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Abstract— The construction industry in India is facing various issues pertaining to low productivity, inefficient management at
construction sites, high construction safety risk and lack of information on the status of project. With the development of modern tools and
technologies prefabricated construction is becoming more prevalent in the building industry. However, there are many limitations in the actual
manufacturing process such as storage, quality checks, installation of the prefabricated components and its status which is due to the lack of
real-time information collection and sharing. In order to speed up the construction process and better management and monitoring of the project,
this research proposes the framework for integration of Internet of Things (10T) and Building Information Modeling (BIM). The paper proposes
a conceptual framework of an loT enabled BIM platform to accomplish a real-time visualization in prefabricated concrete structures
construction. This is done by using various sensors in the prefabricated components to demonstrate a highly efficient automated progress
monitoring system of prefabricated construction.
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data [2]. To mitigate disputes and claims, reworks and
unpredicted costs from delays, it is important that inspections
should be done on a regular basis so that managers can identify
the problems at an early stage and prevent the delays in the tasks
and take necessary preventive actions. Low quality control and
insufficient management are the other factors that cause delay
and hampers productivity [3].

The construction industry is still very far behind in adopting
the new technologies and it does not have good monitoring
systems [4]. In today’s era, project control is very important,
still the data for progress of construction projects is collected
manually by visual inspections, filling forms on site, etc., which
requires a lot of time, [5] and chances of mistakes in recording
the data are high as the data that is collected depends upon the
accuracy of measurements taken and on the experience of the
inspector [6].

In recent times, monitoring of project progress has been
automated by adopting Building Information Modeling (BIM).

I. INTRODUCTION

According to the Project Management Body of Knowledge,
a construction project’s monitoring and controlling “consists of
those processes required to track, review, and orchestrate the
progress and performance of a project; identify any areas in
which changes to the plan are required; and initiate the
corresponding changes”. The progress measurement process
involves various inspections and comparing it with the plan to
validate the progress that was predicted. The greatest challenge
that a project manager has to encounter is progress monitoring
as it is the main factor for completion of the project within the
stipulated time and the allotted budget [1].

To ensure time and cost efficiency of the project, it is needed
that precise information about the progress of the project should
be available in a timely manner, but the major concerns that the
construction companies are facing is collecting the site data
efficiently, analysis of the data and communicate the interpreted
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BIM has shown potential for effective project control as it
allows the usage of mobile devices in the inspection process
instead of paper documents. Software packages such as Field
3D, Autodesk BIM 360 Field, LATISTA etc. are useful in
regards to document management but the inspection process is
still manual as the inspector has to visually inspect the building
and update the BIM model manually.

In Facility Management, it is observed that a mobile based
Augmented-Reality (AR) system is used rather than the paper
based one for inspection of facilities as it is faster and simpler.
Such AR system can also be used for progress monitoring but it
will require installation of QR codes, barcodes etc. which is not
feasible in the construction projects [7].

Other methods that are becoming prevalent in progress
monitoring of construction projects are Global Positioning
Systems (GPS), Laser Scanners, Barcodes, Audio and Video
Technologies, Radio Frequency Identification (RFID) etc.,[4].
Skanska used an RFID system for pre cast components tracking.
For outdoor construction, remote controlled cameras are being
used for monitoring the construction projects remotely [8].

It can be assumed from the above literature that there is no
practice that is being carried out for automated progress
monitoring of the construction projects. Although there are
methods and technologies that can aide in visualization of the
project and can help in progress estimation, but none have been
implemented yet. Such methods as developed and proposed by
various authors are discussed in the literature in the next section
and an innovative frame work is proposed which can become a
benchmark in automated construction progress monitoring of
prefabricated concrete structures.

To meet specific project goals, monitoring of project
progress should be carried out periodically as it provides
valuable information regarding the project. Such information is
traditionally collected by recording the data manually on paper
or by using handheld devices [9]. These methods require a lot
of manpower and time and they may not be accurate, given the
complexity of the project and the knowledge of the inspector.

In recent times, new and advanced technologies are
emerging for recording as-built data from construction projects.
The most popular amongst them are RFID, GPS, LiDAR and
photogrammetry. However, the analysis and processing of data
collected using GPS and RFID needs a considerable amount of
human effort, [10] and these technologies also need regular
maintenance and calibration thus making it a costly affair.
Photogrammetry and LiDAR on the other hand proves to be a
better alternative in automated progress monitoring in terms of
saving cost and time [6].

A system consisting of a 3D BIM model combined with the
schedule information to develop a 4D BIM model and
combined with 3D laser scan point clouds for monitoring the
progress automatically using the object recognition algorithm
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was developed by [11]. In this, each activity’s progress rate is
calculated by comparing the quantity of components likely to
be completed in the stipulated time frame to the quantity of
recognized components. Then the 4D BIM is updated with the
information collected from the monitored progress. But the
problem or drawback associated with this technique is that it
necessitates the inspector to register the BIM and laser point
clouds within the same co-ordinate systems. Also, the 3D model
and the schedule have to be linked and updated manually which
means that this method is not fully automated.

Golparvar-Fard et al., [6] developed a four-dimensional
augmented reality model for construction progress monitoring.
In this approach, the information was collected in the form of
photographs by visiting the sites daily. To capture the whole
building, various angles were used to take the photographs and
Structure-from-Motion (SfM) technique was used to extract the
geometric information from the photographs. The construction
progress was calculated by comparing the schedule integrated
in the 4D BIM and the as-built information obtained from the
photographs.

Zhang and Arditi [12] developed a program based
automated system that measures percentage of work completed
by combining the developed 3D model and the collected point
cloud data. They conducted the tests in the laboratory without
taking the actual conditions at the construction site into
consideration. Also, the specimens’ geometry was very simple
as opposed to the complexity of geometry in actual
construction, but the major advantage of this technique was that
this method of progress measurement and object identification
was fully automated.

Another method for progress monitoring as given by [13]
uses an iterative process. In this, the as-built status is regularly
updated by comparing the BIM model and the scanned data.
There is an assumption in this approach that the activities which
are planned in the schedule should not deviate from their
sequence.

Son et al., [10] developed a schedule updating system which
automatically updates the schedules in Microsoft Project, thus
making the life of project managers easier as they can make use
of the updated schedule without any extra effort.

Omari and Moselhi [14] developed a project tracking system
using photogrammetry, RFID and LiDAR. This approach
calculated the volume of construction objects constructed and
in turn calculates the percentage of the work completed.

Hammad and Motamedi [15] developed a framework for
tracking and visualising the lifespan status of constructed
facility components. This framework intends to build on earlier
research into the use of RFID in facility building and
maintenance while taking into account the organisational,
procedural, technical, and cost-benefit concerns of establishing
a system based on the framework. The tags stay with the
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building throughout its existence, and they are used for
inspection and maintenance after it's built, as well as supply
chain management. Colour coding and using the 3D model to
aid tag management were among the concerns highlighted at the
visualisation session. This research’s main contribution is a
description of the essential tasks for tracking facility
components at various stages of their life cycle. The
visualisation options for an HVAC system during the building
and maintenance phases were demonstrated using a case study.

A method for photogrammetrically constructing point
clouds for construction progress monitoring, as well as a
mechanism for comparing as-planned and as-built results
focusing only on geometry was developed by [16]. A real-life
situation is used to examine this. The utilisation of additional
information provided by the BIM as well as related process data
to improve these results is also explored. To establish the
present state, images from a calibrated camera are used to create
a dense point cloud. The scale is determined by control points,
which demands manual involvement during orientation. The
component verification evaluation measure correctly recognises
manufactured parts, but it misses a larger percentage of them
because of occlusion, noisy points, or insufficient input data. As
a result, this geometrical analysis must contain additional
information and visibility constraints.

The study which focuses on the issue of information
bottlenecks in the information-loop during the construction
phase of a structure was done by [17]. Many authors have noted
the difficulties in obtaining timely data to support the decisions
needed to improve project performance. The TRIMO
construction company, with whom the authors collaborated to
develop a standardised system for outstanding construction
project management, approved their decision to concentrate on
activity monitoring. Based on the industry's needs and IT
capabilities, they chose a combination of mobile computing,
computer vision and material identification. They've upgraded
the functional components and integrated them into an activity
monitoring system that runs automatically. Although the system
assists project and site managers in detecting project failures
related to construction activity execution early on, there is still
room for improvement.

Using satellite remote sensing technology, an automated
approach for assessing progress on large-scale linear projects
was proposed by [18]. The authors developed a prototype model
using multi-temporal satellite pictures to demonstrate the
practicality of the established framework in a minor portion of
an elevated railway project. The inclusion of location-based
progress reporting improves the framework and allows for more
effective visualisation. A web-based interface with a top-view
progress graphic and line-of-balance charts, also known as
objective and progress charts, was built to display progress
reports. Using line of balance charts and a map-view visual, the
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system proves to be a useful tool for notifying project top
management about overall project progress.

Il. PROPOSED FRAMEWORK FOR PROGRESS
TRACKING

As per the above literature it is quite evident that RFID,
GPS, Remote Sensing and LiDAR have been used in the work
done on automated progress tracking. This research presents a
system for progress monitoring that makes use of the Internet
of Things and BIM. Ultrasonic sensors and tilt switch sensors,
in conjunction with the usage of Building Information modeling
are used to determine the status of the precast components and
thereby tracking the project's progress. The proposed
framework is depicted in Fig. 1.

A 3-D BIM model of the project will be created in Autodesk
Revit, and data from all components present in the model will
be extracted using Dynamo script into an excel sheet. Dynamo
is an open source visual programming language for Revit. The
installation status of each component will be entered into the
comment section of the properties dialog of Autodesk Revit for
each component which will be “Not Installed” by default for
each component. The data extracted into the excel sheet will
also contain a column for the installation status of the
component.

At the construction site, a device containing an ultrasonic
sensor along with the tilt switch sensor linked to a
microcontroller will be installed on each component. Ultrasonic
sensor will be used to measure the height from the ground
surface and the tilt switch sensor will be used to check the
orientation of the component. The programming for the sensors
will be done using Arduino IDE. As the framework is focused
on prefabricated buildings, the height of each component to be
installed will be predetermined. The ultrasonic sensor will
collect the height data and the tilt switch sensor will show if the
component is vertical or not. All these data will be transferred
to ThingSpeak website, which is an open-source platform for
Internet of things visualization with the help of Wi-fi enabled
microcontroller.

The height and the orientation data from the ultrasonic and
tilt switch sensors respectively will be extracted from the
ThingSpeak servers using the code written in javascript. The
code will be written in such a manner that it takes the average
of last 20 readings recorded by ultrasonic sensor and it records
last 20 readings of the tilt switch sensor. If the average of the 20
readings recorded by the ultrasonic sensor falls within the range
of 5% of the predetermined height and all the 20 readings of the
tilt switch sensor shows that the component is vertical then the
installation status of that component will be changed from “Not
Installed” to “Installed” in the excel sheet. The dynamo script
will then be executed once more, and the component's
installation status will be automatically updated in the model.
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In addition, the color of the component will change according
to its installation status i.e., the component color in the model
will be grey if that component is not installed and it will change
to green as soon as the component gets installed.

As a result, progress of the project can be easily and flawlessly
tracked simply by opening the BIM model and making a few
easy clicks without having to visit the project site.

3D BIM Model Creation of the sctual precast structure

The component data is extracted into exce] sheet using Dynamo
SI.TIFII

Attach device containing sensors to each component at site

Sensor data i sent to ThingSpeak servers by the Wi-Fi connected
mucrocontroller

Sesor data o5 extracted from ThingSpeak servers using javascnpt

code

lestallation status of each component is updated in the excel sheet ]
according to the beight recanded by the sensors and the
predetermained heaght

Drvnamo script is nan again and the installation status of each
compoaent is reflected ia the mode] with a color chiange

Fizure 1. Flowchart of feamework for Avtomated Pros ess Traclans

111. CONCLUSIONS AND FUTURE WORK

This study showcases numerous strategies and procedures
that have been established or proposed by various researchers in
order to assess project progress. 10T and BIM have been
explored in many studies, and their results show that there are no
studies that directly uses loT and BIM for monitoring the
progress of precast concrete constructions. This research is
aimed at automated progress monitoring of Prefabricated
Concrete Structures using BIM and 10T. The proposed method
uses a simple assembly of tilt switch and ultrasonic sensor for
monitoring the installation status of the component and updates
the status automatically in the Revit model thus eliminating the
need of manual updating and the errors associated with it. Also,
the progress of a project can be visualized directly on a computer
screen without physically visiting the construction site. Based on
the suggested conceptual model, it is believed that the proposed
model can be used successfully to track prefabricated
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construction. Also, as the whole process is automated, the need
for manual entry of the project progress will be eliminated,
which in turn will result into less human errors in progress
reporting and the project manager can track the progress of
various projects without actually visiting the project site, just by
opening the Revit model and making few clicks.

Future research will be done to use the suggested framework
in a prefabricated construction project in the real world and
validate it with the generated BIM model, the sensors that were
installed, and the readings collected by the sensors. It is
anticipated that one of the obstacles that will be faced will be a
correct positioning of the sensor on the component and any
obstructions which would hinder it in measuring the height from
the ground surface.
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