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Almost every technological and industrial concept changes the built environment around 
us and our understanding of the architectural practice. Recently, Hyperautomation, an 
all-encompassing digital transformation with the help of advanced techniques, has been 
presented as a game-changing concept that can affect any industry. Despite this 
promising concept, the Architecture, Engineering, and Construction (AEC) industry 
seems far behind the latest technological breakthroughs and automation of processes 
compared to other industries. Therefore, this study provides a better understanding of 
adopting the novel Hyperautomation paradigm in the AEC industry by focusing on 
Industry 4.0. In this context, the first section introduces the Construction 4.0 concept, its 
counterpart in the AEC industry, briefly mentions fundamental approaches and indicates 
the need for a framework. The second section introduces an integrated framework 
throughout the entire building life-cycle for design and construction processes and 
exemplifies the stages in an autonomous system and their interrelationships. The third 
section presents a hypothetical case, a distributed reconfigurable robotic assembly 
system, and the assembler ‘HookBot’ to understand the relationships in an autonomous 
system better. The last section discusses the place of the Hyperautomation paradigm in 
architecture. 
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INTRODUCTION 
With the recent studies of Hyperautomation and 
Artificial Intelligence (AI), almost every industry and 
practice are preparing for an enormous shift in 
automation and digitization (Haleem et al., 2021; 
Soni et al., 2020), and this shift, the Fourth Industrial 
Revolution, arouses serious attention (Schwab, 
2017). Similarly, there has been a shift in architecture 
that focuses on applications of concepts (da Costa et 
al., 2019) such as AI, Machine Learning (ML), Cyber-
Physical Systems (CPS), Internet of Things (IoT), 
Robotic Process Automation (RPA), Multi Agent-
based Simulation (MABS) and Digital Twin (DT) into 

design practice (Sawhney, Riley and Irizarry, 2020), 
and also, there are pioneers such as some research 
institutes, initiatives, and multiple studies that can 
be examples of this new trend in architecture 
(Figliola and Battisti, 2020). Despite these promising 
studies, the AEC industry seems far behind the latest 
technological breakthroughs and automation of 
processes compared to other industries (Davila 
Delgado et al., 2019). 

Hyperautomation is an all-encompassing digital 
transformation with the help of advanced 
techniques such as RPA, ML, and AI (Haleem et al., 
2021). In other words, hyperautomation represents a 
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layer of advanced technology added to the 
changing traditional automation. It also aims to 
provide a more accurate adaptation and more 
optimized processes to changing situations. In a 
nutshell, hyperautomation represents a 
transformation that automates as many processes 
and tasks as possible.  

Meanwhile, Industry 4.0, which includes the 
mentioned technologies and approaches, is a new 
paradigm that proposes automation, digitalization, 
and sensorization to improve processes. In this 
context, the concept of ‘Construction 4.0’, which 
manipulates these technologies, is proposed as its 
counterpart in the AEC industry (Bolpagni, Gavina 
and Ribeiro, 2021; Sawhney, Riley and Irizarry, 2020). 
In addition, thanks to a continuous and accurate 
monitoring process of digitization and automation, 
Construction 4.0 facilitates a better diagnosis and 
prediction for the whole process. Therefore, these 
technologies and approaches can advance the AEC 
industry towards higher levels of freedom and 
control in construction and save time, material, 
labor, and costs. However, ambiguity about the 
appropriate adoption of automation technologies in 
the AEC industry is confusing. Therefore, an 
integrated framework for Construction 4.0 that 
explains the interrelationships of technologies and 
systems is necessary to understand the 
Hyperautomation paradigm's adoption better 
(Muñoz-La Rivera et al., 2020). 
 

 

Besides, Construction 4.0 “proposes to automate 
and digitize the design and construction processes, 
with a strong component of real-time data capture 
and the incorporation of sensors in the on-site 
construction processes, to optimize time and costs, 
quality control and worker safety.” (Muñoz-La Rivera 
et al., 2020, p. 690). In order to provide this definition 
and achieve autonomous design and construction 
processes throughout the entire building life-cycle, 
the focus should be on the integration of DT and CPS 
concepts in architectural practice. DT is a virtual 
representation of a system that works with real-time 
data throughout its life-cycle and uses AI, ML and 
MABS to aid decision making (VanDerHorn and 
Mahadevan, 2021). Accordingly, DT would be a tool 
to accomplish all non-physical tasks such as 
management, design, and monitoring in 
autonomous architectural processes. Also, CPS “are 
enabling technologies that bring the virtual and 
physical worlds together to create a truly networked 
world in which intelligent objects communicate and 
interact with each other.” (Casini, 2021, p. 46). Thus, 
CPS would be a tool to perform all physical tasks 
such as logistics, building, and manufacturing in 
autonomous architectural processes. With proper 
integration of these two concepts under the AEC 
industry, a framework throughout the entire 
building life-cycle would explain the sub-concepts of 
these technologies and their relationship.  

In this context, this paper aims to introduce an 
integrated framework throughout the entire 
building life-cycle for design and construction 
processes, relates architecture and technology 
concepts associated with the framework, and 
exemplifies the stages in autonomous systems and 
their interrelationships. We will present a 
hypothetical case, a distributed reconfigurable 
robotic assembly system (like shown in Fig 1.) with 
the reconfigurable robotic assembler (RRA), the 
‘HookBot’, and also explains the processes and 
mechanism to understand the relationships in an 
autonomous system better, and discusses the place 
of the Hyperautomation paradigm and the shift of 
building materials and the AEC industry with 
autonomous processes. 

Figure 1 
Distributed robotic 
assembly system 
for in-situ timber 
construction  
(Leder et al., 2019). 
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AN INTEGRATED FRAMEWORK  
FOR CONSTRUCTION 4.0 

Since the Enlightenment, academics and 
practitioners have been fragmenting problems to 
make them more manageable, determined, and 
understandable. Architecture, like many practices, 
has fragmented sub-problems and disciplines such 
as all of the AEC industry. Despite many benefits, this 
specialization and sophistication cause 
circumstances that waste time, material, labor, and 
money (Mohd Nawi, Baluch, and Bahauddin, 2014). 
Nevertheless, with the innovations of ICT 
technologies, more challenging issues can be solved, 
and their relationships become more integrated. 
Over the last two decades, the AEC industry has 
accelerated the implementation of some significant 
innovations for design, management, and 
construction processes. These developing 
approaches such as Lean Construction, which 
proposes continuous improvement and waste 
reduction processes (Tauriainen et al., 2016), 
Integrated Project Delivery for contractual 
integration between all project participants, and 
Building Information Modeling (BIM) for the 
generation and management of multidimensional 
parametric models (Succar, 2009), are integrating 
industry and increasing efficiency with more 
automated processes (Muñoz-La Rivera et al., 2020). 

The most comprehensive and promising of 
these three approaches is BIM, which can be defined 
as “a digital representation of physical and 
functional characteristics of a facility and a shared 
knowledge resource for information about a facility 
forming a reliable basis for decisions during its life-
cycle defined as existing from earliest conception to 
demolition” or “the development and use of a multi-
faceted computer software data model to not only 
document a building design but to simulate the 
construction and operation of a new capital facility 
or a modernized facility” (da Silva Lopes Vieira and 
Jens-Uwe, 2019). These foundational definitions 
include Building Life-cycle Management (BLM), a 
state-of-the-art approach that covers all processes of 
architecture (Meng et al., 2020). 

With the recent Hyperautomation and Industry 4.0 
studies, there has been an improvement in BIM and 
AEC relations that focuses on applying concepts 
such as AI, IoT, CPS and DT (da Costa et al., 2019) into 
research and practice. Among these approaches that 
stand out for the higher level of flexibility, 
adaptability, predictability, and efficiency in 
production, DT has developed at the core of Industry 
4.0, which aims to achieve deep cyber-physical 
integration (VanDerHorn and Mahadevan, 2021). 
Zhang, Luo and Xu (2022) identified “BIM is currently 
developing towards DT to support the booming 
building automation and robotics” in the BIM-
enabled building automation review. A cloud 
computing-based and BIM-enabled DT model, a 
decision-maker that can connect and operate the 
entire BLM process, could be a unifying factor for 
AEC Industry 4.0 (Stjepandić, Sommer and Denkena, 
2021). 

In addition, the other most prominent element 
for the operability of this DT model is CPS. The 
increase in communication, monitoring and sensing 
capabilities of manufacturing machines and robots 
enables new CPS that connect physical production 
processes with cloud computing and IoT (Menges, 
2015). Interaction with the physical world can occur 
with CPS in an integrated framework for 
Construction 4.0 (as proposed in Fig. 2), where 
design, management and operation are carried out 
entirely digitally with cloud computing. All CPS in 
the system can transfer behavior data, self-
positioning and scheduling to the DT model with 
(IoS) Internet of Services. This relationship 
establishes the feedback and control mechanism of 
the system. In addition, the decentralization of the 
system can be achieved by the IoT relationships 
between CPS and Cloud Computing. Moreover, a 
Cognitive Digital Twin (CDT) model that integrates 
with a learning algorithm can improve itself and 
adapt to other systems. The processes of the 
Integrated Framework for Construction 4.0 are 
described in three sub-stages as follows: Planning 
and Designing, Manufacturing and Logistics, 
Construction and Assembling. 
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Planning and designing 
The aim of Construction 4.0 is to maintain all 
processes and tasks in the system autonomously by 
using automation and robotic technologies (Muñoz-
La Rivera et al., 2020). Robotic and cybernetic 
stimulations can replace the relationships of the 
client, contractor, and stakeholders in the traditional 
AEC industry. The client is the agent that stimulates 
the Operation Hub in this autonomous system. Stage 
[I] is where the design task is defined in detail 
(illustrated in Fig.2) using natural language 
processing and quantitative data collection. At this 
stage, the detailed information about the design 
task can be defined on the cloud with the help of 
promising Neural Networks and AI studies 

(Ilmudeen, 2022), which is of great importance in 
processing qualitative data. Furthermore, the 
agreement between the client and the system can 
be guaranteed by Blockchain-based smart contracts 
(Dounas, Lombardi and Jabi, 2020; Sigalov et al., 
2021). These integrations in the system would 
include concepts such as mass customization, 
design democratization and decentralization. 

As parallel, the Stages [I] and [II] would continue 
to execute by launching the first stimulation. BIM 
and Geographic Information System (GIS) 
integration represent the most current approach at 
Stage [II] (Karimi and Iordanova, 2021). Computer 
systems that analyze and display geographically 
referenced information can automate processes in 

Figure 2 
An Integrated 
Framework for 
Construction 4.0. 
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integrating data. Furthermore, this data can be 
supported by Unmanned Aerial Vehicles (UAV) that 
can collect the data autonomously and the GIS 
integration (Hognogi et al., 2021). This system is a 
proposal of the CPS that can work as an 
[Autonomous Exploration] module. The system 
components are connected to IoT through IoS with 
the Operation Hub. After the system has collected 
enough data, the CPS goes to standby mode or the 
next task. 

Consequently, combining all the data necessary 
for the design and development stimulates Stage 
[III]. This stage is a module integrated into the 
Operation Hub with cloud computing, including 
BLM processes such as architectural and structural 
design, development, and design analysis. The 
[Autonomous Design and Development] module 
would integrate with learning systems, cognitive 
models, Neural Networks and AI studies. As with 
integrating Generative Design approaches with BIM 
(Ma et al., 2021), these studies are open to 
development. The most beneficial approach that 
stands out in this integration is Parametric Design 
(Dautremont et al., 2019), which also contributes to 
the re-interpretation of the produced knowledge for 
adapting new CPS. A production-ready project 
stimulates Stage [IV], and during this [Proposal & 
Development] module, a series of cycles occur 
between the design module and the client. The 
client's project approval with a Blockchain-based 
smart contract stimulates Stage [V]. 

Manufacturing and logistics 
Stage [V] consists of autonomous CPS modules that 
maintain pre-construction and pre/manufacturing 
processes. When the design is finalized, BIM 
documents are transferred to the production facility 
and site preparation robots (Melenbrink, Werfel and 
Menges, 2020). Raw materials excavated from the 
construction site can be converted into building 
materials or stored. Besides, the autonomous 
manufacturing CPS is stimulated by the transfer of 
the raw materials to the Industry 4.0 facility. Robotic 
technologies are widely used to produce 

standardized building materials (Chea et al., 2020), 
and pioneering digital fabrication studies are carried 
out for customized building materials (Figliola and 
Battisti, 2020). Meanwhile, sensor-based in-line 
quality control draws attention to customized 
building materials (Garms et al., 2019). 

The completion of construction site preparation 
and building materials production starts the 
autonomous transportation process as Stage [VI]. 
This stage is maintained with the coordinated 
combination of autonomous rail, ship, road, and air 
transportation vehicles that interact with each other. 
Cloud computing determines shipment routes, and 
available vehicles can be positioned between the 
production facility and the construction site. Besides, 
autonomous on-site and off-site transportation 
initiatives are gradually progressing (Chea et al., 
2020), and also, innovative studies (Romanishin et 
al., 2015) show that we may encounter self-
transportation discrete building materials in the 
future. 

Construction and assembling 
Traditional construction processes typically involve 
site preparation, substructure, and superstructure 
phases. The [Autonomous Pre-construction] CPS 
performs tasks such as earthmoving, leveling for the 
Site preparation and anchoring, and laying the 
foundations for the substructure phase. Afterwards, 
the completion signal of the Autonomous Pre-
construction and Transportation CPS stimulates the 
[Autonomous Dis/Re/Assembly] CPS, which is Stage 
[VII]. There are two approaches for superstructure 
construction automation: off-site (Gusmao Brissi et 
al., 2021) and on-site (Melenbrink, Werfel and 
Menges, 2020). Off-site construction automation 
focuses on modular building processes in which 
some or all of the building components are 
prefabricated or preassembled. These modular or 
specialized prefabricated components are 
assembled on-site, and also, there is an “Automated 
Building Construction System” approach to 
converting construction sites into conventional 
production facilities (Ikeda and Harada, 2006). 
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On the other hand, on-site construction automation 
focuses on discrete automation of tasks in the 
traditional processes of raw material procurement, 
manufacturing, and construction. Autonomous 
Construction and Dis/Re/Assembly would be 
achieved by manipulating and automating working 
relations in these processes. Automation studies in 
these processes are generally related to additive 
manufacturing or component assembly. There are 
additive manufacturing studies at different scales 
and techniques, such as building scale (D-Shape) 
and small-scale mobile (Minibuilders) 3D printers at 
building scale, Gas Metal Arc Welding robots 
(MX3D), adaptive formwork technologies 
(VoxelCrete). Besides, there are building scale gantry 
systems, brick-laying robots (Hadrian X), and 
innovative technologies such as aerial, terrestrial, 
and climbing robots that can change the 
relationship between components and assemblers 
(Melenbrink et al., 2020). These examples introduce 
emerging technologies and draw attention to the 
communication protocols of these technologies and 
the importance of standardization so that they can 
become widespread. 

Stage [VII] can be completed using the 
mentioned approaches, and the project can be 
delivered to the client by the Blockchain-based 
smart contract. In addition, Stage [VIII] includes a 
detailed feedback process, and the system can be 
reactivated in case of possible changes in the 
project. Furthermore, the project would be re/dis-
assembled for recycling or reusing at the end of the 
building's lifespan. 

HOOKBOT: 
A DISTRIBUTED RECONFIGURABLE 
ROBOTIC ASSEMBLY SYSTEM 
Based on the framework (Fig.2), we present a 
hypothetical case as an example of such a system, 
the HookBot, mentioning the phases of the system 
and focusing on the [Autonomous Dis/Re/Assembly] 
stage. Since the construction phase is a combination 
of physical and digital processes, it can be a useful 
tool for understanding autonomy. The Hookbot aims 

to use integrated and autonomous processes in truss 
structures for design and construction tasks such as 
semi-open spaces, temporary or permanent 
pavilions, and logistic bridges. The system would 
provide benefits in design and construction 
processes such as time, material, labor, cost savings, 
site safety, accident prevention, mass customization, 
design democratization, and automation in 
organizational process management.  

As proposed in the framework above, the client 
orders the design task to the assembly system using 
a mobile application. With the application and AR 
integration, design visualizations would be 
experienced in cyberspace. Meanwhile, UAVs 
transmit live construction site data such as wind, 
insolation, and scanning to the Operation Hub with 
GIS and various sensors. With the analysis of all data, 
the client can approve or renovate the project. The 
approved component information is sent to 
different facilities and then autonomously 
transported to the site. With the preparation of the 
construction site and the substructure, the HookBot 
RRA can erect the structure. 

The Assembly System 
Truss structures are often used to achieve long 
spans, minimize the weight, and support heavy 
loads, and also, they consist of struts and joints 
arranged to form one or more triangles since the 
joints are fixed and cannot transmit moments. Space 
trusses vary from plane trusses with their geometric 
possibilities. Even if the struts and joints dimensions 
differ, there is no substantial variance in assembly 
techniques. Two solutions differ for increasing 
automation in truss assembly: one of them is gantry 
systems (Rhodes, Will and Quach, 1995), which 
generally work with a robot arm that can move in X 
and Y directions through a frame larger than the 
structure, and the other is mobile or climbing robots 
(Hjelle and Lipson, 2009) that can easily move and 
locomote on or around the structure. Mobile or 
climbing robots are promising research due to their 
degree of freedom and size advantages (Melenbrink, 
et al.; Jenett and Cheung, 2017). 
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Initially, the [Charging Station] containing the 
reconfigurable robotic assemblers (RRA) and the 
[Pick-up Station] with marked components such as 
struts and nodes are dropped off at the construction 
site. Each of the RRAs in this system works as a CPS 
with distributed decision and control. Distributed 
operations, widely used in autonomous control 
systems in the aviation industry, provide 
collaborative swarm control to the system (Chen et 
al., 2021). So, the [Command Station] assigns tasks to 
RRAs in standby mode at the charging station. RRAs 
begin to assemble a specialized rail system that 
enables locomotion between stations. RRAs move 
on the specialized rail system and work together to 
transfer the components of the truss structure to the 
[Climbing and Assembling Station]. At this station, 
they erect the structure by climbing and assembling 
it. RRAs with low batteries head to the charging 
station and are replaced by new ones. After the 
structure's assembly, the RRPs get together and pick 
up from the construction site at the charging station 
(as illustrated in Fig3). 

The HookBot RRA 
Climbing robots, specialized mobile robots, are 
robotic systems used to move over walls, ceilings, 
roofs, and geometric structures and perform various 
tasks (Chu et al., 2010). Besides, relative robots, 
which are climbing robots with different classes 
according to locomotion and adhesion mechanisms, 
can locomote on the structure they assemble 
(Carney & Jenett, 2016). There are many 
experimental studies on the construction, assembly, 
and reconfiguration of structures with different 
materials by these robots, which emphasize building 
material design and robotic concepts (Nigl et al., 
2013; Petersen et al., 2019). Unlike these examples, 
Leder et al. (2019) conceptualized a system that 
stands out by lightening, simplifying, and 
minimizing features. However, the single-axis design 
of the assembly robots in the system reduces the 
degree of freedom and creates new complexities. 
This single-axis design, which limits its mobility, can 
be overcome with a reconfiguration mechanism 
applied in pipe climbing robots (Sattar et al., 2008). 

Figure 3 
A framework  
for distributed 
reconfigurable 
robotic assembly 
system  
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The proposed system consists of multiple 
collaborative RRAs designed to use the truss system 
for its locomotion. The HookBot RRA, a climbing 
robot that can dis/re/assemble in truss systems, 
differs from the literature regarding its 
reconfiguration system and degree of freedom. It 
can grab and release struts thanks to the gripper 
mechanism and rotate the trusses or itself thanks to 
the twisting joint (as illustrated in Fig.4a). Due to the 
reconfiguration of the six-wheel gripper mechanism, 
it can move rotational, spiral, back and forth on the 
truss system (as illustrated in Fig.4b-c-d-e). The 
collaboration of two RRAs can move and assemble 
struts and joints on each axis within the system. It 
shows that the six degrees of freedom emerging 
from the collaboration in this system can enrich the 
resulting geometries (as illustrated in Fig.4f). 

CONCLUSIONS 
This paper highlights the possibilities of robotic shift 
that may emerge with the hyperautomation 
paradigm with an integrated framework such as 
mass customization, design democratization, and 
high efficiency. It also presents a path for 
Construction 4.0 by embracing emerging 
technologies and linking potential applications 
throughout the building life-cycle. Consequently, DT 
integration with BIM may become the most efficient 
way for managing, monitoring, and communicating 
directly with robots for the AEC industry. However, 

 
the AEC industry seems distant from such an 
integration. The most obvious reason for this might 
be workflows that focus on human relations. 
Digitizing these workflows with BIM and finding new 
intersections with AI-based Hyperautomation is a 
excellent opportunity to increase efficiency for the 
industry. On the other hand, the studies proposing 
to design robot-friendly building materials such as 
Robot-oriented Design (ROD) are gaining 
significance. Besides, there is a transformation from 
assembler-constructor robots that imitate human 
actions to robots that can develop, generate, and 
adjust as an integral part of architectural systems. 
The changing relationship between building 
materials and constructor-assembler robots may 
have introduced a new robot classification. 
Therefore, the presented robotic assembly system 
exemplifies such a classification. The system’s high 
degree of freedom is an advantage for the 
dimensions of the design space. However, the 
possible problems of the conceptualized RRA, such 
as payload, remote and distributed control 
complexities, inverse kinematics, and self-
positioning, are disadvantages. This hypothetical 
system proposal can serve as base research for future 
studies. Also, a digital simulation of collaborating 
and assembling robots will be made to eliminate 
these uncertainties for future work. In addition, with 
a functioning prototype as a proof of concept, a 
small-scale space truss structure will be assembled 
with cardboard tubes or PE pipes. 

Figure 4 
HookBot RRA 
concept and an 
example of  
design space 
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