the end, the future of the proposed mixture is
discussed.
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1 Introduction

In today’s society, the role of engineers is becoming fundamental, because they are the engine that drives most of our society
technological changes. Engineers can find improvements to current techniques and technologies to cause a constant renewal of
knowledge.

By looking for a definition of what engineering is, one can find a number of proposals [1, 2]. A dictionary definition of
engineering is: “The application of scientific and mathematical principles to practical ends” [3]. The work of [4] defined
engineering as a transform process performed by a team using related scientific knowledge and technical measures. In [5],
engineering was defined by Association for Computing Machinery (ACM) as the application of scientific knowledge and
rigorous design methodology to reliably predict and, thus, help improve the consistency, usability, economy, and safety of
solutions to practical problems.

On the other hand, Advanced Engineering (AE) refers to technological processes and knowledge concerning any manufacturing
sector that can provide innovative entrepreneurial solutions or a cutting edge. AE spans a whole range of areas including
renewable energy, advanced silicon design, Internet of Things (1oT), Big Data (BD), Robotics, 4.0 Industry, signal processing,
and production processes, among others. For example, although, several signal processing techniques have been applied to a
large variety of manufacturing process, such as monitoring [6] and fault detection [7], the 10T has transformed the use of
variables measured by multiple sensors as reality for their exploitation using signal processing techniques to enhance the data
collected [6].

The possibility of mixing several disciplines allows academics and industries to align and survive to the fourth industrial
revolution. The jointly use of signal processing and production processes was detected by Universidad Autonoma de Ciudad
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Juarez (UACJ) as a research field that might lead to an introduction of new methodologies and applications. Consequently, in
2017, the Ph.D. program of advanced engineering science was created. At UACJ, we are convinced that the engineering
community is experimenting a growth in the application of signal processing and industrial automation processes to face the
fourth industrial revolution. Therefore, the program aims to empower collaborative research as well as single research. In this
sense, for each main research area, we also have detected four sub disciplines, as are depicted in Figure 1, that address some
significant concerns such as super-resolution in medical imaging, large-scale machine learning algorithms, structural equation
models in industry, computer vision in mechatronics, mobile augmented reality, human performance on companies with
complex robotic system, among others.

Advanced Engineering

Signal Processing Production Processes

Computer Vision Lean Manufacturing

[ Digital Image Processing' [ Ergonomics

| |
| Augmented Reality \ Human Factors
\_Pattern Recognition Supply Chain

Fig. 1. The fields of interest related to advanced engineering at UACJ.

The main contributions of this paper are related to the review of the latest works developed in each discipline. Also, a brief
comment about the trends of each subarea is offered.

The rest of the paper is organized as follows. In Section 2, a brief theory about signal processing is presented. Besides, the latest
works in computer vision, image processing, augmented reality and pattern recognition are discussed. The theory of production
processes and the discussion of original works covering lean manufacturing, ergonomics, and human factors and supply chain
are presented in Section 3. Finally, the conclusions of this work are presented in Section 4.

2 Signal processing

Signal processing is a branch of electrical engineering which consists on the application of several logical operations to a data
set coming from a signal. The processing of a signal is carried out either with software or with hardware. When signal
processing also considers the problem of converting an analog signal to its correspondent digital signal, then it is called digital
signal processing. The block diagram of a classical signal processing system is shown in Figure 2.

Analog to Digital to
Input:— Digital Digital Signal Analog — Output:
Analog signal Converter Processor Converter Analog signal
(ADC) (DAC)
Input: Output:
Digital signal Digital signal

Fig. 2. Digital signal processing system.

The Institute of Electrical and Electronics Engineers (IEEE), argues that signal processing is the heart of the modern world, and
it is fundamental for powering today’s entertainment and tomorrows technology. Due to signal processing is the science behind
a digital life it encounters many application fields including computer vision, digital image processing, augmented reality, and
pattern recognition, among others.

2.1 Computer Vision
Computer vision (CV) is the science to describe the world that we see in one or more images, and to reconstruct its properties,

such as shape, illumination, and color distributions. In modern world, CV has been adopted in several domains including
agriculture, autonomous cars, construction, assistive technologies, and quality evaluation among others.
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In the field of agriculture, computer vision plays an important role to verify the quality of vegetables and fruits. The work of [8],
presented a survey of several mathematical CV frameworks used to identify, inspect, sort and grade the various diseases
presented in fruits and vegetables. The research also includes a comparison of the performance among different machine
learning approaches to verify the quality of agriculture products.

Deep Learning (DL), is gaining attention as an important tool to solve CV problems. Actually, the CV community develops
several contributions to the area of autonomous cars thanks to DL. The work presented by [9], discusses many technological
advances based on DL applied to self-driving cars. The tasks discussed include obstacle perception, route planning, cloud
simulation, high-definition maps, and the importance of use chips to potentialize automated driving.

CV has played an important role to generate many innovations in construction industry. According to [10], the main innovation
consists in the use of robots to support the construction process. When the robot is constructing a structure, CV serves as a
monitoring system and to perform a safety analysis. Also, CV has been used for construction material classification and to
recognize the current stage of the construction.

Assistive technologies (AT) are important to overcome functional limitations/disabilities of people. The work presented by [11]
analyses CV systems used for the development of AT oriented to mental functions, personal mobility, sensory functions, and
daily living activities. In the field of mental functions, CV has been used to analyze human behavior utilizing facial emotion
recognition and human actions. In the field of personal mobility, CV has been used for the visual controller of a prosthetic limb,
and also for the creation of virtual environments for helping in rehabilitation activities. For the issue of sensory functions, CV
has been used to assist blind individuals to independently access, understand, and explore both indoor and outdoor
environments. Finally, in the field of daily living activities, CV serves for general health status monitoring, domestic
environment monitoring, and remote-control interfaces.

Due to increase of meat consuming in people diet, there is a need to ensure public health by checking its quality.
Unfortunately, meat quality assessment is expensive and time-consuming. The work of [12] presented a CV-based system to
asses various quality parameters of muscle foods. The products examined included pork, lamb, beef, chicken, and fish-based
on parameters as color, texture, marbling, pH, tenderness, and freshness. The findings proved the effectiveness of CV in
quality assessment of meat products.

Even when several successful applications have been presented in the field of CV, today is still an extremely hard problem to
solve. The difficulty lies because there is no exists a universal theory of vision, and the number of variables involved [13],
therefore, CV has a lot of open challenges to be solved.

2.2 Digital Image Processing

Digital Image Processing (DIP) refers to processing digital images using a digital computer. Digital images are one of the most
important sources of information in the modern era. Image processing has been used for solving several problems in the fields of
biomedical, industrial automation, robotics, and instrumentation, among others.

DIP has been used for extracting the physiological information from many clinical procedures. The work of [14], discussed the
used of DIP to solve case studies related to neurosciences, functional imaging, and cardiovascular systems. The discussed
systems deal with images acquired from electrocardiogram (ECG), electromyogram (EMG), and electroencephalogram (EEG).
At the end, the four main stages to process biomedical images were established as a) Acquire the relevant biomedical
information using sensors, b) Pre-processing the images, ¢) Use filtering and feature extraction techniques to convey the
condition of biomedical system and d) Classification and diagnostic (determine normal and abnormal samples).

The fields of industrial automation, instrumentation, and robotics are consolidating thanks to DIP. The paper of [15], presented
four examples of DIP applications including rim detection in automotive wheel images, dimensional verification of crankshafts,
measurement of wheel alignment angles of a car, and a stereo visual odometry algorithm for mobile robotics. At the end, the
paper highlights the importance of DIP to solve scientific and industrial problems successfully.

DIP is frequently improved by using artificial intelligence (Al) algorithms. The paper of [16] explained the vital role that Al is
playing to improve DIP by presenting several discussions. Ant colony algorithm is explained theoretically and then applied to
solve a problem of image segmentation. The results obtained demonstrated how using DIP and ant colony algorithm improve
the segmentation performance.
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Processing medical images is one of the most challenging procedures in DIP; therefore, in the literature, several successful
systems have been presented based on DL, particularly using Convolutional Neural Networks (CNNs). The work of [17],
summarizes over 300 contributions in the field of medical image processing. The survey demonstrated the successful use of
CNNs in task such as object detection, segmentation, registration, and classification.

Several authors agree that having the expert knowledge about the task to be solved is important to obtain better DIP results.
Another important aspect is that related with the CNN architecture used. Another issue to be considered includes the data
preprocessing algorithms and the data augmentation techniques. Therefore, DIP will continue to be a very studied topic in the
coming years. Fortunately, every day a hundred of thousands of images are generated, which implies that always exist the
necessity of processing that images.

2.3 Augmented Reality

Augmented Reality (AR), has been proclaimed several times as the great event of the past 30 years. However, several years of
efforts have occurred to pass from a science fiction concept to a truly scientific concept. At present, AR appears in our daily
lives, however, it is still in its infancy, therefore, the search for its consolidation is just happening. AR is a way to “augment” the
real world with virtual objects, and one can find applications in different fields including education, maintenance, and Industry
4.0.

In the field of education, a number of AR applications can be found in the literature. The work of [18] explores the role of AR
for health care education including a tour of a patient own endoscopy, a device to assist with vein localization, and for training
in cardiopulmonary resuscitation, among others. The use of AR to increase the speed in reading is shown in the work of [19].
The work of [20], developed a human anatomy learning system using AR technology based on 3D image visualization. On the
other hand, the study of [21], investigates the effects of problem-based learning assisted with AR towards physics subjects.

A systematic literature review of the use of AR in 30 maintenance applications is shown in the work of [22]. In the work,
maintenance was defined as all the actions which aim to restore any functionality of a product within its lifecycle. The main
fields in which AR was used for maintenance include aviation industry, plant maintenance, mechanical maintenance, consumer
technology, nuclear industry, and remote applications, while the main operations include assemble and disassembly, repair,
inspection, diagnosis, and training. The most used hardware to display AR was the head-mounted display (HMD), followed by
the hand-held display (HHD).

The work presented by [23], argues that AR is an integral part of Industry 4.0 concepts. The study discovered critical success
factors and challenges for implementing industrial AR projects, which is still challenging because specific standards and
guidelines are missing. The factors that influence the success of an implementation includes user interface design, tracking
accuracy, weight of HMDs, rendering precision, ergonomics, spatial mapping, robust voice control, and scalability.

Unfortunately, today still exist several technical aspects that need to be addressed to really implement the use of AR in industry
and education. Both hardware and software are included as technical problems that avoid AR successful implementation.
According to [24], the AR market is projected to reach $95 billion by 2025, representing a great economy portion of the next
decade. Therefore, it is important the hard work carried out for AR consolidation.

2.4 Pattern Recognition

Pattern Recognition (PR) is a branch of Al that focuses on the description, measurement, and classification of patterns involved
in various data. A typical PR system is composed of: a) data acquisition, b) data preprocessing, c¢) feature extraction, and d) data
classification. Nowadays, the challenges and opportunities to carry out research in the field of PR are growing due we are in the
era of Big Data (BD). Moreover, several machine learning algorithms, mainly based in DL, are greatly influencing the advance
of PR research, due to the dependency on human-crafted feature extraction is solved with a stage of automatic high-level feature
extraction. In the literature have been presented applications for myoelectric control, for human activity recognition (HAR), and
for biometrics, among others.

With the aim of developing a robust and straightforward practical myoelectric control paradigm for the robot-based
neurorehabilitation system, the study of [25] provides a promising PR scheme. The Root Mean Square (RMS) and the Sparse
Representation-based classification (SRC) are proposed for myoelectric control system. The proposed scheme has an apparent
comparative advantage to the commonly used classification schemes in terms of classification accuracy. The use of the RMS-
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SRC could improve the robustness of EMG-PR system against intermittent noises associated with long-term practical use in real
life.

The paper presented by [24], conducted a survey about the use of DL for human activity recognition (HAR). With HAR a
profound high-level knowledge about human activity from raw sensor inputs can be obtained. Several challenges in this area
were detected including online and mobile deep activity recognition, more accurate unsupervised activity recognition, flexible
models to recognize high-level activities, light-weight deep models, non-invasive activity sensing, and beyond activity
recognition: assessment and assistant.

On mobile devices, the limited area of fingerprint sensors brings demand of partial fingerprint matching. Currently, fingerprint
authentication algorithms are based on handcrafted features, including minutiae topological structure and ridge patterns.
However, the accuracy decreases due to the lack of features. Fortunately, the newest optical fingerprint sensors can capture
high-resolution fingerprints with rich details as pores, scars, and shape of ridges to cover the shortage of minutiae insufficiency.
However, it is challenging to make good use of them, since they are irregular and unstable. In the paper of [27], a novel
matching algorithm for such fingerprints by taking advantage of deep learned features was presented. In order to learn a high-
and low-level minutiae features a couple of depth CNNs was used, and the results demonstrated that the proposal outperforms
several of the state-of-the-art approaches.

The algorithms of PR can help to solve problems in different fields, and the solution encounter more areas of applicability
thanks to the development of sensors and powerful computing resources. Today, still open issues need to be faced in the PR
area, mainly oriented to understand better human perception, reasoning, and ability to capture new knowledge.

3 Production Processes

The today’s companies are daily exposed to competition; therefore, its production process needs to be improved to create shorter
life cycles, increase the quality, response to specific customer requirements, and offer a competitive price [26]. A production
process defines the way a service is created by considering customer demand and company goals. The block diagram of a
classical production process is shown in Figure 3.

Input:
Capital // \\ Output:
Machinery \ Goods and
Production Process services
Raw \ |
materials / Valuable
\ // information
Labour S /
Natural

resources

Fig. 3. A classical company production process.

In order to increase its competitiveness, the today’s companies add to the production processes techniques such lean
manufacturing, studies about ergonomics and human factors, supply chain optimization, which naturally leads to obtain better
performance.

3.1 Lean Manufacturing

Lean Manufacturing (LM) is a methodology to improve productivity and decrease costs in manufacturing organizations.
However, with the current trend of making smart factories different challenges appears, that must be solved to implement LM
aligned with industry 4.0 requirements.

The work presented by [29], establishes that current LM practices must include environment responsibilities for helping to
mitigate environmental impacts, however, this mix is not easy to implement. The study presented a model to assist organizations
in choosing and investing in the best LM practices taking into account the environmental performance. On the other hand, the
paper of [30], discussed that in addition to include environmental procedures, the information technologies most be added to LM
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to improve industrial performance. On the other hand, the work of [31], presented a literature review and discussion of research
that proposes a link between LM and industry 4.0. As a result, further research necessities were detected including a) measuring
the impact of Industry 4.0 on soft lean practices, b) the facilitating effect of LM on Industry 4.0 implementations, c) studies on
the performance implications of an Industry 4.0 and lean manufacturing integration, d) add environmental factors on the
integration of Industry 4.0 and LM, and e) establish a framework to integrate Industry 4.0 and LM.

As was discussed, LM is the most prominent manufacturing paradigm of recent times. The possibility of inserting LM principles
in an industry can lead to obtain great results, however, the implementation usually can be very difficult. Therefore, industries of
new era must invest money looking to automate as much as possible its production processes. A trend detected consisted on
integrate technological systems to the production lines, train the workers with high-level knowledge to reduce workforces,
motivate the workers to implement and accept the changes, and experiment changes in companies’ culture.

3.2 Ergonomics and Human Factors

Ergonomics was defined as the set of scientific knowledge aimed to improve work, systems, products, and environment in order
to adapt it to the physical and mental capabilities and limitations of a person. Therefore, ergonomics needs to deal with the
human performance which usually commit errors when performing a task. Environmental conditions such as lighting and
temperature, operator health, and the time needed to perform a task can lead a person to commit and error. Currently, ergonomic
studies have been implemented in areas such as aviation.

The work by [32], identified the incidence of human factors and errors in the security screening process. Notably, in the aviation
area, the possibility of performing a good screening process becomes imperative. Therefore, a proposal to evaluate labor
conditions in the security checkpoints of Brazilian airports was presented. As a result of the evaluation, it was observed that key
factors contributing to errors include repetitive a monotonous work procedure, attention lost, performing two or more activities
at the same time, and low experience, among others. At the end, several recommendations were offered to decrease the
incidence of human factors and errors in the security checkpoint of airports.

Musculoskeletal disorders are frequent in workers which executed repetitive tasks. According to [33], in the past 12 months,
8.6% of workers in the United States of America (USA) experienced work-related health problems. Specifically, 70% of
Spanish fisherman have been exposed to one or more factors adversely affecting physical health. Most health problems reported
included body back, neck, shoulder, arm and hand, and stress, depression, and anxiety. Therefore, a proposal is presented to
redesign the workplace aboard small fishing vessels. At the beginning, the equipment and procedures for catching, handling, and
storing fish were studied. Then, the work postures of the fishermen were simulated and assessed by means of an ergonomic
digital human modeling system. At the third stage, the environment was modified based on acceptable simulated work postures
to prevent repetitive movements. Finally, ergonomic design parameters were provided to vessel designers.

The future of ergonomics seems to be focused on the particular impacts of companies increased automation. For example, a
worker manipulating a complex robotic system, or handling a precision manufacturing system, implied take account factors that
before were not frequently ever studied such as cognitive ergonomics and demands.

3.3 Supply Chain

Every production process in an industry generates a series of links to create a production chain. Business depend on the Supply
Chain (SC) to provide what they need to survive and thrive. SC comprises of vendors, producers, wholesaler, retailer, and end
client and it intends to synchronize demand and supply.

The work presented by [34], revealed that manufacturing companies need to speed up in shifting the focus towards sustainability
and make use of technology like ‘Internet of Things’ (IoT) to meet the organization’s goal. Based on a review, a framework for
assessing the readiness of SC organization from various perspectives has been proposed to meet the requirements of the fourth
Industrial Revolution. At the end, the criteria of business, technology, sustainable development, collaboration, and management
strategy were detected as important for a company to be ready for industry 4.0 transformation.

Risk on the SC from sustainability-related factors has increasingly become relevant to companies in many industries. In order to
evaluate the sustainability risk at least economic, operational, social and environmental factors must be considered. The study of
[35], developed a framework to evaluate SC sustainability risk by measuring operational, social, and environmental risks to
create a metric. Two case studies on apparel industry and on automotive industry were provided to demonstrate the application
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of the developed framework. At the end, the stakeholder preference, and company-specific data indicators were considered as
relevant fields to properly function of the proposed framework.

In recent years, the world environmental problems have become more serious, which have led to an increase of academic
research about environmental issues. In this context, the Green Supply Chain Management (GSCM) concept arises. To create a
GSC it is necessary to integrate environmental thinking to product design, selection and sourcing of materials, manufacturing
processes, delivery of the final product to the consumer, as well as end-of-life product management [36].

The work of [37] aims to review GSCM literature published in the period from 1998 to 2017. The study finds a consistent
growth in the evaluation of GSCM practices and performance, and the need of applying mathematical optimization models for
enhancing decision making in pursuit of environmental performance. In addition, the work detected a lack of research on BD,
which is important for GSCM evaluation. Finally, the authors in this discipline must paid attention into the use of real-life data
which are imperative to retract the real scenario of a company.

For modern SC it is necessary to include stages of reuse and recycling, outsourcing, determine the appropriate weights for
various indicators with different preferences, interdependence between some indicators, fast SC reconfigurations, and SC
classification (supplier or producer-driven).

4 Conclusions

This paper has discussed a representative sample of several research areas in the context of signal processing and production
processes, where the jointly use of both fields have given birth a Ph.D. program at the UACJ that aims to face ambitious
research questions focused on the frontiers of science. From the signal processing area, we can mention some vital
subdisciplines such as computer vision, digital image processing, augmented reality and pattern recognition. The summary on
each discipline has showed important challenges focused on the industry 4.0.

From the production processes, we can mention the following subdisciplines: lean manufacturing, ergonomics, human factors,
and supply chain. These have a strong relationship with the Industry 4.0 focused on some issues such as environment
responsibilities for helping to mitigate environmental impacts, human performance on companies with a deep automatization,
and the GSCM to design products with emphasis in environmental problems.

As future work, the Ph.D. program aims to consolidate the synergy between both research areas to jointly address some
challenges using complementary skills, knowledge, and resources.
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