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India's construction industry contributes over 13% to the country's total GDP. Materials,

plant, machinery, equipment, and labor are the building blocks or assets of any project.

Additionally, cost is also associated with procurement, storage, use, tracking, repair, mainte-

nance, mobilization, and demobilization, among other things. There are human errors, such as
incorrect data recording, transportation, safety and security, or system di±culties, such as

inventory issues and transparency, which can lead to stakeholder distrust and wastage of time

and money. Construction personnel data is vast, and automatically capturing and analyzing it
is currently a top priority in the industry. In this paper, a tracking system based on the Internet

of Things (IoT) to track labor with motion status is described. Then, the collected data is

utilized to identify participants, their activities, average productivity, hours worked overtime,

estimated productivity, and wages paid to the participants.

Keywords: Construction projects; tracking; labor; Internet of Things.

1. Introduction

Construction is an important sector that plays a crucial role in the country's overall

development. The Indian government is taking crucial steps for the development of

infrastructure in the country, and in situations such as a pandemic, it will play an

important role in reviving the country's economy. Further, the Indian government

has taken several initiatives to improve infrastructure, which are expected to impact

the construction industry signi¯cantly. Some of the initiatives are PM Gatishakti's

National Master Plan, Bharatmala, Sagarmala, Smart Cities Mission, easement of

FDI laws, National Logistics Policy, investment in railways, and use of technology,

and schemes to build human capital. India's ambitious infrastructure projects, such
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as Bharatmala, Sagarmala, and Smart Cities Mission, drive massive investments in

roads, ports, and urban infrastructure. These initiatives boost economic growth and

create countless opportunities for the construction sector. However, many projects

face a common problem of delays, which eventually lead to time overruns and cost

overruns and have an impact on the parties involved. E®ective utilization of labor

leads to an e®ective outcome and increases the productivity of the resources to their

best use. To optimize labor usage and enhance productivity, construction ¯rms can

adopt several strategies, including cost-e®ective resource utilization, prioritizing

safety, communicate e®ectively, set realistic goals, use technology, plan projects well,

use project management practices, hire skilled workers, practice sustainable prac-

tices, and monitor progress. After the pandemic situation of COVID-19, all the

construction ¯rms, including the government, are trying to achieve more digitali-

zation in construction projects for resource optimization and monitoring [Asensio

et al. (2014); Bahga and Madisetti (2014); Alizadehsalehi and Yitmen (2018)].

Internet of Things (IoT)-enabled tracking systems, Building Information Modeling

(BIM), drones, augmented and virtual reality, cloud-based collaboration tools, and

predictive analytics are now widely used to streamline operations. These technolo-

gies improve resource allocation, reduce idle time, and support e®ective decision-

making, transforming construction management in the post-pandemic era.

This research work focuses on e®ective real-time monitoring of labor in the

construction projects to increase productivity, thus having a positive impact on the

project. Furthermore, manpower tracking systems can improve safety in several

ways, including the following:

. Remotely tracking employees: Systems can track employee locations and send

warning signals if they enter an unauthorized area.

. Monitoring health conditions: Systems can track employee health in real time,

which is useful in dangerous environments.

. Predictive analysis: Systems can analyze data to identify potential accidents or

failures before they happen.

. Improved rescue and evacuation: Systems can help teams ¯nd the shortest path to

a location during an evacuation or rescue operation.

Manpower tracking systems can provide many advantages, such as improved pro-

ductivity, safety, resource allocation, reduced costs, compliance, e®ective project

management, remote work management, data security, and adherence to company

policies. Moreover, IoT-based labor tracking systems have several advantages over

the traditional methods, including the following:

. Scalability: IoT systems can be easily scaled to meet the needs of any organization,

especially those with large or growing employee populations.

. Centralized data: Centralized data provides in-depth visibility and reduces excess

labor.

. Better time management and fewer errors: IoT automation saves manual hours

and reduces the risk of human error.
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The development and implementation of IoT devices for monitoring labor can face

many challenges, including security, privacy, scalability, network connectivity,

power consumption, compatibility, data storage, data overload and analytics, and

cost of implementation. Additionally, emerging technologies like arti¯cial intelli-

gence (AI), blockchain, and other technologies can improve labor tracking systems

in several ways, including automation, data-driven decision-making, remote work,

secure transactions, and smart facilities management. Conventional labor tracking

and cost management methods often produce human errors and inaccuracies due to

manual data entry, reliance on paper records, and inconsistent practices. Mistakes

in recording hours or locations can lead to inaccuracies in payroll and resource

allocation, while delayed data processing prevents timely adjustments. These issues

drive ine±ciencies and elevate costs, underscoring the need for digital tracking

solutions. The aim is to use a Global Positioning System (GPS) monitoring system

to track the position and motion status of the meeting and to use this data to locate

attendance, movements, average productivity, overtime worked, determining

wages to be paid, and many other things. The purpose of the GPS is to enable

anybody to obtain position data at any time and from any location on the Earth.

GPS is a satellite navigation system that is based on space. It provides position and

time data in all types of weather, anywhere on or near the planet when four or more

GPS satellites are visible. GPS provides several bene¯ts at a building site for both

employees and management. Therefore, the Radio Frequency Transmitter, Accel-

erometer, Arduino Microcontroller, Real-Time Clock (RTC) module, GPS, and

Global System for Mobile Communications (GSM) module are chosen for the sys-

tem based on their performance capabilities and cost considerations. Sensors

monitor equipment performance and alert operators on potential issues before they

become major problems. This proactive approach reduces the downtime and

maintenance costs. Overall, using industrial sensors results in cost savings and

boosts productivity, making them an essential tool in modern manufacturing. It

bene¯ts employees since it increases their productivity, veri¯es their performance

and location, and keeps them safer while at work. Managers may utilize GPS

tracking to increase pro¯ts, hold employees accountable, and remain on schedule

and under budget.

2. Literature Review

Park et al. [2012], Cheng and Deng [2015], Kasim [2015], Louis and Dunston [2017,

2018], Zhou and Ding [2017], Li et al. [2018], Houhamdi and Athamena [2020], Khan

et al. [2024], and Kanan et al. [2018] had stated that time and attendance can be kept

on track. This had a positive impact on a worker's working culture. Labor moni-

toring kept track of particular groups of employees as to whether they did the job

correctly or not, based on the time allocated to them [Cheng and Deng (2015);

Kumar et al. (2019); Zhang et al. (2019)].

Jeevana and Kulkarni [2018] and Sharma et al. [2019] highlighted the importance

of utilizing real-time sensing and visualization technology to track resources like

labor and equipment. To examine the process of increasing safety and task control
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management in a project, di®erent circumstances were generated on the site. In the

¯rst case, a worker working on site near the machinery was nearly missing. The data

was published on a 3D online viewer, where the safe and proximity threshold zones

were computed. In the second scenario, the focus was on the worker's e±ciency. An

ultra-wideband (UWB) tag was attached to the worker's helmet, and the velocity of

the monitor tag was subsequently calculated. The e±ciency and safety outputs of

the sta® were measured in these circumstances [Das et al. (2017); Tang et al. (2019);

Bolte and Goll (2020)].

Luo et al. [2016], Niu et al. [2016], Antony and Navodaya [2017], and Zhong et al.

[2021] stated that ine®ective site management, improper site scheduling, inappro-

priate preparation, no clari¯cation of the construction project, lack of coordination,

and inadequate site management were the causes of delays in the construction

industry. IoT techniques captured the object's real-time actions allowed by the IoT

system to achieve optimum scheduling. The performance of average computational

cost was presented by the comparison of the proposed model and the classical ant

method. To minimize the delay of inadequate site management, monitoring of day-

to-day operations should be mandatory. The sensors were then designed to collect

data, and the sensor was tracked in real time. The parameters of the sensor and

historical malfunction or material speci¯cations were correlated to actionable

insights. If the material speci¯cations or potential for delay was identi¯ed, then it

was automatically linked to the network and submitted to the site manager. So,

even if the site managers were not present at the construction sites, they might take

action on the issues. Few authors like Cheng et al. [2013], Vasenev et al. [2014],

Gholizadeh et al. [2018], and Gorapli Shashidhar et al. [2019] depicted that an

experimental setup was carried out for the instruments to be measured and moni-

tored. For the manufacturing industries and their company activities, this tracing

and tracking technology could be pro¯table. They used some widely available ID

technologies such as Barcodes, QR Codes, RFID, RFDC, RTLS, and GPS satellite

tags for logistics tracking and tracing. With various test runs with distinct

constraints, they assessed the e±ciency of these technologies and calculated the

economic viability, ease of use, and possible limitations. They concluded that

using RFID tags could provide better results, excluding cost consideration, after

doing all kinds of experiments in all possible conditions. While they tried to

reproduce the actual ¯eld conditions during the execution of these experiments,

they could only come close to their prototype because real-life handling was far

more distinct from the experimental setup in the case of transportation, operation,

and maintenance.

3. Research Methodology

A labor tracking system based on the Internet of Things is developed to track and

monitor the labor workforce that is deployed to use. The sensors used in the system

are selected based on the research on their capabilities and ¯nancial criteria. In the

conventional method of tracking labor and managing these costs, several obstacles

might arise like inadequacies due to human errors, improper data recording, analysis,
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and misusing authority. Poor management of physical assets can be detrimental to

productivity and hurt the bottom line. Thus, poor management of physical assets

escalates the maintenance costs, leading to frequent component replacements.

Further, it leads to a higher likelihood of costly overhauls and rebuilds. Additionally,

it creates an increased need for frequent calibrations and adjustments. Therefore, it

leads the organization to lose money and time. A system is made using the com-

ponents like Real-Time Clock, nRF24L01, GSM, GPS, Microcontroller (Arduino),

and Accelerometer. These components in the system function together to collect and

analyze data, which in turn contributes to cost reduction, e±ciency improvement,

and process optimization.

3.1. Requirements

The following are the requirements for this study:

(1) The nRF module (Radio Frequency Transmitter): The nRF24L01 is a wireless

transceiver module that enables wireless data transmission and reception. Some

techniques that can be used to ensure reliable communication and data integrity

over a wireless link are as follows: encryption, data backup, hashing, error-

control methodologies, and regular audits. While these techniques can signi¯-

cantly enhance data reliability and security, they may introduce additional

overhead that can a®ect the overall system performance. When operated e±-

ciently, this module can cover 100m (200 ft), making it suitable for wireless

remote control projects. The nRF24L01 module is powered by 3.3V, which can

be easily used in both 3.2-V and 5-V systems to enhance wireless data trans-

mission in the labor tracking system. They operate at a frequency of 2.4GHz,

which is permitted for engineering use in practically every nation because it is a

part of the ISM band. These modules are a great option for any wireless remote-

controlled applications since they have a range of up to 100m (328 ft) when

properly utilized, these modules are an excellent choice for wireless remote-

controlled applications.

(2) Accelerometer

(3) Arduino Microcontroller: The Arduino Microcontroller interacts with various

components within the system to facilitate data collection and communication.

It gathers data from the GPS and Accelerometer sensors, interprets activity and

location information, and transmits this via the nRF wireless modules. Syncing

with the RTC module ensures precise timestamping of the data. Additionally,

the Arduino connects with the GSM module for data transfer to cloud servers,

supporting remote monitoring and analysis. This integrated setup enables

seamless data °ow essential for real-time labor tracking and management.

(4) Real-Time Clock module

(5) Global Positioning System: GPS is a satellite navigation system that uses signals

from multiple satellites to provide a user's exact location. GPS is used for

navigation, orientation, and other activities, such as geocaching. GPS is freely

accessible to anyone with a GPS Receiver, but the United States government
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creates, controls, and maintains the system. GPS tracking systems can have

many advantages for construction sites, including increased productivity, im-

proved safety, reduced theft, lower operational costs, driver safety, and com-

munication with crews. However, GPS tracking systems also have

disadvantages, including privacy concerns, potential hacking vulnerabilities, and

lack of reliability. To ensure accurate GPS location pinpoints for categorizing

the workers as \in" or \out", geofencing de¯nes the virtual boundaries around

speci¯c zones. The GPS module continuously compares the worker's coordinates

against these boundaries, assigning the \in" or \out" status accordingly. Data

¯ltering techniques further eliminate minor GPS drift, enhancing accuracy and

reliability in tracking worker locations for productivity and safety.

(6) Global System for Mobile Communications module: GSM is a second-generation

(2G) cellular technology that uses cellular signals from the nearby base stations

to provide mobile coverage. GSM is the default global standard for mobile

communications used in over 219 countries and territories. GSM is known for its

Short Messaging Service (SMS) and can work e±ciently indoors and under-

ground. However, GSM requires a clear sky and has higher power consumption

than the GPS. GSM also serves as a mobile communication modem, primarily

employed for transmitting mobile voice and data services.

3.2. Transmitter

The Transmitter is equipped with a Microcontroller that features a GPS module for

gathering the location data and an Accelerometer sensor to discern the laborer's

activity status (active or idle). Integrating a GPS module into the Transmitter

signi¯cantly enhances the precision of data collected on labor force locations. The

GPS technology provides accurate, real-time positioning of workers on the con-

struction site, allowing managers to track the individuals within speci¯c site

boundaries, identify active versus idle status, and record entry and exit points. This

precise location data minimizes errors common in manual tracking, supports e±cient

labor allocation, and enhances site safety and productivity. Accelerometers in labor

activity measure motion or vibration by converting the physical movement into an

electrical signal suitable for measurement, recording, analysis, and/or control. An

Accelerometer in the labor workforce measures the force exerted by restraints on a

reference mass to hold its position ¯xed in an accelerating body. The Transmitter

power amount determines a wireless link's range and reliability. However, most

regulations stipulate low power, mostly below 1 W or 30 dBm. A Transmitter's

power consumption a®ects the overall system performance in several ways:

. Range and reliability: More power means better range and reliability for a wireless

link.

. Regulations: Most regulations limit the Transmitter power to low levels, usually

below 1W or 30 dBm.

. Portable devices: Low power consumption helps limit the power used in portable

devices.
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. Interference: Low power consumption helps minimize the interference with other

users.

. Energy costs: Transmission networks account for many broadcasters' energy costs.

. Carbon footprint: Reducing power consumption can help reduce the carbon

footprint.

These Transmitters are battery-powered and include an nRF module with unique

identi¯cation. They allow data gathered from the GPS and Accelerometer modules

to be sent to Receivers via the nRF wireless technology with a range of around 40–
50m. The 40–50-m range of the nRF wireless technology enhances the e®ectiveness

of the labor tracking system on large construction sites by enabling stable, short-

range communication. This range is su±cient for reliable connections across the site

zones, allowing precise worker tracking with minimal power consumption. The ro-

bust signal quality minimizes interference, ensuring accurate and real-time location

data that supports e±cient workforce monitoring, safety, and resource management.

Multiple Transmitters can be used under one Receiver. Figure 1 shows the process

°ow chart.

Source: Bahga and Madisetti [2014].

Fig. 1. Process °ow chart.
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3.3. Receiver

Each Receiver is made up of two key parts: an nRF Receiver unit that gathers data

from the Transmitters and a Microcontroller that houses a GSM module and

performs the twin functions of data carrier and server. These Receivers are battery-

operated and have a portable design. Additionally, the Microcontroller in the

Receiver is equipped with an RTC to track and record time and date information

associated with the data received. Figures 2 and 3 illustrate the IoT system and

Receiver module, respectively. Figures 4 and 5 show the circuit diagrams for the

Transmitter and Receiver, respectively.

Receiver setup and data handling. The Receiver setup involves an nRF

module that gathers GPS data and activity data from the Transmitters. An Arduino

Microcontroller validates this data, checking the signal integrity and timestamps to

prevent discrepancies. Error-checking mechanisms, such as parity checks and data

redundancy, are used to detect and correct any transmission errors. Validated data

Source: Authors.

Fig. 2. IoT system.

Source: Authors.

Fig. 3. Receiver module.
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is stored temporarily and sent via GSM to the cloud server for further analysis,

ensuring reliable data handling for real-time monitoring and decision-making.

4. Execution

4.1. Transmitter and Receiver positioning

The battery-powered Transmitter device is connected to the safety helmet, and the

Receiver is mounted inside the nRF with a reading range of 40–50m. Here, some

strategies employed to manage the power and extend the battery life for both

Transmitters and Receivers are adjusting screen brightness, limiting data logging

Source: Authors.

Fig. 4. Circuit diagram for Transmitter.

Source: Authors.

Fig. 5. Circuit diagram for Receiver.
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intervals, turning o® unnecessary features, e±ciently managing satellite signal

search, monitoring environmental conditions, and utilizing power-saving modes:

. Receivers are driven and mounted at one location by the adaptors.

. The data is gathered from the person carrying the helmet for various tasks.

. Various data attributes, including index, date, time, system ID, satellite infor-

mation, latitude, longitude, velocity, and motion details, are collected within the

Transmitter through the utilization of GPS sensors and motion sensors.

. The dataset is transmitted to the nRF Receiver, which operates within the

2.4-GHz radio frequency range.

. Upon receiving this dataset, the GSM module within the Transmitter is capable of

transmitting the dataset to the server as shown in Figs. 6 and 7.

. The GSM module was chosen for redundancy, especially in the areas with unre-

liable Internet, thus serving as a backup and failover mechanism. Its broader

coverage in remote locations, global connectivity, and added data security make it

a versatile component, ensuring consistent and secure data transmission in diverse

conditions.

Source: Authors.

Fig. 6. Testing module.

Fig. 7. View of a dataset.

S. Jain et al.

2550003-10



4.2. Retrieving the server's data

The sensors collect the data and send the information to the cloud storage server,

which has been programmed previously. When retrieving server data from a sensor,

the data transfer protocols are used to send the data to the cloud server. Thus, the

types of data transfer protocols include the following:

. MQ Telemetry Transport (MQTT): A lightweight, open protocol designed for

resource-constrained networks. It is standard for IoT data transmission because it

is e±cient, reliable, and secure.

. Hypertext Transfer Protocol (HTTP): It is often used in IoT gateways to bridge

devices and Web services.

. Constrained Application Protocol: Designed for simple electronics and low-power

sensors. It operates over the UDP, providing lower overhead but less reliability

than MQTT.

The transfer of data happens through the Internet. Cloud data security protects

data and other digital information assets from security threats, human error, and

insider threats. Organizations must be able to protect sensitive data whenever

and wherever it goes. Cloud storage providers use various technologies, policies, and

practices to maintain the security and integrity of data stored in the cloud, such as

encryption, access controls, auditing, backup and disaster recovery, random bits,

and data spread.

The Microsoft Excel ¯le is stored and can be imported into Python for further

study and ¯ndings on the outcomes.

4.3. Data analysis

The Microsoft Excel ¯le will be imported into Python, and the following analysis will

be carried out.

First, the teal-time data is collected from the cloud server.

The data can be collected and analyzed for tracking and monitoring purposes

using advanced analytics capabilities to detect the patterns, errors, anomalies, or

trends. These capabilities include statistical analysis and pattern recognition. Ad-

vanced analytics techniques help organizations make data-driven decisions by pro-

viding deeper insights into data, which can lead to improved performance and

innovation. Advanced analytics allows us to take this data and further use it for

future and real-time decision-making. Advanced analytics techniques derive mean-

ing from unstructured data like social media comments or images. They can help

organizations solve complex problems more e±ciently. The data tracking is typically

managed through integrated software systems that correlate and analyze data from

multiple sources. These systems monitor and analyze the entire system by normal-

izing and aggregating the metrics across components.

A user interface (UI) is designed to present data and support decision-making by

making it easy for users to interact with information systems. Good UI design helps

users to feel in control and ¯nish tasks without distractions. Some principles and
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techniques for UI design are interface copy, interface styles, multiple ways to perform

tasks, user research, user personas, and clear objectives.

4.4. Productivity measurement and analysis

The productivity percentage of 74.44% is shaped by factors like worker presence in

designated areas, active working time versus idle time, and accurate tracking. This

rate indicates labor e±ciency by showing the proportion of active time in the total

tracked period. Managers can compare it to benchmarks to assess resource utiliza-

tion, with lower rates suggesting potential idle time or task misallocation and higher

rates indicating optimal engagement. This metric aids in resource reallocation,

performance goal-setting, and overall productivity enhancement.

4.5. Data °ow and processing

The data °ow begins with the Transmitter's Arduino Microcontroller collecting the

GPS and Accelerometer data, and adding a timestamp from the RTC module. This

data is then sent via the nRF wireless technology to the Receiver, where it is vali-

dated and temporarily stored. The Receiver's GSM module transmits the data to the

cloud server for remote storage and analysis. This streamlined °ow gives managers

real-time insights into labor distribution and productivity, supporting e±cient re-

source management and safety monitoring.

4.6. Data collection and accuracy measures

To ensure accurate and reliable data in the IoT-based labor tracking system, sensors

undergo regular calibration, and data validation protocols ¯lter out the errors.

Redundant systems, secure transmission protocols like MQTT, and continuous

monitoring safeguard data integrity, while adjustments for environmental factors

enhance accuracy. These measures collectively ensure dependable real-time tracking,

supporting e®ective decision-making on-site.

4.7. Data dictionary for labor dataset

The table includes the following attributes (see Figs. 7 and 8):

. Index No.: It is a unique identi¯cation number.

. Timestamp: It is the time when the data is collected, recorded at 30-s intervals.

. Device ID: It is a unique identi¯er for each Transmitter.

Fig. 8. Summary of a dataset.
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. Satellite Range: It indicates the range of the satellite.

. Latitude and Longitude: They re°ect the worker's geographical position.

. Speed: It represents the worker's movement speed in km/h.

. Motion/Signal: It provides information about whether the worker is actively

working or in an idle state. It is expressed as 0 for idle and 1 for working.

4.8. Correlation

There is a positive relationship between the satellite and latitude, as well as the

satellite and longitude. Also, there is a strong correlation between longitude and

latitude, so the data collected was correct (see Figs. 9 and 10).

4.9. Calculation of labor productivity

The zone points are recorded in the form of X0-, Y0-, X1-, and Y2-coordinates. The

GPS location pinpoints are categorized as in or out using the \IF" function in the

Microsoft Excel tool. He/she is operating if the person is within these zonal point

locations; otherwise, he/she is out of the construction site and nonproductive. Given

the situation, if he/she is inside the site and divided by the number of entries, it is

mentioned in the form of an index on the given datasets. Then, the amount of motion

is used to ¯nd the productivity by using the \SUMIF" function in the Microsoft

Excel tool. The data is uploaded to the cloud server at an interval of 30 s; therefore,

the number of entries is multiplied by 30 s and is then divided by 60 � 60 to get the

time in hours. Hence, the productivity of 356 data points obtained for 2.9667 h is

74.44%. Figures 8–10 depict the summary of a dataset, correlation matrix, and

correlation plot, respectively. Figures 11 and 12 illustrate the in/out coordinates and

Fig. 9. Correlation matrix.

Fig. 10. Correlation plot.
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formulae for measuring labor productivity, respectively, while Fig. 13 shows the

estimated complete time in hours.

The formula to calculate labor productivity based on the described method is as

follows:

Productivityð%Þ ¼ ðNumber of \in" entries� Time intervalðsÞÞ � 100

Total time intervalðsÞ :

In Microsoft Excel, this can be represented using the \SUMIF" function and the

following formula:

Productivityð%Þ ¼ ðSUMIFð\in"Þ � 30Þ � 100

60� 60
;

Fig. 13. Complete time estimate in hours.

Fig. 11. In/out coordinates.

Fig. 12. Formulae for measuring the labor productivity.
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where:

. \in" represents the category indicating the person is inside the construction site;

. the \SUMIF" function calculates the sum of entries meeting the speci¯ed criteria

(\in");

. the time interval is multiplied by the number of \in" entries to get the total time

inside the construction site in seconds;

. the total time interval is divided by 60 � 60 to convert the time into hours;

. the ¯nal result is multiplied by 100 to represent the productivity as a percentage.

Consequently, with 356 data points collected over a duration of 2.9667 h, the cal-

culated productivity stands at 74.44%.

5. Conclusion

Organizations may obtain a variety of advantages from optimizing the procedures

and dynamically monitoring processes. Real-time data collected by onboard sensors

in construction helmets enhances proactive decision-making for on-site managers.

These sensors allow managers to quickly address safety hazards, monitor worker

health, optimize workforce distribution, and anticipate equipment issues. With in-

stant alerts, managers can con¯rm compliance, adjust resources, and respond

quickly to on-site challenges. This proactive use of real-time data leads to safer and

more e±cient site operations, supporting data-driven decisions critical for project

success. Real-time data was collected from the sensors and cloud storage. Based on

the data collected, the productivity of the laborers on a per-day basis was found.

Real-time data from sensors in construction helmets can help on-site managers make

proactive decisions in several ways, including safety, location, and communication.

The utilization of GPS and nRF technologies within the construction sites yielded

remarkable outcomes, o®ering an economically viable and time-e±cient approach to

tracking numerous elements within the congested construction sites. This model was

proven successful in tracking on-site construction labor, with pertinent data col-

lected through messages and Excel sheets. In essence, the foundation for the im-

plementation of real-time data collection and visualization technology in the

construction industry was established. While GPS technology was found to be ex-

tensively used in construction research, development, and high-pro¯le projects, only

a notable dearth of research focused on real-time data collection and visualization for

construction workers. This research took signi¯cant strides in addressing this gap by

introducing the concept of gathering site-speci¯c data related to critical project

resources, with a particular emphasis on the workforce. Real-time data collection of

workforce information, disseminated instantaneously for immediate processing by

decision makers, empowered engineers and project managers to make prudent, cost-

e®ective decisions related to the e±ciency and productivity of construction labor.

Here, an Internet of Things-based manpower tracking system can promote eco-

friendliness and minimize environmental impact by enabling predictive analysis of

collected data. This can help detect potential failures or accidents before they impact
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the workers. IoT technology can also help businesses in other ways to become more

sustainable, including resource management, energy use, waste management, air

pollution, and environmental parameters, such as toxic gases, CO levels, and am-

bient conditions for perishable goods. Some ways to preserve stakeholder trust in the

construction industry through optimal management of materials and equipment are

to ensure materials are available when needed, ensure materials are procured from

approved sources, negotiate with suppliers for the best price, minimize wastage,

involve stakeholders early, communicate e®ectively, and use tools to streamline

communication. Several innovative solutions are available on the market to address

transportation issues associated with construction project assets. Thus, to improve

transportation e±ciency, innovation and creativity are needed to design and deploy

new modes of transport, such as autonomous vehicles, drones, and °ying cars. These

could o®er faster, cheaper, and more °exible mobility options while reducing human

errors, accidents, and labor costs.
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