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Dr. Miroslaw J. Skibniewski is a Professor of Engineering Project
Management in the Project Management Center for Excellence at the
University of Maryland - College Park. Prior to his current appointment he
served for 20 years as a faculty member and a senior administrator

at Purdue University in West Lafayette, Indiana. He received his M.S. and
Ph.D. degrees in Engineering Planning and Management from Carnegie-
Mellon University.

As a researcher and educator, Professor Skibniewski focuses on information
and information technology applications in construction project
management.

Prof. Skibniewski is a member of National Academy of Construction (USA)
and served on the National Academy of Engineering USA-Germany and
USA-Japan Frontiers in Engineering committees, American Society of Civil
Engineers' Robotics and Field Sensing Committee, Information Technology
Committee, Intelligent Computing Committee, Modularization Committee of
the Construction Industry Institute at the University of Texas at Austin, and
on the National Academy of Sciences Assessment Panel for the National
Institute of Standards and Technology in Gaithersburg, Maryland. He was a
founding member of the Board of Directors and is Past President of

the International Association for Automation and Robotics in

Construction. Prof. Skibniewski serves as the Editor-in-Chief of Automation
in Construction, an international research journal published by Elsevier,
and as Co-Editor-in-Chief of Frontiers of Engineering Management, a
scholarly journal published by Springer with Higher Education Press.

Prof. Skibniewski is an author or co-author of over 400 technical publications
and has made more than 150 invited conference keynote presentations
worldwide.
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Construction 4.0 can be classified in technological terms attending to the following three scenarios [14, 15, 20]: (1) Physical Domain/Automation, (2) Simulations and Modelling and (3) Digitalization and Virtualization.

Within the Physical Domain are all the physical elements that make up an industry project. It contains: (1) Physical Building, corresponding to the construction of the building and its complementary works (including the pre-fabricated parts), (2) Raw material and supplies required for the construction and operation phase, (3) Machinery required for the whole process (which changes throughout the project, depending on each stage), (4) Humans and roles that are assumed in the life cycle and (5) Smart Things, physical electronic elements to capture of data from the environment. 

Simulations and Modelling encompasses the different types of simulations needed for decision making in the calculation, architectural design, mechanical, electrical and plumbing installations (Mechanical, electrical and plumbing, MEP), logistics, operation, among others.  The Digital Building is shared in the Simulations and Modelling and Digitalization and Virtualization scenarios, corresponding to the dynamic digital representation of the
building throughout its life cycle. 

Within the Digitalization and Virtualization, there is the digital documentation of the project planning (Plans) and the data of the project in execution and of other previous or open databases to which one has access (Data), including all the current paper documentation. 
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Industry 4.0 proposes the use of a wide range of emerging technologies to optimize processes throughout their life cycle and allow the interconnection of all their processes, agents and products. Table 2 shows a description of 47 technologies belonging to Industry 4.0. Each technology is described with some current or potential uses that could have in the AECO Industry, according to the literature review process.

5G is the fifth generation of wireless communication standards and technologies, scaling in bandwidth and average speed, with decreased latency for a greater number and density of connected devices [48]. 5G allows for efficient and real-time interconnection of the sensor, communication, monitoring and execution devices during construction execution as well as in operation throughout their life, easing the implementation of Digital Twins [49–51]

Additive manufacturing (AM) Additive manufacturing refers to the construction of 3D objects by adding and superimposing ultra-thin layers of material, achieving high levels of precision and reducing construction times. It can be used to automatically build at the same construction site as well as to make exact scale building models or components [52, 53]

Mobile applications (Apps) Apps are computer applications connected to the network, used in mobile devices such as smartphones or tablets, for the capture, processing, and synchronization of data collected on-site with those available in the cloud, interconnecting them with progress management systems [54, 55]. Apps are also the gateway to access all the information available at the office with the detail of systems, elements and general information of the buildings, in the different stages of their life cycle and emergencies [56–58]

Artificial intelligence (AI) Artificial intelligence refers to the ability of machines to solve complex problems using algorithms that mimic and are inspired by human intelligence. AI optimizes the processes of design, monitoring, and prediction of the behavior of structures and their elements, in the areas of structural engineering, energy, safety, among others [59–61]. AI also enhances prediction models for water resources and natural phenomena which can affect
structure of the building [62] 

Augmented reality (AR) Augmented reality is a technology to overlaid virtual elements on the real environment, using display devices (commonly AR glasses or tablets) [63]. It is a powerful and necessary complement to visualize and interact with BIM models at the building site [64]. AR eases the coordination of systems and their components, such as structures and installations, and the optimization the projects in the design and planning stages [65]. Thanks to
the AI, workers understand and better exploit the construction plans during the construction phase, by dynamically visualizing 3D models, managing the actual placement of facilities in their exact location, reinforcing risk prevention measures for the safety and health of workers, identifying spaces through virtual labelling with multiple layers of information and facilitating the logistics of materials and equipment on-site, among other applications [66–68]. Finally, AR is especially interesting for Facility Management during the operations stage, by simultaneously displaying the digital version of the facilities overlaid the actual construction, along with labels and procedure guides [69]

Automated regulation checking and audits (ARCA) The Automated regulation checking and Audits carries out a systematic and autonomous treatment of the processes of revision, audit, and control, by capturing and processing field data. It automates the review processes of engineering designs according to regulations and design codes [70, 71], in addition to the processes of control and monitoring of construction projects and asset management. This is done thanks to the processing of digital model data (BIM), which avoids lengthy manual review processes [72]

Big data (BD) Big data involves techniques and technologies for handling data sets or combinations that are difficult to store, process and analyze by traditional technologies and in a concentrated manner, due to their huge size, complexity and great speed of growth. These techniques should be used the more important it is to interrelate the large volumes of information generated by the construction (now of digital character) [73, 74]

Big data analytics (BDA) Big Data Analytics process large amounts of data, identify patterns, trends or correlations of interest, and extract useful information. BDA serves in the AECO industry to process and obtain useful information for the optimization of the processes of design, construction, and maintenance [73, 75]

Blockchain (B) A Blockchain is a “distributed public list” that records all validated discrete and encrypted digital data events and transactions that are executed or shared among participants in a network [76]. The Blockchain is relevant in safety and efficiency by providing automatic verification of design codes and regulations, security and greater ease in tracking change control and permit management, as well as by providing tools for the generation of intelligent contracts [77–79]

Building information modelling (BIM) Building Information Modelling is a collaborative working methodology for the design, construction, and operation of construction projects. From a technological point of view, BIM can be seen as an evolution of traditional CAD tools towards a parametric digital modelling, based on 3D models, and incorporating variables of time, cost, sustainability, occupational safety and management, through the integration of the project stakeholders [80]. It is also contributing significantly to the digitalization of construction data, providing multidisciplinary information to be processed and used throughout many project purposes, allowing interconnection with many other technologies in the industry [81–83]

Cloud computing (CC) Cloud Computing provides access to computing resources and applications through a network of “in the cloud” storage, without tough hardware or software requirements for local devices. Having all the information and applications in remote servers simplifies the multi-site use of sophisticated modelling and simulation tools, the exchange of data and files between design and planning offices with each of the building sites [73, 84]

Common data environment (CDE) The Common Data Environment refers to a common digital space for the storage, retrieval and transfer of information models, with well-defined areas, responsibilities, and access restrictions shared between parties based on interoperability between technology platforms.
This common environment is of especial importance in the AECO industry to reduce fragmentation in the flow of information and access throughout the project, by standardizing the exchange of information in a CDE for the stakeholders [85–87]

Cyber-physical systems (CPS) Cyber-Physical Systems are mechanisms that establish bi-directional integration between physical and computational components, through integrated networks of monitoring and control of physical processes that perform physical actions and provide feedback to digital
systems [88]. CPS is an key element for the coordination between the virtual models (BIM models, for example) with the physical assets, to verify that “what built” corresponds to “what planned”, whereas the behavior of the construction can be monitored throughout its life cycle, in the areas of engineering, energy, maintenance, and general management [89–92]

Cybersecurity (C) Cybersecurity is the area responsible for the protection of computer infrastructure, software, hardware, networks and data in general, through the use and implementation of standards and tools [93]. Vulnerability risks for network data increase with high levels of information integration, with increased volume and variability of data type [94]. Parametric digital models of buildings and infrastructures generate a large amount of data, which
requires special protection for not compromising their security and regular operations throughout their life cycle [95, 96]

Data mining (DM) Data Mining is a set of techniques and technologies to explore databases in a semi-automatic or automatic way, identifying repetitive patterns that explain their behavior [97]. DM is used to find trends and alterations in the patterns of registered data of energy consumption,
structural behavior and productivity in general (times, costs, measurements, among others), being able to identify causes and corrective measures [98–100]
Data sharing (DS) Data Sharing refers to the sharing of data between stakeholders, mainly associated with research and development activities, for open cooperation and free use [101]. DS includes the dissemination and exchange of data, experiences, results and good practices of the design and construction processes among the different engineering companies, thus contributing to the reduction of the fragmentation of the AECO industry [102]

Deep learning (DL) Deep Learning are hierarchical and structured algorithms designed to obtain knowledge and learning automatically, without prior programmed rules, inspired by human learning [103]. It can be used in AECO projects to identify the use and state of security elements, to control equipment and machinery, the presence or movement of people [104, 105]. More specifically, it can also identify and classify patterns and features of interest in
structures, such as cracks in concrete [103, 106] 

Digital signage (DS) Digital Signage is the system of smart and rugged displays used to show content to a given audience, usually in an open environment, with interactive features for delivering targeted content [107]. A DS device may be used to provide collective instructions to workers, warning about the personal safety equipment, personal access requirements, signage and multiple individualized information [108–110]

Digital twin (DT) Digital Twin consists of a virtual replica of a physical system able to be part of different simulation disciplines characterized by the synchronization between the virtual and actual system, by means of sensed data and connected smart devices, mathematical models and real time collected data. It is used for the optimization, monitoring, diagnosis, and prognosis of the real system [111]. Digital Twins of buildings can be considered as the 
most complete digitalization level for preventive and predictive maintenance, connected to actual construction [112–114]

Edge computing (EC) Edge Computing relies on data processing as close to where it is generated, bypassing and central server or cloud, to minimize the traffic and bandwidth required to manage the data, reducing latency times and real-time response requirements [96, 115]. EC is used in control, monitoring, supply management, security and other construction processes requiring rapid responses. EC also provides better reaction times to alerts and maintenance in the operation phase of buildings and infrastructure [116–118]

Embedded system (ES) An Embedded System is a combination of computer software and hardware (fixed or programmable) designed to perform specific dedicated functions within a more complex system [119, 120]. ES provide real-time processing tasks, using small memory and processors. ES are used for automation of repetitive simple tasks 

Geographic information system (GIS) A Geographic Information System is a digital framework to store, manage and analyze data of different types, considering their spatial location in maps [121]. A GIS connected to the digital models of the buildings (BIM models or Digital Twins) allows the management and geolocation of the construction, suppliers and urban elements, as part of the Smart Cities network [122]. The GIS storages data facilitating the design and location of the constructions thanks to many information layers: hydrological, geographic, geological, of old projects, among others [123, 124] Human–computer interaction (HCI) 

Human–Computer Interaction is the discipline that designs, evaluates and implements the human use of computer systems in an ergonomic, intuitive and efficient way [125]. The interaction of workers and professionals with the new technological devices that are being incorporated in the construction industry should be carefully studied to adapt them adequately and facilitate their adoption. In particular, the good designs of the interface between people and machines are defining new ways of designing, modelling and interacting with virtual buildings [126–128]

Improve asset utilization (IAU) Improving Asset Utilization refers to encouraging the use of methodologies and technologies to optimize asset management [129], that is, having control of buildings and infrastructures during their useful life, facilitating their preventive and predictive maintenance, in addition to the delivery of inputs (data) for similar constructions in the future [130]

Industrial internet (II) The Industrial Internet refers to the convergence of data and machines in the global industry, through the use of advanced computing and connectivity [131]. This development is strongly related to the Internet of Things, requiring a robust support for the real-time connection of data and equipment, connected with analytics for decision making in industry environments [132–134]

Internet of things (IoT) The Internet of Things is the networking of objects and physical devices to capture data and interact with the environment [135]. IoT is applied in the construction industry to connect digital BIM models with physical devices for on-site control and monitoring (workers, materials, equipment, health and safety, work progress), optimizing communication, and construction logistics in general. IoT is also used for energy and disaster monitoring and
facilities management during the operations phase [136, 137]

Machine learning (ML) Machine Learning is an Artificial Intelligence discipline for making systems evolve as if they were learning, using algorithms based on existing data to predict future behavior. ML automates many parts of the designs, based on data from previous works and the study of their behavior over time, from structural and architectural aspects to installations, as examples [138–140]. It also supports the automation of decision making in safety, logistics, and processes during the construction phase [141]

Mass customization (MCu) Mass Customization is the creation of goods and services tailored to the specific requirements of each client. Paradoxically, for the construction industry, characterized by the fact that each building or infrastructure is a unique product, it is not easy to implement high levels of customization due to current rigid workflows. However, the upcoming flexibility and automation of design processes, the 3D visualization, modularization and additive manufacturing, could help to promote MCu, which is being increasingly required by developers and users [119, 142–145]

Mixed reality (MR) Mixed Reality is the combination of Augmented Reality (AR) and Virtual Reality (VR), creating spaces for the interaction of objects, people and virtual scenarios with the real ones. The real space is not only the background or container of the virtual models, but it takes part and interacts with the digital world. MR eases the visualization of digital models and systems in an immersive way, as well as field inspection tasks, visualizations in the design phase, day a day tasks checks such as the potential interaction between machines and workers prior to the actual construction [146–148]

Mobile computing (MC) Mobile Computing refers to devices and related services designed to be transported during usage, able to interact with network data from anywhere without being connected by cable. MC is used at the building site for real-time monitoring without needing a wired communication infrastructure, for the management of tasks and processes, the management of security, increasing communication, the visualization of projects and the connection with external agents [149–151]

Modularity (M) Modularity is the ability of a system to be handled (subdivided) into smaller, independent modules (subsystems), linked and assembled using standardized rules. Modularity it is applied for the treatment of digital information to better manage the building construction, by subdividing it into work packages optimized according to accessibility, location limitations, dimensions and parts of the structure or systems, among other factors [152–154]

3D scanner (3DS) 3D scanners are devices to capture the geometry and color of an object, to generate its 3D virtual reconstruction. 3D scanners are used in construction to generate 3D digital models of the terrain, the infrastructure already built, for monitoring, repair, reconstruction, structural health study (cracks, for example), among others [155]

Photogrammetry (Ph) Photogrammetry is a technique to obtain geometric properties of objects and their spatial location, by processing aerial photographs and reconstructing three-dimensional models of reality. This digital reconstruction, based on “point clouds”, is used for remote inspection, to obtaining information from the site, thus monitoring the progress of construction [55, 156, 157], to identify, measure and study cracks and geometric features of the site
[158, 159], and for digital terrain survey and topography generation [160]

Predictive maintenance (PM) Predictive Maintenance is aimed to predict future failures in installations, systems or equipment, through simulations or early detection of key indicators. The PM links BIM models, simulation software and sensors for data collection, predicting and performing maintenance before failure, without altering the operation of the building (equipment, systems, and structural elements), as a natural evolution of the Computer-assisted Maintenance Management Systems (CMMS) in the AECO industry. It is expected a reduction of between 10 and 15% in maintenance costs by using PM [149, 161, 162]

Off-site construction (OSC) Prefabrication, modular or Off-site Construction is a construction procedure based on components and subsystems built-in series outside the final location, and then placed and assembled there. OSC brings to the construction site structural 2D or 3D elements (complete spaces, such as bathrooms or kitchens, for example) manufactured in controlled industries, requiring only assembly and installation on-site, optimizing time, logistics
and quality of finishes. Therefore, the technical aspects of the prefabricated elements are controlled in a factory, applying rigorous management and quality control principles, systematizing the construction processes and without exposure to uncertain weather conditions at the building construction site. A greater adoption of BIM facilitates OSC, providing the component breakdown from the digital models and all the details of the facilities [163–167]

Product-lifecycle-management (PLM) Product-Lifecycle-Management is the process that manages the different phases of conception, design, manufacturing, use, and recycling of a product through integrated IT solutions and with all the actors involved, optimizing the relationships with customers,
suppliers, and resources. The application of PLM to the AECO industry enables a truly integrated vision of the lifecycle of buildings and infrastructures, contributing to mitigate the fragmentation of the sector. One of the most relevant aspects of BIM is precisely this holistic vision of construction for all phases, including the interconnectivity between models and processes [168–170]

Radio frequency identification (RFID) Radio Frequency Identification uses electromagnetic fields, radio frequency waves, to automatically identify, geolocate and track tags attached to objects. RFID enables the tracing of materials and machinery for their control at construction sites [171, 172]. RFID also facilitates the study of the behavior of structures through the movement of these tags (the measurement of deformation, expansion of materials, among others) [173–175], and the monitoring and management of the labelled equipment in facilities [176]

Robotics (R) Robotics is the science and technique that deals with the design, manufacture, and use of robots; that is, machines that can be programmed to interact autonomously with objects to perform tasks of different kinds. Robots are used in industry to collect real-time information from the environment time by walking around the site (e.g., temperature, images) [177, 178] and perform repetitive manufacturing tasks. In the AECO sector, robots could work according to BIM models, for welding, structural reinforcement bending, element cutting, among others tasks [179, 180]

Self-sustainability and self-sufficiency (SS) Self-Supply is related to the possibility of a system requiring little or no resources from outside. A SS building in the construction industry is mainly related to the energy and water efficiency, by incorporating elements for self-generation and optimal use of energy, water recirculation, and recycling [181, 182] 

Sensors (S) Sensors are electronic devices to determine the variation of a physical or chemical magnitude, by transforming them into electrical variables. Sensors are used in construction to monitor the structural health of buildings and infrastructures, to check the correct operation of machinery, workers, equipment, systems, thermal comfort, and many others [183–185]

Simulations models and tools (SMT) Simulations Models and Tools aim to replicate and thus predict the behavior of systems and processes. Simulations are widely used in the AEO industry to analyze structures during the design phase, to predict energy consumption and to simulate a fire evacuation, for example. Simulations are also strongly linked to the optimization of construction processes and the functioning of systems and buildings during their operation [186–189]

Social media (SM) Social Media are “online” communication applications based on “Web 2.0”, for the exchange of information directly generated by users. It is a very agile communication channel, with massive contents, immediate and multidirectional consumption. SM may intensify the communication between construction workers (either via messages or documents), especially in complex works and with large extensions of land [75, 190]

Supply chain management (SCM) Supply Chain Management is the process of planning, executing, and controlling an efficient supply network. It is applied to systems and procedures to link the knowledge, procedures, and learning of the supply logistics of the different projects [191], optimizing the purchase and distribution of materials (quality and specific requirements) [192]. SCM brings together and improves relationships between all stakeholders in the construction sector, by clarifying processes and distribution of roles and risks [193]. BIM contributes to the SCM by connecting digital models of materials and inputs [194] 

Unmanned aerial vehicle (UAV) UAVs are systems that perform aerial missions remotely. They have flight autonomy and can transport different elements, including sensors and devices to capture different types of signals, magnitudes, photographs, depending on the different accessories. UAVs used at the construction sites to monitor projects from the air, obtain global views, verify structure details, and reach hard-to-reach places, whether for security, monitoring, progress control, or maintenance. They also can transport materials and equipment, simplifying distribution logistics [195–197]

Virtual reality (VR) Virtual Reality is a technology designed to generate scenes with a real appearance from computer systems. Therefore, they can provide a full immersion in three-dimensional BIM models through the use of glasses or in a CAVE (Cave automatic virtual environment), either to perform design and usability reviews in the early stages of the project with a virtual tour through the building site, or to work interactively in real-time and at scale on the (architectural, structural, usability) optimization of the design [198, 199]. Another representative application is the creation of immersion environments for
orientation of workers before the first day at work in subjects such as health and safety or construction logistics, outlining the different risks that could occur. [199, 200]

Wearable technology (WT) Wearable Technology refers to any smart electronic device attached to the user’s clothing, for the sensorization of the behavior and movement, capturing and processing the data generated. WT are directly used in the construction industry to verify compliance with occupational risk prevention measures, through real-time monitoring of workers, their movements and actions at the construction site [75, 77, 78, 190]

Neural networks (NNs) Artificial Neural Networks are computational models that are basically inspired by biological neural networks. They use interconnected nodes that process information at different input–output levels, generating automatic predictions and learning. These NN are used in the construction industry to make predictions and study the behavior of structures based on previous behaviors [201–205]. Similarly, they can be used to make estimates of
worker behavior and construction logistics processes [206]
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Highlights
•This paper introduces the concept of Construction 4.0.
•The digital transformation of the construction sector is presented and discussed.
•Additive manufacturing is a driver for innovation in construction.
•Additive manufacturing enables the fabrication of lightweight and functionally graded structures.

This digital transformation, usually described as Industry 4.0 [[210], [211], [212], [213]], connects embedded system production technologies and smart production processes and is radically transforming industry and production value chains and business models. This industrial transformation is driven by a shift towards a physical-to-digital-to-physical connection enabled by the use of sensors and controls, augmented reality systems, cognitive and high-performance computing, additive manufacturing, advanced materials, autonomous robots and digital design and simulation systems, among other technologies. The construction sector is facing big challenges characterized by the adoption of digital technologies, sensor systems, intelligent machines, and smart materials. This transformation, which by analogy to the manufacturing sector has been called as Construction 4.0 (Fig. 2) [[15], [16], [17]], will enable construction companies to improve productivity, reduce project delays and cost overruns, manage complexity, and enhance safety, quality and resource-efficiency [18,19]. 

<Right picture>
Fig. 2. The “Construction 4.0” environment enabled by intensive use of digital technologies.

<Left picture>
Fig. 14. a) The Shop Pavillion [143], b) ETFE claddings [144], c) AMIE building [145], d) 3D printed glass columns [146].
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Narendrakrishnan Neythalath, Asbjern Sendergaard, Jakob Andreas Baerentzen, Adaptive robotic manufacturing using higher order knowledge systems, Automation in Construction, Volume 127,
2021, 103702, ISSN 0926-5805, https://doi.ora/10.1016/j.autcon.2021.103702.
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Highlights
•Process innovation and optimization.
•Affordable robotic solutions for construction.
•Construction 4.0 strategy.

Abstract
Despite a well-understood potential to increase productivity of the global construction industry and sustained, international research efforts in recent years, wide-scale adoption of robotic technology currently remains elusive in the industry. As part of a larger industrial research effort to increase the efficiency of automation technologies within construction, this paper proposes a novel multi-layered knowledge encapsulation model to enable low-cost development of highly diverse robotic control applications within a parametric manufacturing paradigm. The effectiveness of proposed theoretical framework has been validated by developing multiple industrial applications and resulted in almost 40% reduction in development time.

<left picture>
Fig. 1. An application is understood in the context of a software system operating on a cyber-physical production unit entailing a) one or more m-axis manipulators enclosed on b) a modular frame, equipped with c) custom processing end-effectors and d) operated from a tablet or mobile device by a non-specialist user.

<Right picture>
Fig. 8. (top left) Robot sawing tablet interface; (top right) Robot sawing unit and (bottom) Wire-cutting unit.
: sawing of concrete tiles (ref. Fig. 8) - objective of this portable robotic cell, is to be able to support cutting of tiles to various shapes so that they can be laid on pavements;
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Hesam Hamledari, Martin Fischer, The application of blockchain-based crypto assets for integrating the physical and financial supply chains in the construction & engineering industry, Automation
in Construction. Volume 127. 2021, 103711, ISSN 0926-5805, https://doi.org/10.1016/j.autcon.2021.103711.
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Highlights
•Blockchain-based crypto assets can enhance the integration of cash and product flows.
•Atomicity and granularity are the two facets of crypto asset-enabled integration.
•Crypto assets were evaluated for payments conditioned on robot-captured product flow.
•Adoption challenges include regulation, smart contract security, and price volatility.

Abstract
Supply chain integration remains an elusive goal for the construction and engineering industry. The high degree of fragmentation and the reliance on financial institutions has pushed the physical and financial supply chains apart. The paper demonstrates how blockchain-based crypto assets address this limitation when used for conditioning payments on the flow of products. The integration of flows is contrasted in today's supply chains and those using crypto assets for their payment settlement. The thesis is validated in two construction projects where a smart contract administered payments in crypto currencies and crypto tokens. The findings reveal that crypto assets can enhance both the granularity and the atomicity of the integration between the cash and product flows; the on- and off-chain realities can be directly linked in crypto asset-enabled supply chains. The paper concludes with a discussion of risks such as regulatory landscapes, security, and price volatility and offers potential solutions.


<left picture>
Fig. 2. Integration of physical and financial supply chains in the crypto asset-enabled supply chains.


<right picture>
Fig. 6. The experiments designed to evaluate the effectiveness of crypto assets in enabling integration between cash and product flows: a) product flow data on two commercial construction projects, 2) smart contract-based method used for payment processing, c) the eight testing scenarios defined based on the variations in the product-level, temporal, and trade-level granularity (illustrated in Fig. 5), and d) the resulting 18 datasets of payment data (two examples illustrated in Fig. 7).
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Valentino Sangiorgio, Silvia Martiradonna, Fabio Fatiguso, Ignacio Lombillo, Augmented reality based - decision making (AR-DM) to support multi-criteria analysis in constructions, Automation in Construction, Volume 124,
2021, 103567, ISSN 0926-5805, https://doi.org/10.1016/j.autcon.2021.103567.

Highlights
•A novel Multi-Criteria approach based on Augmented Reality, SRF and AHP is proposed.
•The Augmented Reality provide useful visual information during the decision phase.
•The approach is tested to select precast concrete panels for the building retrofitting.
•Validation and comparison with three different AHP procedures are performed.

Abstract
Multi-Criteria Decision Analysis (MCDA) and in particular the Analytic Hierarchy Process (AHP) is widely used in construction thanks to its versatility and ability to involve qualitative and quantitative data in the analysis. On the other hand, many complex problems are difficult to be solved because of the large amount of information to be considered.
In this paper, an Augmented Reality based Decision Making (AR-DM) is proposed to get a novel MCDA following the hierarchical structure of the AHP. For the first time, the AR immersive environment is combined with the Simos-Roy-Figueira method to provide a large amount of visual information during the decision phase. The proposed approach is tested to support the selection of an experimental Precast Concrete Panel for RC buildings retrofitting. Finally, a comparison with the classical approach and two other improved version of the AHP procedure is performed to validate and show the potential of the method.

<left picture>
Fig. 8. Wood Coted PCP: virtual application on site during the building retrofit displayed in AR.

<Right picture>
Fig. 9. Ranking of 3D models related to the Realization Complexity criterion performed on site.
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Highlights
•A systematic review under both scientometric and qualitative analysis for the topic is provided.
•A scientometric review is performed on 4,473 journal articles published in 1997–2020.
•AI’s main benefits including modeling and pattern detection, prediction, and optimization
•Special concerns have been put on six state-of-the-art applications of AI in CEM.
•Key directions of future studies, like smart robotics, digital twins, and blockchains are provided.

Abstract
With the extensive adoption of artificial intelligence (AI), construction engineering and management (CEM) is experiencing a rapid digital transformation. Since AI-based solutions in CEM has become the current research focus, it needs to be comprehensively understood. In this regard, this paper presents a systematic review under both scientometric and qualitative analysis to present the current state of AI adoption in the context of CEM and discuss its future research trends. To begin with, a scientometric review is performed to explore the characteristics of keywords, journals, and clusters based on 4,473 journal articles published in 1997–2020. It is found that there has been an explosion of relevant papers especially in the past 10 years along with the change in keyword popularity from expert systems to building information modeling (BIM), digital twins, and others. Then, a brief understanding of CEM is provided, which can be benefited from the emerging trend of AI in terms of automation, risk mitigation, high efficiency, digitalization, and computer vision. Special concerns have been put on six hot research topics that amply the advantage of AI in CEM, including (1) knowledge representation and reasoning, (2) information fusion, (3) computer vision, (4) natural language processing, (5) intelligence optimization, and (6) process mining. The goal of these topics is to model, predict, and optimize issues in a data-driven manner throughout the whole lifecycle of the actual complex project. To further narrow the gap between AI and CEM, six key directions of future researches, such as smart robotics, cloud virtual and augmented reality (cloud VR/AR), Artificial Intelligence of Things (AIoT), digital twins, 4D printing, and blockchains, are highlighted to constantly facilitate the automation and intelligence in CEM.

<left picture>
Fig. 3. Keywords of the selected papers visualized in a network.

<right picture>
Fig. 6. Future directions of AI in CEM.
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European |
Commission

« (Go beyond producing goods and services for profit
« Shift the focus from the shareholder value to stakeholder value
* Reinforce the role and the contribution of industry to society

« Place the wellbeing of the worker at the center of the production
process

« Use new technologies to provide prosperity beyond jobs and
growth while respecting the production limits of the planet

« Complement the existing "Industry 4.0" approach

https://ec.europa.eu/info/research-and-innovation/research-area/industrial-research-and-innovation/industry-50_en
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What is Industry 5.0?
Industry 5.0 is characterized by going beyond producing goods and services for profit. It shifts the focus from the shareholder value to stakeholder value and reinforces the role and the contribution of industry to society.
It places the wellbeing of the worker at the center of the production process and uses new technologies to provide prosperity beyond jobs and growth while respecting the production limits of the planet.
It complements the existing "Industry 4.0" approach by specifically putting research and innovation at the service of the transition to a sustainable, human-centric and resilient European industry.

Why Industry 5.0?
Industry 5.0 brings benefits for industry, for workers and for society.
But making Industry 5.0 a reality is not just a nice thing to do. Industries must adapt, evolve and embrace the green and digital transitions to continue to be competitive and remain engines of prosperity.
Industries must play an active role in providing solutions to challenges in society including the preservation of resources, climate change and social stability. 
Revising existing value chains and energy consumption practices can also make industries more resilient against external shocks, such as Covid-19 crisis.

How to make it happen?
The Industry 5.0 approach contributes to 3 of the Commission’s priorities: "An economy that works for people", "European Green Deal" and "Europe fit for the digital age".
Elements pertinent to Industry 5.0 are already part of major Commission policy initiatives
adopting a human-centric approach for digital technologies including artificial intelligence (AI White Paper)
up-skilling and re-skilling European workers, particularly digital skills (Skills Agenda and Digital Education Action plan)
modern, resource-efficient and sustainable industries and transition to a circular economy (Green Deal)
a globally competitive and world-leading industry, speeding up investment in research and innovation (Industrial Strategy)
These are just some examples that demonstrate the strong links between the industrial transition and other societal developments.
Experts from research and technology organizations as well as funding agencies discussed the concept of Industry 5.0 during 2 virtual workshops on 2 and 9 July 2020.
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Industry 5.0 European Commission doi: 10.2777/308407
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4 Defining Industry 5.0 
Even though Industry 5.0 is a relatively new concept, some early academic writing describing the main features of this notion exists. The analysis of the Industry 5.0 literature (see Annex II) shows a lot of uncertainty about what it will bring and how it will disrupt business in detail, as well as about its potential to break down barriers between the real world and the virtual one. 

Based on the literature review and our forward-looking analysis, we believe Industry 5.0 will be defined by a re-found and widened purposefulness, going beyond producing goods and services for profit. This wider purpose constitutes three core elements: human-centricity, sustainability and resilience. 

A purely profit-driven approach has become increasingly untenable. In a globalized world, a narrow focus on profit fails to account correctly for environmental and societal costs and benefits. For industry to become the provider of true prosperity, the definition of its true purpose must include social, environmental and societal considerations. This includes responsible innovation, not only or primarily aimed at increasing cost-efficiency or maximizing profit, but also at increasing prosperity for all involved: investors, workers, consumers, society, and the environment. 

Rather than taking emergent technology as a starting point and examining its potential for increasing efficiency, a human-centric approach in industry puts core human needs and interests at the heart of the production process. Rather than asking what we can do with new technology, we ask what the technology can do for us. Rather than asking the industry worker to adapt his or her skills to the needs of rapidly evolving technology, we want to use technology to adapt the production process to the needs of the worker, e.g. to guide and train him/her. It also means making sure the use of new technologies does not impinge on workers' fundamental rights, such as the right to privacy, autonomy and human dignity. 

For industry to respect planetary boundaries, it needs to be sustainable. It needs to develop circular processes that re-use, re-purpose and recycle natural resources, reduce waste and environmental impact. Sustainability means reducing energy consumption and greenhouse emissions, to avoid depletion and degradation of natural resources, to ensure the needs of today’s generations without jeopardizing the needs of future generations. Technologies like AI and additive manufacturing can play a large role here, by optimizing resource-efficiency and minimizing waste. 

Resilience refers to the need to develop a higher degree of robustness in industrial production, arming it better against disruptions and making sure it can provide and support critical infrastructure in times of crisis. Geopolitical shifts and natural crises, such as the Covid-19 pandemic, highlight the fragility of our current approach to globalized production. It should be balanced by developing sufficiently resilient strategic value chains, adaptable production capacity and flexible business processes, especially where value chains serve basic human needs, such as healthcare or security. 

As indicated earlier, our concept of Industry 5.0 is an open and evolving concept, providing a basis for further development of a collaborative and co-creative vision of the European industry of the future. Nonetheless, we believe the core of Industry 5.0 can be defined as follows: 

Industry 5.0 recognizes the power of industry to achieve societal goals beyond jobs and growth to become a resilient provider of prosperity, by making production respect the boundaries of our planet and placing the wellbeing of the industry worker at the center of the production process. 
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* Industry 5.0: An innovative, resilient, socio-centered and competitive
industry, which respects planetary boundaries and minimizes its
negative environmental impact.

« Enabling technologies
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Human-centric solutions and human-machine-interaction
Bio-inspired technologies and smart materials

Real time based digital twins and simulation

Cyber safe data transmission, storage, and analysis technologies
Artificial Intelligence

Technologies for energy efficiency and trustworthy autonomy

Enabling Technologies for Industry 5.0 Results of a workshop with Europe’s technology leaders doi: 10.2777/082634
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The vision of an innovative, resilient, socio-centered and competitive industry, which respects planetary boundaries and minimizes its negative environmental impact, has been labelled Industry 5.0. 

2 Enabling technologies
The enabling technologies of Industry 5.0 are a set of complex systems that combine technologies, such as smart materials, with embedded, bio-inspired sensors. Therefore, each of the following categories can only unfold its potential when combined with others, as a part of systems and technological frameworks.

2.1 Individualized Human-machine-interaction
To link humans with technologies, support humans and combine human innovation and machines capabilities. The following technologies support humans in physical and cognitive tasks:
 Multi-lingual speech and gesture recognition and human intention prediction
 Tracking technologies for mental and physical strain and stress of employees
 Robotics: Collaborative robots (‘cobots’), which work together with humans and assist humans
 Augmented, virtual or mixed reality technologies, especially for training and inclusiveness
 Enhancing physical human capabilities: Exoskeletons, bio-inspired working gear and safety equipment
 Enhancing cognitive human capabilities: Technologies for matching the strengths of Artificial Intelligence and the human brain (e.g., combining creativity with analytical skills), decision support systems

2.2 Bio-inspired technologies and smart materials
Bio-inspired technologies and processes stemming from the concept of Biological Transformation can be integrated with, for instance, the following properties:
 Self-healing or self-repairing
 Lightweight
 Recyclable
 Raw material generation from waste
 Integration of living materials
 Embedded sensor technologies and biosensors
 Adaptive/responsive ergonomics and surface properties
 Materials with intrinsic traceability

2.3 Digital twins and simulation
Digital twins and simulation technologies optimize production, test products and processes and detect possible harmful effects, for instance:
 Digital twins of products and processes
 Virtual simulation and testing of products and processes (e.g., for human-centricity, working and operational safety)
 Multi-scale dynamic modelling and simulation
 Simulation and measurement of environmental and social impact 
 Cyber-physical systems and digital twins of entire systems 
 Planned maintenance 

2.4 Data transmission, storage, and analysis technologies 
Energy-efficient and secure data transmission, storage, and analysis technologies are required, with properties such as: 
 Networked sensors 
 Data and system interoperability 
 Scalable, multi-level cyber security 
 Cyber security/safe cloud IT-infrastructure 
 Big data management 
 Traceability (e.g., data origin and fulfilment of specifications) 
 Data processing for learning processes 
 Edge computing 

2.5 Artificial Intelligence 
Artificial intelligence, nowadays often still referring to advanced correlation analysis technologies, must be developed further in several regards: 
 Causality-based and not only correlation-based artificial intelligence 
 Show relations and network effects outside of correlations 
 Ability to respond to new or unexpected conditions without human support 
 Swarm intelligence 
 Brain-machine interfaces 
 Individual, person-centric Artificial Intelligence 
 Informed deep learning (expert knowledge combined with Artificial Intelligence) 
 Skill matching of humans and tasks 
 Secure and energy-efficient Artificial Intelligence 
 Ability to handle and find correlations among complex, interrelated data of different origin and scales in dynamic systems within a system of systems 

2.6 Technologies for energy efficiency, renewables, storage and autonomy 
As the majority of technologies mentioned requires large amounts of energy to operate, the following technologies and properties are required to achieve emission neutrality: 
 Integration of renewable energy sources 
 Support of Hydrogen and Power-to-X technologies 
 Smart dust and energy-autonomous sensors 
 Low energy data transmission and data analysis 
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* The concept of Industry 5.0 could also be described as re-introducing
the lost dimension of a ‘human/value-centered Industry 4.0’

e Challenges to be addressed
— Social dimension
— Governmental and political dimension
— Interdisciplinarity and transdisciplinarity
— Economic dimension
— Scalability

Enabling Technologies for Industry 5.0 Results of a workshop with Europe’s technology leaders doi: 10.2777/082634
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The concept of Industry 5.0 could also be described as re-introducing the lost dimension of a ‘human/value-centered Industry 4.0’, 

For a systemic approach, several challenges must be regarded that can be addressed with respective enablers: 

3.1 Social dimension 
 Technology acceptance and trust in technologies is crucial. Therefore, initiatives must highlight the support, not determination of humans, while maintaining the right for society to participate in the ideation and application of technologies and the respective purpose. In addition, new technologies such as Artificial Intelligence need to be understandable and transparent. 
 Adapting technology to humans must coincide with training people how to use new technologies. Human-centricity should not be a one-way road. Otherwise, technologies will not unfold their full potential. 
 Upcoming labor and skills shortages through demographic developments must be envisioned as well as changing requirements of skills across generations, while future skills required are not known yet. Retraining and lifelong learning concepts must be implemented, supported by policy makers. 
 Current challenges such as youth unemployment, ageing society or gender and societal inequality must be integrated better to achieve a wide acceptance, forging a ‘new deal’ between society and industry. 
 Heterogeneity of society leads to disagreement on which values and needs should be prioritized. Different parts of society focus on different values and have distinct needs. Age, gender, sex, cultural background and diversity aspects must be integrated. 
 Full integration of customers across the entire value chains is required to inform them about social or environmental value created and include this in their choice and willingness to pay. 
 Traditional Corporate Social Responsibility approaches are rather a marketing concept and implemented as showcases, but not implemented to full scale yet. Regulatory incentives must complement public opinions here to stimulate companies to drive Corporate Social Responsibility further, especially in SMEs. 
 Socio-centricity describes a concept that extends the concept of human-centricity, complementing the needs of individuals to those of a society. The needs of individual employees must be integrated within the needs of an entire workforce of employees, employers, the society as a whole. 
 In the long run, society cannot ignore planetary boundaries. Hence, socio-centricity must take into account the ecological perspective. Environmental targets such as CO2 neutrality must not be forgotten and require research in the domain of e.g., nanotechnologies or smart materials. To develop approaches such as the Circular Economy further, corresponding business models, approaches such as CO2 taxation and platform-based technologies for traceability, reusing and recycling are required. One option is a CO2 footprint label on all products to make it possible to compare and get a personal or a company footprint. 
 Environmental impact is hard to measure, social impact is even harder to quantify. Technological approaches must be found to measure and quantify environmental and social value generated. 

3.2 Governmental and political dimension 
 Social and governmental change often cannot keep up with the speed of technological change. This requires an ‘agile government’ approach with issues such as responsiveness, collaboration, participation, experimentation, adaptability, and outcome-orientation based on intrinsic, extrinsic and market motivations. 
 European industries and ecosystems should become more sovereign to facilitate compliance with European values, e.g. concerning resources, skills, raw materials, or energy. Regional value chains can help to ensure resilience and secure ecological and social values. 
 There is a risk of protectionism of individual countries and industries in which there is a support to single industries rather than dynamic ecosystems, and certain technologies are selected not because of the values they contribute to, but for protectionist motives. Therefore, national or regional strategies must be widened regarding innovation policy design and implementation, for which RTOs and SMEs can take an active role. 
 System-oriented innovation policies are required that focus on supporting ecosystems, not single technologies or sectors. In addition, policies must be evaluated based on their (possibly negative) interrelations with other policies or companies being overwhelmed with complexity. There is a clear need to strengthen capacity in the EU for system oriented innovation policy evaluation because it is the cornerstone for evidence-based and distributed intelligence in innovation policy-making. 
 The complex ecosystem of technologies, industries and labor markets must be regarded from a holistic perspective and require a governance approach that integrates and balances the different requirements. For instance, social sciences and humanities (especially ethics) and the observation of labor markets must complement technological perspectives in order to support values. 
 The economic perspective on productivity, that is dominant for many companies, must be balanced with a long-term, sustainability perspective on increasing productivity through generating ecological and social value. The need to be productive and competitive in a short to medium-term perspective in comparison to regions outside Europe, that might be mainly productivity-oriented and technology-driven, must not be forgotten in this context. 

3.3 Interdisciplinarity 
 An interdisciplinary approach is required related to engineering, technology, life sciences, and environmental and social sciences and humanities. One possible approach is to support interdisciplinarity of research from early on, e.g., the inclusion of social sciences in technological research. High complexity might otherwise have negative impacts on security, safety or acceptance and might slow down implementation, but fast actions are required. 
 The interdisciplinarity and complexity requires a system approach, such as ‘cyber- physical systems of systems’. Such a System of Systems approach must model the interrelations at various scales of systems that dynamically interact. Such a modelling approach is challenging from various angles, as there is a wide variety of systems, scales and data involved as well as path dependencies arising from different industries and research disciplines. 
 It is important to highlight that Industry 5.0 also includes sectors outside the manufacturing industry, such as life sciences, healthcare, agriculture, food or energy. Further, the inclusion of governments, consumers, and society is key to gain acceptance. Especially a biological transformation might lead to new values, but might not be associated to the term ‘industry’. 
 Artificial Intelligence needs to be included in research and design processes while integrating the requirements of different research disciplines in complex systems. In particular, the interrelations and cause-effect relations between multiple variables must be understood as dynamic networks that constantly change. 

3.4 Economic dimension 
 Business models need to be developed that make ecological and social value approachable, e.g. through benefitting from social and environmental value created as the customer is willing to pay for it, or through legislation, such as CO2 certificates. Companies are required to make money. Such business models can be complemented with digital platform approaches and ecosystems that allow the integration of multiple stakeholders, such as companies, public institutions, and customers. 
 Productivity is still required to maintain competitiveness. Economic and social value generated is becoming an increased competitiveness factor. Therefore, the economic dimension must not be neglected and economic targets should not be left out of the concept for companies. Otherwise, only marketing-driven showcases might be implemented while many firms could be discouraged from the concept. 
 Large investments are required that follow a new rationale in contrast to purely economic considerations. Solutions must be found to, for instance, guide private equity funds towards generating social and environmental added value. 
 In this context, public-private-partnerships may be a suitable instrument to institutionalize the dialogue between business and policy in specific areas. 

3.5 Scalability 
 Many Industry 4.0 technologies are not fully implemented yet, especially in SMEs or across entire value chains. Further, innovation management and R&D investments are underdeveloped and not standardized, particularly in SMEs or traditional industry sectors. The policies should also support broad implementation in entire industries or in SMEs, not only High-Tech for a small proportion of firms. For this, a wider integration of industry associations and representatives from industry is required for the further design of the concept. Skills in leadership and management alongside workers’ skills must be further developed 
 Entire industries and ecosystems must be addressed with a systematic approach to new technologies. Entire ecosystems must be understood and supported accordingly, including leading players, followers, SMEs, RTOs and universities as well as legislation and policy makers. A full-scale implementation at a lower technology level can bring more benefits in comparison to single pillars that can be leading examples, but must be followed by broad implementation. 
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Presenter Notes
Presentation Notes
Some of recent AUTOCON publications 

<Human-centered accessibility >
Mathew Schwartz, Human centric accessibility graph for environment analysis, Automation in Construction, Volume 127, 2021, 103557, ISSN 0926-5805, https://doi.org/10.1016/j.autcon.2021.103557.

Highlights
•Human movement and accessibility in the built environment is strongly linked to the geometry.
•A ray-cast method for creating a grid-based weighted directed accessibility graph is proposed.
•Path-planning is automatically evaluated and produced by human-centric measures.
•Method is shown on rooms, building, large uneven terrain, steps, slope, cross-slope.
•Early-stage high-fidelity design feedback based on human factors is possible.
Abstract
Understanding design decisions in relation to the future occupants of a building is a crucial part of good design. However, limitations in tools and expertise hinder meaningful human-centric decisions during the design process. In this paper, a novel Spatial Human Accessibility graph for Planning and Environment Analysis (SHAPE) is introduced that brings together the technical challenges of discrete representations of digital models, with human-based metrics for evaluating the environment. SHAPE: does not need labeled geometry as input, works with multi-level buildings, captures surface variations (e.g., slopes in a terrain), and can be used with existing graph theory (e.g., gravity, centrality) techniques. SHAPE uses ray-casting to perform a search, generating a dense graph of all accessible locations within the environment and storing the type of travel required in a graph (e.g., up a slope, down a step). The ability to simultaneously evaluate and plan paths from multiple human factors is shown to work on digital models across room, building, and topography scales. The results enable designers and planners to evaluate options of the built environment in new ways, and at higher fidelity, that will lead to more human-friendly and accessible environments.


<Bio-inspired construction technologies>
Yizhi Liu, Mahmoud Habibnezhad, Houtan Jebelli, Brainwave-driven human-robot collaboration in construction, Automation in Construction, Volume 124, 2021, 103556, ISSN 0926-5805, https://doi.org/10.1016/j.autcon.2021.103556.

Highlights
•A field-oriented physiologically aware human-robot collaboration system is proposed.
•The robot could continuously evaluate workers' mental states and react accordingly.
•A collaboration between robot and worker based on their mental states is established.
•The framework opens doors to new wearable sensor-based, human-robot collaboration.
Abstract
Due to the unstructured, fast-changing environment of construction sites, robots require human assistance to perform various tasks, especially those involving high dexterity and nuanced human judgment. However, in shared physical spaces, human-robot collaboration (HRC) can raise new safety concerns as workers' mental health can be adversely affected by poor communication between the two peers. To create a harmonized, safe HRC, this study proposes a worker-centered collaborative framework that enables robots to capture workers' brainwaves from wearable electroencephalograph, evaluate their task-related cognitive load, and adjust the robotic performance accordingly. The framework was examined by asking 14 subjects to execute a collaborative construction task with a terrestrial robot under various levels of cognitive loads. The results showed the robot could regulate its working pace with 81.91% accuracy. This level of communication can instill trust in HRC and facilitate future endeavors in safety design of collaborative robotics.

<Construction waste recycling>
Jean David Lau Hiu Hoong, Jérôme Lux, Pierre-Yves Mahieux, Philippe Turcry, Abdelkarim Aït-Mokhtar, Determination of the composition of recycled aggregates using a deep learning-based image analysis, Automation in Construction, Volume 116, 2020, 103204, ISSN 0926-5805, https://doi.org/10.1016/j.autcon.2020.103204.

Highlights
•Creation of a labelled database of about 36,000 manually sorted recycled aggregates
•New residual network architecture giving high accuracy of 97% on our dataset
•Evaluation of the mass of the aggregates based on the determination of a form factor
•Our method gives very close results with manual sorting
Abstract
Recycled aggregates (RA) are obtained by crushing inert construction and demolition waste. Their composition is variable and is currently obtained by a time-consuming manual sorting. Our work makes use of deep learning, especially convolutional neural networks (CNN), to determine this composition in near real time and in an automated way. A labelled database was created for learning of the CNNs. It consists of approximately 36,000 images of individual grains classified according to their nature. After training, our best-performing CNN reaches a validation accuracy of 97% for classifying images of grains. It is based on a Residual Network that we customized in order to improve its performance. Moreover, we evaluated the mass of the grains by assuming that grains of a given nature have a constant form and density. Our approach was compared with manual sorting. There was less than 2% of difference in mass for most RA natures tested.


<Injuries and fatalities on construction sites>
Jhonattan G. Martinez, Gilles Albeaino, Masoud Gheisari, Raja R.A. Issa, Luis F. Alarcón, iSafeUAS: An unmanned aerial system for construction safety inspection, Automation in Construction, Volume 125, 2021, 103595, ISSN 0926-5805, https://doi.org/10.1016/j.autcon.2021.103595.
Highlights
•iSafeUAS was designed, developed, and assessed for safety inspection purposes.
•iSafeUAS deployment contributes to an improved UAS-mediated safety inspection.
•Optical zoom and recovery system features reduce onsite UAS safety risks.
•iSafeUAS recovery system reduced fall fatality probability by more than 40%.
•iSafeUAS optical zoom helped better identify and inspect onsite safety hazards.
Abstract
Unmanned Aerial Systems (UASs) have recently been utilized as an efficient safety inspection and monitoring tool on construction jobsites. However, their deployment could potentially result in hazardous situations such as worker distraction or struck-by accidents. This paper introduces iSafeUAS as an initial effort to develop and assess a platform designed for safety inspection purposes with customized features such as a super optical zoom RGB Camera and a Parachute Recovery System to ensure safe yet accurate visual data acquisition without the need to fly over or near populated areas. After conducting multiple flight tests to evaluate its technical performance, the iSafeUAS was deployed on a construction jobsite to validate its safety inspection capabilities. The study results showed that the Parachute Recovery System reduced the fatality probability by more than 40%, and the super optical zoom capabilities helped safety managers better identify and inspect potential safety hazards.

S. Gelmini, S. Strada, M. Tanelli, S. Savaresi, A. Guzzon, Automatic detection of human's falls from heights for airbag deployment via inertial measurements, Automation in Construction, Volume 120, 2020, 103358, ISSN 0926-5805, https://doi.org/10.1016/j.autcon.2020.103358.
Highlights
•The article presents a new innovative algorithm for the triggering, before the impact with the ground, of an airbag for workers falling from heights (> 1 m).
•The airbag triggering algorithm is very simple and inexpensive, using only , using only accelerations sampled at 400 Hz and recorded by a triaxial waist IMU.
•The detection algorithm is based on a new 5-step accelerations' manipulation:
•Filtering
•Total acceleration norm computation
•Gravity debiasing
•Falling speed computation
•Impact speed thresholding
•Calibration of filters and speed thresholding has been achieved with stuntmen falls. Airbag validation ensured with 500 activity hours of 20 real workers thresholding has been achieved.
•Special care has been devoted to minimizing false positives. The algorithm cannot operate properly with intense vibrations or on vehicles.
Abstract
Workers in different industrial sectors, mainly in the construction and energy areas, face the daily risky situation of falling from the height accidentally, even wearing safety harnesses. To actively protect workers, a safety jacket is proposed. The jacket is equipped with an airbag cushion and an inertial measurement unit, located on the back, to sense the body motion hl. An algorithm deploys the airbag automatically for falls from heights greater than 1 m, leaving enough time for the airbag to be fully inflated. The proposed algorithm is tested and validated against experimental data collected during real falls performed by a professional stuntman, and during months of daily routine workers' life. Particular attention is devoted to the calibration of the tuning parameters, with the aim of the best trade-off between false positives' minimization, reactiveness, and robustness.


<Sustainable infrastructure performance>
Seung-Jung Lee, Dahoon Ahn, Ilhwan You, Doo-Yeol Yoo, Yun-Suk Kang, Wireless cement-based sensor for self-monitoring of railway concrete infrastructures, Automation in Construction, Volume 119, 2020,
103323, ISSN 0926-5805, https://doi.org/10.1016/j.autcon.2020.103323.

Highlights
•Design, fabrication, and performance evaluation were conducted for the wireless cement-based sensor.
•The cement-based sensor incorporating 1.0 vol.% multi-walled carbon nano tubes was investigated for real-time monitoring.
•It was proven that stable wireless data can be transmitted and received up to 100 m in an actual railway environment.
•The developed cement-based wireless sensor is expected to be used usable up to 3.5 years till the battery is replaced.
Abstract
In this study, we developed a cement-based wireless sensing system for self-monitoring of concrete infrastructures in a railway environment. The cement-based sensor was developed by inserting electrodes into cement composites incorporating 1.0 vol% multi-walled carbon nanotubes (MWCNTs) as conductive fillers. We designed and fabricated a wireless signal transmission module that can be mounted/dismounted directly on/from the cement-based sensor and a wireless reception module that receives and saves wireless sensor signals. The wireless transmission/reception module was applied to the cement-based sensor, and sensing response during the cyclic compression test was compared with that in a wired environment. The sensing response and the gauge factor in the wireless environment were found to be very similar to those in the wired environment. The loss rate of wireless transmission data was tested according to the distance between the transmitter and the receiver to determine applicability in an actual railway environment. Based on the test results, the distance of stable wireless transmission was evaluated for the open space, railway station, and railway sleeper. When the developed cement-based wireless sensor is applied to the railway sleeper, the wireless sensing system is expected to be used up to 3.5 years when the battery needs to be replaced.

<BIM-GIS, BIM libraries, and Big Data in sustainable construction>
Rúben Santos, António Aguiar Costa, José D. Silvestre, Lincy Pyl, Informetric analysis and review of literature on the role of BIM in sustainable construction, Automation in Construction, Volume 103, 2019,
Pages 221-234, ISSN 0926-5805, https://doi.org/10.1016/j.autcon.2019.02.022.

Highlights
•Between 2008 and 2017, 317 journal articles were published on this subject.
•Higher dispersion of the literature show that BIM has higher synergies presently.
•LCA, LCC, and CFD are the most used methods, while IFC potential is often explored.
•There is a gap in the literature that integrates all dimensions of sustainability.
•Future research on BIM-GIS, BIM libraries, and Big Data methods is expected.
Abstract
The construction industry and researchers have been exploring new techniques to improve the sustainability of buildings. One such solution is the use of a recent technology such as building information modelling (BIM). Accordingly, the present article reviews the current state of literature on sustainable construction and BIM, including the latter's evolution. In contrast to previous reviews on this subject, the present work has a broader scope that covers the environmental, economic, and social dimensions and their combinations. To obtain a comprehensive review, the authors conducted an informetric analysis of the literature and categorized it based on a content analysis. A total of 11 different terms and 28 combinations were used to collect relevant literature on this subject, resulting in a total of 317 journal articles for the period between 2008 and 2017. The information obtained from informetric analysis was later validated by a content analysis, in which gaps and trends were identified. It was observed that publications on this subject registered an exponential growth, with 90% of the articles being published in the last five years. The authors identified a gap in literature pertaining to the integration of the three dimensions of sustainability; however, literature on the integration of sustainable performance and BIM has grown considerably in recent years, which indicates that BIM is increasingly being used as a reliable method for sustainable construction practices.
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