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Abstract. With about $10 trillion in annual revenue – contributing 
to almost 6% of the global GDP, construction is one of the largest 
industries. However, with “Industry 4.0” causing paradigm shifts in 
other industries, construction has failed to be as efficient and 
technologically fluent. There have been issues of deteriorating labour 
productivity. This calls for on-site technological task automation to 
increase efficiency and abate workforce requirements. Robots in 
construction can be a great way to expedite and automate this process, 
as robotic construction is much more efficient in terms of operation 
and cost. They can complement and augment conventional 
construction methods and craft-based fabrication with a high level of 
efficiency. Robots in construction are being increasingly and 
ubiquitously used in large scale construction sites for performing 
several, different tasks in tandem, with humans. Programming these 
robots to perform specific tasks, however, is a highly skill demanding 
process, necessitating expertise in robotic coding and path planning. It 
is also impossible to robotically replicate specialized tasks with the 
same craftsmanship through conventional robot programming 
methods, as it is a mode of tacit knowledge transfer. Using several 
robots on-site for different tasks also calls for an efficient network and 
management system. This paper discusses a new paradigm of teaching 
industrial robots with natural gestures, and a cloud-based management 
system to synchronize all robots on-site. A prototype was built to 
teach simple toolpaths to robots of different scales using gestures. All 
taught toolpaths were synchronized to all robots through the cloud-
based interface. Scalability of toolpaths between two different robots 
(ABB IRB6640 and ABB IRB120) after cloud synchronization was 
demonstrated. It was experimentally concluded that gestural robot 
programming with cloud-sync, enabled expedited teaching times, and 
no skill-gap in programming robotic tool paths. 
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1. Introduction 

One of the issues in the construction industry is its shortage of skilled labour. While 
this demonstrates a reduction in vocational training in the United States and indicates 
the need for more training and retaining, it is also an opportunity for more automation 
to fill the gap. (Adam Higgins, 2019) The degree of automation in construction is far 
less than in other industries, such as manufacturing. This results in both poor 
productivity and risky working conditions. Thus, by way of example, the authors 
have developed a robotic workflow for demonstrating how automation and robotic 
applications are opportunities to cater to such issues in the construction industry. 
(Jeong Kim et al. 2015) 

Construction activities like bricklaying, surface finishing, painting etc. form the 
essential domain in the architectural and construction practice, which require skilled 
workers and demand precise quality control procedures. (Siciliano and Khatib 2016) 
Based on scientific research, it has been established that improved quality of 
construction processes is achieved through precise control of functions and operation. 
The working conditions are improved by removing workers from dangerous 
environments and reducing the amount of heavy physical work. Such practices are 
also sustainable because of the reduced material consumption through precise control 
of material delivery, and collection and reuse of unused material. (Saidi, Bock, and 
Georgoulas 2016) Most of the on-site construction processes where robots are used 
can be grouped into three predominant types of functional operators as follows: 

Materials handling, Materials shaping, Structural joining. (Bard et al., n.d.) 

Figure 1. Conceptual Overview of Project- Gestural Translation of Tasks 

The degree of automation in construction is far less than in other industries, such 
as manufacturing. This results in both poor on-site productivity and risky working 
conditions. Automation and robotics applications are thus, opportunities to solve such 
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issues in the construction industry. Apart from the customary on-site construction 
tasks, quite a few of the most highly skilled building trades are dying out. This is 
noted because a lot of the most highly skilled hands have little digital literacy and 
most of the digitally literate lack the dexterity gained from sustained interaction with 
physical material. This suggests that soon an increasing number of digital/physical 
workflows will reward practice. (Bidgoli 2015) 

In this research, we set a consideration that individuals in the construction 
industry may not be well-versed with text-based programming which relies 
exclusively on the expertise of the human programmer. Robotic control is hard to 
grasp for unexperienced users, but motion in space is a tangible phenomenon. 
(Siciliano and Khatib 2016) Through this project, we propose a system that works 
with the combination of the precision of machines with human cognitive skills, thus 
developing an interface that is not just for the cognoscenti. Our research is based on 
construction processes that are not possible by human skill alone wherein building a 
symbiotic relationship between the human body and robotic machines becomes 
integral. Here, human dexterity and robotic precision are choreographed in the 
production of innovative on-site construction workflows. 

Even though industrial development has been explicitly described in prior 
Millennium Development Goals, SDG 9 is the first independent development goal to 
include industrialization in its aims, as well as some aspects of infrastructure and 
technology development. (UN, 2019) Industrial growth, according to the United 
Nations, is critical for both generating income and improving living conditions. 
Suitable infrastructures, in turn, provide facilities for industry and society, while 
innovation boosts technological capabilities and leads to the creation of new talents. 
(Cheryl and Leurent, 2017) 

The results of a recent study indicate that, the US construction industry does not 
realise approximately 15 billion US dollars per year in potential savings due to 
inadequate interoperability related to information exchange and management 
practices. (Bard et al., n.d.) Embedding robotic processes that have a capability of 
scaling up/down increase the modularity of the robot on site. Seamless data transfer 
facilitated through cloud-based management is a prompt for significant gains and 
productivity in construction processes, preventing further fragmentation within the 
AEC industry. (C Howard et al., n.d.) 

2. Methodology 

This exploration is an effort towards seeing how human skills can be transferred 
directly to generate informed robotic motion control, eliminating any third interface 
between these two processes. It separates craftsmen and designers from offline and 
textual programming to movements and sensor-integrated cognitive devices to 
communicate with robot collaborators in highly skilled building applications, 
seamlessly. (Menges 2013) 

2.1. APPARATUS SETUP 

The software setup unifies the system and forms an integral part of the system 
whereas the hardware setup is variable, i.e., task specific. These site-level tasks that 

53

https://www.sciencedirect.com/science/article/pii/S030142072030057X?casa_token=U402hERJ1t8AAAAA:RB6PaH3inSGWZzd-I7EuejZw_NImsHDWhepgrHpibnorLiWda72mN89RAj_eOILX6-urFiU33A#bib57
https://www.sciencedirect.com/science/article/pii/S030142072030057X?casa_token=U402hERJ1t8AAAAA:RB6PaH3inSGWZzd-I7EuejZw_NImsHDWhepgrHpibnorLiWda72mN89RAj_eOILX6-urFiU33A#bib13


V. VAIDHYANATHAN AND T. RAJA  

are taught individually to robots, are synchronised onto a cloud server through this 
proposed interface. These tasks can be inherited by any other robot on the same 
network to perform these taught tasks from cloud-based storage system. 

Figure 2. Synchronous Task Upload on Cloud 

2.2. SOFTWARE 

In the entire course of this workflow, software integration happens at two major 
stages - gesture recognition through ‘Wekinator’, a platform for image classification, 
and secondly - while translating these gestures into robotic actions. 

Figure 3. Stages of Software Integration 
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The first step in the backend process is where relational value-based pixel 

clustering (an implementation of the KNN algorithm for supervised learning) is used 
for gesture detection and recognition. A workflow executed using Processing 
pixelates the video camera stream and detected colour values are averaged out using 
this logic. The next step in the process is the training of the gestures. 

Figure 4. Pixel Clustering using KNN algorithm 

Basic gestures such as- Move Up, Move Down, Move Left, Move Right and Stop 
(as seen in Figure 5) were recorded. Customisation of gestures is always an option at 
the user’s disposal. 

Figure 5. Examples of Taught Gestures  

Figure 6. Parameter Considerations for building Gesture-Library 
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The library is built by taking into consideration factors like the colour of the 
background, attire of the user, skin complexion of the user, absolute position of user 
with respect to the camera and the position of gesture within the recording screen. 

2.3. INTERFACE DEVELOPMENT 
The two parts of the interface include creating a new program and execution of this 
created program. The interface gives the user an option to save the recorded program 
with a custom name. 

Figure 7. Webcam- Wekinator- Interface Interplay 

The latter includes selection of the pre-saved tasks and selection of the robot for 
task execution. Once the model is trained for gestures, the interface detects the 
gestures from the library/repository and displays the same. 

Figure 8. Testing recorded gestures on interface 
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A list of these recorded gestures is generated when a routine of gestures is 

performed by the user. The interface also generates RAPID scripts (a programming 
language for ABB industrial robot), which are simulated in the RobotStudio 
environment to check for execution errors.  

Figure 9. Gesture Recording within interface 

The robotic motion is simulated using ‘HAL’, developed by Thibault Schwartz, a 
plugin for controlling industrial robots manufactured by KUKA, ABB and UR.  

 Figure 10. Tool path porting/ Scalability on Robots of Various Payloads 
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The interface prompts available robots for execution of the routine. All robots are 
differently configured and thus the path for each robot needs to be precisely scaled. 
The scalability interpolation feature integrated in the interface allows this kind of 
information exchange. 

The scalability feature also facilitates the same task being replicated by different 
robots (six axis robots with varying payloads), as spatial and usability restrictions 
may be applicable to on-site robots. Network based web sockets and OSC based data 
streaming allows this interoperability of robots. 

The robot simulations from RobotStudio are streamed onto the interface and once 
the desired simulation results are achieved, the files are transferred to the robot for 
actuation. This workflow makes it possible for the user to use interactions at the 
frontend which are developed on JavaScript, while leveraging Grasshopper 
developed scripts on the back end. Users thus interact with the robot through the 
gestural interface for motion commands, triggering the image processing workflow 
(explained earlier).  

An interactive environment of this kind provides the opportunity to visually 
understand the relationship between changes in users’ parameters, motion of the 
robot, and produced actions in real-time. An interactive environment of this kind 
provides the opportunity to visually understand the relationship between changes in 
users’ parameters, motion of the robot, and produced actions in real-time. An 
interactive environment of this kind provides the opportunity to visually understand 
the relationship between changes in users’ parameters, motion of the robot, and 
produced actions in real-time. 

 

2.4. HARDWARE 

Figure 11. Robotic Telepresence: executing the (e)mulate framework. 
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Having task-specific end-effectors adds on to the complexity of managing and 
controlling the tool. Thus, an attempt to transition from job-specific, computer-
controlled machinery to more generic production robots has been done. This generic 
character of the basic robotic hardware — that only becomes specific when equipped 
with a particular effector and tool – enables the design of new fabrication processes 
prior or in parallel to a specific project, and thus potentially challenges the 
conventional hierarchy and sequences still predominant in design and fabrication in 
today’s architectural practice. 

3. Discussion 
As we look to develop this concept, we anticipate extending the application of the 
proposed model to different scenarios in the construction process. This approach can 
also be useful for fabrication workflows, such additive manufacturing, complex pick-
place workflows constituting a variety of components etc.  This concept showcases a 
transition from job-specific computer-controlled machinery to more generic 
production robots. (Menges 2013) The machine only becomes specific when 
equipped with a specific effector and thus making a move towards a new way of 
looking at construction in architecture. The challenges inherent to the facilitation of 
more complex operations could be included as an added complexity and variety to 
the repository. These gestures could be task-specific or generalised, pertaining to 
operator-needs.  

United Nations' Sustainable Development Goal 9 is "Build resilient infrastructure, 
promote inclusive and sustainable industrialization and foster innovation". While this 
research directly attempts to let the craftspeople and designers in the AEC industry 
benefit from the affordances of six axis robots, the larger idea is to contribute towards 
innovation and development by making technology accessible to all. 
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