Asian Journal of Advanced Academic Research and Analysis 2025; 1(1):01-04

AJAARA 2025; 1(1):01-04
www.scripownjournals.com/academic
E-ISSN: 3107-7420

ACADEY, »

o
SR
A )
AJAMRA S5
o>

WAL OF 4,

Asian Journal of Advanced Academic Research and Analysis

An International Peer Reviewed Journal

www.scripownjournals.com/academic

Received: 23-02-2025
Accepted: 30-03-2025

Assessing the Impact of Drones on Construction Site Monitoring and
Management

Mohd Asim?, Mohd Shadan?, Syed Ageel Ahmad?®

Assistant Professor, Integral University, Lucknow, Uttar Pradesh, India
Research Scholar, Integral University, Lucknow, Uttar Pradesh, India
3Professor, Integral University, Lucknow, Uttar Pradesh, India

Abstract

With an emphasis on infrastructure projects in Uttar
Pradesh, this study investigates the use of drone
technology in construction site monitoring and
management. The research evaluates advances in
efficiency, safety, data collection and project oversight
using a mixed-methods approach that includes field
interviews and case study analysis. Despite ongoing issues
with technical training and regulatory compliance, the
results show that drones greatly improve site management
procedures.
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1. Introduction

Large spaces, intricate processes and a high level of labor
intensity are common features of Uttar Pradesh
construction sites. Manual surveys and ground inspections
are examples of traditional monitoring techniques that are
labor-intensive and prone to human error. A 2022 report
from the Ministry of Statistics and Programme
Implementation (MoSPI) found that over 35% of Uttar
Pradesh's infrastructure projects experience delays,
frequently as a result of poor coordination and monitoring
(MoSPI, 2022).
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By offering real-time aerial imagery, precise site mapping
and improved project documentation, drone technology—
Unmanned Aerial Vehicles or UAVs—offers a
contemporary alternative. UAVs are flexible instruments
for gathering data since they may be fitted with a variety
of sensors, such as RGB cameras, LiDAR and thermal
imagers. Drones' use in pre-construction surveys and post-
construction inspections has increased due to their
integration with Building Information Modeling (BIM)
and Geographic Information Systems (GIS) (Gheisari et
al., 2020) ™4,

Uttar Pradesh offers a unique opportunity to investigate the
operational advantages of drone integration because it is a
rapidly urbanizing state with substantial public investment
in infrastructure development (such as expressways, smart
cities and housing projects). Using in-depth case studies of
significant building sites in Uttar Pradesh, this study seeks
to assess the technological, operational and financial
effects of drone adoption in the regional context.

2. Literature Review

2.1 Global Applications

Drones have been effectively used throughout the world
for a variety of construction tasks, including progress
monitoring, safety inspections, volumetric analysis and
topographic surveys. According to Zhang and EI-Gohary
(2020), UAVs reduce surveying time by up to 60% and
increase data accuracy. The usefulness of UAVs for real-
time visual documentation and integration with cloud-
based project management systems was also mentioned by
Irizarry and Costa (2016) [@. Rezaei et al. (2021) B
demonstrated a 25% decrease in accident-prone locations


https://scripownjournals.com/index.php/academic/index
https://scripownjournals.com/index.php/academic/index
http://creativecommons.org/licenses/by-nc/4.0

Asian Journal of Advanced Academic Research and Analysis

on monitored sites, highlighting the application of drones
in site risk assessment.

2.2 Indian Context

Drone usage has increased in Indian states like Tamil Nadu
and Maharashtra. Drone operations now operate in a more
favorable environment thanks to regulatory changes made
by the Directorate General of Civil Aviation (DGCA).
However, administrative and technical obstacles continue
to prevent widespread deployment. Drone-enabled quality
monitoring and progress tracking can help infrastructure
projects avoid delays by as much as 20% (Patel et al.,
2022) M. Furthermore, Verma and Mehta (2023) [l
highlighted how drones might increase the precision of
inspections in urban building environments. In their study
of Gujarat's smart city projects, Sharma and Rajan (2021)
61 proposed that drone integration improved GIS mapping
and sped up project approvals.

2.3 Uttar Pradesh Case Studies

Drones have been included into large-scale projects like
the Purvanchal and Ganga Expressways to plan routes and
track development. Benefits including improved
visualization, effective resource allocation and a decrease
in the requirement for on-site inspections are highlighted
in reports from the UP Expressways Industrial
Development  Authority.  Drones enhanced  site
documentation and sped up invoicing verification
procedures, according to Singh and Kumar's (2023) [l
analysis of drone use in road building throughout Uttar
Pradesh.

According to the Urban Development Directorate (2023),
drone-based GIS surveys for urban planning have also
been conducted by state-specific projects like the Uttar
Pradesh Smart City Mission. These uses highlight the
increasing importance of UAVSs in governmental building
supervision.

Additional case studies include:

» Lucknow Metro Project: During the construction of
the elevated route, drones were utilized to record as-
built conditions and monitor development. Planners
were able to envisage urban integration and guarantee
adherence to the metro alignment with the use of UAV
photogrammetry (LMRC, 2022).

»  Kanpur Smart City Drainage Project: UAVSs assisted
in the identification of encroachments and blockage
spots along urban drainage corridors, improving
stormwater planning and lowering flood hazards
(KSCM, 2023).

* Ayodhya Development Works: As part of the
Ayodhya Master Plan, drone-based surveillance has
been used for road extension, urban beautification and
heritage site preservation. Construction near sensitive
areas can be monitored with weekly aerial surveys
(Ayodhya Development Authority, 2024).

« Varanasi Ring Road Expansion: By using drone
surveys for alignment confirmation and earthwork

(2]
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calculation, the National Highways Authority of India
(NHAI) greatly decreased land acquisition issues by
using visual documentation (NHAI, 2023).
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Fig. 1: Thematic overview of Drone Impact

3. Methodology

This study adopts a case-based research design supported
by mixed methods to assess the impact of drones in
construction monitoring and management.

Methodology Workflow

[Site Selection] [Equipment Setup] [Data
Collection] — [Processing & Analysis] — [Validation &
Triangulation] — [Results Interpretation]

— —

3.1 Site Selection

The following factors were taken into consideration when

choosing a large road construction project in eastern Uttar

Pradesh

«  Site complexity and scale.

* Including monitoring technologies based on drones.

» Auvailability of pre- and post-drone adoption data.

» The readiness of stakeholders to exchange project
documentation and take part in interviews.

3.2 Equipment and Software

«  UAV Model: DJI Phantom 4 RTK, chosen for its high-
precision GNSS system.

- Sensors: RGB camera with 20 MP resolution and RTK
module.

« Software Tools: Pix4Dmapper, AutoCAD Civil 3D,
ArcGIS Pro.

3.3 Data Collection Process
Baseline Survey: Traditional total station.
« Drone Missions: Weekly, 75% front and 70% side

overlaps.

« Ground Control Points (GCPs): RTK GNSS
measurements.

« Interviews: Site engineers, drone operators and
managers.

3.4 Data Processing and Analysis
GSD and RMS error analysis.
«  Ortho mosaic and point cloud generation.
 Integration with BIM and GIS.
«  Timeline and safety record comparison.
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3.5 Validation and Triangulation
» GPS validation, documentation review and billing
cross-checks.

3.6 Ethical Considerations
Informed consent, confidentiality and data protection
ensured.

Table 1: Drone vs. Traditional Monitoring Comparison

Parameter Traditional Methods [Drone-Based Methods
Survey Duration 7 days 2 days
Data Accuracy (GSD) 5-10 cm 2-3cm
Safety Risk High Low
Reporting Frequency Weekly/Monthly Near Real-Time
Cost of Monitoring High Moderate

4. Results and Discussion

4.1 Efficiency Enhancements

Topographical data collecting took two days instead of
seven for the reason of drone surveys. Near real-time
project updates were made possible by an increase in the
frequency of progress reports.

4.2 Safety Improvements

Unstable scaffolding and material pileups were among the
possible risks that UAVs assisted in identifying. Safety
audits were enhanced by thermal imaging.

4.3 Data Accuracy and Integration
Photogrammetry yielded spatial data with a GSD of 2-3
cm/pixel. Point cloud data were used in BIM models.

4.4 Economic Impact
Initial setup cost was offset within three months due to
labor savings and efficiency gains.

4.5 Challenges

- DGCA approvals
«  Weather

«  Data security

»  Operator training

».;.

Fig 2: Drone Image Overlay with Construction Plan (Illustrative
placeholder for actual figure showing orthomosaic imagery
overlaid with CAD site plan)

5. Case Study: Road Construction Site in Eastern Uttar
Pradesh
Drones were deployed weekly for progress tracking,
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material estimation and contractor verification. Integration
of drone data improved stakeholder communication.
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6. Conclusion and Recommendations

In Uttar Pradesh, the use of drones for construction site

management and monitoring has shown to be quite

advantageous. Important conclusions include:

1. Efficiency Gains: By cutting down on the amount of
time needed for surveys and inspections, drone
technology enables quicker data collection and more
regular updates.

2. Safety Improvements: By assisting in the real-time
identification of site dangers, UAVs greatly enhance
risk management and general safety.

3. Data Accuracy: Drones improve project accuracy by
supplying high-precision data that easily fits into
current BIM and GIS frameworks.

4. Economic Benefits: By lowering labor costs and
expediting project schedules, drone adoption leads to
long-term benefits despite the initial expenses.

However, several challenges remain, including regulatory

barriers (particularly DGCA approvals), weather-related

limitations, data security concerns and the need for
adequate operator training.

Recommendations for Future Research and Practice:

* Regulatory Streamlining: The development of
clearer drone regulations would ease operational
barriers and promote wider adoption.

« Training and Certification Programs: These should
be established for drone operators and construction
managers to maximize the potential of UAV
technology.

* Integration with Smart Technologies: Further
integration of drones with Al and 10T could provide
more advanced solutions for predictive maintenance
and risk management.
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